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DISPLAY DEVICE AND METHOD OF
DRIVING PIXEL CIRCUIT THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No.2012-270827, filed
on Dec. 11, 2012, and entitled “Display Device and Method
Of Driving Pixel Circuit Thereof,” is incorporated by refer-
ence herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Oneormore embodiments described hereinrelate to
driving pixel circuits.

[0004] 2. Description of the Related Art

[0005] A display device includes pixel circuits disposed in
a lattice shape. Each pixel circuit may include a driving tran-
sistor for driving a light-emitting element. In operation, the
driving transistor may generate a current which flows into a
light-emitting element based on gradation data. Based on this
current, the element emits light of a corresponding gray scale
value.

[0006] In such a device, the actual luminance of the light-
emitting element may be different from the luminance corre-
sponding to the gradation data. This may occur, for example,
when the threshold voltages of the driving transistors of the
pixel circuits are different from one another. The difference in
luminance degrades the quality of the image to be displayed.
This degradation tends to increase with increasing resolution.
[0007] Forexample, inrecent years, the number of pixels of
adisplay device has increased to provide for display of higher
definition images. The time taken to write gradation data at a
pixel has lessened in order to achieve the desired resolution.
Attempts at reducing this time have proven ineffective.

SUMMARY

[0008] In accordance with one embodiment, a display
device includes at least one pixel circuit and a control circuit
for operating the at least one pixel circuit. The at least one
pixel circuit includes a light-emitting element, a holding
capacitor to hold a gradation voltage corresponding to grada-
tion data, a driving transistor to provide the light-emitting
element with a driving current according to the gradation
voltage, a first switch transistor connected between an initial-
ization voltage line for transferring an initialization voltage
and a gate of the driving transistor, the first switch transistor
to be turned on or off according to a first scan line signal, and
a second switch transistor connected between the gate and a
drain of the driving transistor, the second switch transistor to
be turned on or off according to a second scan line signal.
[0009] The control circuit outputs the first scan line signal,
the second scan line signal, and the initialization voltage.
During a first period, the control circuit turns on the first
switch transistor and turns off the second switch transistor to
set charges of the holding capacitor to an initial state using a
first initialization voltage having a first voltage level as the
initialization voltage;

[0010] During a second period, the control circuit turns off
the first switch transistor and turns on the second switch
transistor to charge the holding capacitor based on a first
gradation voltage corresponding to first gradation data using
the first initialization voltage as the initialization voltage.
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[0011] During athird period, the control circuit turns off the
first switch transistor and the second switch transistor to
switch the initialization voltage from the first initialization
voltage to a second initialization voltage having a second
voltage level different from the first voltage level.

[0012] During a fourth period, the control circuit turns off
the first switch transistor and turns on the second switch
transistor to charge the holding capacitor based on a second
gradation voltage based on the second initialization voltage,
the second gradation voltage corresponding to second grada-
tion data.

[0013] During a fifth period, the control circuit drives the
light-emitting element according to the second gradation
voltage when the driving transistor is turned on. The driving
transistor, the first switch transistor, and the second switch
transistor may be P-type transistors.

[0014] The pixel circuit may include an emission transistor
connected between the drain of the driving transistor and the
light-emitting element, wherein the control circuit turns off
the emission transistor during the first to fourth periods.
[0015] The pixel circuit may include an emission transistor
connected between the drain of the driving transistor and the
light-emitting element, wherein the control circuit turns on
the emission transistor during the fifth period.

[0016] The display device may include a power line control
circuit configured to provide a power supply voltage to a
source of the driving transistor during the first period and the
third period and to provide the gradation data to the source of
the driving transistor during the second period and the fourth
period.

[0017] The display device may include a plurality of pixel
circuits arranged in a lattice, a first power supply line con-
nected to pixel circuits disposed at an odd-numbered row; and
a second power supply line connected to pixel circuits dis-
posed at an even-numbered row, wherein the power line con-
trol circuit provides the gradation data to the second power
supply line during a period where the power supply voltage is
applied to the first power supply line and provides the power
supply voltage to the second power supply line during a
period where the gradation data is applied to the first power
supply line.

[0018] The display device may include a power line control
circuit configured to provide gradation data to a source of the
driving transistor during the first to fourth periods and a power
supply voltage to the source of the driving transistor during
the fifth period.

[0019] The display device may include a voltage control
circuit configured to provide a high level of voltage to a
cathode of the light-emitting element during the first to fourth
periods and a low level of voltage to the cathode of the
light-emitting element during the fifth period. The first ini-
tialization voltage may be higher than the second initializa-
tion voltage.

[0020] In accordance with another embodiment, a method
is provided for driving a pixel circuit which includes a light-
emitting element, a holding capacitor configured to hold a
gradation voltage corresponding to a gradation data, a driving
transistor configured to provide the light-emitting element
with a driving current according to the gradation voltage, a
first switch transistor connected between an initialization
voltage line for transferring an initialization voltage and a
gate of the driving transistor and configured to be turned on or
off according to a first scan line signal, and a second switch
transistor connected between the gate and a drain of the
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driving transistor and configured to be turned on or off
according to a second scan line signal.

[0021] The method includes, during a first period, turning
on the first switch transistor and turning off the second switch
transistor to set charges of the holding capacitor to an initial
state using a first initialization voltage having a first voltage
level as the initialization voltage; during a second period,
turning off the first switch transistor and turning on the second
switch transistor to charge the holding capacitor based on a
first gradation voltage corresponding to first pixel data using
the first initialization voltage as the initialization voltage;
during a third period, turning off the first switch transistor and
the second switch transistor to switch the initialization volt-
age from the first initialization voltage to a second initializa-
tion voltage having a second voltage level different from the
first voltage level; during a fourth period, turning off the first
switch transistor and turning on the second switch transistor
to charge the holding capacitor based on a second gradation
voltage corresponding to second pixel data using the second
initialization voltage as the initialization voltage; and during
a fifth period, driving the light-emitting element according to
the second gradation voltage when the driving transistor is
turned on. The driving transistor, the first switch transistor,
and the second switch transistor may be P-type transistors.
[0022] The pixel circuit may include an emission transistor
connected between the drain of the driving transistor and the
light-emitting element, and wherein the method further
includes turning off the emission transistor during the first to
fourth periods.

[0023] The pixel circuit may include an emission transistor
connected between the drain of the driving transistor and the
light-emitting element, and wherein the method further
includes turning on the emission transistor during the fifth
period.

[0024] The method may include providing a power supply
voltage to a source of the driving transistor during the first
period and the third period, and providing the gradation data
to the source of the driving transistor during the second period
and the fourth period.

[0025] The pixel circuit may be disposed in plurality to
have a lattice shape, wherein a first power supply line is
connected to pixel circuits disposed at an odd-numbered row
and a second power supply line is connected to pixel circuits
disposed at an even-numbered row, and wherein the gradation
data is provided to the second power supply line during a
period where the power supply voltage is applied to the first
power supply line and the power supply voltage is provided to
the second power supply line during a period where the gra-
dation data is applied to the first power supply line.

[0026] The gradation data may be provided to a source of
the driving transistor during the first to fourth periods and a
power supply voltage is provided to the source of the driving
transistor during the fifth period.

[0027] A high level of ground voltage may be provided to a
cathode of the light-emitting element during the first to fourth
periods and a low level of ground voltage is provided to the
cathode of the light-emitting element during the fifth period.
The first initialization voltage may be higher than the second
initialization voltage.

