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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0134035,
filed on Oct. 16, 2017, and entitled, “Display Device and
Driving Method Thereof,” is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to a display device and a method for driving a display
device.

2. Description of the Related Art

[0003] A variety of displays have been developed.
Examples include liquid crystal displays, organic light emit-
ting displays, and plasma display panels. Organic light
emitting displays generate images using pixels that emit
light from organic light emitting diodes, and therefore have
relatively high response speed and low power consumption.
[0004] In operation, an organic light emitting display
generates a target image by writing data voltages in the
pixels for expressing light of target gray scales values. The
organic light emitting diodes may emit red, blue, and green
light based on the different band gaps of organic materials in
the organic light emitting diodes. The green organic light
emitting diodes have high efficiency of emission luminance
compared with energy consumption. As a result, the green
organic light emitting diodes may have light emitting sur-
faces that are smaller than the light emitting surfaces of the
organic light emitting diodes of other colors.

[0005] Also, the driving current flowing through the green
organic light emitting diode may be set to have a smaller
magnitude than the driving currents flowing through the
other color organic light emitting diodes.

[0006] However, it may take a long time to charge the
capacitors of the green organic light emitting diodes under
low-luminance conditions, e.g., where the magnitudes of the
driving currents are small. As a result, a color dragging
phenomenon may occur where the green organic light emit-
ting diodes emit light later in time than organic light emitting
diodes of other colors.

SUMMARY

[0007] In accordance with one or more embodiments, a
display device includes a first initialization voltage source to
provide a first initialization voltage; a second initialization
voltage source to provide a second initialization voltage less
than the first initialization voltage; a first pixel circuit
including a first organic light emitting diode; and a second
pixel circuit including a second organic light emitting diode
that includes an organic material having a band gap different
from a band gap of an organic material in the first organic
light emitting diode, wherein the first pixel circuit is coupled
to the first initialization voltage source and the second
initialization voltage source and wherein the second pixel
circuit is coupled to a single initialization voltage source.

[0008] The second organic light emitting diode may have
a greater capacitance per unit area than the first organic light
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emitting, diode. An area of a light emitting surface of the
second organic light emitting diode may be less than an area
of a light emitting surface of the first organic light emitting
diode. The single initialization voltage source may be the
first initialization voltage source.

[0009] The first pixel circuit may include a first driving
transistor with an end coupled to an anode of the first organic
light emitting diode in an emission period, the second pixel
circuit may include a second driving transistor with an end
coupled to an anode of the second organic light emitting
diode in an emission period, and the first initialization
voltage source may be coupled to a gate terminal of the first
driving transistor and a gate terminal of the second driving
transistor in a first initialization period.

[0010] The second initialization voltage source may be
coupled to the anode of the first organic light emitting diode
in a second initialization period, and the first initialization
voltage source may be coupled to the anode of the second
organic light emitting diode in the second initialization
period. The single initialization voltage source may be the
second initialization voltage source.

[0011] The second initialization voltage source may be
coupled to the anode of the first organic light emitting diode
and the anode of the second organic light emitting diode in
the second initialization period. The first pixel circuit may
include a first driving transistor having an end coupled to the
anode of the first organic light emitting diode in an emission
period, the second pixel circuit may include a second driving
transistor having an end coupled to the anode of the second
organic light emitting diode in an emission period, the first
initialization voltage source may be coupled to a gate
terminal of the first driving transistor in a first initialization
period, and the second initialization voltage source may be
coupled to a gate terminal of the second driving transistor in
the first initialization period. The first initialization period
may be before the second initialization period.

[0012] The display device may include a third initializa-
tion voltage source to provide a third initialization voltage
having a voltage value different from a voltage value of the
first initialization voltage and the second initialization volt-
age, wherein the single initialization voltage source is the
third initialization voltage source. The third initialization
voltage may have a value between the first initialization
voltage and the second initialization voltage.

[0013] The second initialization voltage source may be
coupled to the anode of the first organic light emitting diode
in a second initialization period, and the third initialization
voltage source may be coupled to the anode electrode of the
second organic light emitting diode in the second initializa-
tion period. The first pixel circuit may include a first driving
transistor having an end coupled to the anode of the first
organic light emitting diode in an emission period, the
second pixel circuit may include a second driving transistor
having an end coupled to the anode of the second organic
light emitting diode in an emission period, the first initial-
ization voltage source may be coupled to a gate terminal of
the first driving transistor in a first initialization period, and
the third initialization voltage source may be coupled to a
gate terminal of the second driving transistor in the first
initialization period.

[0014] The display device may include a third pixel circuit
coupled to the first initialization voltage source, and the
second initialization voltage source, the third pixel circuit
including an organic material having a band gap different
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from bang gaps of the organic materials in the first organic
light emitting diode and the second organic light emitting
diode; a first data line; and a second data line different from
the first data line, wherein the first pixel circuit and the third
pixel circuit are coupled to the first data line and wherein the
second pixel circuit is coupled to the second data line.
[0015] The first organic light emitting diode may be a red
organic light emitting diode, the second organic light emit-
ting diode may be a green organic light emitting diode, and
the third organic light emitting diode may be a blue organic
light emitting diode. The first organic light emitting diode
may be a red organic light emitting diode, the second organic
light emitting diode may be a blue organic light emitting
diode, and the third organic light emitting diode may be a
green organic light emitting diode. The first organic light
emitting diode may be a blue organic light emitting diode,
the second organic light emitting diode may be a red organic
light emitting diode, and the third organic light emitting
diode may be a green organic light emitting diode.

[0016] The third pixel circuit may include a third driving
transistor having an end coupled to an anode of the third
organic light emitting diode in an emission period, the first
initialization voltage source may be coupled to a gate
terminal of the third driving transistor in a first initialization
period, and the second initialization voltage source may be
coupled to the anode of the third organic light emitting diode
in a second initialization period.

