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7) ABSTRACT

Discussed is an OLED display device. The OLED display
device includes a first transistor, a driving transistor, a first
capacitor, a second transistor, an OLED, and a third transistor.
The first transistor supplies a data voltage or a reference
voltage to a first node according to a scan signal. A gate of the
driving transistor is connected to the first node, a source ofthe
driving transistor is connected to a second node, and a drain of
the driving transistor is connected to a fourth node. The first
capacitor is connected between the first and second nodes.
The second transistor supplies a high-level source voltage to
the second node. The OLED emits light with a difference
voltage between voltages of the first and second nodes. The
third transistor connects the fourth node to a fifth node

G09G 3/32 (2006.01) according to a second emission control signal.
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FIG. 2
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FIG. 3
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FIG. 5A
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FIG. 5B
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FIG. 5C
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FIG. 3D
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2012-0152218 filed on
Dec. 24, 2012, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a display device,

and more particularly, to an organic light emitting diode
(OLED) display device and a method of driving the same.
[0004] 2. Discussion of the Related Art

[0005] With the advancement of information-oriented soci-
ety, various requirements for display field are increasing, and
thus, research is being done on various flat panel display
devices that are thin and light, and have low power consump-
tion. For example, the flat panel display devices are catego-
rized into liquid crystal display (LCD) devices, plasma dis-
play panel (PDP) devices, OLED display devices, etc.
[0006] Especially, OLED display devices that are being
actively studied recently apply data voltage (Vdata) having
various levels to respective pixels to display different gray-
scale levels, thereby realizing an image.

[0007] To this end, each of a plurality of pixels includes one
or more capacitors, an OLED, and a driving transistor that are
current control elements. Especially, a current flowing in the
OLED is controlled by the driving transistor, and the thresh-
old voltage deviation of the driving transistor and the amount
of a current flowing in the OLED are changed by various
parameters, causing the luminance non-uniformity of a
screen.

[0008] However, the threshold voltage deviation of the
driving transistor occurs because the characteristic of the
driving transistor is changed according to the manufacturing
process variable of the driving transistor. To overcome this
limitation, each pixel generally includes a compensation cir-
cuit that includes a plurality of transistors and capacitors for
compensating for the threshold voltage deviation.

[0009] Recently, as consumers’ requirements for high defi-
nition increase, a high-resolution OLED display device is
demanded. To this end, it is necessary to integrate more pixels
into an unit area for high resolution, and thus, it is required to
reduce the numbers of transistors, capacitors, and lines
included in the compensation circuit that compensates for a
threshold voltage deviation.

SUMMARY

[0010] Accordingly, the present invention is directed to
provide an organic light emitting diode (OLED) display
device and a method of driving the same that substantially
obviate one or more problems due to limitations and disad-
vantages of the related art.

[0011] An aspect of the present invention is directed to
provide an OLED display device that can compensate for a
threshold voltage deviation and a high-level source voltage
deviation and is suitable for a large area, and a method of
driving the same.
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[0012] 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
practice of the 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.

[0013] 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 an OLED display
device including: a first transistor supplying a data voltage or
a reference voltage to a first node according to a scan signal;
a driving transistor, a gate of the driving transistor being
connected to the first node, a source of the driving transistor
being connected to a second node, and a drain of the driving
transistor being connected to a fourth node; a first capacitor
connected between the first and second nodes, and storing a
threshold voltage of the driving transistor; a second transistor
supplying a high-level source voltage, applied to a third node,
to the second node according to a first emission control signal;
an OLED emitting light with a difference voltage between
voltages of the first and second nodes; and a third transistor
connecting the fourth node to a fifth node according to a
second emission control signal, the fifth node being an anode
of the OLED.

