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(57) ABSTRACT

Disclosed are a pixel circuit and an organic light emitting
display device using the same. The pixel circuit includes a
light emitting element configured to include an organic emis-
sion cell formed between an anode and cathode of the light
emitting element, a driving transistor configured to control
emission of light from the light emitting element according to
a voltage applied between a gate and source of the driving
transistor, a data capacitor configured to include a first termi-
nal and a second terminal; and a switching unit configured to
initialize a voltage of the data capacitor during an initializa-
tion period, store a threshold voltage of the driving transistor
during a threshold voltage storage period, store the data volt-
age in the data capacitor during a data voltage storage period,
and emit light from the light emitting element by using the
data voltage stored in the data capacitor during an emission
period.
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PIXEL CIRCUIT, DRIVING METHOD
THEREOF, AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2012-0139335 filed on Dec. 4,
2012, which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Thepresentinventionrelatesto a pixel circuit and an

organic light emitting display device including the same, and
more particularly, to a pixel circuit, a driving method thereof,
and an organic light emitting display device including the
same, which compensate for a threshold voltage of a driving
transistor that controls emission of light from a light emitting
element.

[0004] 2. Discussion of the Related Art

[0005] Recently, with the advancement of multimedia, the
importance of flat panel display (FPD) devices is increasing.
Therefore, various types of FPD devices such as liquid crystal
display (LCD) devices, plasma display panel (PDP) devices,
field emission display (FED) devices, and light emitting dis-
play devices are being used. In such FPD devices, the light
emitting display devices have a fast response time of 1 ms or
less and low power consumption, and have no limitation in a
viewing angle because the organic light emitting display
devices self-emit light. Accordingly, the organic light emit-
ting display devices are attracting much attention as next
generation FPD devices.

[0006] Generally, light emitting display devices are display
devices that electrically excite a light emitting material to
emit light, and are categorized into inorganic light emitting
display devices and organic light emitting display devices
depending on a material and a structure thereof.

[0007] FIG.1isacircuit diagram schematically illustrating
a pixel circuit of a general organic light emitting display
device.

[0008] The pixel circuit of the general organic light emit-
ting display device, as illustrated in FIG. 1, includes a switch-
ing transistor ST, a driving transistor DT, and a capacitor C,
and a light emitting element OLED.

[0009] The switching transistor ST is turned on by a scan
signal supplied to a scan line SL, and supplies a data voltage
Vdata, supplied from a data line DL, to the driving transistor
DT.

[0010] The driving transistor DT is turned on with the data
voltage Vdata supplied from the switching transistor ST, and
controls a data current Joled which flows from a driving
voltage Vdd terminal to the light emitting element OLED.
[0011] The capacitor C is connected between a gate and
source of the driving transistor DT, stores a voltage corre-
sponding to the data voltage Vdata supplied to the gate of the
driving transistor DT, and turns on the driving transistor DT
with the stored voltage.

[0012] The light emitting element OLED is electrically
connected between a drain of the driving terminal DT and a
ground voltage Vss terminal, and emits light with the data
current loled supplied from the driving transistor DT. Here,
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the data current Toled flowing in the light emitting element
OLED is determined according to a gate-source voltage Vgs
of the driving transistor DT, a threshold voltage Vth of the
driving transistor DT, and the data voltage Vdata.

[0013] The pixel circuit of the general organic light emit-
ting display device controls a level of the data current Ioled,
which flows from the driving voltage Vdd terminal to the light
emitting element OLED, with a switching time of the driving
TFT DT based on the data voltage Vdata to emit light from the
light emitting element OLED, thereby displaying a certain
image.

[0014] However, in the pixel circuit of the general organic
light emitting display device, the data current Ioled flowing in
the light emitting element OLED may be changed due to a
threshold voltage deviation of the driving transistor DT and a
drop of a driving voltage Vdd. Therefore, despite the same
data voltage Vdata, the data current Ioled output from each of
the plurality of driving transistors DT is changed, and due to
this, the pixel circuit of the general organic light emitting
display device cannot realize a uniform quality of an image.
[0015] In addition, as the size of organic light emitting
display devices is enlarged, the threshold voltage deviation of
the driving transistor DT and the drop of the driving voltage
Vdd become more severe. Due to this, an image quality of
organic light emitting display devices having a large size is
degraded.

[0016] That is, the light emitting element OLED is a current
control element, and a current flowing through the light emit-
ting element is controlled by the driving transistor DT con-
nected to the light emitting element OLED. Here, due to a
process differential, a threshold voltage and mobility of the
driving transistor DT that controls a current are determined
differently between a plurality of pixels. Therefore, even
when a data signal (a data voltage) corresponding to the same
gray scale is supplied to the driving transistor DT, a plurality
of the light emitting elements OLED emit light having differ-
ent luminance due to a threshold voltage difference and
mobility difference between a plurality of the driving transis-
tors DT. Also, due to a circuit resistor, the driving voltage Vdd
applied to the light emitting element OLED is changed
between when light is emitted and when light is not emitted.
Due to this, the light emitting element OLED emits light
having luminance different from desired luminance. That is,
due to such problems, organic light emitting display devices
of the related art have non-uniform luminance As a size of
organic light emitting display devices is enlarged, the above-
described problems become more severe.

SUMMARY

[0017] Accordingly, the present invention is directed to
provide a pixel circuit, a driving method thereof, and an
organic light emitting display device including the same that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

[0018] An aspect of the present invention is directed to
provide a pixel circuit, a driving method thereof, and an
organic light emitting display device including the same,
which can remove an influence of a threshold voltage of a
driving transistor that controls emission of light from a light
emitting element.

[0019] Additional advantages and features of the invention
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
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practice ofthe invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0020] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided a pixel circuit
including: a light emitting element configured to include an
organic emission cell formed between an anode and a cathode
of the light emitting element, and emit light by an electrical
flow; a driving transistor configured to control emission of
light from the light emitting element according to a voltage
applied between a gate and a source of the driving transistor;
a data capacitor configured to include a first terminal, which
is connected to a first node on a reference line receiving a
reference voltage, and a second terminal connected to a sec-
ond node which is connected to a data line receiving a data
voltage and the gate of the driving transistor; and a switching
unit configured to initialize a voltage of the data capacitor
during an initialization period, store a threshold voltage of the
driving transistor during a threshold voltage storage period,
store the data voltage in the data capacitor during a data
voltage storage period, and emit light from the light emitting
element by using the data voltage stored in the data capacitor
during an emission period.