[0028] In accordance with another embodiment, a method
of'driving pixel circuits in a display device includes (a) setting
an initialization current for a first pixel circuit to be substan-
tially equal to an initialization current for a second pixel
circuit; (b) shifting a gate voltage for the first pixel circuit by
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a first amount; and (c) shifting a gate voltage for the second
pixel circuit by a second amount substantially equal to the
first amount, wherein the initialization currents for the first
and second pixel circuits correspond to different first and
second initialization voltages, and wherein drain currents of
driving transistors of first and second pixel circuits are sub-
stantially equal based on the shifted gate voltages of the first
and second pixel circuits. Also, at least (a) and (b) are per-
formed during a data update period for the first pixel circuit,
wherein the date update period includes a period to compen-
sate for a threshold voltage of the driving transistor of the first
pixel circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0030] FIG. 1 illustrates a first embodiment of a pixel cir-
cuit;
[0031] FIG. 2 illustrates a timing diagram for a driving

order of pixel circuits according to the first embodiment;
[0032] FIG. 3A illustrates shows operation of the pixel
circuit in a first period, FIG. 3B illustrates operation of the
pixel circuit in a second period, FIG. 3C illustrates operation
of'the pixel circuit in a third period, F1G. 3D illustrates opera-
tion of the pixel circuit in a fourth period, and FIG. 3E illus-
trates operation of the pixel circuit in a fifth period;

[0033] FIG. 4A illustrates variations in a gate voltage and
drain current that may occur in one type of pixel circuit that
has been proposed, and FIG. 4B illustrates variations in a gate
voltage and drain current in the pixel circuit of the first
embodiment;

[0034] FIG. 5 illustrates a display device that includes a
pixel circuit according to the first embodiment;

[0035] FIG. 6 illustrates an initialization voltage selecting
circuit of a display device according to the first embodiment;
[0036] FIG. 7 illustrates a timing diagram for operating a
display device according to the first embodiment;

[0037] FIG. 8 illustrates a light-emitting pattern corre-
sponding to a first embodiment of a driving method;

[0038] FIG. 9 illustrates a light-emitting pattern based on a
simultaneous driving scheme;

[0039] FIG.10illustrates a second embodiment of a display
device;
[0040] FIG. 11 illustrates a timing diagram showing a driv-

ing order of pixel circuits according to the second embodi-
ment;

[0041] FIG. 12 illustrates operation of the second embodi-
ment of the display device;

[0042] FIG. 13 illustrates operation of the first embodiment
of'the display device during simultaneous driving;

[0043] FIG. 14 illustrates the first embodiment of the pixel
circuit;
[0044] FIG. 15illustrates a driving order of pixel circuits of

a third embodiment;

[0045] FIG. 16A illustrates operation of the pixel circuit of
the third embodiment during a first period, FIG. 16B illus-
trates operation of the pixel circuit in a second period; FIG.
16C illustrates operation of the pixel circuit in a third period;
FIG. 16D illustrates operation of the pixel circuit in a fourth
period; and FIG. 16E illustrates operation of a pixel circuit in
a fifth period;

[0046] FIG. 17 illustrates a display device with a pixel
circuit of the third embodiment;
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[0047] FIG. 18 illustrates operation of the display device of
the third embodiment;

[0048] FIG. 19 illustrates another type of pixel circuit;
[0049] FIG. 20 illustrates a driving order of pixel circuits
relating to FIG. 19;

[0050] FIG. 21 illustrates an initialization voltage of the
pixel circuit in FIG. 19; and

[0051] FIG. 22 illustrates driving transistor characteristics
of the pixel circuit in FIG. 19.

DETAILED DESCRIPTION

[0052] Example embodiments are described more fully
hereinafter with reference to the accompanying 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 fully
convey exemplary implementations to those skilled in the art.
[0053] Inthe drawing figures, 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 is
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.

[0054] The embodiments will be described with reference
to accompanying drawings. Prior to a description on the
embodiments, a problem caused by variation in the threshold
voltage of a driving transistor will be described.

Overview

[0055] FIG.19illustrates a circuit diagram of a pixel circuit
100 including a driving transistor M11, switch transistors
M12, M13, and M16, emission transistors M14 and M15,
capacitors C1 and C2, and a light-emitting element D1 which,
for example, may be an organic EL element.

[0056] A first end of capacitor C1 is connected to a power
supply voltage ELVDD and a second end is connected to a
source of the switch transistor M16. A second scan line signal
(e.g., ascan line signal of a pixel circuit in a preceding row) is
applied to a gate of switch transistor M16. An initialization
voltage Vint is coupled to the drain of switch transistor M16.
[0057] The emission transistor M15 has a first terminal
connected to the first end of capacitor C1 and a second ter-
minal connected to a first end of capacitor C2. An emission
control signal EM is applied to a gate of emission transistor
M15. A second end of capacitor C2 is connected to a gate of
driving transistor M11. A gate of driving transistor M11 is
connected to second ends of capacitors C1 and C2, a source
may be connected to the first end of capacitor C2, and a drain
may be connected to an anode of a light-emitting element
through the emission transistor M14. The emission transistor
M14 is connected between the drain of the driving transistor
M11 and the anode of the light-emitting element. The emis-
sion control signal EM is applied to the gate of transistors
M14 and M15.
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[0058] The switch transistor M12 is connected between a
gate and a drain of driving transistor M11, and has a gate
connected to receive a first scan line signal (e.g., a scan line
signal corresponding to a current pixel circuit). A first termi-
nal of switch transistor M13 is connected to a source of
driving transistor M11, a second terminal is connected to a
data line for transferring a gradation data VDATA, and a gate
is connected to receive the first scan line signal. The light-
emitting element may have a cathode connected to a ground
power for supplying a ground voltage ELVSS.

[0059] FIG. 20is atiming diagram describing the operation
of pixel circuit 100. As illustrated in FIG. 20, operation of
pixel circuit 100 may be divided into a data update period and
a light-emitting period. During a period where a frame of
image is displayed by a display device, the data update period
and the light-emitting period may be sequentially performed
every row from a first row of pixel circuits to an nth row of
pixel circuits.

[0060] During the data update period, the pixel circuit 100
may perform compensation for variation in the threshold
voltage of driving transistor M11 at the same time. As illus-
trated in FIG. 20, the data update period may be divided into
two periods, namely period 1 and period 2. During period 1,
switch transistor M16 may be turned when second scan line
signal SCAN(n-1) has a low level. At this time, a gate poten-
tial of the driving transistor M11 may be reset to an initial-
ization voltage Vint.

[0061] During period 2, a first scan line signal Scan(n) is at
alow level and switch transistors M12 and M13 are turned on.
At this time, image data Vdata is applied to the gate of driving
transistor M11 through the switch transistor M13 and the
switch transistor M12. The connection of driving transistor
M11 and switch transistor M12 allows the gate and drain of
driving transistor M11 to be diode connected. Thus, capacitor
C1 may hold the written voltage and the gate voltage Vgate of
driving transistor M11 may be expressed by equation (1), in
which Vth indicates a threshold voltage of the driving tran-
sistor M11.