[0014] In another aspect of the present invention, there is
provided a method of driving an OLED display device, which
includes first to third transistors, a driving transistor, first and
second capacitors, and an OLED, including: initializing a
voltage of a first node to a reference voltage according to a
scan signal applied to the first transistor, when the first to third
transistors are turned on, the first node being a gate of the
driving transistor; storing a threshold voltage of the driving
transistor in the first capacitor connected to a second node that
is a source of the driving transistor, when the first and third
transistors are turned on and the second transistor is turned
off, one end of the first capacitor being connected to the first
node; supplying the data voltage to the first node, when the
first transistor is turned on and the second and third transistors
are turned off; and emitting, by the OLED, light with the data
voltage and the reference voltage when the first transistor is
turned off and the second and third transistors are turned on.
[0015] Itisto beunderstood 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

[0016] 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:

[0017] FIG. 1is a diagram schematically illustrating a con-
figuration of an OLED display device according to embodi-
ments of the present invention;

[0018] FIG. 2 is a diagram schematically illustrating an
equivalent circuit of a sub-pixel of FIG. 1;

[0019] FIG. 3 is a timing chart according to an embodiment
of each of control signals supplied to the equivalent circuit of
FIG. 2;
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[0020] FIG. 4 is a timing chart showing in detail the timing
chart of FIG. 3;
[0021] FIGS. 5A to 5D are diagrams for describing a

method of driving an OLED display device according to
embodiments of the present invention;

[0022] FIG. 6 is a timing chart according to another
embodiment of each of control signals supplied to the equiva-
lent circuit of FIG. 2; and

[0023] FIG. 7 is a diagram for describing a change in a
current due to a threshold voltage deviation of the OLED
display device according to embodiments of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] 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.
[0025] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0026] FIG.1is a diagram schematically illustrating a con-
figuration of an OLED display device according to embodi-
ments of the present invention.

[0027] As illustrated in FIG. 1, an OLED display device
100 according to embodiments of the present invention
includes a panel 110, a timing controller 120, a scan driver
130, and a data driver 140.

[0028] The panel 110 includes a plurality of sub-pixels SP
that are arranged in a matrix type. The sub-pixels SP included
in the panel 110 emit light according to respective scan sig-
nals (which are supplied through a plurality of scan lines ST.1
to SLm from the scan driver 130) and respective data signals
that are supplied through a plurality of data lines D1 to DLn
from the data driver 140. Also, the emission of the sub-pixels
SP may be controlled by the scan signal, data signals, a
plurality of first emission control signals supplied from the
scan driver 130 through a plurality of first emission control
lines (not shown), and a plurality of second emission controls
signal supplied from the scan driver 130 through a plurality of
second emission control lines (not shown).

[0029] To this end, one sub-pixel includes an OLED, and a
plurality of transistors and capacitors for driving the OLED.
The detailed configuration of each of the sub-pixels SP will be
described in detail with reference to FIG. 2.

[0030] The timing controller 120 receives a vertical sync
signal Vsync, a horizontal sync signal Hsyne, a data enable
signal DE, a clock signal CLK, and video signals from the
outside. Also, the timing controller 120 aligns external input
video signals to digital image data RGB in units of a frame.
[0031] For example, the timing controller 120 controls the
operational timing of each of the scan driver 130 and the data
driver 140 with a timing signal that includes the vertical sync
signal Vsync, the horizontal sync signal Hsync, the data
enable signal DE, and the clock signal CLK.

[0032] To this end, the timing controller 120 generates a
gate control signal GCS for controlling the operational timing
of the scan driver 130 and a data control signal DCS for
controlling the operational timing of the data driver 140.
[0033] The scan driver 130 generates a scan signal “Scan”
that enables the operations of transistors included in each of
the sub-pixels SP included in the panel 110, according to the
gate control signal GCS supplied from the timing controller
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120, and supplies the scan signal “Scan” to the panel 110
through the scan lines SL. Also, the scan driver 130 generates
the first and second emission control signals Em and H as a
type of scan signal, and supplies the first and second emission
control signals Em and H to the panel 100 through the respec-
tive first and second emission control lines (not shown). Here-
inafter, a scan signal applied through an nth scan line of the
scan lines is assumed as a scan signal Scan[n].

[0034] The data driver 140 generates data signals with the
digital image data RGB and the data control signal DCS that
are supplied from the timing controller 120, and supplies the
generated data signals to the panel 110 through the respective
data lines DL.

[0035] Hereinafter, the detailed configuration of each sub-
pixel will be described in detail with reference to FIGS. 1 and
2

[0036] FIG. 2 is a diagram schematically illustrating an
equivalent circuit of a sub-pixel of FIG. 1.

[0037] As illustrated in FIG. 2, each sub-pixel SP may
include first to third transistors T1 to T3, a driving transistor
Tdr, first and second capacitors C1 and C2, and an organic
light emitting diode (OLED).