[0021] In another aspect of the present invention, there is
provided a method of driving a pixel circuit, which includes a
light emitting element, a driving transistor that controls emis-
sion of light from the light emitting element, a data capacitor
connected to a gate of the driving transistor, and a switching
unit that drives the driving transistor with a data voltage
stored in the data capacitor to emit emission of light from the
light emitting element, including: during an initialization
period, supplying a reference voltage to the switching unit to
initialize the data capacitor; during a threshold voltage stor-
age period, supplying the reference voltage to the switching
unit to maintain the initialization state of the data capacitor
and store a threshold voltage of the driving transistor in the
switching unit; during a data voltage storage period, supply-
ing the reference voltage and a data voltage to the switching
unit to store the data voltage in the data capacitor and store the
threshold voltage in the switching unit; and during an emis-
sion period, supplying the threshold voltage to a source of the
driving transistor, and supplying the data voltage to the gate of
the driving transistor to turn on the driving transistor to emit
light from the light emitting element.

[0022] In another aspect of the present invention, there is
provided a method of driving a pixel circuit, which includes a
light emitting element, a driving transistor that controls emis-
sion of light from the light emitting element, a data capacitor
connected to a gate of the driving transistor, and a switching
unit that drives the driving transistor with a data voltage
stored in the data capacitor to emit emission of light from the
light emitting element, including: during an initialization
period, supplying a reference voltage to the switching unit to
initialize the data capacitor; during a threshold voltage stor-
age period, supplying the reference voltage to the switching
unit to maintain the initialization state of the data capacitor
and store a mobility voltage, associated with a mobility of the
driving transistor, in the switching unit; during a data voltage
storage period, supplying the reference voltage and a data
voltage to the switching unit to store the data voltage in the
data capacitor and store the mobility voltage in the switching
unit; and during an emission period, supplying the mobility
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voltage and the reference voltage to a source of the driving
transistor, and supplying the data voltage to the gate of the
driving transistor to turn on the driving transistor to emit light
from the light emitting element.

[0023] In another aspect of the present invention, there is
provided an organic light emitting display device including: a
display panel configured to include a plurality of pixels which
each include the pixel circuit; a data driver configured to
supply the reference voltage and the data voltage to the
switching unit of the pixel circuit; and a scan driver config-
ured to drive the switching unit of the pixel circuit.

[0024] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0026] FIG. 1isacircuit diagram schematically illustrating
a pixel circuit of a general organic light emitting display
device;

[0027] FIG. 21sacircuit diagram schematically illustrating
a pixel circuit according to an embodiment of the present
invention;

[0028] FIG. 3 is a driving waveform diagram for describing
amethod of driving a pixel circuit according to a first embodi-
ment of the present invention;

[0029] FIGS. 4A to 4D are diagrams illustrating operating
states of the pixel circuit of FIG. 3 during respective periods;
[0030] FIG. 5is a driving waveform diagram for describing
a method of driving a pixel circuit according to a second
embodiment of the present invention;

[0031] FIGS. 6A to 6D are diagrams illustrating operating
states of the pixel circuit of FIG. 5 during respective periods;
[0032] FIG. 7isadriving waveform diagram for describing
a method of driving a pixel circuit according to a third
embodiment of the present invention;

[0033] FIGS. 8A to 8D are diagrams illustrating operating
states of the pixel circuit of FIG. 7 during respective periods;
[0034] FIG.9isacircuit diagram schematically illustrating
apixel circuitaccording to another embodiment of the present
invention; and

[0035] FIG. 10 is a diagram schematically illustrating an
organic light emitting display device according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0037] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.
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[0038] FIG.2isacircuit diagram schematically illustrating
apixel circuit 110 according to an embodiment of the present
invention.

[0039] Thepixel circuit 110 according to an embodiment of
the present invention, as illustrated in FIG. 2, includes: a light
emitting element OLED that includes an organic emission
cell formed between an anode and a cathode of the light
emitting element OLED, and emits light by an electrical flow;
adriving transistor DT that controls emission of light from the
light emitting element OLED according to a voltage applied
between a gate and a source of the driving transistor DT; a
data capacitor C1 that includes a first terminal, which is
connected to a first node A on a reference line RL receiving a
reference voltage Vref, and a second terminal which is con-
nected to a second node B which is connected to a data line
DL receiving a data voltage and the gate of the driving tran-
sistor DT; and a switching unit 112 that, during a horizontal
period, initializes a voltage of the data capacitor C1, stores a
threshold voltage of the driving transistor DT, and stores the
data voltage in the data capacitor C1, and during an emission
period, emits light from the light emitting element OLED by
using the data voltage stored in the data capacitor C1.
[0040] The driving transistor DT includes the gate con-
nected to the second node B, the source connected to a third
node C receiving a driving voltage VDD, and a drain con-
nected to the light emitting element OLED. The drain of the
driving transistor DT is connected to the light emitting ele-
ment OLED through a fourth switching transistor T4 which
configures the switching unit 112. The driving transistor DT
is turned on according to a gate-source voltage based on the
data voltage Vdata stored in the data capacitor C1, and sup-
plies a data current, which is determined by a difference
between the data voltage Vdata and the reference voltage
Vref, to the light emitting element OLED to emit light from
the light emitting element OLED. As illustrated in FIG. 2,
when the driving transistor DT is configured with a thin film
transistor having a P-type conductivity, the driving transistor
DT has a threshold voltage Vith less than 0 V.

[0041] The data capacitor C1 is initialized according to the
turn-on/off of first to fourth switching transistors T1 to T4
configuring the switching unit 112, stores the data voltage
Vdata, and turns on the driving transistor DT according to the
data voltage Vdata. To this end, the data capacitor C1 includes
the first terminal connected to the first node A and the second
terminal connected to the second terminal.

[0042] The first terminal of the data capacitor C1 is con-
nected to the first switching transistor T1 of the switching unit
112. The reference voltage Vref is supplied to the first termi-
nal of the data capacitor C1 according to the first switching
transistor T1 being turned on.

[0043] The second terminal of the data capacitor C1 is
connected in common to the second node B (i.e., the gate of
the driving transistor DT) and the second switching transistor
T2 of the switching unit 112.