[0017] In accordance with one or more other embodi-
ments, a method for driving a display device includes, in a
first initialization period, applying a first initialization volt-
age to a gate terminal of a first driving transistor of a first
pixel circuit and applying a single initialization voltage to a
gate terminal of a second driving transistor of a second pixel
circuit; in a second initialization period, applying a second
initialization voltage less than the first initialization voltage
to an anode of a first organic light emitting diode of the first
pixel circuit and applying the single initialization voltage to
an anode of a second organic light emitting diode of the
second pixel circuit, which includes an organic material
having a band gap different from a band gap of an organic
material of the first organic light emitting diode; and in an
emission period, allowing the first organic light emitting
diode and the second organic light emitting diode to emit
light.

[0018] The single initialization voltage may be equal to
the first initialization voltage. The single initialization volt-
age may be equal to the second initialization voltage. The
single initialization voltage may have a value different from
values of the first initialization voltage and the second
initialization voltage. The single initialization voltage may
have a value between the first initialization voltage and the
second initialization voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0020] FIG. 1 illustrates an embodiment of a display
device;

[0021] FIG. 2 illustrates an embodiment of a pixel unit;
[0022] FIG. 3 illustrates another embodiment of a pixel
unit

[0023] FIG. 4 illustrates an example of differences in

emission times between pixels;
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[0024] FIG. 5 illustrates another embodiment of a pixel
circuit;
[0025] FIG. 6 illustrates an embodiment of a method for

driving a pixel circuit;

[0026] FIG. 7 illustrates an embodiment where the cou-
pling configuration of an initialization voltage source is
changed;

[0027] FIG. 8 illustrates an example of an effect where
current increases according to the configuration of FIG. 7,

[0028] FIG. 9 illustrates another embodiment of a display
device;

[0029] FIG. 10 illustrates another embodiment of a pixel
circuit;

[0030] FIG. 11 illustrates another embodiment of a pixel
circuit;

[0031] FIG. 12 illustrates another embodiment of a pixel
circuit; and

[0032] FIG. 13 illustrates another embodiment of a pixel
circuit.

DETAILED DESCRIPTION

[0033] Example embodiments are described with refer-

ence to the drawings; however, they may be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
[0034] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer 1s referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0035] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0036] FIG. 1 illustrates an embodiment of a display
device 9 which includes a timing controller 40, a scan driver
10, a data driver 20, an emission control driver 30, and a
pixel unit 50.

[0037] The timing controller 40 supplies a control signal
CONT1 to the scan driver 10, a control signal CONT3 to the
emission control driver 30, and a control signal CONT2 and
image signals R', G, and B' to the data driver 20. This may
be accomplished by converting a control signal and image
signals R. G. and B, which are supplied from an external
source, to a form suitable for specifications of the display
device 9. The control signal received by the timing control-
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ler 40 may include, for example, a horizontal synchroniza-
tion signal Hsync and a vertical synchronization signal
Vsync.

[0038] The scan driver 10 generates a scan signal, to be
supplied to a plurality of scan lines S1, S2, . . ., and Sn,
based on the control signal CONT1. In an embodiment, the
scan driver 10 may sequentially supply a scan signal to the
plurality of scan lines S1, 82, . . ., and Sn. The control signal
CONT1 may include, for example, a gate start pulse GSP
and a plurality of gate cock signals. The scan driver 10 may
include a shift register to generate a scan signal in a manner
that sequentially transfers the gate start pulse to a next stage
circuit under the control of the gate clock signal.

[0039] The data driver 20 generates data voltages, to be
supplied to a plurality of data lines D1, D2, . . ., and Dm,
based on the control signal CONT2 and the image signal R/,
G', and W. The data voltages may be generated in units of
pixel rows and may be simultaneously applied to the plu-
rality of data lines D1, D2, . . ., and Dm according to an
output control signal in the control signal CONT?2.

[0040] The pixel unit 50 may include a plurality of pixel
circuits PX11, PX12, . . ., PX1m, PX21, PX22, ..., PX2m,
..., PXnl, PXn2, ..., and PXnm. Each pixel circuit may
be coupled to a corresponding data line and a corresponding
scan line, and may receive a data voltage input correspond-
ing to a scan signal. Each pixel circuit allows an organic
light emitting diode to emit light based on the input data
voltage.

[0041] The emission control driver 30 may supply an
emission control signal for determining emission periods of
the plurality of pixel circuits PX11, PX12, . . ., PX1m,
PX21.PX22,...,PX2m,...,PXnl.PXn2. .., and PXnm
to emission control lines E1, E2, . . ., and En. For example,
each pixel circuit may include an emission control transistor.
The flow of current through the organic light emitting diode
may be determined according to on/off of the emission
control transistor, so that the emission of the organic light
emitting diode is controlled.

[0042] The display device 9 may include a plurality of
voltage sources ELVDD, ELVSS, VINT1, and VINT2. In
the embodiment of FIG. 1, the plurality of voltage sources
ELVDD, ELVSS, VINT1, and VINT2 are at a lower end of
the pixel unit 50. In one embodiment, the plurality of voltage
sources ELVDD, ELVSS, VINT1, and VINT2 may be at an
upper end of the pixel unit 50. For example, the plurality of
voltage sources ELVDD, ELVSS, VINT1, and VINT2 may
be adjacent to the data driver 20.

[0043] A voltage source ELVDD may be electrically
coupled to an anode electrode of each organic light emitting
diode. A voltage source ELVSS may be electrically coupled
to a cathode of each organic light emitting diode, to provide
a driving current for light emission. The voltage of the
voltage source ELVDD may be greater than the voltage of
the voltage source ELVSS.

[0044] A first initialization voltage source VINT1 pro-
vides a first initialization voltage. A second initialization
voltage source VINT2 provides a second initialization volt-
age less than the first initialization voltage. In an embodi-
ment, configurations of first and second pixel circuits
coupled to the initialization voltage sources VINT1 and
VINT2 may be distinguished from each other. An example
will be described with reference to the following drawings
from FIG. 4.
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[0045] FIG. 2 illustrates an embodiment of a pixel unit,
which, for example, may correspond to the pixel unit 50 in
FIG. 1. The pixel unit 50 may include a first pixel circuit A,
a second pixel circuit B. and a third pixel circuit C.