[0038] The first to third transistors T1 to T3 and the driving
transistor Tdr, as illustrated in FIG. 2, are PMOS transistors,
but are not limited thereto. As another example, an NMOS
transistor may be applied thereto, in which case a voltage for
turning on the PMOS transistor has a polarity opposite to that
of a voltage for turning on the NMOS transistor.

[0039] First, adata voltage Vdata or a reference voltage Ref
is applied to a source of the first transistor T1, the scan signal
Scan[n] is applied to a gate of the first transistor T1, and a
drain of the first transistor T1 is connected to a first node N1
which is a gate of the driving transistor Tdr.

[0040] Forexample, the data voltage Vdata or the reference
voltage Ref may be applied to the source of the first transistor
T1 through a data line DL, and an operation of the first
transistor T1 may be controlled according to the scan signal
Scan[n] supplied through a scan line SL.

[0041] Therefore, the first transistor T may be turned on
according to the scan signal Scan[n], and supply the data
voltage Vdata or the reference voltage Ref to the first node
N1.

[0042] Here, the reference voltage Ref may be a direct
current (DC) voltage having a constant level, and a plurality
of the data voltages Vdata may be different successive volt-
ages which are applied at three horizontal periods (3H). For
example, when an n-1st data voltage Vdata[n-1] is applied to
the source of the first transistor T1 during one horizontal
period (1H), the reference voltage Ref may be applied to the
source of the first transistor T1 during the next two horizontal
periods (2H), and then, an nth data voltage Vdata[n] may be
applied to the source of the first transistor T1 during the next
one horizontal period (1H), and in succession, successive data
voltages may be continuously applied to the source of the first
transistor T1 at three horizontal periods (3H).

[0043] When the reference voltage Refis applied to the first
node N1, the reference voltage Ref may initialize the first
node N1, which is the gate of the driving transistor Tdr, to the
reference voltage Ref.

[0044] A high-level source voltage VDD may be applied to
a third node N3 that is a source of the second transistor T2, a
first emission control signal Em[n] may be applied to a gate of
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the second transistor T2, and a drain of the second transistor
T2 may be connected to a second node N2 that is a source of
the driving transistor Tdr.

[0045] For example, when the high-level source voltage
VDD is applied to the third node N3 and the second transistor
T2 1s turned on according to the first emission control signal
Em[n] supplied through a first emission control line, the third
node N3 may be connected to the second node N2, and thus,
the high-level source voltage VDD may be applied to the
second node N2.

[0046] The first capacitor C1 may be connected between
the first and second nodes N1 and N2.

[0047] For example, the first capacitor C1 may sense a
threshold voltage “Vth” of the driving transistor Tdr, and
specifically, the first capacitor C1 may store the threshold
voltage of the driving transistor Tdr.

[0048] Thesecondcapacitor C2 may be connected between
the second node N2 and the third node N3 receiving the
high-level source voltage VDD.

[0049] For example, when the second transistor T2 is
turned off by the first emission control signal Em[n] and thus
the third node N3 is disconnected from the second node N2,
the high-level source voltage VDD may be continuously
applied to one end of the second capacitor C2.

[0050] The gate of the driving transistor Tdr may be con-
nected to the first node N1, the source of the driving transistor
Tdr may be connected to the second node N2, and a drain of
the driving transistor Tdr may be connected to a fourth node
N4.

[0051] The amount of a current flowing in the below-de-
scribed organic light emitting diode (OLED) may be decided
by the sum “Vsg+Vth” of a source-gate voltage “Vsg” of the
driving transistor Tdr and the threshold voltage “Vth” of the
driving transistor Tdr, and finally decided by a compensation
circuit with the data voltage Vdata and the reference voltage
Ref.

[0052] Therefore, since the amount of a current flowing in
the OLED is proportional to the level of the data voltage
Vdata, the OLED display device according to embodiments
of the present invention applies various levels of data voltages
Vdata to respective sub-pixels SP to realize different gray
scales, thereby displaying an image.

[0053] A second emission control signal H[n] may be
applied to a gate of the third transistor T3, a source of the third
transistor T3 may be connected to the fourth node N4 that is
the drain of the driving transistor Tdr, and a drain of the third
transistor T3 may be connected to a fifth node N5 that is an
anode of the OLED.