[0044] The light emitting element OLED emits light
according to a data current which is applied thereto when the
driving transistor DT is turned on. To this end, the light
emitting element OLED includes an organic emission cell
which is formed between the anode and the cathode. Here, the
organic emission cell may be formed to have a structure of a
hole transport layer/organic emission layer/electron transport
layer or a structure of a hole injection layer/hole transport
layer/organic emission layer/electron transport layer/electron
injection layer. Further, the emission cell may further include
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a function layer for enhancing the emission efficiency and/or
service life of the organic emission layer.

[0045] Finally, the switching unit 110 removes an influence
of the threshold voltage Vth of the driving transistor DT, and
emits light from the light emitting element OLED with a data
current which is determined by a difference between the data
voltage Vdata and the reference voltage Vref.

[0046] To this end, the data voltage Vdata 1s applied to the
data line DL, and the reference voltage Vrefis applied to the
reference line RL. The switching unit 112 stores the threshold
voltage of the driving transistor DT, stores the data voltage
Vdata in the data capacitor C1, and emits light from the light
emitting element OLED with the data voltage Vdata, accord-
ing to first to third switching control signals SCAN1, SCAN2,
and EM.

[0047] The switching unit 112 is separately driven during
an initialization period, a threshold voltage storage period, a
data voltage storage period, and an emission period.

[0048] As an example of a method of driving the switching
unit 112, first, the switching unit 112 initializes a voltage of
each of the data capacitor C1, an assistant capacitor C2, the
first node A, the second node B, and the third node C by using
the reference voltage Vref and the driving voltage VDD. At
this point, the switching unit 112 opens the fourth transistor
T4, thereby removing a current which remains in the light
emitting element OLED.

[0049] Second, during the threshold voltage storage period,
the switching unit 112 floats the third node C, and stores the
threshold voltage of the driving transistor DT in the assistant
capacitor C2.

[0050] Third, during the data voltage storage period, the
switching unit 112 applies the data voltage Vdata to the data
line DL, and stores the data voltage Vdata in the data capacitor
Cl1.

[0051] Finally, during the emission period, the switching
unit 112 emits light from the light emitting element OLED by
using the data voltage Vdata stored in the data capacitor C1.
[0052] The switching unit 112 is turned on according to the
first to third switching control signals SCAN1, SCAN2, and
EM, initializes the data capacitor C1 during the initialization
period, stores the threshold voltage Vth of the driving tran-
sistor DT in the assistant capacitor C2 during the threshold
voltage storage period, stores the data voltage Vdata in the
data capacitor C1 during the data voltage storage period, and
emits light from the light emitting element OLED with the
data voltage Vdata during the emission period.

[0053] In first to third embodiments of the present inven-
tion, a detailed method of driving the switching unit 112 will
be described below with reference to FIGS. 3 to 8.

[0054] The switching unit 112 performing the above-de-
scribed function is connected to the data line DL, the refer-
ence line RL, the first terminal of the data capacitor C1, the
source and drain of the driving transistor DT, the anode of the
light emitting element OLED, a first switching control signal
supply line SL1, a second switching control signal supply line
SL2, a third switching control signal supply line SL3, and a
driving voltage VDD supply line PL.

[0055] To this end, the switching unit 112 includes the first
to fourth switching transistors T1 to T4 and the assistant
capacitor C2.

[0056] Thefirst switching transistor T1 is turned on accord-
ing to the first switching control signal SCAN1, and supplies
the reference voltage Vref to the first terminal (the first node
A) of the data capacitor C1.
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[0057] The second switching transistor T2 is turned on
according to the first switching control signal SCAN1, and
supplies the data voltage Vdata to the second terminal (the
second node B) of the data capacitor C1.

[0058] The third switching transistor T3 is turned on
according to the third switching control signal EM, and sup-
plies the driving voltage VDD to the source of the driving
transistor DT.

[0059] The fourth switching transistor T4 is turned on
according to the second switching control signal SCAN2, and
supplies a current, which is output from the driving transistor
DT, to the light emitting element OLED.

[0060] Theassistant capacitor C2 is connected between the
first node A and the third node C which is connected to the
source of the driving transistor DT.

[0061] The reference voltage Vref is set to a voltage value
lower than a driving voltage of the light emitting element
OLED, and for example, may be set to a voltage value of 0V
to lessthan 2'V. In this case, since the switching unit 112 emits
light from the light emitting element OLED with a data cur-
rent which is determined by a difference between the data
voltage Vdata and the reference voltage Vref, the reference
voltage Vref may ideally have 0 V, but may be set to 1V for
realizing a black gray scale. When the reference voltage Vref
exceeds 0V, each of data voltages by gray scale correspond-
ing to N-bit digital input data may be set to a voltage obtained
by compensating for the reference voltage Vref.

[0062] Each ofthe first to fourth switching transistors T1 to
T4 may be configured with a thin film transistor (for example,
a PMOS transistor) having a P-type conductivity.

[0063] FIG.3 isadriving waveform diagram for describing
amethod of driving a pixel circuit according to a first embodi-
ment of the present invention, and FIGS. 4A to 4D are dia-
grams illustrating operating states of the pixel circuit of FIG.
3 during respective periods. The method of driving a pixel
circuit according to the first embodiment of the present inven-
tion will now be described with reference to FIGS. 3 and 4A
to 4D.

[0064] The method of driving a pixel circuit according to
the first embodiment of the present invention, as illustrated in
FIG. 3, is separately executed during an initialization period
t1, a threshold voltage storage period t2, a data voltage stor-
age period t3, and an emission period 4.

[0065] Inthe method of driving a pixel circuit according to
the first embodiment of the present invention, the first switch-
ing control signal is a first scan signal SCAN1, the second
switching control signal is a second scan signal SCAN2, and
the third switching control signal is an emission signal EM.
[0066] The method of driving a pixel circuit according to
the first embodiment of the present invention is executed in
the pixel circuit according to an embodiment of the present
invention illustrated in FIG. 2

[0067] First, as illustrated in FIGS. 3 and 4A, during the
initialization period tl, the first switching control signal
SCAN1 and the third switching control signal EM are driven
to a low level, the second switching control signal SCAN2 is
driven to a high level, and the reference voltage Vref is
applied to the data line DL. That is, the reference voltage Vref
is applied to the data line DL and the reference line RL.
[0068] By the signals, the reference voltage Vref is applied
to the first and second switching transistors T1and T2, and the
driving voltage VDD is applied to the third switching transis-
tor T3.
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[0069] The fourth switching transistor T4 is turned off
(opened) by the second switching control signal SCAN2, and
thus, the light emitting element OLED does not emit light.
Accordingly, a leakage current (C/R) can be effectively pre-
vented.

