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(57) ABSTRACT

An organic light emitting diode display device according to
an embodiment includes pixels each configured with an
organic light emitting diode and a driving switch used to
control a current flowing through the organic light emitting
diode. The organic light emitting diode display device com-
pensates a deterioration property of the organic light emitting
diode after properties of the driving switch is compensated.
As such, the deterioration property of the organic light emit-
ting diode can be maximally reflected to a sensing data. In
accordance therewith, the deterioration property of the
organic light emitting diode can be accurately compensated.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND DRIVING METHOD
THEREOF

[0001] The present application claims priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2014-
0192089 filed on Dec. 29,2014, which is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Disclosure

[0003] The present application relates to an organic light
emitting diode display device and a driving method thereof.
[0004] 2. Description of the Related Art

[0005] Recently, a variety of flat panel display (FPD)
devices adapted to reduce weight and volume corresponding
to disadvantages of cathode ray tube (CRT) are being devel-
oped. The flat panel display devices include liquid crystal
display (LCD) devices, field emission display (FED) devices,
plasma display panels (PDPs), electroluminescence devices
and so on.

[0006] The PDPs have advantages such as simple structure,
simple manufacture procedure, lightness and thinness, and
are easy to provide a large-sized screen. In view of these
points, the PDPs attract public attention. However, the PDPs
have serious problems such as low light emission efficiency,
low brightness and high power consumption. Also, thin film
transistor LCD devices use thin film transistors as switching
elements. Such thin film transistor LCD devices are being
widely used as the flat display devices. However, the thin film
transistor LCD devices have disadvantages such as a narrow
viewing angle and a low response time, because of being
non-luminous devices, Meanwhile, the electroluminescence
display devices are classified into an inorganic light emitting
diode display device and an organic light emitting diode
display device on the basis of the formation material of a light
emission layer. The organic light emitting diode display
device corresponding to a self-illuminating display device
has features such as high response time, highlight emission
efficiency, high brightness and wide viewing angle.

[0007] Theorganic light emitting diode display device con-
trols avoltage between a gate electrode and a source electrode
of a driving transistor. As such, an electric current flowing
from a drain electrode of the driving transistor toward a
source electrode of the driving transistor can be controlled.
[0008] The current passing through the drain and source
electrodes of the driving transistor is applied to an organic
light emitting diode and allows the organic light emitting
diode to emit light. Light emission quantity of the organic
light emitting diode can be controlled by adjusting the current
quantity flowing into the organic light emitting diode.
[0009] The current applied to the organic light emitting
diode is largely affected with a threshold voltage Vth and
mobility of the driving transistor. As such, methods of com-
pensating for the threshold voltage and mobility of the driving
transistor are being researched and applied. Nevertheless, the
current flowing through the organic light emitting diode can
be varied due to the deterioration degree of the organic light
emitting diode. In accordance therewith, the current of the
organic light emitting diode must be compensated on the
basis of a sensed deterioration degree of the organic light
emitting diode. However, it is difficult to detect the deterio-
ration degree of the organic light emitting diode. This results
from the fact that properties of the driving transistor are
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reflected to the sensed information when the deterioration
degree of the organic light emitting diode is sensed.

[0010] To address this matter, external compensation meth-
ods of sensing and compensating the properties of the driving
transistor and the threshold voltage of the organic light emit-
ting diode are being researched and applied. The external
compensation method for sensing the threshold voltage and
mobility of the driving transistor and the deterioration degree
of the organic light emitting diode must require a large num-
ber of memories.

[0011] Also, the properties of the driving transistor and the
organic light emitting diode are sensed and reflected into
compensation data. To this end, the sensed data must be
transferred to a timing controller. Then, the sensed data can be
skewed. Due to this, errors can be generated in the sensed data
and the compensation data.

[0012] In order to solve this problem, a method of control-
ling a delay time is being used. However, the delay control
method cannot sense real-time data (or variations thereof)
generated at a real (or normal) operation, not an initial setup
operation.

BRIEF SUMMARY OF THE INVENTION

[0013] Accordingly, embodiments of the present applica-
tion are directed to an organic light emitting diode display
device and a driving method thereof that substantially obviate
one or more of problems due to the limitations and disadvan-
tages of the related art, as well to a light source module and a
backlight unit each using the same.

[0014] The embodiments are to provide an organic light
emitting diode display device and a driving method which are
adapted to accurately control a current flowing through an
organic light emitting diode by detecting a threshold voltage
of a driving transistor.

[0015] Also, the embodiments are to provide an organic
light emitting diode display device and a driving method
which are adapted to accurately sense an operation voltage of
an organic light emitting diode by minimizing a mobility
component of a driving transistor through a mobility com-
pensation of the driving switch.