[0054] For example, when the third transistor T3 is turned
on according to the second emission control signal H[n] sup-
plied through a second emission control line, the fourth node
N4 may be connected to the fifth node N5, and thus, the
OLED may emit light.

[0055] For example, when the third transistor T3 is turned
off by the second emission control signal H[n], the OLED
may be turned off, and, when the third transistor T3 1s turned
on, the emission of the OLED may be controlled by the scan
signal Scan[n] and the first emission control signal Em[n].
[0056] In this example, the second emission control signal
H[n] may be a separate emission control signal different from
the first emission control signal Em[n], but, when the first
emission control signal is an nth first emission control signal
Em[n], the second emission control signal H[n] may be an
n+1st first emission control signal Em[n+1].
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[0057] The anode of the OLED may be connected to the
fifth node N5, and a low-level source voltage VSS may be
applied to a cathode of the OLED.

[0058] Hereinafter, the operation of each sub-pixel
included in the OLED display device according to embodi-
ments of the present invention will be described in detail with
reference to FIGS. 3 and 5A to 5D.

[0059] FIG. 3 is atiming chart according to an embodiment
of each of control signals supplied to the equivalent circuit of
FIG. 2. FIGS. 5A to 5D are diagrams for describing a method
of driving an OLED display device according to embodi-
ments of the present invention.

[0060] As shown in FIG. 3, the OLED display device
according to embodiments of the present invention may fall
into an initial period t1, a sensing period t2, a sampling period
t3, and an emission period t4, and operate during the respec-
tive periods t1 to t4. Each of the initial period t1, sensing
period t2, and sampling period t3 may be one horizontal
period (1H).

[0061] Hereinafter, as illustrated in FIGS. 5A to 5D, the
value of a high-level source voltage applied to the third node
N3 is changed by IR drop caused by the resistance of a line
through which the high-level source voltage is transferred,
during each of the periods t1 to t4, and thus, it is assumed that
high-level source voltages VDD1 to VDD4 applied during the
respective periods t1 to t4 have different values.

[0062] During the initial period t1, as shown in FIG. 3, the
scan signal Scan[n] having a low level and the first and second
emission control signals Em[n] and H[n] may be appliedto a
sub-pixel, and the reference voltage Ref may be applied to the
source of the first transistor T1 through the data line.

[0063] Therefore, as illustrated in FIG. 5A, the first transis-
tor T1 may be turned on by the scan signal Scan[n] having a
low level, the second transistor T2 may be turned on by the
first emission control signal Em[n] having a low level, and the
third transistor T3 may be turned on by the second emission
control signal H[n] having a low level.

[0064] Moreaver, since the first transistor T1 is turned on,
the reference voltage Ref may be supplied to the first node N1
thatis the source of the first transistor T1 through the data line,
and the voltage of the first node N1 may be initialized to the
reference voltage Ref. Furthermore, since the second transis-
tor T2 is turned on, the high-level source voltage VDDI1
applied to the third node N3 that is the source of the second
transistor T2 may be supplied to the second node N2 that is the
source of the driving transistor Tdr. Also, as the third transis-
tor T3 is turned on, the fourth node N4 may be connected to
the fifth node NS5.

[0065] For example, during the initial period t1, as the
fourth node N4 is connected to the fifth node N5, a current
flows in the OLED, but, since the initial period t1 is a very
short period equal to one horizontal period (1H), light emitted
from the OLED may be invisible to a viewer’s eyes. The
voltage of the first node N1 that is the gate of the driving
transistor Tdr may merely be initialized to the reference volt-
age Ref.

[0066] As a result, during the initial period t1, as the third
transistor T3 is turned on, a current may not flow in the
OLED, but, since the first transistor T1 is turned on, the
voltage of the first node N1 that is the gate of the driving
transistor Tdr may be initialized to the reference voltage Ref
that is a constant DC voltage.

[0067] Subsequently. during the sensing period 12, as
shown in FIG. 3, the scan signal Scan[n] and second emission
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control signal H[n] having a low level and the first emission
control signal Em[n] having a high level may be applied to the
sub-pixel.