[0070] Therefore, the first node A and the second node B
are initialized to the reference voltage Vref, and the third node
C is initialized to the driving voltage VDD.

[0071] At this time, the assistant capacitor C2 is initialized
to “VDD=Vref” by a difference between the third node C and
the first node A, and the data capacitor C1 is initialized to 0 by
a difference between the first node A and the second node B.
[0072] Subsequently. as illustrated in FIGS. 3 and 4B dur-
ing the threshold voltage storage period t2, the third switching
control signal EM is driven to a high level, the first switching
control signal SCAN1 and the second switching control sig-
nal SCAN2 are driven to a low level, and the reference voltage
Vref is applied to the data line DL. That is, the reference
voltage Vref is applied to the data line DL and the reference
line RL.

[0073] By the signals, the third switching transistor T3 is
opened to float the third node C, and the reference voltage
Vref is input through the first and second switching transis-
tors T1 and T2.

[0074] Therefore, the first node A and the second node B
are maintained at the reference voltage Vref, and by a source
follower type connection, the third node C has a voltage
higher than that of the second node B by the threshold voltage
Vthofthe driving transistor DT. That is, “Vref+|Vth|” is input
to the third node C.

[0075] At thistime, the threshold voltage Vth of the driving
transistor DT is stored in the assistant capacitor C2 by a
difference between the third node C and the first node A, and
the data capacitor C1 is maintained at 0 V by a difference
between the first node A and the second node B.

[0076] Subsequently, as illustrated in FIGS. 3 and 4C, dur-
ing the data voltage storage period 13, the third switching
control signal EM and the second switching control signal
SCAN2 are driven to a high level, the first switching control
signal SCANT1 is driven to a low level, and the data voltage
Vdata is applied to the data line DL.

[0077] By the signals, the third switching transistor T3 and
the fourth switching transistor T4 are opened, the reference
voltage Vref'is input through the first switching transistor T1,
and the data voltage Vdata is input through the second switch-
ing transistor T2.

[0078] Therefore, the first node A is maintained at the ref-
erence voltage Vref, and thus, the third node C is also main-
tained at “Vref+IVth|™.

[0079] A voltage of the second node B is changed from the
reference voltage Vref to the data voltage Vdata.

[0080] At this time, the assistant capacitor C2 is maintained
at the threshold voltage Vth, and “Vref-Vdata” is stored in the
data capacitor C1 by a difference between the first node A and
the second node B.

[0081] Finally, as illustrated in FIGS. 3 and 4D, during the
emission period t4, the third switching control signal EM and
the second switching control signal SCAN1 are driven to a
low level, and the first switching control signal SCANI is
driven to a high level.

[0082] By the signals, the first switching transistor T1 and
the second switching transistor T2 are opened, and the driving
voltage is input through the third switching transistor T3.



US 2014/0152719 Al

[0083] Therefore, the current Toled flowing in the light
emitting element OLED is controlled by a voltage Vgs
applied across the gate and source of the driving transistor
DT.

[0084] The voltage Vgs applied across the source and the
gate is “Vref-Vdata+/Vthl” that is the sum of voltages
respectively stored in the data capacitor C1 and the assistant
capacitor C2.

[0085] In this case, a current which flows in the light emit-
ting element OLED through the driving transistor DT is
expressed as Equation (1):

loted = K(%) x (Vref — Vdata)* 0

[0086] As expressed in Equation (1), the current flowing in
the light emitting element OLED depends on only a differ-
ence between the reference voltage Vref and the data voltage
Vdata.

[0087] Therefore, even though the threshold voltage Vth of
the driving transistor DT is changed, an intensity of the cur-
rent flowing in the light emitting element OLED is not
changed.

[0088] Moreover, the data capacitor C1 and the assistant
capacitor C2 are connected between the driving voltage VDD
terminal and the gate, and thus, a voltage between the gate and
the source is maintained without any change. Therefore, even
when the driving voltage VDD is dropped by IR drop, the
intensity of the current flowing in the light emitting element
OLED is not changed.

[0089] In Equation (1), K is a proportional constant, and is
avalue which is determined by a structure and physical char-
acteristic of the driving transistor DT. Thus, K may be deter-
mined by a mobility of the driving transistor DT and a ratio
“W/L” of a channel width W and a channel length L of the
driving transistor DT.

[0090] As described above in the background art, the
threshold voltage Vth of the driving transistor DT does not
always have a constant value, and a threshold voltage devia-
tion can be caused by an operating state of the driving tran-
sistor DT.

[0091] However, as seen in Equation (1), in the pixel circuit
110 according to the first embodiment of the present inven-
tion, an equation for calculating the current Toled flowing in
the light emitting element OLED does not consider the
threshold voltage Vth and the driving voltage VDD of the
driving transistor DT. Therefore, during the emission period
4, the current Toled flowing in the light emitting element
OLED does not depend on the threshold voltage Vth of the
driving transistor DT and the driving voltage VDD, and is
determined by a difference between the data voltage Vdata
and the reference voltage Vref.

[0092] The pixel circuit 110 and the driving method thereof
according to the first embodiment of the present invention
remove an influence of the threshold voltage Vth based on an
operating state of the driving transistor DT and an influence of
a drop of the driving voltage VDD caused by a resistance of
the driving voltage supply line PL, thus preventing a quality
of an image from being degraded by the threshold voltage Vth
deviation of the driving transistor DT and the drop of the
driving voltage VDD.

[0093] FIG.5isadriving waveform diagram for describing
a method of driving a pixel circuit according to a second
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embodiment of the present invention, and FIGS. 6 A to 6D are
diagrams illustrating operating states of the pixel circuit of
FIG. 5 during respective periods. The method of driving a
pixel circuit according to the second embodiment of the
present invention will now be described with reference to
FIGS. 5 and 6A to 6D.

[0094] A pixel circuit 110 according to a second embodi-
ment of the present invention includes a light emitting ele-
ment OLED, a driving transistor DT, a data capacitor C1, and
a switching unit 112. The elements of the pixel circuit 110
according to the second embodiment of the present invention
are the same as those of the pixel circuit according to the first
embodiment illustrated in FIG. 2.

[0095] Thus, only the method of driving a pixel circuit
according to the second embodiment of the present invention
will be described below.