[0016] Moreover, the embodiments are to provide an
organic light emitting diode display device and a driving
method which are adapted to reduce the number of memories
by sensing an operation voltage of an organic light emitting
diode using a pixel structure, which is suitable to internally
compensate for mobility of a driving switch, and removing a
separated memory which is used to store a sensed mobility
value of the driving switch.

[0017] Furthermore, the embodiments are to provide an
organic light emitting diode display device and a driving
method which are adapted to prevent the generation of any
data communication error by receiving sensed data using
internal clocks with different phases from each other.

[0018] Additional features and advantages of the embodi-
ments will be set forth in the description which follows, and in
part will be apparent from the description, or may be learned
by practice of the embodiments. The advantages of the
embodiments will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] Inorder to address the problems of the related art, a
gate driver according to a general aspect of the present
embodiment includes a display panel loaded with pixels. The
pixels each includes: a scan switch configure to apply one of
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a sensing voltage and a compensation data voltage on a data
linetoa first node in response to ascan pulse; a sensing switch
configured to apply a reference voltage on a sensing line to a
second node in response to a sensing control signal; a storage
capacitor connected between the first and second nodes; a
driving switch configured to adjust a current on the basis of a
voltage between the first and second nodes; and an organic
light emitting diode connected between the second node.
Such an organic light emitting diode display device allows the
properties of the driving switch to be internally compensated.
As such, the property of the organic light emitting diode can
be accurately detected.

[0020] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure, and
be protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated herein and constitute a part of this application,
illustrate embodiment(s) of the present disclosure and
together with the description serve to explain the disclosure.
In the drawings:

[0022] FIG.1is aschematic diagram showing the structure
of an organic light emitting diode according to an embodi-
ment of the present invention;

[0023] FIG. 2 is an equivalent circuit diagram showing a
single pixel included in an organic light emitting diode dis-
play device according to an embodiment of the present inven-
tion;

[0024] FIG. 3 is a block diagram showing an organic light
emitting diode display device according to an embodiment of
the present invention;

[0025] FIG. 4 is a circuit diagram showing the configura-
tion of a single pixel according to an embodiment of the
present invention;

[0026] FIG.5 is a waveform diagram showing voltage sig-
nals on the first and second nodes of FIG. 4 when a threshold
voltage is sensed;

[0027] FIGS. 6 through 8 are circuit diagrams illustrating
operation states of a pixel when a threshold voltage is sensed
according to an embodiment of the present invention;
[0028] FIG. 9A is a waveform diagram showing signals
which are input to and generated in the pixel during a driving
switch property compensating and an organic light emitting
diode property sensing mode according to an embodiment of
the present invention;

[0029] FIG. 9B is another waveform diagram showing sig-
nals which are input to and generated in the pixel during a
driving switch property compensating and an organic light
emitting diode property sensing mode according to an
embodiment of the present invention;
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[0030] FIG. 10 is acircuit diagram illustrating an operation
state of a pixel in a first initialization interval according to
example embodiment of the present invention;

[0031] FIG. 11 is a circuit diagram illustrating an operation
state of a pixel in a driving switch property compensating
interval according to an example of the present invention;
[0032] FIG. 12 is acircuit diagram illustrating an operation
state of a pixel in a second initialization interval according to
an example of the present invention;

[0033] FIGS. 13 and 14 are circuit diagrams showing
operation states of a pixel in an organic light emitting diode
property tracking interval according to an example of the
present invention;

[0034] FIG. 15 is a data sheet illustrating current-to-voltage
properties of an organic light emitting diode and a driving
switch according to an example of the present invention;
[0035] FIG. 16 is acircuit diagram illustrating an operation
state of a pixel in a third initialization interval according to an
example of the present invention;

[0036] FIG. 17 is a circuit diagram illustrating an operation
state of a pixel in an organic light emitting diode property
sensing interval according to an example of the present inven-
tion;

[0037] FIG. 18 is acircuit diagram illustrating an operation
state of a pixel in an organic light emitting diode property
detecting interval according to an example of the present
invention;

[0038] FIG. 19 is a detailed block diagram showing a part
configuration of a data driver according to an embodiment of
the present invention;

[0039] FIGS. 20 and 21 are detailed block diagrams show-
ing the timing controller and the data driver in FIG. 4 accord-
ing to an embodiment of the present invention;

[0040] FIG. 22 is a diagram showing a sensing data packet
according to an embodiment of the present invention; and
[0041] FIGS. 23A, 23B, 23C and 23D are diagrams illus-
trating a receiving and processing method of sensing data
which is performed by the timing controller according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] Reference will now be made in detail to an OLED
display device and a driving method thereof in accordance
with the embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. These
embodiments introduced hereinafter are provided as
examples in order to convey their spirits to the ordinary
skilled person in the art. Therefore, these embodiments might
be embodied in a different shape, so are not limited to these
embodiments described here. In the drawings, the size, thick-
ness and so on of a device can be exaggerated for convenience
of explanation. Wherever possible, the same reference num-
bers will be used throughout this disclosure including the
drawings to refer to the same or like parts.