Vgate=Vdata—Vth (€8]

[0062] A third period of operation is included in the light-
emitting period. In period 3, the switch transistors M12 and
M13 are turned off, emission transistors M14 and M15 are
turned on by emission control signal EM having a low level.
Since a voltage across capacitor C1 is equal to a gate-source
voltage Vgs of the driving transistor M11, a current biased by
gradation voltage held in capacitor C1 may be supplied to the
light-emitting element (e.g., an organic EL. element) from
power supply voltage ELVDD through the driving transistor
M11 and emission transistor M14. A current flowing to driv-
ing transistor M11 in a saturation state may be expressed by
equation (2).

I=B(Ves-Vth)’ )

[0063] Inequation (2), f indicates a coefficient determined
by the size of transistor M11, Vgs indicates a gate-source
voltage, and Vth indicates a threshold voltage of driving
transistor M11.
[0064] Because Vgs is equal to ELVDD-(Vdata-Vth), a
current finally supplied to the organic EL element may be
expressed by equation (3).

I=p(ELVDD-Vdata+Vth- Vth)? 3)

[0065] Referring to equation (3), a threshold voltage Vth
may be cancelled out, and the amount of current flowing to the
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organic EL, element may be controlled only by the gradation
voltage corresponding input gradation data VDATA, without
dependency on a variation in the threshold voltage of the
driving transistor M11. Thus, it is possible to compensate for
variation in the threshold voltage of driving transistor M11 of
the pixel circuit 100 in order to improve uniformity of display
device images.

[0066] However, the compensation performed by pixel cir-
cuit 100 may vary in performance based on a difference in the
gradation data. More specifically, in the event that an initial-
ization operation of pixel circuit 100 is not performed, a
voltage corresponding to a previous frame of image data may
remain at a gate of the driving transistor M11. In the event that
black data (e.g., 4.5V) of a previous frame remains, it is
impossible to write white data (e.g., 3.5V) at a current frame.
This may be obvious from a relationship between a gate
voltage of the driving transistor M11 and a source voltage
(i.e., gradation voltage), even though threshold voltage Vth is
compensated.

[0067] FIG. 21 are graphs showing one technique which
has been proposed for varying an initialization voltage Vint
according to input gradation data. The graphs show a gate
voltage at an initialization state and a gate voltage of a driving
transistor M11 in a compensation period. As illustrated in
FIG. 21, the gate and drain of driving transistor M11 may be
diode-connected by turning on a transistor M12 after a gate
voltage Vgate of driving transistor M11 of a pixel circuit 100
is set to an initialization voltage Vint, and a compensation
operation may commence (timing T1).

[0068] A gate voltage (e.g., a voltage difference Vthl
between a gradation voltage and gradation data Vdatal cor-
responding to point A and a voltage difference Vth2 between
a gradation voltage and gradation data Vdata2 corresponding
to point B at a point of time (timing T2)) when the driving
transistor M11 is close to a cut-off state may be almost equal
to the threshold voltage of the driving transistor M11.
[0069] However, as illustrated in FIG. 21, in the event that
avoltage difference between an initialization voltage Vint and
ablack data voltage Vdatal is not equal to a voltage difference
between the initialization voltage Vint and a white data volt-
age Vdata2, a bias voltage applied to the driving transistor
M11 may be varied during a threshold voltage compensation
operation T1 to T2. Therefore, a difference between compen-
sation voltages (here, Vth1 and Vth2) may be generated. This
may mean that performance is varied upon compensating for
the threshold voltage of the driving transistor M11 based on
gradation data VDATA. In an attempt to solve this problem,
an initialization voltage Vint may be predetermined such that
avoltage difference Vb between the initialization voltage Vint
and gradation data Vdatal is equal to a voltage difference Vw
between the initialization voltage Vint and gradation data
Vdata2.

[0070] However, a basic pixel circuit may necessitate six or
more transistors and five or more control lines for controlling
the transistors. Also, to vary the initialization voltage Vint, for
example, a capacitor C2 as shown in FIG. 19 may be added or
an external circuit may be separately required to generate
initialization voltage Vint corresponding to data voltage
Vdata. Taking either of these approaches may be disadvanta-
geous for yield or for achieving high definition of a panel.
[0071] Also, in recent years, the allowable compensation
time (e.g., corresponding to a period between T1 and T2) of a
high-definition display device has been shortened, for
example, in order to achieve higher resolutions. In the event
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that compensation time is sufficient, the driving transistor
M11 may continue to be close to a cut-off state. For this
reason, it is possible to secure a gate voltage at a state where
a gate voltage of the driving transistor M11 is saturated. Also,
it is possible to fully compensate for effects caused by varia-
tion in the threshold voltage of the driving transistor M11.
[0072] However, in an actual driving operation of a display
device, compensation time may be first decided by the driving
frequency and number of pixels of the display device. It may
therefore be impossible to secure a sufficient compensation
time for certain driving frequencies and pixel resolutions. If
the compensation time to be secured is shortened by the
high-definition resolution of the display device, the gate volt-
age of driving transistor M11 may be decided before a com-
pensation operation is completed. Thus, performance of com-
pensating for variation in threshold voltage may be lowered.
[0073] Also, when a difference between gradation data
voltage Vdata and initialization voltage Vint is relatively
large, influence of a variation in mobility of driving transistor
M11 may not be ignored at compensation.

[0074] FIG. 22 is agraphillustrating a relationship between
an initialization voltage Vint and drain current of driving
transistor M11. In FIG. 22, the driving transistor M11 is
assumed to have characteristics Ia and Ib of drain currents
according to a mobility difference. When the initialization
voltage is set to Vinitl, performance may be affected by a
mobility variation corresponding to AIl. When the initializa-
tion voltage is set to Vinit2, influence on mobility variation
may be reduced to AI2. In other words, to suppress influence
of mobility variation every pixel in a threshold voltage com-
pensation operation, the initialization voltage Vint may be set
to a voltage proximate to a data voltage Vdata, in a range
where a compensation operation is not affected.

First Embodiment

[0075] FIG. 1 illustrates a first embodiment of a pixel cir-
cuit 1 that may include a driving transistor M1, a first switch
transistor M2, a second switch transistor M3, an emission
transistor M4, a light-emitting element (e.g., an organic ELL
element D1), and a holding capacitor CST. The holding
capacitor CST may hold a gradation voltage corresponding to
gradation data. The holding capacitor CST may be connected
between a gate of the driving transistor M1 and an initializa-
tion voltage line for transferring an initialization voltage
VCST.

[0076] The driving transistor M1 may provide the organic
EL element D1 with a driving current according to the gra-
dation voltage. The driving transistor M1 may have a source
connected to a power supply line to which gradation data DT
and a power supply voltage ELVDD are alternately supplied.
The driving transistor may also include a drain connected to
an anode of the organic EL element D1 through the emission
transistor M4. A gate of the driving transistor M1 may be
connected to one end of the holding capacitor CST and to the
initialization voltage line through the first switch transistor
M2.

[0077] The first switch transistor M2 may be connected
between the initialization voltage line carrying the initializa-
tion voltage VCST and the gate of the driving transistor M1.
The first switch transistor M2 may be turned on or off accord-
ing to afirst scan line signal. Also, in pixel circuit 1, a first scan
line signal SCANa(n) may be a first scan line signal SCANb
(n-2) for controlling a data update operation of pixel circuits
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disposed in a predetermined number (e.g., 2) of prior rows a
current pixel circuit. The pixel circuits may be arranged in a
lattice shape.