[0068] Therefore, as illustrated in FIG. 5B, the first transis-
tor T1 may be turned on by the scan signal Scan[n] having a
low level, the second transistor T2 may be turned off by the
first emission control signal Em[n] having a high level, the
third transistor T3 may be turned on by the second emission
control signal H[n] having a low level, and the reference
voltage Ref may be applied to the source of the first transistor
T1 through the data line.

[0069] Moreover, as the first transistor T1 maintains a turn-
on state, the reference voltage Ref may be supplied to the first
node N1 that is the source of the first transistor T1 through the
data line, and the voltage of the first node N1 may maintain
the reference voltage Ref. Furthermore, since the second
transistor T2 is turned off, a direct connection between the
second and third nodes N2 and N3 may be broken, but the
high-level source voltage VDD2 may be supplied to the third
node N3 that is one end of the second capacitor C2. Also, as
the third transistor T3 maintains a turn-on state, a connection
between the fourth and fifth nodes N4 and N5 may be main-
tained.

[0070] For example, during the sensing period t2, although
the voltage of the first node N1 maintains the reference volt-
age Ref, as the second transistor T2 is turned off, the direct
connection between the second and third nodes N2 and N3
may be broken, and electric charges which are stored in the
first and second capacitors C1 and C2 during the initial period
t1 may be discharged, whereby the voltage of the second node
N2 is more reduced to less than the high-level source voltage
VDDI1 that is the voltage of the second node N2 during the
initial period t1.

[0071] As aresult, during the sensing period t2, the voltage
of the second node N2 may be reduced to less than the high-
level source voltage VDD1, and then reduced up to a voltage
“Ref+IVth|” greater than the reference voltage Ref (which is
the voltage of the first node N1 that is the gate of the driving
transistor Tdr) by an absolute threshold voltage “IVthl” of the
driving transistor Tdr. Therefore, at a time when the sensing
period t2 is completed, the threshold voltage “Vth” of the
driving transistor Tdr may be stored in the first capacitor C1.
[0072] This reason is that since the driving transistor Tdr
has a source-follower-type connection, the voltage of the
second node N2 that is the source of the driving transistor Tdr
is reduced, and then up to the voltage “Ref+IVthl” greater
than the reference voltage Ref (which is the voltage of the gate
of the driving transistor Tdr which is a voltage until the
driving transistor Tdr is turned off) by the absolute threshold
voltage “IVthl” of the driving transistor Tdr.

[0073] Therefore, during the sensing period t2, the first
capacitor C1 may sense the threshold voltage “Vth” of the
driving transistor Tdr.

[0074] Subsequently, during the sampling period t3, as
shown in FIG. 3, the scan signal Scan|[n] having a low level
and the first and second emission control signals Em[n] and
H[n] having a high level may be applied to the sub-pixel.
[0075] Therefore, as illustrated in FIG. 5C, the first transis-
tor T1 may be turned on by the scan signal Scan[n] having a
low level, the second and third transistors T2 and T3 may be
turned off by the first and second emission control signals
Em[n] and H[n] having a high level, and the data voltage
Vdata may be applied to the source of the first transistor T1
through the data line.
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[0076] Moreover, as the first transistor T1 is turned on, a
data voltage Vdata[n] may be supplied to the first node N1
thatis the source of the first transistor T1 through the data line.
Furthermore, since the second transistor T2 maintains a turn-
off state, the high-level source voltage VDD3 may be con-
tinuously supplied to the third node N3 that is one end of the
second capacitor C2. Also, as the third transistor T3 is turned
off, the fourth node N4 may be disconnected from the fifth
node N5, and thus, the OLED may be turned off.