[0043] Advantages and features of the present disclosure,
and implementation methods thereof will be clarified through
the following embodiments described with reference to the
accompanying drawings. These embodiments introduced
hereinafter are provided as examples in order to convey their
spirits to the ordinary skilled person in the art. As such, these
embodiments might be embodied in a different shape, so are
not limited to these embodiments described here. Therefore,
the present disclosure must be defined by scopes of claims.
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The same reference numbers will be used throughout this
disclosure to refer to the same or like parts. The size or the
relative size of a layer or a region in the drawings can be
exaggerated for the definiteness of explanation.

[0044] Inthe description of embodiments, when an element
or a layer is described as being disposed “on or above”
another element or layer, this description should be construed
as including a case in which the elements or layers contact
each other as well as a case in which a third element or layer
is interposed therebetween. On the contrary, if an element is
described as being “directly on” or “just on” another element,
it is represented that any third element is not interposed ther-
ebetween.

[0045] The relative spatial terms, such as “below or
beneath”, “lower”, “above”, “upper” and so on, are used for
easily explaining mutual relations between “a component or
components” and “another component or different compo-
nents” shown in the drawings. As such, the relative spatial
terms should be construed as including a direction of the
component shown in the drawings as well as different direc-
tions of the component from one another at a use or an
operation. For example, when an element reversely shown in
the drawings is described as being disposed “below or
beneath” another element, the element can be disposed
“above” another element. Therefore, “below or beneath” used
as an example of the relative spatial term can include both of
“below or beneath” and “above”.

[0046] The terms within the present disclosure are used for
explaining embodiments, but they do not limit the present
disclosure. As such, the singular forms used in the present
disclosure are intended to include the plural forms, unless the
context clearly indicates otherwise. The terms “comprises”
and/or “comprising” described in the present disclosure
specify the presence of stated components, steps, operations
and/or elements, but do not preclude the presence or addition
of one or more other components, steps, operations, elements
and/or groups thereof.

[0047] [Structure of Organic Light Emitting Diode]
[0048] FIG.1is aschematic diagram showing the structure
of an organic light emitting diode.

[0049] An organic light emitting diode display device can
include organic light emitting diodes shown in FIG. 1. All the
components of the organic light emitting diode display device
according to all the embodiments of the present disclosure are
operatively coupled and configured.

[0050] Theorganic light emitting diode can include organic
compound layers HIL, HTL, EML, ETL and EIL formed
between an anode electrode and a cathode electrode.

[0051] The organic compound layers can include a hole
injection layer HIL, a hole transport layer HTL, an emission
layer EML, an electron transport layer ETL and an electron
injection layer EIL.

[0052] If a driving voltage is applied between the anode
electrode and the cathode electrode, holes passing through the
hole transport layer HTL and electrons passing through the
electron transport layer ETL are drifted into the emission
layer EML. As such, excitons are formed within the emission
layer EML. In accordance therewith, visual light can be emit-
ted from the emission layer EML.

[0053] Also, the emission layer EML can include one of a
red emission layer displaying red, a green emission layer
displaying green and a blue emission layer displaying blue
according whether any one of color is displayed by the
respective organic light emitting diode. The red emission
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layer, the green emission layer and the blue emission layer
can be prepared by differently doping different types of
dopants in different densities. Alternatively, the emission
layer EML can be formed in a stacked structure of the red
emission layer, the green emission layer and the blue emis-
sion layer in order to provide a white organic light emitting
diode.

[0054] The organic light emitting diode display device is
configured with pixels, which are arranged in a matrix shape
and each include the above-mentioned organic light emitting
diode. Brightness of the pixel selected by a scan pulse can be
controlled on the basis of a gray scale value of digital video
data.

[0055] Such an organic light emitting diode display device
can be classified into a passive matrix mode and an active
matrix mode which uses thin film transistors as switch ele-
ments.

[0056] Among the organic light emitting diode display
devices, the active matrix mode selects the pixels by selec-
tively turning-on the thin film transistors. The selected pixel
can maintain a light emitting state using a voltage charged
into a storage capacitor within the pixel.

[0057] [Equivalent Circuit Diagram of Active Matrix Mode
Pixel]
[0058] FIG. 2 is an equivalent circuit diagram showing a

single pixel included in an organic light emitting diode dis-
play device according to an embodiment of the present dis-
closure.