[0078] The second switch transistor M3 may be connected
between the gate and the drain of the driving transistor M1.
The second switch transistor M3 may be turned on or oft by a
second scan line signal SCANb(n). The emission transistor
M4 is connected between a drain of the driving transistor M11
and the organic EL element D1. The emission transistor M4
may be turned on or off by an emission control signal EM.
[0079] A first embodiment of a display device may include
a control circuit which generates a first scan line signal
SCANa, a second scan line signal SCAND, and the emission
control signal EM. Also, the control circuit may output the
initialization voltage VCST. The control circuit may switch a
set voltage VSET and a bias voltage VBAS to output a
switched voltage as the initialization voltage VCST.

[0080] FIG. 2 is a timing diagram illustrating a driving
order of pixel circuit 1 in accordance with the first embodi-
ment. As illustrated in FIG. 2, a control signal may be
switched every horizontal period when a row of pixel circuits
is driven, and each pixel circuit may be controlled during a
data update period and a light-emitting period.

[0081] The data update period may include a predeter-
mined number of periods. In accordance with one embodi-
ment, the data update period includes a first period TMA to a
fourth period TMD.

[0082] The first period TMA may be a bias voltage writing
period where a bias voltage VBAS is written to holding
capacitor CST. During the first period TMA, the control cir-
cuit may perform a control operation as follows. A first switch
transistor M2 may be turned on by a first scan line signal
SCANa(n) having a low level, and a second switch transistor
M3 may be turned off by a second scan line signal SCANb(n)
having a high level. Initialization voltage VCST (which may
be referred to as a first initialization voltage, e.g., a bias
voltage VBAS) having a first voltage level is applied. As a
result, a voltage across the holding capacitor CST may be the
bias voltage VBAS at the first period TMA. Charges of the
holding capacitor CST may therefore be set to an initializa-
tion state. Also, a gate voltage of the driving transistor M1
may be set to the bias voltage VBAS.

[0083] FIG. 3A illustrates operation of pixel circuit 1 in the
first period TMA. As illustrated in FIG. 3A, during the first
period TMA, the bias voltage VBAS may be applied to a gate
of the driving transistor M1 and power supply voltage
ELVDD may be applied to a source of the driving transistor
M1. However, since the driving transistor M1 and an emission
transistor M4 are in a turn-off state, no current may flow into
an organic EL element D1.

[0084] A second period TMB may be a pre-data writing
period where gradation data VDATA is written prior to a
compensation operation based on the size of gradation data.
More specifically, in the second period TMB, the control
circuit may perform a control operation as follows. The first
switch transistor M2 may be turned oft by the first scan line
signal having a high level, and the second switch transistor
M3 may be turned on by the second scan line signal having a
low level. As a result, during the second period TMB, the
holding capacitor CST may be charged by the gradation volt-
age corresponding to first gradation data. (An initialization
voltage VCST may be referred to as a bias voltage VBAS.)
[0085] FIG. 3B illustrates operation of pixel circuit 1 in the
second period TMB. As illustrated n FIG. 3B, during the
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second period TMB, gradation data VDATA is provided to the
source of driving transistor M1. Therefore, a gradation volt-
age corresponding to the gradation data VDATA may be
applied to the gate of driving transistor M1 along a path
passing through driving transistor M1 and second switch
transistor M3. At this time, a gate voltage Vgate of the driving
transistor M1 may be expressed by equation (4).

Vgate=VDATA-Vth 4

[0086] Inequation (4), Vth is the threshold voltage of driv-
ing transistor M1. In the event that organic EL element D1
emits a light based on the gate voltage Vgate of the driving
transistor M1 at the second period TMB, a luminance varia-
tion caused by a variation in a threshold voltage of the driving
transistor M1 may be reduced like a pixel circuit 100 shown in
FIG. 19.

[0087] A third period TMC may be an initialization voltage
set-up period where an initialization voltage is set up to per-
form a compensation operation based on the size of the gra-
dation data. In the third period TMC, the control circuit may
perform a control operation as follows. The first switch tran-
sistor M2 may be turned off by the first scan line signal having
a high level, and the second switch transistor M3 may be
turned off by the second scan line signal having a high level.
The initialization voltage VCST may be switched from the
bias voltage VBAS to a second initialization voltage (e.g., a
set voltage VSET) having a second voltage level different
from the first voltage level. In exemplary embodiments, set
voltage VSET may be lower than the bias voltage VBAS.
[0088] FIG. 3C illustrates operation of pixel circuit 1 in the
third period TMC. As illustrated in FIG. 3C, during the third
period TMC, a gate voltage of the driving transistor M1 as set
in the second period TMB may be lowered. The gate voltage
Vgate of the driving transistor M1 in the third period TMC
may be expressed by equation (5).

Vgate=(VDATA- Vth)—(VBAS-VSET) )

[0089] The gate voltage Vgate of the driving transistor M1
expressed by equation (5) may be an initialization voltage
based on a gradation voltage that is actually used for a light-
emitting operation.

[0090] A fourth period TMD may be a data writing period
where a gradation voltage corresponding to gradation data to
be used in the light-emitting operation is written. In the fourth
period TMD, the control circuit may perform a control opera-
tion as follows. The first switch transistor M2 may be turned
off by the first scan line signal having a high level, and the
second switch transistor M3 may be turned on by the second
scan line signal having a low level. Also, the initialization
voltage VCST may be referred to as the set voltage VSET.
During the fourth period TMD, the holding capacitor CST
may be charged by a second gradation voltage corresponding
to second gradation data.

[0091] FIG. 3D illustrates operation of pixel circuit 1 in the
fourth period TMD. As illustrated n FIG. 3D, during the
fourth period TMD, gradation data VDATA may be provided
to a source of the driving transistor M1. Therefore, during the
fourth period TMD, a gradation voltage corresponding to
gradation data VDATA may be applied to a gate of the driving
transistor M1 through the driving transistor M1 and the sec-
ond switch transistor M3. A gate voltage Vgate of the driving
transistor M1 at the fourth period TMD may be expressed by
equation (6).

Vgate=VDATA-Vth (6)
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[0092] Although the gate voltage Vgate of the driving tran-
sistor M1 expressed by the equation (6) is equal to a gate
voltage Vgate of the driving transistor M1 expressed by the
equation (4), as illustrated in FIG. 2, a voltage difference
between a gate voltage Vgate of the third period TMC and a
gate voltage Vgate of the fourth period TMD may correspond
to a voltage difference between a bias voltage VBAS and a set
voltage VSET, without complying with or giving consider-
ation to the size of gradation data VDATA. For this reason, it
is possible to maintain a variation in the gate voltage Vgate
constantly during the fourth period TMD, without complying
with or irrespective of the size of the gradation data VDATA.
[0093] Operation during the light-emitting period will now
be described. Since the light-emitting period follows the data
update period, the light-emitting period may be referred to as
a fifth period TME. During the fitth period TMD, organic EL.
element D1 may be driven based on a second gradation volt-
age written at the fourth period TMD while the driving tran-
sistor M1 is turned on. More particularly, as illustrated in FIG.
2, since an emission control signal EM has a low level during
a period where a power supply voltage ELVDD is applied to
a source of the driving transistor M1, a current may be applied
to the organic EL element D1 during the fifth period TME.