[0077] For example, during the sensing period t2, the ref-
erence voltage Refmay be supplied to the first node N1 that is
one end of the first capacitor C1, and then, during the sam-
pling period t3, as the data voltage Vdata[n] is supplied to the
first node N1, the voltage of the second node N2 that is the
other end of the first capacitor C1 may also be changed.
However, since a voltage stored in the first capacitor C1 is
maintained without any change and the first and second
capacitors C1 and C2 are serially connected, the voltage of the
second node N2 may be decided by a ratio of capacitances
“c1” and “c2” of the first and second capacitors C1 and C2.
Accordingly, the voltage of the second node N2 may be
expressed as “Vdata[n]-[Ref+ Vthl+{c1/(c1+c2)}(Vdata
[n]-Ref)]” with the voltage “Ref+IVthl” of the second node
N2, a change “Vdata[n]-Ref” in the voltage of the first node
N1, and a capacitance ratio “c1/(c1+c2)” of the first and
second capacitors C1 and C2. Therefore, a voltage “VC1”
equal to a voltage “Vdata[n]-[Ref+/Vthi+{c1/(c1+c2)}
(Vdata[n]-Ref)]” may be stored in the first capacitor C1. To
provide an additional description, the voltage “VC1” stored
in the first capacitor C1 may become a voltage “{c2/(c1+c2)}
(Vdata[n]-Ref)-1Vth/”.

[0078] Accordingly, since the capacitance ratio of the first
and second capacitors C1 and C2 affects a current “loled”
flowing in the below-described OLED, a case in which the
current “Toled” flowing in the OLED is peaked needs a volt-
age greater than a case in which the capacitance ratio does not
affect the current “Toled”, and thus, the resolving power ofthe
current “loled” flowing in the OLED due to a data voltage can
be enhanced.

[0079] As a result, during the sampling period t3, the first
capacitor C1 may sample a data voltage which is required for
the OLED to emit light during the emission period t4.
[0080] Each OLED included in the OLED display device
according to embodiments of the present invention starts to
emit light immediately after sampling of a corresponding
scan line 1s completed in each frame.

[0081] In other words, an operation in which all the scan
lines are scanned and immediately all OLEDs emit light will
be described below in more detail with reference to F1G. 4.
[0082] FIG. 4 is a timing chart showing in detail the timing
chart of FIG. 3. In the OLED display device according to
embodiments of the present invention, when it is assumed that
the number of scan lines is m number, scan signals Scan[1],
Scan|[n] and Scan[m] are respectively applied to a first scan
line, an nth scan line, and an mth scan line, and first to mth
data voltages Vdata[1] to Vdata[m] are applied to one data
line intersecting each scan line.

[0083] Here, a scan period for which a plurality of data
voltages are applied to respective sub-pixels may include the
initial period t1, the sensing period t2, the sampling period t3,
and the emission period 4 for each scan line.

[0084] Thus, the OLED starts to emit light immediately
after sampling of a corresponding data voltage is completed
for each scan line.
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[0085] During the emission period t4, as shown in FIG. 3,
the scan signal Scan[n] having a high level and the first and
second emission control signals Em[n] and H[n] having a low
level may be applied to the sub-pixel.

[0086] Therefore, as illustrated in F1G. 5D, the first transis-
tor T1 may be turned off by the scan signal Scan[n] having a
high level, and the second and third transistors T2 and T3 may
be respectively turned on by the first and second emission
control signals Em[n] and H[n] having a low level, and the
reference voltage Ref may be applied to the source of the first
transistor T1 through the data line. However, since the first
transistor T1 is turned off by the scan signal Scan|[n] having a
high level, the voltage of the first node N1 may not be
changed. Also, since the second transistor T2 is turned on, as
the high-level source voltage VDDA4 is directly supplied to the
third node N3 and the third transistor T3 is turned on, the
fourth node N4 may be connected to the fifth node N5, and
thus, the OLED may start to emit light.

[0087] Accordingly, the current Ioled flowing in the OLED
may be decided witha current flowing in the driving transistor
Tdr, and the current flowing in the driving transistor Tdr may
be decided with the gate-source voltage (Vgs) of the driving
transistor Tdr and the threshold voltage (Vth) of the driving
transistor Tdr. The current loled may be defined as expressed
in Equation (1). Also, the voltage of the first node N1 that is
the gate of the driving transistor Tdr may become a voltage
“VDD4+{c2/(c1+c2)} (Vdata[n]-Ref)-IVth” due to the
voltage “VC1” which is stored in the first capacitor C1 during
the sampling period t3.

loled = K X (Vgs — Vih)? (1

=K x(Vsg + Vil

VDD - VDD4 — 2
=K x| 1c2/(cl + 2)}(Vdata[n] — Ref) +
|Vih| + Vih

=K x[{c2/(cl +c2)}(Vdata[n] — Ref) + |Vih| — \Vthl]2

=K x[{c2/(cl +c2)}(Vdata[n] - Ref)?

where K denotes a proportional constant that is decided by the
structure and physical properties of the driving transistor Tdr,
and may be decided with the mobility of the driving transistor
Tdrand the ratio “W/L” of the channel width “W” and length
“L” of the driving transistor Tdr. Also, when the transistors
included in the OLED are PMOS transistors, the threshold
voltage of each of the transistors has a negative value. The
threshold voltage “Vth” of the driving transistor Tdr does not
always have a constant value, and the deviation of the thresh-
old voltage “Vth” occurs according to the operational state of
the driving transistor Tdr.