[0059] Referring to FIG. 2, each of the pixels within the
organic light emitting diode display device according to an
embodiment of the present disclosure includes an organic
light emitting diode OLED, a data line D and a gate lines G,
a scan switch SW configured to transfer a data voltage in
response to a scan pulse SP on the gateline G, a driving switch
DR configured to generate a current on the basis of a voltage
between gate and source electrodes, and a storage capacitor
Cst configured to store the data voltage for a fixed period. As
the scan switch SW and the driving switch DR, n-type MOS-
FETs (metal oxide semiconductor-field effect transistors) can
be used.

[0060] Such a configuration including two transistors SW
and DR and one capacitor Cst is called a 2T-1C configuration.
[0061] The scan switch SW is turned-on (or activated) in
response to a scan pulse SP from the gate line G. As such, a
current path between a source electrode and a drain electrode
of the switching switch SW is formed.

[0062] During a turned-on time interval of the scan switch
SW, adata voltage is transferred from the data line D to a gate
electrode of the driving switch DR and the storage capacitor
Cstvia the source electrode and the drain electrode of the scan
switch SW.

[0063] The driving switch DR controls an electric current
(or a current quantity) flowing through the organic light emit-
ting diode OLED on the basis of a different voltage Vgs
between the gate electrode and a source electrode of the
driving switch DR.

[0064] The storage capacitor Cst stores the data voltage
applied to its one electrode. Such a storage capacitor Cst
constantly maintains the voltage applied to the gate electrode
of the driving switch DR during a single frame period.
[0065] The organic light emitting diode OLED with the
structure shown in FIG. 1 is connected between the source
electrode of the driving switch DR and a low potential driving
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voltage line Vss. The low potential driving voltage line Vss is
connected to a low potential driving voltage source Vss.
[0066] The current flowing through the organic light emit-
ting diode OLED is proportioned to brightness of the pixel.
Also, the current flowing through the organic light emitting
diode OLED depend on the voltage between the gate and
source electrodes of the driving switch DR.

[0067] Thepixel with the configuration shown in FIG. 2 can
have brightness in proportion to the current (or current quan-
tity) flowing through the organic light emitting diode OLED,
as represented by the following equation 1.

Ves =V =V [Equation 1]

Vg = Viatar Vs = Vinir

Lojed = g(vgs - vlh)z = g(vdara = Vi = vrh)z
[0068] In the equation 1, ‘Vgs’ is the different voltage

between a gate voltage Vg and a source voltage Vs of the
driving switch DR, ‘data’ is the data voltage, and “Vinit’is an
initialization voltage. Also, ‘loled’ is a driving current of the
organic light emitting diode OLED, Vth’is a threshold volt-
age of the driving switch DR, and ‘B’ means a constant value
which is determined by mobility and parasitic capacitance of
the driving switch DR.

[0069] As seen from the equation 1, it is evident that the
current (or current quantity) Ioled of the organic light emit-
ting diode OLED is largely affected by the threshold voltage
Vth of the driving switch DR. As such, the degree of unifor-
mity throughout an image depends on property deviations of
the driving switch DR, i.e., deviations in mobility and thresh-
old voltage of the driving switch DR.

[0070] The driving switch DR included in the organic light
emitting diode display device can be formed on the basis of
one of amorphous silicon (a-Si) and low temperature poly-
crystalline silicon (LTPS).

[0071] The amorphous silicon driving switch very uni-
formly maintains properties but has a matter of stability such
as a shift of the threshold voltage. Also, as the amorphous
silicon driving switch has low mobility, it is difficult to
directly form a driving cell circuit on a panel. On the other
hand, the LTPS driving switch has superior stability and high
mobility, but causes deviation between the pixels in threshold
voltage and mobility to become larger due to irregularity of
grain boundaries.

[0072] Also, the current Ioled of the organic light emitting
diode OLED is affected by not only the threshold voltage and
mobility properties of the driving switch DR but also the
deterioration property of the organic light emitting diode
OLED. Due to this, although the threshold voltage and the
mobility of the driving switch DR are compensated by driving
the driving switch DR using the compensation data voltage,
image stitching can be caused by the deterioration property of
the organic light emitting diode OLED. As such, it is neces-
sary to detect and compensate the deterioration property of
the organic light emitting diode OLED.

[0073] Moreover, when the deterioration property of the
organic light emitting diode OLED is detected, the deterio-
ration property of the driving switch DR can be included in
the detected information. As such, it is difficult to accurately
detect the deterioration property of the organic light emitting
diode OLED. In accordance therewith, it is necessary to
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remove the deterioration property of the driving switch DR
when the deterioration property of the organic light emitting
diode OLED is detected.