[0046] The first pixel circuit A may include a first driving
transistor and a first organic light emitting diode. The second
pixel circuit B may include a second driving transistor and
a second organic light emitting diode. The third pixel circuit
C may include a third driving transistor and a third organic
light emitting diode.

[0047] In one embodiment, the second organic light emit-
ting diode may include an organic material having a high
emission luminance, e.g., a high emission efficiency, com-
pared with energy consumption. Therefore, the second
organic light emitting diode may have a light emitting
surface with a smaller area than a light emitting surface of
the first or third organic light emitting diode. Accordingly, a
case where the second pixel circuit B has a smaller area than
the first or third organic light emitting diode is illustrated in
FIG. 2.

[0048] A green organic light emitting diode may have the
highest emission luminance compared with energy con-
sumption. Therefore, the second organic light emitting diode
may be, for example, the green organic light emitting diode.
In this case, the first and third organic light emitting diodes
may be red and blue organic light emitting diodes, respec-
tively. In another case, the first and third organic light
emitting diodes may be blue and red organic light emitting
diodes, respectively.

[0049] In one embodiment, a new organic material having
a high emission efliciency may be developed, and therefore
the second organic light emitting diode may be a blue
organic light emitting diode. In this case, the first and third
organic light emitting diodes may be red and green organic
light emitting diodes, respectively. In another case, the first
and third organic light emitting diodes may be green and red
organic light emitting diodes, respectively.

[0050] The second organic light emitting diode may be,
for example, a red organic light emitting diode. In this case,
the first and third organic light emitting diodes may be blue
and green organic light emitting diodes, respectively. In
another case, the first and third organic light emitting diodes
may be green and blue organic light emitting diodes, respec-
tively.

[0051] In one embodiment, the second organic light emit-
ting diode may not be determined according to emission
efficiency. Referring to FIG. 2, the sum of the number of first
pixel circuits A and the number of third pixel circuits C may
be equal to the number of second pixel circuits B. When
emission efficiencies of organic materials are similar to one
another, the areas of the light emitting surfaces of FIG. 2
may be determined to control the emission area of each color
pixel.

[0052] In an embodiment, the display device 9 may
include a plurality of data lines which include first data lines
Dj, D(j+2), . . . and second data lines D(+1), D(+3), . . . .
The first data lines Dj, D(j+2), . . . and the second data lines
D(G+1), D(G+3), . . . are different data lines and may be
alternately disposed. For example, the first data lines Dj,
D(j+2) . . . may be odd-numbered data lines, and the second
data lines D(j+1), D(j+3), . . . may be even-numbered data
lines.
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[0053] The first pixel circuit A and the third pixel circuit
C may be coupled to the first data lines Dj. D(j+2), .. .. The
second pixel circuit B may be coupled to the second data
lines D(j+1), D(+3), . . . .

[0054] In the pixel unit 50 of FIG. 2, a scan line of a
previous stage is input to each pixel circuit of a current stage.
For example, a scan line S(i-1) of the previous stage is
coupled to each of the pixel circuits A, B, and C coupled to
a scan line S1 of the current stage. In an embodiment, a
signal applied to the scan line of the previous stage may be
used as a first initialization signal for the pixel circuit of the
current stage. An example of a coupling relationship regard-
ing this will be described with reference to FI1G. 4.

[0055] The signal used as the first initialization signal may
be a signal applied to a scan line of a stage prior to the
previous stage. A dedicated initialization line may separately
exist regardless of the scan line. Therefore, in one embodi-
ment, the scan line of the previous stage may not be input to
each pixel circuit of the current stage. The structure of the
pixel unit 50 shown in FIG. 2 may be referred to as a pentile
structure.

[0056] FIG. 3 illustrates another embodiment of a pixel
unit 50, which may be identical to the pixel unit 50 of FIG.
2 in terms of the electrical coupling relationship and con-
figuration of pixel circuits. Unlike the pixel unit 50 of FIG.
2, the light emitting surface of each pixel circuit in the pixel
unit 50" of FIG. 3 may have a different shape, e.g., a diamond
shape or a rhombus shape. The structure of the pixel unit 50'
of FIG. 3 may be referred to as a diamond pentile structure.
[0057] FIG. 4 illustrates an example of differences in
emission times between pixels. Referring to FIG. 4, when
the embodiment of the present disclosure is not applied,
differences in emission time between pixels are illustrated.
For example, in order to express gray scale values, light
emitted from the first organic light emitting diode of the first
pixel circuit A, the second organic light emitting diode of the
second pixel circuit B, and the third organic light emitting
diode of the third pixel circuit C may be combined when the
luminance of each light reaches a certain level.

[0058] However, in the structures of the pixel units 50 and
50' shown in FIGS. 2 and 3, the capacitance of the second
organic light emitting diode of the second pixel circuit B per
unit area may be large and the amount of driving current
flowing through the second organic light emitting diode of
the second pixel circuit B may be small. Therefore, as shown
in FIG. 4, the emission time of the second organic light
emitting diode may be later than the emission times of the
first and third organic light emitting diodes.

[0059] Therefore, only the first organic light emitting
diode of the first pixel circuit A and the third organic light
emitting diode of the third pixel circuit C may emit light at
an initial period. When the first organic light emitting diode
is a red organic light emitting diode and the third organic
light emitting diode is a blue organic light emitting diode,
the color perceived by a user may be purple. Therefore, the
user may experience a phenomenon where purple is first
viewed when the user scrolls a gray screen.