[0088] Referring to Equation (1), in the OLED display
device according to embodiments of the present invention,
the current loled flowing in the OLED is not be affected by the
threshold voltage “Vth” of the driving transistor Tdr during
the emission period 14, and may merely be decided with a
difference voltage between the data voltage Vdata and the
reference voltage Ref. The OLED display device according to
embodiments of the present invention is not affected by a
high-level source voltage which is changed by IR drop caused
by the resistance of a line through which the high-level source
voltage is transferred.
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[0089] 1InFIG.3, it has been described above that an opera-
tion of each of the first to third transistors T1 to T3 may be
controlled by the control signals such as the scan signal Scan
[n] and the first and second emission control signals Em[n]
and H[n], and data voltages may be applied to the respective
sub-pixels at three horizontal periods (3H). In another
embodiment, however, the second emission control signal
H[n] may be the n+1st first emission control signal Em[n+1]
next to the nth first emission control signal Em[n], and data
voltages may be applied to the respective sub-pixels at two
horizontal periods (2H).

[0090] Hereinafter, control signals according to another
embodiment of the present invention will be described with
reference to FIG. 6.

[0091] FIG. 6 is a timing chart according to another
embodiment of each of control signals supplied to the equiva-
lent circuit of FIG. 2.

[0092] As shown in FIG. 6, it can be seen that a next data
voltage is applied to a sub-pixel at two horizontal periods
(2H) unlike the data voltage of FIG. 5, and moreover, the
reference voltage Ref is applied to the sub-pixel at two hori-
zontal periods (2H). Also, it can be seen that the second
emission control signal “H[n]” is the n+1st first emission
control signal “Em[n+1]".

[0093] As shown in FIG. 6, similarly to FIG. 5, the OLED
display device according to embodiments of the present
invention may fallinto an initial periodtl, a sensing period t2,
a sampling period t3, and an emission period t4, and operate
during the respective periods t1 to t4. Here, the sampling
period t3 may be one horizontal period (1H), and the sum of
the initial period t1 and the sensing period t2 may be one
horizontal period (1H).

[0094] Accordingly, by compensating for the threshold
voltage deviation caused by the operational state of the driv-
ing transistor and the high-level source voltage deviation
caused by IR drop, the OLED display device according to the
embodiments of the present invention can maintain a constant
current flowing in each OLED, thus preventing the degrada-
tion of image quality.

[0095] Moreover, since the number of transistors and
capacitors included in the compensation circuit is small, the
OLED display device according to embodiments of the
present invention can be suitable for a large area.

[0096] FIG. 7 is a diagram for describing a change in a
current due to a threshold voltage deviation of the OLED
display device according to embodiments of the present
invention.

[0097] As show in FIG. 7, it can be seen that the level of the
current Ioled flowing in the OLED is proportional to the data
voltage Vdata, but the level of the current Ioled is not greatly
changed according to a threshold voltage deviation “dVth”
under the same data voltage Vdata.

[0098] According to the embodiments of the present inven-
tion, by compensating for the threshold voltage deviation
caused by the operational state of the driving transistor and
the high-level source voltage deviation caused by IR drop, a
current flowing in each OLED can be maintained without any
change, thus preventing the degradation of image quality.

[0099] 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
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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. An organic light emitting diode (OLED) display device,
comprising:

a first transistor supplying a data voltage or a reference

voltage to a first node according to a scan signal;

a driving transistor, a gate of the driving transistor being
connected to the first node, a source of the driving tran-
sistor being connected to a second node, and a drain of
the driving transistor being connected to a fourth node;

a first capacitor connected between the first and second
nodes, and storing a threshold voltage of the driving
transistor;

asecond capacitor connected between the second node and
the third node that is a source of the second transistor;

a second transistor supplying a high-level source voltage,
applied to a third node, to the second node according to
a first emission control signal;

an OLED emitting light with a difference voltage between
the data voltage and the reference voltage; and

a third transistor connecting the fourth node to a fifth node
according to a second emission control signal, the fifth
node being an anode of the OLED.