[0074] [Block Diagram of Organic Light Emitting Diode
Display Device]

[0075] FIG. 3 is a block diagram showing an organic light
emitting diode display device according to an embodiment of
the present disclosure.

[0076] Referring to FIG. 3, an organic light emitting diode
display device according to an embodiment of the present
disclosure can include a display panel 116, a gate driver 118,
a data driver 120 and a timing controller 124.

[0077] The display panel 116 can include m data lines
D1~Dm, m sensing lines S1~Sm, n gate lines G1~Gn and n
sensing control lines SC1~SCn and mxn pixels 122. The m
data lines D1~Dm and the m sensing lines S1~Sm are oppo-
site to each other one by one and form m pairs. Similarly, the
n gate lines G1~Gm and the n sensing control lines SC1~SCn
are opposite to each other one by one and form m pairs. Each
ofthe pixels 122 can be formed in a region which is defined by
crossing a pair of the data line D and the sensing line S and a
pair of the gate line G and the sensing control line SC.
[0078] Also, signal lines used to apply a first driving volt-
age Vdd to each of the pixels 122 and signal lines used to
apply a second driving voltage Vss to each of the pixels 122
can be formed on the display panel 116. The first driving
voltage Vdd can be generated in a high potential driving
voltage source Vdd. The second driving voltage Vss can be
generated in a low potential driving voltage source Vss.
[0079] The gate driver 118 can generate scan pulses in
response to gate control signals GDC from the timing con-
troller 124. The scan pulses can be sequentially applied to the
gate lines G1-Gn.

[0080] Also, the gate driver 118 can output sensing control
signals SCS to the sensing control lines SC1~SCn under
control of the timing controller 124. The sensing control
signal SCS is used to control a sensing switch included in
each of the pixels.

[0081] Although it is explained that the gate driver 118
outputs both of the scan pulses SP and the sensing control
signals SCS, but the present disclosure is not limited to this.
Alternatively, the organic light emitting diode display device
can additionally include a sensing switch control driver which
outputs the sensing control signals SCS under control of the
timing controller 124.

[0082] Thedatadriver 120 canbecontrolled by data control
signals DDC applied from the timing controller 124. Also, the
data driver 120 can apply data voltages to the data lines
D1~Dm. Moreover, the data driver 120 can apply a sensing
voltage to the sensing lines S1~Sm.

[0083] The data lines D1~Dm are connected to the pixels
122. As such, the data voltages can be transferred to the pixels
122 via the data lines D1~Dm.

[0084] Thesensing lines S1~Sm are connected to the pixels
122. Such sensing lines S1~Sm can be used to not only apply
the sensing voltage to the pixels 122 but also measure the
sensing voltages. The sensing voltage can be obtained by
charging an initialization voltage into the pixels through the
respective sensing lines S and the entering the pixels in a
floating state.

[0085] Although it is explained that the data driver 120 can
output the data voltage and the sensing voltage and detect the
sensing voltage, the present disclosure is not limited to this.
Alternatively, the organic light emitting diode display device
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can additionally include a sensing driver which outputs the
sensing voltage and detects the sensing voltage.

[0086] [Configuration of Pixel]

[0087] FIG. 4 is a circuit diagram showing the configura-
tion of a single pixel according to an embodiment of the
present disclosure.

[0088] The pixel 122 introduced in the present disclosure
canbe one ofred, green, blue and white pixels. The pixel 122
can be called a sub-pixel.

[0089] The pixel 122 can include a scan switch SW, a
driving switch DR, a sensing switch SEW, an organic light
emitting diode OLED and a storage capacitor Cst.

[0090] The scan switch SW can be controlled by a scan
pulse SP on a gate line Gi. Also, the scan switch SW can be
connected between a data line Di and a first node N1. Such a
scan switch SW can be used to transfer a data voltage on the
data line Di to the pixel 122.

[0091] The driving switch DR can be used to adjust a cur-
rent flowing through an organic light emitting diode OLED
on the basis of a voltage between the first node N1 and a
second node N2 which are connected to gate and source
electrodes of the driving switch DR. Such a driving switch
DR can includes the gate electrode connected to the first node
N1, the source connected to the second node N2, and a drain
electrode connected to a first driving voltage source Vdd.
[0092] The sensing switch SEW can be used as a transistor
for controlling an initialization of the second node N2 and a
detection of the threshold voltage of the driving switch DR
which are performed using the sensing line Si. Also, the
sensing switch SEW can be controlled by a sensing control
signal SCS on a sensing line SCj. Such a sensing switch SEW
can be connected between the second node N2 and a third
node N3.