[0060] FIG. 5 illustrates another embodiment of a pixel
circuit, which in this example includes a P-type transistor. In
another embodiment, the pixel circuit may include an
N-type transistor and the polarity of a voltage applied to a
gate terminal thereof may be changed, e.g., inverted. In one
embodiment, the pixel circuit may include a combination of
P-type and N-type transistors.
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[0061] 1In a P-type transistor, the amount of current flow-
ing therethrough increases when the difference in voltage
between a gate terminal and a source terminal increases in
a negative direction. In a N-type transistor, the amount of
current flowing therethrough increases when the difference
in voltage between a gate terminal and a source terminal
increases in a positive direction. The transistor may be, for
example, a thin film transistor (TFT), a field effect transistor
(FET), or a bipolar junction transistor (BJT).

[0062] Referring to FIG. 5, a first pixel circuit PXij may
include a plurality of transistors M1, M2, M3, Md, M5, M6,
and M7, a storage capacitor Cstl, and a first organic light
emitting diode OLED1. The first pixel circuit PXij may
correspond to the first pixel circuit A as illustrated in FIGS.
2 and 3.

[0063] The first pixel circuit PXij may be coupled to a first
initialization voltage source VINT1 and a second initializa-
tion voltage source VINT2. As described above, a first
initialization voltage of the first initialization voltage source
VINT1 is greater than a second initialization voltage of the
second initialization voltage source VINT2. For example,
when the first initialization voltage is -2 V, the second
initialization voltage may be -5 V.

[0064] Referring to FIG. 5, a second pixel circuit PXi(j+1)
may include a plurality of transistors M1', M2', M3', M4/,
M5', M6', and M7', a storage capacitor Cst1', and a second
organic light emitting diode OLED2. The second pixel
circuit PXi(j+1) may correspond to the second pixel circuit
B as illustrated in FIGS. 2 and 3.

[0065] The second pixel circuit PXi(j+1) may be coupled
to a single initialization voltage source. An example where
the single initialization voltage source is the first initializa-
tion voltage source is illustrated in FIG. 5. An example
where the single initialization voltage source is the second
initialization voltage source and an example where the
single initialization voltage source is a third initialization
voltage source are described with reference to FIGS. 7 and
10, respectively. First, the structure of the first pixel circuit
PXij will be described.

[0066] The transistor M1 may have one end coupled to an
end of the transistor M6, another end coupled to one end of
the transistor M5, and a gate electrode coupled to one end of
the storage capacitor Cst. The transistor M1 may serve as a
first driving transistor.

[0067] The transistor M2 may have one end coupled to a
first data line Dj, another end coupled to an end of the
transistor M1, and a gate electrode of the transistor M2 may
be coupled to a scan line S1 of a current stage.

[0068] The transistor M3 may have one end coupled to the
gate electrode of the transistor M1, another end coupled to
one end of the transistor M1, and a gate terminal coupled to
the scan line S1 of the current stage.

[0069] The transistor M4 may have one end coupled to the
first initialization voltage source VINTI, another end
coupled to the gate terminal of the driving transistor M1, and
a gate terminal coupled to a scan line S(i-1) of a previous
stage.

[0070] The transistor M5 may have one end be coupled to
an end of the transistor M1, another end coupled to a voltage
source ELVDD, and a gate electrode coupled to an emission
control line Fi. The transistor M5 may serve as an emission
control transistor.

[0071] The transistor M6 may have one end coupled to an
anode of the first organic light emitting diode OLEDI,
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another end coupled to an end of the transistor M1, and a
gate terminal coupled to the emission control line Ei. The
transistor M6 may serve as an emission control transistor.

[0072] The transistor M7 may have one end coupled to the
second initialization voltage source VINT2, another end
coupled to the anode of the first organic light emitting diode
OLED, and a gate terminal coupled to the scan line S1 of the
current stage.

[0073] The storage capacitor Cst may have one end
coupled to the gate terminal of the transistor M1 and another
end of the storage capacitor Cst coupled to the voltage
source ELVDD.

[0074] The first organic light emitting diode OLED1 may
have an anode coupled to the other end of the transistor M7
and a cathode coupled to a voltage source ELVSS. The first
organic light emitting diode OLED1 may have a capacitor
Col, and the emission time of the first organic light emitting
diode OLED1 may be determined according to the magni-
tude of the capacitor Col and the magnitude of driving
current.

[0075] The coupling structure of the plurality of transistors
M1, M2', M3, M4', M5', M6', and M7', the storage capacitor
Cstl', and the second organic light emitting diode OLED2 in
the second pixel circuit PXi(j+1) may correspond to that of
the plurality of transistors M1, M2, M3, M4, M5, M6, and
M7, the storage capacitor Cstl, and the first organic light
emitting diode OLED1 in the first pixel circuit PXij. The
transistor M1' may serve as a second driving transistor. The
second organic light emitting diode OLED2 may include an
organic material with a band gap different from the band gap
of an organic material in the first organic light emitting diode
OLEDI1.

[0076] The transistor M2' has one end coupled to a second
data line D(j+1). Thus, even though the transistor M2' is
turned on by the same scan signal as the transistor M2, the
transistor M2' may be supplied with a data voltage different
that of the transistor M2.

[0077] The transistor M7' has one end coupled to the first
initialization voltage source VINT1. As described above, the
first initialization voltage of the first initialization voltage
source VINTI is greater than the second initialization volt-
age of the second initialization voltage source VINT2. In
addition, the voltage of the voltage source ELVSS may be
less than the first and second initialization voltages. The
capacitor Col of the first organic light emitting diode
OLED1 is initialized to a voltage corresponding to the
difference in voltage between the second initialization volt-
age source VINT2 and the voltage source ELVSS during a
second initialization period.

[0078] On the other hand, a capacitor Co2 of the second
organic light emitting diode OLED2 is initialized to a
voltage corresponding to the difference in voltage between
the first initialization voltage source VINT1 and the voltage
source ELVSS during the second initialization period. Thus,
the capacitor Co2 of the second organic light emitting diode
OLED2 may be pre-charged with a voltage greater than that
of the capacitor Col. As a result, the emission time of the
second organic light emitting diode OLED may be brought
forward.