[0094] FIG. 3E illustrates operation of pixel circuit 1 in the
fifth period TME. As illustrated n FIG. 3E, during a light-
emitting operation, the first switch transistor M2 and the
second switch transistor M3 may be turned off, and the emis-
sion transistor M4 may be turned on. Thus, a current may be
supplied to the organic EL element D 1. A current flowing into
the organic EL element D1 may be expressed by equation (7).

I=p(Vgs-Vth)? Q)

[0095] In equation (7), pp indicates a coefficient associated
with performance according to the size of driving transistor
M1, and Vgs indicates a gate-source voltage of the driving
transistor M1. Since the gate-source voltage Vgs is (ELVDD-
(VDATA-V1h)) at the fifth period TME, a current I supplied
to the organic EL element D1 may be expressed in equation
(8) based on equations (6) and (7).

I-B(ELVDD- Vdata+Vth-Vth)? (8)

[0096] In pixel circuit 1 according to the first embodiment,
variation in the threshold voltage of driving transistor M1
may be compensated for, accuracy based on gradation data
VDATA may be improved, and the amount of current flowing
into the organic EL element D1 may be controlled.

[0097] FIGS. 4A and 4B illustrate different performance of
pixel circuit 1 according to the first embodiment during the
fourth period TMD and another pixel circuit 100. More spe-
cifically, FIG. 4A is a graph describing variations in a gate
voltage and drain current resulting from a variation in the
threshold voltage of a driving transistor in pixel circuit 100.
FIG. 4B is a graph describing variations in the gate voltage
and drain current resulting from a variation of a threshold
voltage of the driving transistor in pixel circuit 1 according to
the first embodiment.

[0098] In comparing these graphs, first, it is to be under-
stood that Equation (5) includes gradation data VDATA and
the threshold voltage Vth of the driving transistor M1 as
factors for deciding an initialization voltage. This means that
the initialization voltage varies for every pixel based on the
input gradation data VDATA and the threshold voltage Vth of
the driving transistor M1. For improved understanding, an
effect will be described when the initialization voltage Vint is
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varied in connection with gradation data VDATA and the
threshold voltage Vth of the driving transistor M1.

[0099] In FIG. 4A, corresponding to pixel circuit 100, a
gate voltage Vgate of the driving transistor M11 may be reset
to a constant initialization voltage Vint at threshold voltage
compensation. Therefore, assuming that the threshold volt-
age characteristic of two different pixels corresponds to
curves la and Ib, an initialized drain current value may start
from different values IINIT1 and IINIT2. Through a thresh-
old voltage compensation operation, the gate voltage Vgate of
the driving transistor M1 may vary up to (VDATA-Vth). Ifa
compensation time is insufficient, the gate voltage Vgate of
the driving transistor M1 may not vary up to (VDATA-Vth).
That is, drain currents ID1 and ID2 of the pixels may be
different from each other due to a threshold voltage at an end
of'the threshold voltage compensation operation. This differ-
ence may cause an irregular display of images.

[0100] In contrast, in pixel circuit 1 according to the first
embodiment shown in FI1G. 4B, a threshold voltage of driving
transistor M1 may be first compensated at a second period
TMB, so that an initialization voltage Vint of the driving
transistor M1 is decided in connection with a threshold volt-
age Vth ofthe driving transistor M1. Therefore, drain currents
IINIT1 and IINIT2 may be the same at a start of the compen-
sation operation. Thus, even in the case where compensation
time is insufficient in the threshold voltage compensation
operation, variation voltages AV1 and AV2 corresponding to
the gate voltage of driving transistor M1 may correspond to a
voltage shifted by the same potential. That is, drain currents
ID1 and ID2 may become the same at an end of the threshold
voltage compensation operation, and a difference between
threshold voltages of the driving transistors of the pixels may
be cancelled.

[0101] Thus, as understood from equation (5), since an
initialization voltage is set in connection with gradation data
VDATA, it is possible to adjust drain currents of pixels at a
start of the threshold voltage compensation operation regard-
less of a variation of the gradation data VDATA.

[0102] Also, as understood from equation (5), an initializa-
tion voltage VCST may be adjusted to have any offset value
by selecting a set voltage VSET and a bias voltage VBAS
suitably. In accordance with one embodiment, it may be set to
a voltage proximate to gradation data VDATA without being
influenced by the performance of compensation. As a result,
the influence of mobility may be suppressed at a threshold
voltage compensation operation, for example, as shown in
FIG. 22.

[0103] FIG. 5 illustrates a first embodiment of a display
device which includes pixel circuit 1 and a control circuit. In
FIG. 5, a scan driver circuit 10, an initialization voltage con-
trol circuit 11, an initialization voltage selecting circuit 12,
and an emission control circuit 13 may constitute the control
circuit. A gradation data control circuit 14 and a source driver
circuit 15 may constitute a power line control circuit. Also, as
illustrated in F1G. 5, pixel circuits 1 of the display device may
be disposed in a lattice shape.

[0104] Thescandriver circuit 10 may output a first scan line
signal SCANa and a second scan line signal SCAND to pixel
circuits sequentially from a first row based on a timing signal
provided from a circuit.

[0105] Under a control of the initialization voltage control
circuit 11, whether one of a bias voltage VBAS or a set voltage
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VSET is output as an initialization voltage VCST ma be
decided every row based on a timing signal provided from a
circuit.

[0106] The initialization voltage selecting circuit 12 may
select one of the bias voltage VBAS or the set voltage VSET
generated from a circuit according to an instruction from the
initialization voltage control circuit 11. The initialization
voltage selecting circuit 12 may output the selected voltage as
the initialization voltage VCST every row.

[0107] The emission control circuit 13 may output an emis-
sion control signal EM based on a timing control signal pro-
vided from a circuit.

[0108] The gradation data control circuit 14 may select a
power supply voltage ELVDD and a gradation data VDATA
according to power control signals DCTL1 and DCTL2 from
a circuit. The gradation data control circuit 14 may output the
selected voltage to a power supply line. The source driver
circuit 15 may generate the gradation data VDATA based on
image data provided from a circuit.

[0109] As illustrated in FIG. 5, the display device may
include a first power supply line DTa and a second power
supply line DTb. The first power supply line DTa may be
connected to pixel circuits disposed at odd-numbered rows,
and the second power supply line DTb may be connected to
pixel circuits disposed at even-numbered rows. During a
period where power supply voltage ELVDD is supplied to the
first power supply line DTa, the power line control circuit may
provide the gradation data VDATA to the second power sup-
ply line DTb. During a period where the gradation data
VDATA is supplied to the first power supply line DTa, the
power line control circuit may provide the power supply
voltage ELVDD to the second power supply line DTb. The
power line control circuit may provide a source of a driving
transistor M1 with the power supply voltage ELVDD at first,
third and fifth periods TMA, TMC, and TME and with gra-
dation data VDATA at second and fourth periods TMB and
TBD.

[0110] FIG. 6 illustrates an embodiment of the initializa-
tion voltage selecting circuit 12 and the initialization voltage
control circuit 11, which outputs control signals out and outb
to the initialization voltage selecting circuit 12. As illustrated
in FIG. 6, the initialization voltage selecting circuit 12 may be
configured to connect a line supplied with a bias voltage
VBAS with an initialization voltage line through a switch
transistor SW1. Also, the initialization voltage selecting cir-
cuit 12 may be configured to connect a line supplied with a set
voltage VSET from an external source with the initialization
voltage line through a switch transistor SW2.