[0093] An anode electrode of the organic light emitting
diode OLED can be connected to the second node N2. A
cathode electrode of the organic light emitting diode OLED
can be connected to a second driving voltage line Vss.
[0094] The storage capacitor Cst can be connected between
the first node N1 and the second N2. In other words, the
storage capacitor Cst can be connected between the gate and
source electrodes of the driving switch DR.

[0095] [Threshold Voltage Sensing Mode]

[0096] FIG. 5 is a waveform diagram showing voltage sig-
nals on the first and second nodes of FIG. 4 in the threshold
voltage sensing mode. FIGS. 6 through 8 are circuit diagrams
illustrating operation states of a pixel in a threshold voltage
sensing mode.

[0097] [Initialization Interval t1]

[0098] Referring to FIGS. 5 and 6, the scan switch SW and
the sensing switch SEW are turned-on in the initialization
interval t1. Then, a sensing voltage Vsen on the data line Di is
charged into the first node N1 through the scan switch SW. A
reference voltage Vref controlled by a initialization control
signal Spre is charged into the second node N2 via the sensing
line Si and the sensing switch SW. As such, the storage
capacitor Cst is initialized to be a voltage difference Vsen-
Vref between the first and second nodes N1 and N2. Also, the
organic light emitting diode OLED cannot emit light due to
the reference voltage Vref which is applied to the second node
N2 through the sensing switch SEW.

[0099] [Source-Follower Driving Interval t2]

[0100] Referring to FIGS.5and 7, during a source-follower
driving interval t2, the sensing line Si is floated and the scan
switch SW and the sensing switch SEW maintain the turned-
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on state. Then, a current flows through the driving switch DR,
which uses the high potential voltage source Vidd as an energy
source, by a stored voltage of the storage capacitor Cst (i.e., a
voltage Vgs between the gate and source electrodes of the
driving switch DR). The current flowing through the driving
switch DR is charged in the second node N2 and gradually
increases a voltage on the second node N2. As such, because
the voltage between the gate and source electrodes of the
driving switch DR is gradually lowered, the current flowing
through the driving switch DR is gradually decreased. Also,
when the voltage between the gate and source electrodes of
the driving switch DR reaches the threshold voltage of the
driving switch DR, the current flowing through the driving
switch DR is intercepted. In accordance therewith, the volt-
age on the second node N2 is constantly maintained.

[0101] [Threshold Voltage Detecting Interval t3]

[0102] Referring to FIGS. 5 and 8, the sensing line Si is
electrically connected to an analog-to-digital converter (here-
inafter, “ADC”) 250 by a sampling control signal Sam during
a threshold voltage detecting interval t3. Then, the voltage on
the second node N2 is detected as a threshold voltage and
converted into a digital signal shape. The detected threshold
voltage Vth is used to generate a compensation data signal Vd
which is applied to the data line Di in a driving switch prop-
erty compensating and organic light emitting diode property
sensing mode. As such, the threshold voltage Vth of the
driving switch DR can be compensated.

[0103] [Driving Switch Property Compensating and
Organic Light Emitting Diode Sensing Mode]

[0104] FIG. 9A is a waveform diagram showing signals
which is input to and generated in the pixel during a driving
switch property compensating and an organic light emitting
diode property sensing mode. FIGS. 10 through 14 and FIGS.
16 through 18 are circuit diagrams illustrating operation
states of a pixel in a driving switch property compensating
and organic light emitting diode property sensing mode.
[0105] [First Initialization Interval t1]

[0106] FIG. 10 is acircuit diagram illustrating an operation
state of a pixel in a first initialization interval.

[0107] Referring to 9A and 10, the scan switch SW and the
sensing switch SEW are turned-on in a first initialization
interval t. Then, the compensation data voltage Vd on the data
line Di is charged to the first node N1 through the scan switch
SW. Also, the reference voltage Vref controlled by the initial-
ization control signal Spre is charged into the second node N2
through the sensing line Si and the sensing switch SEW.
Moreover, the storage capacitor Cst is initialized by a voltage
difference Vd-Vref. The reference voltage Vrefapplied to the
second node N2 forces the organic light emitting diode OLED
not to emit light. The compensation data voltage Vd becomes
a sum of a data voltage Vdata and the threshold voltage
DR_Vth of the driving switch DR.

[0108] [Driving Switch Property Compensating Interval
2]
[0109] FIG. 11 is acircuit diagram illustrating an operation

state of a pixel in a driving switch property compensating
interval.