[0079] In the embodiment of FIG. 5, voltage sources
applied to the gate terminals of the respective driving
transistor M1 and M1" in a first initialization period may be
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the same as the first initialization voltage source VINT1. As
a result, the effect caused by the driving transistors M1 and
MT1' is not changed.

[0080] Even though only the first pixel circuit PXij and the
second pixel circuit PXi(j+1) are illustrated in FIG. 5, the
structure of a third pixel circuit may be substantially iden-
tical to that of the first pixel circuit PXij, except that the third
pixel circuit has a third organic light emitting diode. For
example, when the first organic light emitting diode OLED1
is a red organic light emitting diode, the third organic light
emitting diode may be a blue organic light emitting diode.
When the first organic light emitting diode OLEDI is a blue
organic light emitting diode, the third organic light emitting
diode may be a red organic light emitting diode.

[0081] The third pixel circuit may include the third
organic light emitting diode coupled to the first initialization
voltage source VINT1 and the second initialization voltage
source VINT2. The third organic light emitting diode may
include an organic material having a band gap different from
the band gaps of organic materials in the first organic light
emitting diode OLED1 and the second organic light emitting
diode OLED2. The third pixel circuit may be coupled to the
first data line Dj. Also, the third pixel circuit may include a
third driving transistor having one end coupled to an anode
of the third organic light emitting diode during an emission
period thereof. The first initialization voltage source may be
coupled to a gate terminal of the third driving transistor in
the first initialization period. The second initialization volt-
age source may be coupled to the anode of the third organic
light emitting diode in the second initialization period.
[0082] FIG. 6 illustrates an embodiment of a method for
driving the pixel circuit of FIG. 5. At time t1, a data voltage
DATA(i-1)j of the previous stage is supplied through the
first data line Dj, and a data voltage DATA(I-1)(j+1) is
supplied through the second data lines D(j+1). At this time,
a low-level scan signal of the previous stage is applied to the
scan line S(i-1) of the previous stage, and the transistors M4
and M4' are turned on.

[0083] Therefore, the first initialization voltage source
VINT1 is coupled to the gate terminal of the first driving
transistor M1 and the gate terminal of the second driving
transistor M1', and the gate voltage of each of the driving
transistors M1 and M1' is initialized. The period between the
time t1 and a time t2 may serve as a first initialization period.
The other transistors except the transistors M1 and M1' may
be in a turn-off state during the first initialization period.
[0084] At time t2, a high-level scan signal of the previous
stage is applied to the scan line S(i-1) of the previous stage,
and the transistors M1 and M1" are in the turn-off state. The
initialized gate voltages of the transistors M1 and M1' are
maintained by the storage capacitors Cstl and Cstl', respec-
tively.

[0085] At a time t3, a data voltage DATA]j of the current
stage is supplied through the first data line Dj, and a data
voltage DATAI(j+1) of the current stage is supplied through
the second data line D(j+1). At this time, a low-level scan
signal of the current stage is supplied to the scan line S1 of
the current stage, and the transistors M2, M3, M7, M2', M3/,
and MT are turned on.

[0086] As the transistors M3 and M3' are turned on, each
of the driving transistors M1 and M1' is diode-coupled. A
voltage corresponding to the data voltage DATAij of the
current stage is input to the gate terminal of the first driving
transistor M1 through the transistors M2. M1 and M3. In
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addition, a voltage corresponding to the data voltage DATAI
(j+1) of the current stage is input to the gate terminal of the
second driving transistor M1' through the transistors M2/,
M1', and M3'.

[0087] When the transistor M7 is turned on, the second
initialization voltage source VINT2 is coupled to the anode
of the first organic light emitting diode OLED1. In addition,
when the transistor MT is turned on, the first initialization
voltage source VINT1 is coupled to the anode of the second
organic light emitting diode OLED2. As described above,
the capacitor Co2 of the second organic light emitting diode
OLED2 is pre-charged with a voltage greater than that of the
capacitance Col of the first organic light emitting diode
OLED1.

[0088] The period between time t3 and time t4 may
include a data input period and a second initialization period.
Since the transistors M6 and Mé' are turned off during this
period, a voltage for input data and a voltage for initializa-
tion are separated to have no influence on each other.
However, in this embodiment, the second initialization
period and the data input period are set equal to each other
and the second initialization period may be variously set,
such as that the scan line S(i-1) of the previous scan line is
coupled to the transistors M7 and MT.

[0089] At time t4, the transistors M2, M3, M7, M2' M3/,
and MT are turned off. The storage capacitors Cst1 and Cst1'
maintain the voltages that have been applied to the gate
terminals of the driving transistors M1 and MT, respectively.
[0090] At time t5, a low-level voltage is applied to the
emission control line Fi, and the transistors M5, M6, M5',
and M6' are turned on. Therefore, a current path is formed
from the voltage source ELVDD to the voltage source
ELVSS, and the magnitude of a driving current is deter-
mined according to the difference between gate and source
voltages of each of the driving transistors M1 and M1".
[0091] The emission times of the organic light emitting
diodes OLED1 and OLED2 may be determined based on the
magnitudes of driving currents and the magnitudes of the
capacitors Col and Co2, respectively. As described above,
since the capacitor Co2 of the second organic light emitting
diode OLED?2 is pre-charged with a voltage greater than that
of the capacitance Col of the first organic light emitting
diode OLEDI, the emission time of the second organic light
emitting diode OLED2 may be brought forward. As a result,
the color dragging phenomenon described with reference to
FIG. 3 may be removed. The period from time t5 to a time
when a high-level voltage is applied to the emission control
line Ei may serve as an emission period.

[0092] FIG. 7 illustrates an embodiment where the cou-
pling configuration of an initialization voltage source is
changed in the pixel circuit of FIG. 5. FIG. 8 illustrates an
example of an effect where current increases according to
the configuration of FIG. 7.

[0093] When comparing FIG. 7 with FIG. 5, the configu-
ration of the first pixel circuit PXij of FIG. 7 is identical to
that of the first pixel circuit PXij of FIG. 5. However, the
configuration of the second pixel circuit PXi(j+1) of FIG. 7
is different from that of the second pixel circuit PXi(j+1) of
FIG. 5 in that the single initialization voltage of the second
pixel circuit PXi(j+1) is set as the second initialization
voltage source VINT2.