2. The OLED display device of claim 1, wherein,

the first transistor is turned on by the scan signal which is
applied thereto through a scan line,

the second transistor is turned on by the first emission
control signal which is applied thereto through a first
emission control line, and

the third transistor is turned on by the second emission
control signal which is applied thereto through a second
emission control line.

3. The OLED display device of claim 1, wherein,

the scan signal is an nth scan signal of a plurality of scan
signals,

the first emission control signal is an nth emission control
signal of a plurality of emission control signals, and

the second emission control signal is an n+1st emission
control signal of the plurality of emission control sig-
nals.

4. The OLED display device of claim 1, wherein when the

first to third transistors are turned on,

the reference voltage is supplied to the first node, the high-
level source voltage is supplied to the second node, and
the fourth node is connected to the fifth node, such that
the voltage of the first node is initialized to the reference
voltage.

5. The OLED display device of claim 4, wherein when the
first and third transistors are turned on, and the second tran-
sistor is turned off,

the reference voltage is supplied to the first node, the fourth
node is connected to the fifth node, and the voltage of the
second node is reduced to less than the high-level source
voltage.

6. The OLED display device of claim 5, wherein the volt-
age of the second node is reduced up to a sum of the reference
voltage and an absolute threshold voltage of the driving tran-
sistor.

7. The OLED display device of claim 5, wherein when the
first transistor is turned on, and the second and third transis-
tors are turned off,

the data voltage is supplied to the first node.
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8. The OLED display device of claim 7, wherein when the
first transistor is turned off, and the second and third transis-
tors are turned on,

the OLED emits light.

9. A method of driving an organic light emitting diode
(OLED) display device which includes first to third transis-
tors, a driving transistor, first and second capacitors, and an
OLED, the method comprising:

initializing a voltage of a first node to a reference voltage

according to a scan signal applied to the first transistor,
when the first to third transistors are turned on, the first
node being a gate of the driving transistor;,

storing a threshold voltage of the driving transistor in the

first capacitor connected to a second node that is a source
of the driving transistor, when the first and third transis-
tors are turned on and the second transistor is turned off,
one end of the first capacitor being connected to the first
node;

supplying the data voltage to the first node, when the first

transistor is turned on and the second and third transis-
tors are turned off; and

emitting, by the OLED, light with a difference voltage

between the data voltage and the reference voltage when
the first transistor is turned off and the second and third
transistors are turned on.

10. The method of claim 9, wherein the initializing of a
voltage comprises:

supplving a high-level source voltage to the second node;

and

connecting a fourth node to a fifth node, the fourth node

being a drain of the driving transistor, and the fifth node
being an anode of the OLED.

11. The method of claim 9, wherein the storing of a thresh-
old voltage comprises:

supplying the reference voltage to the first node; and

reducing a voltage of the second node to a sum of the

reference voltage and an absolute threshold voltage of
the driving transistor.

12. The method of claim 9, wherein,

a source of the second transistor is connected to a third

node receiving a high-level source voltage,

a drain of the second transistor is connected to the second

node, and

the second capacitor is connected between the second and

third nodes.

13. The method of claim 9, wherein the supplying of the
data voltage comprises disconnecting a fourth node from a
fifth node, the fourth node being a drain of the driving tran-
sistor, and the fifth node being an anode of the OLED.

14. The method of claim 9, wherein,

the first transistor is turned on by the scan signal which is

applied thereto through a scan line,

the second transistor is turned on by a first emission control

signal which is applied thereto through a first emission
control line, and

the third transistor is turned on by a second emission con-

trol signal which is applied thereto through a second
emission control line.

15. The method of claim 14, wherein,

the scan signal is an nth scan signal of a plurality of scan

signals,

the first emission control signal is an nth emission control

signal of a plurality of emission control signals, and
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the second emission control signal is an n+1st emission
control signal of the plurality of emission control sig-
nals.
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