[0096] The method of driving a pixel circuit according to
the second embodiment of the present invention, as illustrated
in FIG. 5, is separately executed during an initialization
period t1, athreshold voltage storage period t2, a data voltage
storage period t3, and an emission period t4.

[0097] Inthe method of driving a pixel circuit according to
the second embodiment of the present invention, the first
switching control signal is the first scan signal SCANI, the
second switching control signal is the second scan signal
SCAN?2, and the third switching control signal is the emission
signal EM.

[0098] First, as illustrated in FIGS. 5 and 6A, during the
initialization period tl, the first switching control signal
SCANTI, the second switching control signal SCAN2, and the
third switching control signal EM are all driven to a low level,
and the reference voltage Vref is applied to the data line DL.
That is, the reference voltage Vref'is applied to the data line
DL and the reference line RL.

[0099] By the signals, the reference voltage Vref and v
driving voltage VDD are input through the first to third
switching transistors T1 to T3.

[0100] Therefore, the first node A and v second node B are
initialized to the reference voltage Vref, and the third node C
is initialized to the driving voltage VDD.

[0101] At this time, the assistant capacitor C2 is initialized
to “VDD-Vref” by a difference between the third node C and
the first node A, and the data capacitor C1 is initialized to 0 by
a difference between the first node A and the second node B.
[0102] Subsequently. as illustrated in FIGS. 5 and 6B, dur-
ing the threshold voltage storage period t2, the third switching
control signal EM is driven to a high level, the first switching
control signal SCAN1 and the second switching control sig-
nal SCAN2 are driven to a low level, and the reference voltage
Vref is applied to the data line DL.

[0103] By the signals, the third switching transistor T3 is
opened to float the third node C, and the reference voltage
Vref is input through the first and second switching transis-
tors T1 and T2.

[0104] Therefore, the first node A and the second node B
are maintained at the reference voltage Vref, and by the
source follower type connection, the third node C has a volt-
age higher than that of the second node B by the threshold
voltage Vthof the driving transistor DT. That is, “Vref+/Vth/”
is input to the third node C.

[0105] At thistime, the threshold voltage Vth of the driving
transistor DT is stored in the assistant capacitor C2 by a
difference between the third node C and the first node A, and
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the data capacitor C1 is maintained at 0 V by a difference
between the first node A and the second node B.

[0106] Subsequently, as illustrated in FIGS. 5 and 6C, dur-
ing the data voltage storage period t3, the third switching
control signal EM and the second switching control signal
SCAN2 are driven to a high level, the first switching control
signal SCANT1 is driven to a low level, and the data voltage
Vdata is applied to the data line DL.

[0107] By the signals, the third switching transistor T3 and
the fourth switching transistor T4 are opened, the reference
voltage Vref'is input through the first switching transistor T1,
and the data voltage Vdata is input through the second switch-
ing transistor T2.

[0108] Therefore, the first node A is maintained at the ref-
erence voltage Vref, and thus, the third node C is also main-
tained at “Vref+IVth|”.

[0109] A voltage of the second node B is changed from the
reference voltage Vrefto the data voltage Vdata.

[0110] At this time, the assistant capacitor C2 is maintained
at the threshold voltage Vth, and “Vref-Vdata” is stored in the
data capacitor C1 by a difference between the first node A and
the second node B.

[0111] Finally, as illustrated in FIGS. 5 and 6D, during the
emission period t4, the third switching control signal EM and
the second switching control signal SCAN1 are driven to a
low level, and the first switching control signal SCANT is
driven to a high level.

[0112] By the signals, the first switching transistor T1 and
the second switching transistor T2 are opened, and the driving
voltage is input through the third switching transistor T3.
[0113] Therefore, the current loled flowing in the light
emitting element OLED is controlled by a voltage Vgs
applied across the gate and source of the driving transistor
DT.

[0114] The voltage Vgs applied across the source and the
gate is “Vref-Vdata+/Vth|” that is the sum of voltages
respectively stored in the data capacitor C1 and the assistant
capacitor C2.

[0115] In this case, a current which flows in the light emit-
ting element OLED through the driving transistor DT is
expressed as Equation (1).

[0116] As expressed in Equation (1), the current flowing in
the light emitting element OLED depends on only a differ-
ence between the reference voltage Vref and the data voltage
Vdata.

[0117] Therefore, even though the threshold voltage Vth of
the driving transistor DT is changed, an intensity of the cur-
rent flowing in the light emitting element OLED is not
changed.

[0118] Moreover, the data capacitor C1 and the assistant
capacitor C2 are connected between the driving voltage VDD
terminal and the gate, and thus, a voltage between the gate and
the source is maintained without any change. Therefore, even
when the driving voltage VDD is dropped by IR drop, the
intensity of the current flowing in the light emitting element
OLED is not changed.

[0119] Except that the fourth switching transistor T4 is
turned off during the initialization period tl, the above-de-
scribed second embodiment of the present invention has the
same configuration, function, and effect as those of the first
embodiment of the present invention.

[0120] FIG.7isadriving waveform diagram for describing
a method of driving a pixel circuit according to a third
embodiment of the present invention, and FIGS. 8A to 8D are
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diagrams illustrating operating states of the pixel circuit of
FIG. 7 during respective periods. The method of driving a
pixel circuit according to the third embodiment of the present
invention will now be described with reference to FIGS. 7 and
8A 1o 8D.

[0121] A pixel circuit 110 according to a third embodiment
of the present invention includes a light emitting element
OLED, a driving transistor DT, a data capacitor C1, and a
switching unit 112. The elements of the pixel circuit 110
according to the third embodiment of the present invention
are the same as those of the pixel circuit according to the first
embodiment illustrated in FIG. 2.

[0122] Thus, only the method of driving a pixel circuit
according to the third embodiment of the present invention
will be described below.

[0123] The method of driving a pixel circuit according to
the third embodiment of the present invention, as illustrated in
FIG. 7, is separately executed during an initialization period
t1, a threshold voltage storage period t2, a data voltage stor-
age period t3, and an emission period t4.

[0124] Inthe method of driving a pixel circuit according to
the third embodiment of the present invention, the first
switching control signal is the first scan signal SCAN1, the
second switching control signal is the second scan signal
SCAN2, and the third switching control signal is the emission
signal EM.

[0125] First, as illustrated in FIGS. 7 and 8A, during the
initialization period tl, the first switching control signal
SCANT1 and the third switching control signal EM are driven
to alow level, the second switching control signal SCAN2 is
driven to a high level.