[0094] Unlike FIG. 5, since the capacitor Co2 of the
second organic light emitting diode OLED2 is pre-charged
with a voltage equal to that of the capacitor Col of the first
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organic light emitting diode OLED1, there is no more useful
effect according to the pre-charged voltage.

[0095] However, in this embodiment, the second initial-
ization voltage source VINT2 is connected to the gate
terminal of the second driving transistor M1' of the second
pixel circuit PXi(j+1) in the first initialization period. As
described above, the second initialization voltage of the
second initialization voltage source VINT2 is less than the
first initialization voltage of the first initialization voltage
source VINT1. In addition, the voltage of the voltage source
ELVDD may be greater than the first and second initializa-
tion voltages.

[0096] Therefore, the difference between the gate and
source voltages of the second driving transistor M1', which
is set in the first initialization period, is greater than that
between the gate and source voltages of the first driving
transistor M1. Thus, the on-bias voltage of the second
driving transistor M1' is greater than that of the first driving
transistor M1. The inventor of the embodiments described
herein has found that there is an effect that, when the on-bias
voltage increases, driving current increases as emission time
elapses.

[0097] FIG. 8 illustrates an example of a characteristic
curve CC1 of the second driving transistor M1' at time t5 of
FIG. 6, e.g., at the time when the emission period is started.
The characteristic curve of a transistor may represent the
magnitude ID (A) of driving current according to the dif-
ference VGS (V) in voltage between gate and source volt-
ages of the transistor. The level CL1 of driving current
flowing when a voltage PT1 corresponding to an arbitrary
gray scale is applied to the second driving transistor M1' is
indicated by a straight line.

[0098] As time elapses in the emission period, the char-
acteristic curve moves to the right. The degree of movement
to the right may be in proportion to an increment of the
on-bias voltage.

[0099] An example of the characteristic curve CC2 after
16 ms elapses in the emission period is illustrated in FIG. 8.
It can be seen that the absolute value of a voltage PT2 has
been slightly decreased due to a decrease in quantity of
maintenance charges of the storage capacitor Cstl', but the
level CL2 of driving current after 16 ms elapses has been
increased because the characteristic curve CC2 is moved to
the right as compared with the characteristic curve CC1.
[0100] Thus, in the embodiment of FIG. 7, as the amount
of driving current in the emission period of the second pixel
circuit PXi(j+1) increases, the emission time of the second
organic light emitting diode OLED2 may be brought for-
ward, or the emission luminance of the second organic light
emitting diode OLED2 may be increased. Thus, according to
the embodiment of FIG. 7, the color dragging phenomenon
described in FIG. 4 may also be removed.

[0101] FIG. 9 illustrates another embodiment of a display
device 9'. FIG. 10 illustrates another embodiment of a pixel
circuit, to which an initialization voltage source is coupled.
The display device 9' of FIG. 9 is different from the display
device 9 of FIG. 1, in that the display device 9' further
includes a third initialization voltage source VINT3. The
third initialization voltage source VINT3 is coupled as a
single initialization voltage source to the second pixel circuit
PXi(j+1). The configuration of the display device 9' may be
equal to that of the display device 9.

[0102] Referring to FIG. 10, in the second pixel circuit
PXi(j+1), the third initialization voltage source VINT3 is
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coupled to the anode of the second organic light emitting
diode OLED2 through the transistor M7' and is coupled to
the gate terminal of the second driving transistor M1'. In this
embodiment, a third initialization voltage of the third ini-
tialization voltage source VINT3 is different from the first
and second initialization voltages. In an embodiment, the
third initialization voltage may be a voltage between the first
and second initialization voltages. For example, when the
first initialization voltage is =2 V and the second initializa-
tion voltage is =5 V, the third initialization voltage may be
-4V

[0103] Under some circumstances, it may be disadvanta-
geous to include an additional voltage source (different from
the first initialization voltage source VINT1 and the second
initialization voltage source VINT2). However, any such
disadvantages may be offset by the advantages realized by
the embodiments of FIG. 5 and FIG. 7.

[0104] For example, since the capacitor Cot of the second
organic light emitting diode OLED2 is pre-charged with a
voltage greater than that of the capacitor Col of the first
organic light emitting diode OLED1, the emission time of
the second organic light emitting diode OLED2 may be
brought forward.

[0105] Further, since the difference between the gate and
source voltages of the second driving transistor M1' is
greater than that between the gate and source voltages of the
first driving transistor M1, the on-bias voltage is increased.
Accordingly, as the driving current increases as time elapses
in the emission period, the emission time of the second
organic light emitting diode OLED2 may be brought for-
ward or the emission luminance of the second organic light
emitting diode OLED2 may be increased.

[0106] FIG. 11 illustrates an example where the embodi-
ment of FIG. 5 is applied to another pixel circuit. Referring
to FIG. 11, a first pixel circuit PXij' includes a plurality of
transistors M8, M9, M10, M11, and M12, a storage capacitor
Cst2, and a first organic light emitting diode OLED11. In
addition, a second pixel circuit PXi(j+1)' includes a plurality
of transistors M8', M9', M10', M11', and M12'", a storage
capacitor Cst2', and a second organic light emitting diode
OLED12. The structure of the second pixel circuit PXi(j+1)'
is substantially identical to that of the first pixel circuit PXij'
except a data line, an initialization voltage source, and an
organic light emitting diode. Therefore, only the first pixel
circuit PXij' will be described below.

[0107] The transistor M8 has one end coupled to an end of
the transistor M10, another end coupled to a voltage source
ELVDD, and a gate terminal coupled to an end of the
transistor M9. The transistor M8 may serve as a first driving
transistor.

[0108] The transistor M9 has one end coupled to a first
data line Dj, another end coupled to the gate terminal of the
transistor M8, and a gate terminal coupled to a scan line S1
of a current stage.