[0111] The initialization voltage control circuit 11 may
output control signals out and outb that are complementary. In
response to control signals out and outb, the initialization
voltage selecting circuit 12 may output one of the bias voltage
VBAS and the set voltage VSET as an initialization voltage
VCST. That is, in the display device according to the first
embodiment, predetermined voltages may be supplied as the
bias voltage VBAS and the set voltage VSET. Also, two
different voltages may be selected by the initialization volt-
age control circuit 11 and the initialization voltage selecting
circuit 12. Since the display device according to the first
embodiment only generates constant voltages as the bias
voltage VBAS and set voltage V SET, it need not control a
voltage value dynamically. Thus, it is possible to make a
circuit size small.
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[0112] FIG. 7 illustrates a timing diagram for operating the
display device according to the first embodiment. As illus-
trated in FIG. 7, the display device according to the first
embodiment may operate based on a data write period and a
light-emitting period alternately. During the data write
period, athreshold voltage compensation operation and a data
writing operation may be performed by providing gradation
dataVDATA to apower supply line. During the light-emitting
period, a light-emitting operation is performed by providing a
power supply voltage ELVDD to the power supply line.
[0113] The display device according to the first embodi-
ment may provide the gradation data VDATA to an even-
numbered row during a period where a power supply voltage
ELVDD is provided to an odd-numbered row. The display
device may provide the power supply voltage ELVDD to the
even-numbered row during a period where the gradation data
VDATA is provided to the odd-numbered row. In the display
device according to the first embodiment, if the threshold
voltage compensation operation and the data writing opera-
tion are completed after initialization of each pixel, light-
emitting and non-light-emitting states may be iteratively
selected with respect to each of even-numbered and odd-
numbered lines every horizontal scan period.

[0114] FIG. 8 illustrates a light-emitting pattern of a display
device according to the first embodiment. As illustrated in
FIG. 8, the display device according to the first embodiment
may perform an initialization operation, a threshold voltage
compensation operation, a data writing operation, and a light-
emitting operation (or, a non-light-emitting operation) of a
pixel in a line-sequential manner. Therefore, the display
device according to the first embodiment may use a progres-
sive driving manner.

[0115] Withtheabove description, pixel circuit 1 according
to the first embodiment and a display device including the
pixel circuit 1 may perform a pre-data writing operation at
first and second periods TMA and TMB. Then, a gradation
data writing operation may be performed at third and fourth
periods TMC and TMD. The display device according to a
first embodiment may therefore exhibit improved compensa-
tion performance, by deciding an initialization voltage
according to a variation in a threshold voltage of a driving
transistor M1 or a variation in gradation data and by making
avoltage difference between the initialization voltage and the
gradation data constant.

[0116] In the display device according to the first embodi-
ment, the pre-data writing operation using the first and second
periods TMA and TMB may be performed together with a
data writing operation on pixel circuits disposed above cur-
rent pixel circuits. Therefore, since a period needed to per-
form a data writing operation on current pixel circuits may be
formed of the third and fourth periods TMC and TMD, a data
writing time may be decided without considering a time taken
to perform the pre-data writing operation.

[0117] That is, in the display device according to the first
embodiment, although a data writing time is shortened by an
increase in the number of pixels, a data writing operation may
be completed within a time based on an increase in the num-
ber of pixels. Since an organic EL element D1 of the display
device according to the first embodiment is formed of four
transistors and a holding capacitor, for example, the first
embodiment of the pixel circuit may be smaller in size, for
example, than that shown in FIG. 19.

[0118] The display device according to the first embodi-
ment may utilize a bias voltage VBAS and a set voltage VSET,
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which have different voltage values from each other, as an
initialization voltage VCST. The display device according to
the first embodiment may be configured to switch a voltage
value of the initialization voltage VCST by generating an
initialization voltage using a small-sized constant voltage
source circuit and selecting one of two voltages through the
initialization voltage control circuit 11 and the initialization
voltage selecting circuit 12. Thus, in the display device
according to the first embodiment, it is possible to reduce the
size of circuit associated with operations of generating and
switching the initialization voltage VCST.

[0119] Also, in the display device according to the first
embodiment, a power supply line may be divided into a first
power supply line DTa and a second power supply line DTb.
The gradation data control circuit 14 may provide a power
supply voltage ELVDD and gradation data VDATA to two
power supply lines alternately. Thus, the display device
according to the first embodiment may not need a transistor
that selectively provides the power supply voltage ELVDD
and the gradation data VDATA to the source of the driving
transistor M1. That is, it is possible to reduce the size of pixel
circuit 1 through the gradation data control circuit 14.
[0120] Also, a progressive driving manner may be applied
to the display device according to the first embodiment. This
progressive driving manner is different from a simultaneous
driving manner, for example, as explained below.

[0121] FIG. 9 illustrates an example of a light-emitting
pattern according to the simultaneous driving manner. As
illustrated in FIG. 9, in the simultaneous driving manner, half
of one frame period may have a non-light-emitting state and
a data update operation need not be performed during a period
corresponding to the non-light-emitting state. Meanwhile, in
the progressive driving manner, a data update operation may
be performed at a light-emitting state. Therefore, a time for a
data update period according to the progressive driving man-
ner may be longer than that according to the simultaneous
driving manner shown in FIG. 9. As a result, accuracy of
threshold voltage compensation is improved. Also, in case of
the progressive driving manner, low-frequency driving and
free-flicker may be possible, so that the quality of display is
improved and power consumption is reduced.

Second Embodiment

[0122] FIG. 10 illustrates a second embodiment of a display
device which performs simultaneous driving using pixel cir-
cuit 1 according to the first embodiment. As illustrated in FIG.
10, a display device according to the second embodiment may
be configured such that pixel circuits disposed in the same
column are connected to a power supply line DTa. A grada-
tion data control circuit 14 of the display device may provide
a power supply voltage ELVDD and gradation data VDATA
to the power supply line DTa alternately.

[0123] Also, in this embodiment, a method of providing a
scan line signal and an initialization voltage VCST when a
data update operation for pixel circuit 1 is performed is sub-
stantially the same as that according to the first embodiment.
[0124] FIG. 11 illustrates a timing diagram for operating a
pixel circuit of the display device according to the second
embodiment. As illustrated in FIG. 11, a method of providing
an emission control signal EM, gradation data VDATA, and a
power supply voltage ELVDD according to the second
embodiment is different from the first embodiment. More
particularly, during a data update period of the display device
according to the second embodiment, an emission transistor
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M4 may be turned off by an emission control signal EM
having a high level. As a result, a current flowing into an
organic EL element D1 is blocked.

[0125] Also, according to the second embodiment, grada-
tion data may be supplied to a source of driving transistor M1
during the data update period. During the data update period,
an organic EL. element D1 may emit a light by providing a
power supply voltage ELVDD to a source of driving transistor
M1 with the emission transistor M4 turned on.

[0126] FIG. 12 is another timing diagram for operating the
display device of the second embodiment. In this embodi-
ment, the display device is driven by a 1-frame period. The
1-frame period may be divided into the first half and the
second half. As illustrated in FIG. 12, a data update operation
(including an initialization operation, a threshold voltage
compensation operation, and a data writing operation) on all
pixels may be completed in the first half of a 1-frame period,
and all pixels emit light during the second half of the 1-frame
period.