[0126] Thereference voltage Vrefis applied to the data line
DL.
[0127] By the signals, the reference voltage Vref and v

driving voltage VDD are input through the first to third
switching transistors T1 to T3.

[0128] At this time, the fourth switching transistor T4 is
opened, and thus, the light emitting element OLED does not
emit light.

[0129] Therefore, the first node A and v second node B are
initialized to the reference voltage Vref, and the third node C
is initialized to the driving voltage VDD.

[0130] At this time, the assistant capacitor C2 is initialized
to “VDD-Vref” by a difference between the third node C and
the first node A, and the data capacitor C1 is initialized to 0 by
a difference between the first node A and the second node B.
[0131] Subsequently. as illustrated in FIGS. 7 and 8B, dur-
ing the threshold voltage storage period t2, the third switching
control signal EM is driven to a high level, the first switching
control signal SCANT1 and the second switching control sig-
nal SCAN?2 are driven to a low level, and the reference voltage
Vref is applied to the data line DL.

[0132] By the signals, the third switching transistor T3 is
opened to float the third node C, and the reference voltage
Vref is input through the first and second switching transis-
tors T1 and T2.

[0133] Therefore, the first node A and the second node B
are maintained at the reference voltage Vref, and by the
source follower type connection, a current flows through the
driving transistor DT, the fourth switching transistor T4, and
the light emitting element OLED. A voltage of the third node
C is determined with the current. When the current is Ix, the
current is calculated as expressed in Equation (2):
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1 . W
L= ShVe=IVal? (k= 7Car)

where Vx denotes a voltage associated with a mobility of the
driving transistor DT, and hereinafter is simply referred to as
a mobility voltage Vx. Vx is calculated as expressed in the
following Equation (3):

2l (©)
Vi= k_ + [Vl
173

[0134] In the third embodiment of the present invention,
before the mobility voltage Vx is dropped to the threshold
voltage Vth, a width of the threshold voltage storage period t2
may be adjusted such that a current 1x flowing to the light
emitting element OLED is matched between different pixels.
[0135] “Vref+VX” is input to the third node C.

[0136] At this time, the mobility voltage Vx is stored in the
assistant capacitor C2 by a difference between the third node
C and the first node A, and the data capacitor C1 is maintained
at 0V by a difference between the first node A and the second
node B.

[0137] In Equations (2) and (3), it can be seen that the
mobility voltage Vx includes the threshold voltage Vth and
mobility “u” of the driving transistor DT.

[0138] Subsequently, as illustrated in FIGS. 7 and 8C, dur-
ing the data voltage storage period t3, the third switching
control signal EM and the second switching control signal
SCAN2 are driven to a high level, the first switching control
signal SCANT1 is driven to a low level.

[0139] The data voltage Vdata is applied to the data line
DL.
[0140] By the signals, the third switching transistor T3 and

the fourth switching transistor T4 are opened, the reference
voltage Vref'is input through the first switching transistor T1,
and the data voltage Vdata is input through the second switch-
ing transistor T2.

[0141] Therefore, the first node A is maintained at the ref-
erence voltage Vref, and the third node Cis also maintained at
“Vref+Vx”. A voltage of the second node B is changed from
the reference voltage Vref to the data voltage Vdata.

[0142] At this time, the assistant capacitor C2 is maintained
at the mobility voltage Vx, and “Vref-Vdata” is stored in the
data capacitor C1 by a difference between the first node A and
the second node B.

[0143] Finally, as illustrated in FIGS. 7 and 8D, during the
emission period t4, the third switching control signal EM and
the second switching control signal SCAN1 are driven to a
low level, and the first switching control signal SCANI is
driven to a high level.

[0144] By the signals, the first switching transistor T1 and
the second switching transistor T2 are opened, and the driving
voltage is input through the third switching transistor T3.
[0145] Therefore, the current Ioled is controlled by a volt-
age Vgs applied across the gate and source of the driving
transistor DT.

[0146] The voltage Vgs applied across the source and the
gate is “Vref-Vdata+Vx” that is the sum of voltages respec-
tively stored in the data capacitor C1 and the assistant capaci-
tor C2. That is, since Vx is stored in the assistant capacitor C2
and “Vref-Vdata” is stored in the data capacitor C1 during
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the data voltage storage period t3 as described above, during
the emission period t4, the gate-source voltage Vgs of the
driving transistor DT is “Vref-Vdata+Vx”.

[0147] At this time, the current Ioled which flows in the
light emitting element OLED through the driving transistor
DT is expressed as the following Equation (4):

1 2 (€]
Lojeq = Ekpx (Vref = Vdata+V, —|Vih|)

2
_ 1 21 W
= Ekyx Vref — Vdara + m (k = ICOX’

[0148] Therefore, in the third embodiment of the present
invention, the assistant capacitor C2 and the data capacitor C1
which are connected between the driving voltage VDD ter-
minal and the gate of the driving transistor DT maintain a
voltage between the gate and the source of the driving tran-
sistor DT, and thus, even when the driving voltage VDD is
dropped due to the IR drop, the same current flows in the light
emitting element OLED.

[0149] The pixel circuit 110 and the driving method thereof
according to the third embodiment of the present invention
remove an influence of the threshold voltage Vth based on an
operating state of the driving transistor DT and an influence of
a drop of the driving voltage VDD caused by a resistance of
the driving voltage supply line PL, thus preventing a quality
ofan image from being degraded by the threshold voltage Vth
deviation of the driving transistor DT and the drop of the
driving voltage VDD.

[0150] Moreover, in the pixel circuit 110 and the driving
method thereof according to the third embodiment of the
present invention, as expressed in Equation (4), since the
mobility of the driving transistor DT is set to a constant value,
an influence of a mobility change of the driving transistor DT
can be removed.

[0151] FIG. 9isacircuit diagram schematically illustrating
apixel circuitaccording to another embodiment of the present
invention.

[0152] Except that kinds of the first to third switching con-
trol signals are changed, as illustrated in FIG. 9A, the pixel
circuit according to another embodiment of the present inven-
tion has the same structure as that of the pixel circuit to an
embodiment of the present invention illustrated in FIG. 2.

[0153] In the pixel circuit to an embodiment of the present
invention illustrated in FIG. 2, the first scan signal SCAN1 is
used as the first switching control signal, the second scan
signal SCAN2 is used as the second switching control signal,
and the emission signal EM is used as the third switching
control signal.