[0109] The transistor M10 has one end coupled to the first
organic light emitting diode OLED11, another end coupled
to the one end of the transistor M8, and a gate terminal
coupled to an emission control line Fi. The transistor M10
may serve as an emission control transistor.

[0110] The transistor M11 has one end coupled to a first
initialization voltage source VINT1, another end coupled to
one end of the storage capacitor Cst2, and a gate terminal
coupled to a scan line S(i-1) of a previous stage.
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[0111] The transistor M12 has one end coupled to a second
initialization voltage source VINT2, another end coupled to
the first organic light emitting diode OLED11, and a gate
terminal coupled to the scan line S1 of the current stage.
[0112] The storage capacitor Cst2 has one end coupled to
the gate terminal of the transistor M8 and another end
coupled to the voltage source ELVDD.

[0113] The first organic light emitting diode OLED11 has
an anode coupled to an end of the transistor M12 and a
cathode coupled to a voltage source ELVSS.

[0114] Control signals of the pixel circuits PXij' and
PXi(j+1)' of FIG. 11 may be identical to those of the pixel
circuits PXij and PXi(j+1) of FIG. 5.

[0115] Like the embodiment of FIG. 5, in the embodiment
of FIG. 11, the single initialization voltage source is also the
first initialization voltage source VINT1. Since a capacitor
of the second organic light emitting diode OLEDI12 is
pre-charged with a voltage greater than that of a capacitor of
the first organic light emitting diode OLED11, the emission
time of the second organic light emitting diode OLED12 in
the emission period after the second initialization period
may be further brought forward.

[0116] FIG. 12 illustrates an example of a case where the
embodiment of FIG. 7 is applied to another pixel circuit. The
embodiment of FIG. 12 is different from that of FIG. 12 in
that the single initialization voltage source is the second
initialization voltage source VINT2. The other components
of FIG. 12 may be identical to those of FIG. 11.

[0117] Like the embodiment of FIG. 7, in the embodiment
of FIG. 12, the single initialization voltage source is the
second initialization voltage source VINT2. As the amount
of driving current increases in the emission period of the
second pixel circuit PXi(j+1), the emission time of the
second organic light emitting diode OLED12 may be
brought forward, or the emission luminance of the second
organic light emitting diode OLED12 may be increased.
[0118] FIG. 13 illustrates an example of a case where the
embodiment of FIG. 10 is applied to another pixel circuit.
The embodiment of FIG. 13 is different from that of FIG. 11
in that the single initialization voltage source is the third
initialization voltage source VINT3. The other components
of FIG. 13 may be identical to those of FIG. 11.

[0119] Like the embodiment of FIG. 10, in the embodi-
ment of FIG. 13, the single initialization voltage source is
also the third initialization voltage source VINT3. Under
some circumstances, it may be disadvantageous to include
an additional voltage source (different from the first initial-
ization voltage source VINT1 and the second initialization
voltage source VINT2). However, any such disadvantage
may be offset by advantages of the embodiment of FIG. 11
and advantages of the embodiment of FIG. 12.

[0120] Thus, since the capacitor of the second organic
light emitting diode OLED12 is pre-charged with a voltage
greater than that of the capacitor of the first organic light
emitting diode OLEDI11, the emission time of the second
organic light emitting diode OLED12 may be brought
forward.

[0121] Further, since the difference between gate and
source voltages of the second driving transistor M8' is
greater than that between gate and source voltages of the first
driving transistor M8, the on-bias voltage is increased.
Accordingly, as the driving current increases as time elapses
in the emission period, the emission time of the second
organic light emitting diode OLED12 may be brought
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forward, or the emission luminance of the second organic
light emitting diode OLED12 may be increased.
[0122] The methods, processes, and/or operations
described herein may be performed by code or instructions
to be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-
purpose processor for performing the methods herein.
[0123] The controllers, drivers, and other signal generat-
ing and processing features of the embodiments disclosed
herein may be implemented in non-transitory logic which,
for exaniple, may include hardware, software, or both. When
implemented at least partially in hardware, the controllers,
drivers, and other signal generating and processing features
may be, for example, any one of a variety of integrated
circuits including but not limited to an application-specific
integrated circuit, a field-programmable gate array, a com-
bination of logic gates, a system-on-chip, a microprocessor,
or another type of processing or control circuit.
[0124] When implemented in at least partially in software,
the controllers, drivers, and other signal generating and
processing features may include, for example, a memory or
other storage device for storing code or instructions to be
executed, for example, by a computer, processor, micropro-
cessor, controller, or other signal processing device. The
computer, processor, microprocessor, controller, or other
signal processing device may be those described herein or
one in addition to the elements described herein. Because the
algorithms that form the basis of the methods (or operations
of the computer, processor, microprocessor, controller, or
other signal processing device) are described in detail, the
code or instructions for implementing the operations of the
method embodiments may transform the computer, proces-
sor, controller, or other signal processing device into a
special-purpose processor for performing the methods
herein.
[0125] In accordance with one or more of the aforemen-
tioned embodiments, a display device including a pixel
circuit and a driving method may be provided with a
structure that removes a color dragging phenomenon.
[0126] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of skill in the art as of the filing
of the present application, features, characteristics, and/or
elements described in connection with a particular embodi-
ment may be used singly or in combination with features,
characteristics, and/or elements described in connection
with other embodiments unless otherwise indicated. Accord-
ingly, various changes in form and details may be made
without departing from the spirit and scope of the embodi-
ments set forth in the claims.

What is claimed is:

1. A display device, comprising:

a first initialization voltage source to provide a first

initialization voltage;
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a second initialization voltage source to provide a second
initialization voltage less than the first initialization
voltage;

a first pixel circuit including a first organic light emitting
diode; and

a second pixel circuit including a second organic light
emitting diode that includes an organic material having
a band gap different from a band gap of an organic
material in the first organic light emitting diode,
wherein the first pixel circuit is coupled to the first
initialization voltage source and the second initializa-
tion voltage source and wherein the second pixel circuit
is coupled to a single initialization voltage source.