[0127] More specifically, during the first half, an initializa-
tion operation, a threshold voltage compensation operation,
and a data writing operation on each pixel circuit is performed
in a line-sequential manner. Also, during the first half, all
organic EL elements D1 may be in a non-light-emitting state
(e.g., corresponding to a black display). During the second
half; all pixels may be turned off. In the event that this driving
method is used, as illustrated in FIG. 10, the number of lines
for transferring gradation data may be 1.

[0128] Although a display device may be configured as
illustrated in F1G. 5, that is, although the number of data lines
is 2, it is possible to perform simultaneous driving. In this
case, as illustrated in FIG. 13, power control signals DCTL1
and DCTL2 may be controlled not to be switched every
1-frame period, but for their logical levels to be switched
between a data update period and a light-emitting period.

[0129] When the driving method according to the second
embodiment is used, a light-emitting period and a non-light-
emitting period (including an initialization, threshold voltage
compensation, and data writing) of an organic EL. element D1
may be divided in a time-division manner. Therefore, if an
image is displayed in a three-dimensional manner, it is pos-
sible to insert a black display period between left-eye data and
right-eye data easily and to display a 3D image where influ-
ence of crosstalk is less.

[0130] Also, both progressive driving and simultaneous
driving may be performed by a display device according to a
first embodiment as shown in FIG. 5. For example, switching
between 2D display and 3D display may be easily performed
by performing progressive driving. The progressive driving
may be performed through operation of the display device
according to a first embodiment for 2D display. Simultaneous
driving may be performed as shown in FIG. 13 for 3D display.

[0131] Additionally, the display device according to the
second embodiment may have the same pixel circuit as that of
a display device according to a first embodiment, and may
perform a data update operation of the pixel circuit through
the operation described with reference to the first embodi-
ment. Like the display device according to the first embodi-
ment, the display device according to the second embodiment
may determine an initialization voltage in connection with
gradation data and a threshold voltage of a driving transistor.
That is, the second embodiment is advantageous because it
can achieve improved compensation performance. Also,
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since the pixel circuit 1 is formed of four transistors and a
capacitor, pixel circuit 1 may be more advantageous for high
definition of a panel.

Third Embodiment

[0132] FIG. 14 illustrates a third embodiment of a pixel
circuit 2. As illustrated in FIG. 14, a pixel circuit 2 may not
include an emission transistor M4 of pixel circuit 1 according
to a first embodiment.

[0133] FIG. 15 is a timing diagram describing operation of
pixel circuit 2. As illustrated in FIG. 15, the manner in which
first scan line signal SCANa, second scan line signal SCAND,
and initialization voltage VCST are applied may be the same
as the first embodiment. However, the timing of when a
ground voltage ELVSS, gradation data VDATA, and a power
supply voltage ELVDD are applied may be difterent from the
first embodiment. Also, a third embodiment of a display
device which includes pixel circuit 2 may include a ground
voltage control circuit that controls a ground voltage ELVSS,
instead of an emission control circuit 13 of a display device
according to a second embodiment as shown in FIG. 10.
[0134] In pixel circuit 2, during a data update period, a
current flowing into an organic EL. element D1 may be
blocked because a ground voltage ELVSS has a high level.
Also, gradation data VDATA may be supplied to the source of
driving transistor M1 in the data update period. As a result,
pixel circuit 2 may perform a data update operation without
light-emitting during the data update period.

[0135] FIGS.16A-16D illustrate the states of pixel circuit 2
in four periods. As illustrated in FIG. 16A, since a ground
voltage ELVSS has a high level at the first period TMA, no
current may flow into an organic EL element D1, a bias
voltage VBAS may be applied to a gate of a driving transistor
M1, and charges of a holding capacitor CST may be reset.
[0136] Asillustrated in FIG. 16B, since the ground voltage
ELVSS has ahigh level at the second period TMB, no current
may flow into an organic EL element D1. During the second
period TMB, a first gradation voltage according to gradation
data VDATA may be written at a gate of a driving transistor
M1 through the driving transistor 1141 and a second switch
transistor M3.

[0137] Asillustrated in FIG. 16C, since the ground voltage
ELVSS has ahigh level at the second period TMB, no current
may flow into an organic EL element D1. During the third
period TMC, an initialization voltage VCST may be switched
from a bias voltage VBAS to a set voltage VSET, and a gate
voltage Vgate of a driving transistor M1 may vary according
to a variation in an initialization voltage VCST.

[0138] Asillustrated in FIG. 16D, since the ground voltage
ELVSS has ahigh level at the second period TMB, no current
may flow into an organic EL. element D1. During the fourth
period TMD, a second gradation voltage according to grada-
tion data VDATA may be written at a gate of a driving tran-
sistor M1 through the driving transistor M1 and a second
switch transistor M3. At the fourth period TMD, the second
gradation voltage may be written using a gate voltage of the
driving transistor M1 as an initialization voltage at a point of
time when the third period TMC is completed.

[0139] In pixel circuit 2, since the ground voltage ELVSS
has a low level at a light-emitting period, a current may flow
into an organic EL element D1. Also, a power supply voltage
ELVDD may be applied to a source of a driving transistor M1
during the light-emitting period.
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[0140] As illustrated in FIG. 16E, since a ground voltage
ELVSS has a low level during the fifth period TME, a current
may flow into an organic EL. element D1 through a driving
transistor M1.
[0141] Also, for pixel circuit 2, a method of providing
gradation data VDATA and a power supply voltage ELVDD
may be the same as the second embodiment. Also, operation
of'pixel circuit 2 may be implemented the same manner as the
display device according to a second embodiment by control-
ling a voltage level of a ground voltage ELVSS instead of an
emission control signal EM.
[0142] FIG. 17 illustrates a display device including a driv-
ing circuit according to a third embodiment. As illustrated in
FIG. 17, the driving circuit according to a third embodiment
may not include an emission control circuit 13 of the second
embodiment shown in FIG. 10.
[0143] FIG. 18 illustrates a timing diagram for operating a
display device including the driving circuit of the third
embodiment. This display device may be configured such that
a ground voltage ELVSS is controlled to have the same logi-
cal level as an emission control signal of the display device
according to a second embodiment. As a result, operation of
the display device according to the third embodiment may be
performed in the same manner as the second embodiment.
[0144] Since the pixel circuit 2 according to the third
embodiment does not include an emission transistor M4, its
size may be smaller than that of a pixel circuit 1 according to
afirstembodiment. A control method of pixel circuit 2 may be
the same as the second embodiment. A display device includ-
ing pixel circuit 2 according to the third embodiment may
perform simultaneous driving like a display device according
to the second embodiment.
[0145] Also, pixel circuit 2 according to the third embodi-
ment may write gradation data in the same order as a pixel
circuit 1 according to the first embodiment. Therefore, a
display device including pixel circuit 2 may determine an
initialization voltage in connection with a threshold voltage
of a driving transistor M1 and gradation data like a display
device according to the first embodiment. As a result, the
display device according to the third embodiment may realize
improved compensation performance.
[0146] The pixel circuits according to the embodiments
described herein are shown to use PMOS transistors. How-
ever, in other embodiments NMOS transistors, or a combina-
tion of NMOS and PMOS transistors, may be used to form the
pixel circuits.
[0147] 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 ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A display device comprising:

at least one pixel circuit including:

a light-emitting element,
a holding capacitor to hold a gradation voltage corre-
sponding to gradation data,
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a driving transistor to provide the light-emitting element
with a driving current according to the gradation volt-
age,