[0154] On the other hand, in the pixel circuit according to
another embodiment of the present invention illustrated in
FIG. 9A, the first scan signal SCAN1 is used as the first
switching control signal, a first emission signal EM1 is used
as the second switching control signal, and a second emission
signal EM2 is used as the third switching control signal.

[0155] By respectively using the first and second emission
signals EM1 and EM2 as the second and third switching
control signals, the pixel circuit according to another embodi-
ment of the present invention illustrated in FIG. 9A may be
driven as described above in the first to third embodiments of
the present invention.
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[0156] Therefore, the pixel circuit according to another
embodiment of the present invention illustrated in FIG. 9A
are driven by using the two emission signals EM1 and EM2,
thus enabling signal lines to be efficiently used. That is, as
shown waveform diagrams of FIGS. 9B and 9C, the pixel
circuit according to another embodiment of the present inven-
tion illustrated in FIG. 9 are driven by the same method as the
above-described method, and thus, the number of driving
signals can be reduced. Accordingly, a gate driving integrated
circuit (IC) that drives the pixel circuit can be efficiently
configured.

[0157] FIG. 10 is a diagram schematically illustrating an
organic light emitting display device according to an embodi-
ment of the present invention.

[0158] The organic light emitting display device according
to an embodiment of the present invention, as illustrated in
FIG. 10, includes a display panel 100, a timing controller 200,
a scan driver 300, a data driver 400, and a power supply 500.
[0159] The display panel 100 includes a plurality of data
lines DL1 to DLm, a plurality of scan line groups that each
include first to third switching control signal supply lines
SL1_n, SL2 _» and SL3_n (where n is a natural number
equal to or more than one), and a plurality of pixels P that are
respectively formed in a plurality of pixel areas defined by a
plurality of driving voltage supply lines PL.

[0160] Each of the plurality of pixels P includes the pixel
circuit 110 according to an embodiment of the present inven-
tion which has been described above with reference to FIG. 2,
and each pixel P on a corresponding horizontal line is driven
by the method of driving the pixel circuit according to the
present invention described above with reference to FIGS. 3
to 9 to display a certain image. Therefore, the details
described above with reference to FIGS. 2 to 9 are applied to
on each pixel P and a driving method thereof.

[0161] Thetiming controller 200 aligns red (R), green (G),
and blue (B) data RGB, which are input from an external
system body (not shown) or a graphics card (not shown), so as
to be matched with a pixel structure of the display panel 100,
and supplies the aligned data R/G/B to the data driver 400.
[0162] Moreover, the timing controller 200 controls a driv-
ing timing of each of the scan driver 300 and data driver 400
according to a timing sync signal TSS which is input from the
external system body or the graphics card. That is, the timing
controller 200 generates a scan timing control signal STCS
and a data timing control signal DTCS on the basis of the
timing sync signal TSS including a vertical sync signal
Vsyne, a horizontal sync signal Hsync, a data enable signal
DE, and a clock DCLK, thereby controlling the driving tim-
ing of each of the scan driver 300 and data driver 400.
[0163] The scan driver 300 generates the first to third
switching control signals which are shifted in units of one
horizontal period according to the scan timing signal STCS
supplied from the timing controller 200, and supplies the first
to third switching control signals to a plurality of pixels on
each horizontal line.

[0164] The scan driver 300 may be provided in one non-
display area or the other non-display area of the display panel
100 depending on a gate-in panel (GIP) type in which the scan
driver 300 is provided along with a process of forming thin
film transistors of the display panel 100. Alternatively, the
scan driver 300 may be provided as a chip type, and mounted
as a chip-on glass (COG) type in the non-display area.
[0165] The data driver 400 sequentially latches the aligned
data R/G/B supplied from the timing controller 200 in
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response to the data timing control signal DTCS, selects
gamma voltages (which respectively correspond to the
latched data R/G/B) as data voltages Vdata from among a
plurality of different gamma voltages, and respectively sup-
plies the selected data voltages Vdata to the plurality of data
lines DL1 to DLm during one horizontal period. Also, the data
driver 400 may supply the reference voltage Vref to the plu-
rality of pixels through the reference line RL.

[0166] To this end, the data driver 400 includes a plurality
of output voltage selectors (not shown) that output a certain
reference voltage Vref and data voltages Vdata during one
horizontal period. The plurality of output voltage selectors
400 output the reference voltage Vref and the data voltages
Vdata according to a data output selection signal included in
the data timing control signal DTCS supplied from the timing
controller 200.

[0167] The power supply 500 generates a driving voltage
VDD necessary to drive the pixel circuit 110 by using external
input power Vin, and supplies the driving voltage VDD to the
switching unit 110 of each of a plurality of the pixel circuits
110.

[0168] According to the present invention, an influence of
the threshold voltage of the driving transistor that controls
emission of light from the light emitting element is removed,
and thus, even when there is a threshold voltage difference
between the plurality of driving transistors respectively
formed in the plurality of pixels, the panel can output an
image wholly having uniform luminance.

[0169] Moreover, according to the present invention, an
influence of a voltage difference (which occurs in the light
emitting element) between when the light emitting element
emits light and when the light emitting element does not emit
light can be removed.

[0170] Moreover, according to the present invention, an
influence of the mobility of the driving transistor can be
removed.

[0171] Moreover, according to the present invention, the
plurality of pixels can output an image having uniform lumi-
nance, and thus, the organic light emitting display device
having a large size can be manufactured.

[0172] Moreover, according to the present invention, a
luminance uniformity of the organic light emitting display
device can be enhanced.

[0173] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A pixel circuit comprising:

alight emitting element configured to comprise an organic
emission cell formed between an anode and a cathode of
the light emitting element, and emit light by an electrical
flow;

a driving transistor configured to control emission of light
from the light emitting element according to a voltage
applied between a gate and a source of the driving tran-
sistor;

a data capacitor configured to comprise a first terminal,
which is connected to a first node on a reference line
receiving a reference voltage, and a second terminal
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connected to a second node which is connected to a data
line receiving a data voltage and the gate of the driving
transistor; and

a switching unit configured to initialize a voltage of the
data capacitor during an initialization period, store a
threshold voltage of the driving transistor during a
threshold voltage storage period, store the data voltage
in the data capacitor during a data voltage storage
period, and emit light from the light emitting element by
using the data voltage stored in the data capacitor during
an emission period.