2. The display device as claimed in claim 1, wherein the
second organic light emitting diode has a greater capacitance
per unit area than the first organic light emitting diode.

3. The display device as claimed in claim 1, wherein an
area of a light emitting surface of the second organic light
emitting diode is less than an area of a light emitting surface
of the first organic light emitting diode.

4. The display device as claimed in claim 1, wherein the
single initialization voltage source is the first initialization
voltage source.

5. The display device as claimed in claim 4, wherein:

the first pixel circuit includes a first driving transistor
having an end coupled to an anode of the first organic
light emitting diode in an emission period,

the second pixel circuit includes a second driving tran-
sistor having an end coupled to an anode of the second
organic light emitting diode in an emission period, and

the first initialization voltage source is coupled to a gate
terminal of the first driving transistor and a gate ter-
minal of the second driving transistor in a first initial-
ization period.

6. The display device as claimed in claim 5, wherein:

the second initialization voltage source is coupled to the
anode of the first organic light emitting diode in a
second initialization period, and

the first initialization voltage source is coupled to the
anode of the second organic light emitting diode in the
second initialization period.

7. The display device as claimed in claim 1, wherein the
single initialization voltage source is the second initializa-
tion voltage source.

8. The display device as claimed in claim 7, wherein the
second initialization voltage source is coupled to an anode of
the first organic light emitting diode and an anode of the
second organic light emitting diode in a second initialization
period.

9. The display device as claimed in claim 8, wherein:

the first pixel circuit includes a first driving transistor
having an end coupled to the anode of the first organic
light emitting diode in an emission period,

the second pixel circuit includes a second driving tran-
sistor having an end coupled to the anode of the second
organic light emitting diode in an emission period,

the first initialization voltage source is coupled to a gate
terminal of the first driving transistor in a first initial-
ization period, and

the second initialization voltage source is coupled to a
gate terminal of the second driving transistor in the first
initialization period.
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10. The display device as claimed in claim 9, wherein the
first initialization period is before the second initialization
period.
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17. The display device as claimed in claim 15, wherein:
the first organic light emitting diode 1s a red organic light
emitting diode,

11. The display device as claimed in claim 1. further

comprising:

a third initialization voltage source to provide a third
initialization voltage having a voltage value different
from voltage values of the first initialization voltage
and the second initialization voltage, wherein the single
initialization voltage source is the third initialization
voltage source.

12. The display device as claimed in claim 11, wherein the

third initialization voltage has a value between the first

initialization voltage and the second initialization voltage.

13. The display device as claimed in claim 12, wherein:

the second initialization voltage source is coupled to an
anode of the first organic light emitting diode in a
second initialization period, and

the third initialization voltage source is coupled to an
anode of the second organic light emitting diode in the
second initialization period.

14. The display device as claimed in claim 13, wherein:

the first pixel circuit includes a first driving transistor
having an end coupled to the anode of the first organic
light emitting diode in an emission period,

the second pixel circuit includes a second driving tran-
sistor having an end coupled to the anode of the second
organic light emitting diode in an emission period,

the first initialization voltage source is coupled to a gate
terminal of the first driving transistor in a first initial-
ization period, and

the third initialization voltage source is coupled to a gate
terminal of the second driving transistor in the first
initialization period.

15. The display device as claimed in claim 1, further

comprising:

a third pixel circuit coupled to the first initialization
voltage source and the second initialization voltage
source, the third pixel circuit including a third organic
light emitting diode including an organic material hav-
ing a band gap different from bang gaps of the organic
materials in the first organic light emitting diode and
the second organic light emitting diode;

a first data line; and

a second data line different from the first data line,
wherein the first pixel circuit and the third pixel circuit
are coupled to the first data line and wherein the second
pixel circuit is coupled to the second data line.

16. The display device as claimed in claim 15, wherein:

the first organic light emitting diode is a red organic light
emitting diode,

the second organic light emitting diode is a green organic
light emitting diode, and

the third organic light emitting diode is a blue organic
light emitting diode.

the second organic light emitting diode is a blue organic

light emitting diode, and

the third organic light emitting diode is a green organic

light emitting diode.

18. The display device as claimed in claim 15, wherein the
first organic light emitting diode is a blue organic light
emitting diode,

the second organic light emitting diode is a red organic

light emitting diode, and

the third organic light emitting diode is a green organic

light emitting diode.

19. The display device as claimed in claim 15, wherein:

the third pixel circuit includes a third driving transistor

having an end coupled to an anode of the third organic
light emitting diode in an emission period,

the first initialization voltage source is coupled to a gate

terminal of the third driving transistor in a first initial-
ization period, and

the second initialization voltage source is coupled to the

anode of the third organic light emitting diode in a
second initialization period.

20. A method for driving a display device, the method
comprising:

in a first initialization period, applying a first initialization

voltage to a gate terminal of a first driving transistor of
a first pixel circuit and applying a single initialization
voltage to a gate terminal of a second driving transistor
of a second pixel circuit;

in a second initialization period, applying a second ini-

tialization voltage less than the first initialization volt-
age to an anode of a first organic light emitting diode
of the first pixel circuit and applying the single initial-
ization voltage to an anode of a second organic light
emitting diode of the second pixel circuit, which
includes an organic material having a band gap differ-
ent from a band gap of an organic material of the first
organic light emitting diode; and

in an emission period, allowing the first organic light

emitting diode and the second organic light emitting
diode to emit light.

21. The method as claimed in claim 20, wherein the single
initialization voltage is equal to the first initialization volt-
age.
22. The method as claimed in claim 20, wherein the single
initialization voltage is equal to the second initialization
voltage.

23. The method as claimed in claim 20, wherein the single
initialization voltage has a value different from values of the
first initialization voltage and the second initialization volt-
age.
24. The method as claimed in claim 23, wherein the single
initialization voltage has a value between the first initializa-
tion voltage and the second initialization voltage.
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