a first switch transistor connected between an initializa-
tion voltage line for transferring an initialization volt-
age and a gate of the driving transistor, the first switch
transistor to be turned on or off according to a first
scan line signal, and

a second switch transistor connected between the gate
and a drain of the driving transistor, the second switch
transistor to be turned on or off according to a second
scan line signal; and

a control circuit to output the first scan line signal, the
second scan line signal, and the initialization voltage,
wherein:

during a first period, the control circuit turns on the first
switch transistor and turns off the second switch transis-
tor to set charges of the holding capacitor to an initial
state using a first initialization voltage having a first
voltage level as the initialization voltage;

during a second period, the control circuit turns off the first
switch transistor and turns on the second switch transis-
tor to charge the holding capacitor based on a first gra-
dation voltage corresponding to first gradation data
using the first initialization voltage as the initialization
voltage;

during a third period, the control circuit turns off the first
switch transistor and the second switch transistor to
switch the initialization voltage from the first initializa-
tion voltage to a second initialization voltage having a
second voltage level different from the first voltage
level,

during a fourth period, the control circuit turns off the first
switch transistor and turns on the second switch transis-
tor to charge the holding capacitor based on a second
gradation voltage based on the second initialization volt-
age, the second gradation voltage corresponding to sec-
ond gradation data;

during a fifth period, the control circuit drives the light-
emitting element according to the second gradation volt-
age when the driving transistor is turned on.

2. The display device as claimed in claim 1, wherein the
driving transistor, the first switch transistor, and the second
switch transistor are P-type transistors.

3. The display device as claimed in claim 2, wherein the
pixel circuit comprises an emission transistor connected
between the drain of the driving transistor and the light-
emitting element, wherein the control circuit turns off the
emission transistor during the first to fourth periods.

4. The display device as claimed in claim 2, wherein the
pixel circuit comprises an emission transistor connected
between the drain of the driving transistor and the light-
emitting element, wherein the control circuit turns on the
emission transistor during the fifth period.

5. The display device as claimed in claim 1, further com-
prising:

a power line control circuit configured to provide a power
supply voltage to a source of the driving transistor dur-
ing the first period and the third period and to provide the
gradation data to the source of the driving transistor
during the second period and the fourth period.

6. The display device as claimed in claim 5, further com-

prising:
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a plurality of pixel circuits arranged in a lattice,

a first power supply line connected to pixel circuits dis-
posed at an odd-numbered row; and

a second power supply line connected to pixel circuits
disposed at an even-numbered row, wherein the power
line control circuit provides the gradation data to the
second power supply line during a period where the
power supply voltage is applied to the first power supply
line and provides the power supply voltage to the second
power supply line during a period where the gradation
data is applied to the first power supply line.

7. The display device as claimed in claim 1, further com-

prising:

apower line control circuit configured to provide gradation
data to a source of the driving transistor during the first
to fourth periods and a power supply voltage to the
source of the driving transistor during the fifth period.

8. The display device as claimed in claim 7, further com-
prising:

a voltage control circuit configured to provide a high level
of voltage to a cathode of the light-emitting element
during the first to fourth periods and a low level of
voltage to the cathode of the light-emitting element dur-
ing the fifth period.

9. The display device as claimed in claim 1, wherein the
first initialization voltage is higher than the second initializa-
tion voltage.

10. A method of driving a pixel circuit which includes a
light-emitting element, a holding capacitor configured to hold
a gradation voltage corresponding to a gradation data, a driv-
ing transistor configured to provide the light-emitting ele-
ment with a driving current according to the gradation volt-
age, a first switch transistor connected between an
initialization voltage line for transferring an initialization
voltage and a gate of the driving transistor and configured to
be turned on or off according to a first scan line signal, and a
second switch transistor connected between the gate and a
drain of the driving transistor and configured to be turned on
or off according to a second scan line signal, the method
comprising:

during a first period, turning on the first switch transistor
and turning off the second switch transistor to set
charges of the holding capacitor to an initial state using
afirst initialization voltage having a first voltage level as
the initialization voltage;

during a second period, turning off the first switch transis-
tor and turning on the second switch transistor to charge
the holding capacitor based on a first gradation voltage
corresponding to first pixel data using the first initializa-
tion voltage as the initialization voltage;

during a third period, turning off the first switch transistor
and the second switch transistor to switch the initializa-
tion voltage from the first initialization voltage to a sec-
ond initialization voltage having a second voltage level
different from the first voltage level;

during a fourth period, turning off the first switch transistor
and turning on the second switch transistor to charge the
holding capacitor based on a second gradation voltage
corresponding to second pixel data using the second
initialization voltage as the initialization voltage; and

during a fifth period, driving the light-emitting element
according to the second gradation voltage when the driv-
ing transistor is turned on.
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11. The method as claimed in claim 10, wherein the driving
transistor, the first switch transistor, and the second switch
transistor are P-type transistors.

12. The method as claimed in claim 11, wherein the pixel
circuit comprises an emission transistor connected between
the drain of the driving transistor and the light-emitting ele-
ment, and wherein the method further comprises turning off
the emission transistor during the first to fourth periods.

13. The method as claimed in claim 11, wherein the pixel
circuit comprises an emission transistor connected between
the drain of the driving transistor and the light-emitting ele-
ment, and wherein the method further comprises turning on
the emission transistor during the fifth period.

14. The method as claimed in claim 10, further comprising:

providing a power supply voltage to a source of the driving

transistor during the first period and the third period, and
providing the gradation data to the source of the driving
transistor during the second period and the fourth period.

15. The method as claimed in claim 14, wherein the pixel
circuit is disposed in plurality to have a lattice shape,

wherein a first power supply line is connected to pixel

circuits disposed at an odd-numbered row and a second
power supply line is connected to pixel circuits disposed
at an even-numbered row, and

wherein the gradation data is provided to the second power

supply line during a period where the power supply
voltage is applied to the first power supply line and the
power supply voltage is provided to the second power
supply line during a period where the gradation data is
applied to the first power supply line.

16. The method as claimed in claim 10, wherein gradation
data is provided to a source of the driving transistor during the
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first to fourth periods and a power supply voltage is provided
to the source of the driving transistor during the fifth period.

17. The method as claimed in claim 16, wherein a high
level of ground voltage is provided to a cathode of the light-
emitting element during the first to fourth periods and a low
level of ground voltage is provided to the cathode of the
light-emitting element during the fifth period.

18. The method as claimed in claim 10, wherein the first
initialization voltage is higher than the second initialization
voltage.

19. A method of driving pixel circuits in a display device,
the method comprising:

(a) setting an initialization current for a first pixel circuit to
be substantially equal to an initialization current for a
second pixel circuit;

(b) shifting a gate voltage for the first pixel circuit by a first
amount; and

(c) shifting a gate voltage for the second pixel circuit by a
second amount substantially equal to the first amount,
wherein the initialization currents for the first and sec-
ond pixel circuits correspond to different first and sec-
ond initialization voltages, and wherein drain currents of
driving transistors of first and second pixel circuits are
substantially equal based on the shifted gate voltages of
the first and second pixel circuits.

20. The method as claimed in claim 19, wherein:

at least (a) and (b) are performed during a data update
period for the first pixel circuit, and

the date update period includes a period to compensate for
a threshold voltage of the driving transistor of the first
pixel circuit.