2. The pixel circuit of claim 1, wherein the switching unit

comprises:

a first switching transistor configured to turn on according
to a first switching control signal, and supply the refer-
ence voltage to the first terminal of the data capacitor;

asecond switching transistor configured to turn on accord-
ing to the first switching control signal, and supply the
data voltage to the second terminal of the data capacitor;

athird switching transistor configured to turn on according
to a second switching control signal, and supply a driv-
ing voltage to the source of the driving transistor;

a fourth switching transistor configured to turn on accord-
ing to a third switching control signal, and supply a
current, which is output from the driving transistor, to
the light emitting element; and

an assistant capacitor connected between the first node and
a third node which is connected to the source of the
driving transistor.

3. The pixel circuit of claim 1, wherein,

during the initialization period, the switching unit supplies
the reference voltage to the first and second terminals to
initialize the data capacitor, supplies the driving voltage
to the driving transistor, and disconnects the light emit-
ting element from the driving transistor,

during the threshold voltage storage period, the switching
unit disconnects the driving voltage, and connects the
light emitting element and the driving transistor to store
the threshold voltage,

during the data voltage storage period, the switching unit
disconnects the driving voltage, and disconnects the
light emitting element from the driving transistor to store
the data voltage in the data capacitor, and

during the emission period, the switching unit supplies the
driving voltage to the driving transistor, connects the
light emitting element and the driving transistor to emit
light from the light emitting element, and disconnects
the reference voltage and the data voltage.

4. The pixel circuit of claim 1, wherein,

during the initialization period, the switching unit supplies
the reference voltage to the first and second terminals to
initialize the data capacitor, supplies the driving voltage
to the driving transistor, and disconnects the light emit-
ting element from the driving transistor,

during the threshold voltage storage period, the switching
unit disconnects the driving voltage, connects the light
emitting element and the driving transistor, and main-
tains the threshold voltage storage period until before a
mobility voltage determined according to a mobility of
the driving transistor is dropped to the threshold voltage
of the driving transistor,

during the data voltage storage period, the switching unit
disconnects the driving voltage, and disconnects the
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light emitting element from the driving transistor to store
the data voltage in the data capacitor, and
during the emission period, the switching unit supplies the
driving voltage to the driving transistor, connects the
light emitting element and the driving transistor to emit
light from the light emitting element, and disconnects
the reference voltage and the data voltage.
5. A method of driving a pixel circuit, which includes a
light emitting element, a driving transistor that controls emis-
sion of light from the light emitting element, a data capacitor
connected to a gate of the driving transistor, and a switching
unit that drives the driving transistor with a data voltage
stored in the data capacitor to emit emission of light from the
light emitting element, the method comprising:
during an initialization period, supplying a reference volt-
age to the switching unit to initialize the data capacitor;

during a threshold voltage storage period, supplying the
reference voltage to the switching unit to maintain the
initialization state of the data capacitor and store a
threshold voltage of the driving transistor in the switch-
ing unit;

during a data voltage storage period, supplying the refer-

ence voltage and a data voltage to the switching unit to
store the data voltage in the data capacitor and store the
threshold voltage in the switching unit; and

during an emission period, supplying the threshold voltage

to a source of the driving transistor, and supplying the
data voltage to the gate ofthe driving transistor to turn on
the driving transistor to emit light from the light emitting
element.

6. The method of claim 5, further comprising:

during the initialization period, supplying the driving volt-

age to the driving transistor, and disconnecting the light
emitting element from the driving transistor;

during the threshold voltage storage period, disconnecting

the driving voltage, and connecting the light emitting
element and the driving transistor;

during the data voltage storage period, disconnecting the

driving voltage, and disconnecting the light emitting
element from the driving transistor; and

during the emission period, supplying the driving voltage

to the driving transistor, connecting the light emitting
elementand the driving transistor, and disconnecting the
reference voltage and the data voltage.

7. The method of claim 5, further comprising:

during the initialization period, supplying the driving volt-

age to the driving transistor, and connecting the light
emitting element and the driving transistor;

during the threshold voltage storage period, disconnecting

the driving voltage, and connecting the light emitting
element and the driving transistor;

during the data voltage storage period, disconnecting the

driving voltage, and disconnecting the light emitting
element from the driving transistor; and

during the emission period, supplying the driving voltage

to the driving transistor, connecting the light emitting
elementand the driving transistor, and disconnecting the
reference voltage and the data voltage.

8. A method of driving a pixel circuit, which includes a
light emitting element, a driving transistor that controls emis-
sion of light from the light emitting element, a data capacitor
connected to a gate of the driving transistor, and a switching
unit that drives the driving transistor with a data voltage
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stored in the data capacitor to emit emission of light from the
light emitting element, the method comprising:

during an initialization period, supplying a reference volt-
age to the switching unit to initialize the data capacitor;

during a threshold voltage storage period, supplying the
reference voltage to the switching unit to maintain the
initialization state of the data capacitor and store a
mobility voltage, associated with a mobility of the driv-
ing transistor, in the switching unit;

during a data voltage storage period, supplying the refer-
ence voltage and a data voltage to the switching unit to
store the data voltage in the data capacitor and store the
mobility voltage in the switching unit; and

during an emission period, supplying the mobility voltage
and the reference voltage to a source of the driving
transistor, and supplying the data voltage to the gate of
the driving transistor to turn on the driving transistor to
emit light from the light emitting element.

9. The method of claim 8, further comprising:

during the initialization period, supplying the driving volt-
age to the driving transistor, and disconnecting the light
emitting element from the driving transistor;
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during the threshold voltage storage period, disconnecting
the driving voltage, connecting the light emitting ele-
ment and the driving transistor, and maintaining the
threshold voltage storage period until before the mobil-
ity voltage is dropped to the threshold voltage of the
driving transistor;

during the data voltage storage period, disconnecting the
driving voltage, and disconnecting the light emitting
element from the driving transistor; and

during the emission period, supplying the driving voltage
to the driving transistor, connecting the light emitting
elementand the driving transistor, and disconnecting the
reference voltage and the data voltage.

10. An organic light emitting display device comprising:

adisplay panel configured to comprise a plurality of pixels
which each comprise the pixel circuit of one of claims 1
to 4;

adatadriver configured to supply the reference voltage and
the data voltage to the switching unit of the pixel circuit;
and

a scan driver configured to drive the switching unit of the
pixel circuit.
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