[0110] Referring to FIGS. 9A and 11, during a driving
switch property compensating interval t2, the scan switch SW
maintains the turned-on state but the sensing switch SEW is
turned-off. Then, a driving current flows through the driving
switch DR by the voltage Vd-Vref of the storage capacitor
Cst and enables the second node N2 to be charged with a
voltage. A charging speed of the voltage at the second node
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N2 depends on a mobility property of the driving switch DR.
If the driving switch DR has a superior mobility property, the
voltage on the second node N2 is steeply increased because
the current flowing through the driving switch DR becomes
greater. On the contrary, when the driving switch DR has an
inferior mobility property, the voltage on the second node N2
is gently increased because the current flowing through the
driving switch DR becomes smaller. In other words, an
increase width of the voltage depends on the mobility prop-
erty of the driving switch DR. As such, a decrease degree of
the voltage stored in the storage capacitor Cst, i.c., a decrease
degree of a voltage Vgs between the gate and source elec-
trodes of the driving switch DR also depends on the mobility
property of the driving switch DR. In this manner, as the
increase width of the voltage on the second node N 2 depends
on the property of the driving switch Dr, the property of the
driving switch DR can be reflected to the gate-source voltage
Vgs (i.e., the voltage Vgs between the gate and source elec-
trodes of the driving switch DR). In accordance therewith, the
mobility property of the driving switch DR can be compen-
sated.

[0111]

[0112] FIG.121is acircuitdiagram illustrating an operation
state of a pixel in a second initialization interval.

[0113] Referring to FIGS. 9A and 12, during a second
initialization interval t3, the scan switch SW is turned-off but
the sensing switch SEW is turned-on. Then, the reference
voltage Vref is charged into the second node N2 via the
sensing line Si and the sensing switch SEW. As such, the
voltage on the first node N1 is decreased by a decrease width
of the voltage on the second node N2 due to a coupling effect
of the storage capacitor Cst. In accordance therewith, the
gate-source voltage Vgs of the driving switch DR is main-
tained without any variation. On the other hand, the organic
light emitting diode OLED does not emit light by the refer-
ence voltage Vref which is applied to second N2 through the
sensing switch SEW.

[Second Initialization Interval t3]

[0114] [Organic Light Emitting Diode Property Tracking
Interval t4]
[0115] FIGS. 13 and 14 are circuit diagrams showing

operation states of a pixel in an organic light emitting diode
property tracking interval t4. FIG. 15 is a data sheet illustrat-
ing current-to-voltage properties of an organic light emitting
diode and a driving switch.

[0116] Referring to FIGS. 9A, 13, 14 and 15, during an
organic light emitting diode property tracking interval t4, the
scan switch SW is turned-on but the sensing switch SEW is
turned-off. Then, the compensation data voltage Vd on the
data line Di is transferred to the first node N1 via the scan
switch SW and enables a current to flow through the driving
switch DR which is driven in a source follower mode, as
shown in FIG. 13. The current flowing through the driving
switch DR enables not only a voltage to be charged into the
second node N2 but also the gate-source voltage Vgs of the
driving switch DR to be decreased by the increasing voltage
of the second node N2. When the voltage on the second node
N2 reaches an operation voltage (or a threshold voltage) of
the organic light emitting diode OLED, the organic light
emitting diode OLED is turned and emits light because of a
current flows through the organic light emitting diode OLED,
as shown in FIG. 14. As such, the voltage on the second node
N2 is constantly maintained and furthermore the gate-source
voltage Vgs is constantly maintained.
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[0117] At this time, the voltage developed on the second
node N2 depends on the gate-source voltage Vgs of the driv-
ing switch DR. As shown in FIG. 15, the current DR_IV
flowing through the driving switch DR being driven in the
source follower mode becomes gradually smaller along the
increment of the voltage on the second node N2, but the
current OLED_IV flowing through the organic light emitting
diode OLED becomes gradually larger along the increment of
the voltage on the second node N2. In other words, the current
OLED_IV flowing through the organic light emitting diode
OLED is varied reciprocally with the current DR_IV flowing
through the driving switch DR. As such, the operation voltage
Voled of the organic light emitting diode OLED can be
tracked. As such, the gate-source voltage Vigs of the driving
switch DR can have a value reflecting the operation voltage
Voled of the organic light emitting diode OLED. In other
words, the operation voltage Voled of the organic light emit-
ting diode OLED is reflected to the gate-source voltage Vigs of
the driving switch DR. Also, the deterioration property of the
organic light emitting diode OLED can increase not only the
threshold voltage of the organic light emitting diode OLED
but also the operation voltage Voled of the organic light emit-
ting diode OLED. Due to this, the gate-source voltage Vgs of
the driving switch DR must be more lowered. Moreover, the
deterioration property of the driving switch DR forces a prop-
erty of the driving current DR_IV flowing through the driving
switch DR to be varied from a current property indicated by a
dot line or a solid line toward another current property indi-
cated by the solid line or the dot line as shown in FIG. 15. As
such, the gate-source voltage of the driving switch DR allow-
ing the current DR_IV flowing through the driving switch DR
to be the same as the current OLED_IV flowing through the
organic light emitting diode OLED must be varied. In accor-
dance therewith, the deterioration property of the driving
switch DR can be reflected to the gate-source voltage Vgs of
the driving switch DR. However, because the deterioration
property of the driving switch DR is previously compensated
in the above-mentioned driving switch property compensat-
ing interval t2, the deterioration property of the driving switch
DR being reflected to the gate-source voltage Vgs of the
driving switch DR can be minimized in the organic light
emitting diode property tracking interval t4. Therefore, the
properties of the organic light emitting diode OLED can be
maximally reflected to the gate-source voltage Vgs of the
driving switch DR during the organic light emitting diode
tracking interval t4.

[0118] The organic light emitting diode property tracking
interval t4 can be adjusted (or reduced). As such, the third
initialization interval t5 can start before the organic light
emitting diode OLED is turned-on. In other words, the second
node N2 can be initialized in the third initialization interval t5
starting before the current flowing through the driving switch
DR and the current flowing through the organic light emitting
diode OLED become the same as each other. Nevertheless,
the properties of the organic light emitting diode OLED is
continuously reflected to the gate-source voltage Vgs of the
driving switch DR while the current flowing through the
driving switch DR and the current flowing through the
organic light emitting diode OLED are reciprocally varied
until the same. As such, the properties of the organic light
emitting diode OLED can be sufficiently reflected to the
gate-source voltage Vgs of the driving switch DR even though
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the organic light emitting diode property tracking interval t5
is not maintained until the organic light emitting diode OLED
is turned-on.

[0119] In accordance therewith, the organic light emitting
diode property tracking interval t4 can be properly adjusted in
a time range which reflects the property of the organic light
emitting diode OLED maximally larger than that of the driv-
ing switch DR. In this case, a gate pulse modulation method
is used in the generation of a scan pulse. As such, a center
portion and an edge portion of the display panel 116 which
have different loads from each other, can be matched in tim-
ing.

[0120] FIG. 9B is another waveform diagram showing sig-
nals which is input to and generated in the pixel during a
driving switch property compensating and an organic light
emitting diode property sensing mode.

[0121] Referring to FIG. 9B, during the organic light emit-
ting diode property tracking interval 15, the scan switch SW
maintains the turned-off state and is turned-on only in a part
of the organic light emitting diode property tracking interval
t4 before the third initialization interval t5, unlike the scan
switch SW continuously maintaining the turned-on state
throughout the organic light emitting diode propetrty tracking
interval t5 as shown in FIG. 9A. The sensing switch SEW is
turned-off in the organic light emitting diode property track-
ing interval t5. At this time, although the voltage on one of the
first and second nodes N1 and N2 is varied, the gate-source
voltage Vgs of the driving switch DR is constantly maintained
without any variation because the voltage on the other node is
varied by the coupling effect of the storage capacitor Cst. The
driving switch DR is driven in a constant current mode by the
constantly maintained gate-source voltage Vgs. The current
applied from the driving switch DR is charged into the second
node N2 and increases the voltage on the second node N2.
The voltage on the second node N2 reaches the operation
voltage of the organic light emitting diode OLED, the organic
light emitting diode is turned-on and emits light correspond-
ing to a current quantity flowing therethrough. Also, the volt-
age on the second node is constantly maintained.

[0122] Thereafter, the scan switch SW is turned before the
third initialization interval t5 and transfers the compensation
data voltage Vd on the data line Di to the first node Ni. As
such, the deterioration property of the organic light emitting
diode OLED can be reflected to the gate-source voltage Vgs
of the driving switch DR. Similarly to the source follower
mode of FIG. 9A, this constant current mode can enable the
deterioration property of the organic light emitting diode
OLED to be reflected to the gate-source voltage Vgs of the
driving switch DR.

[0123] [Third Initialization Interval t1]

[0124] FIG.161is a circuit diagram illustrating an operation
state of a pixel in a third initialization interval.

[0125] Referring to FIGS. 9A and 16, during a third initial-
ization interval t6, the scan switch SW is turned-off but the
sensing switch SEW is turned-on. Also, the reference voltage
Vref controlled by the initialization control signal Spre is
charged into the second node N2 via the sensing line Si and
the sensing switch SEW. Then, the voltage on the first node
N1 is decreased by a decrease width of the voltage on the
second node N2 due to the coupling effect of the storage
capacitor. As such, the gate-source voltage Vgs of the driving
switch DR is constantly maintained without any variation.
Also, the operation voltage Voled stored in the storage capaci-
tor Cst. Moreover, the reference voltage Vref applied to the
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second node N2 via the sensing switch SEW forces the
organic light emitting diode OLED not to emit light.

[0126] In this manner, the second node N2 is initialized
during the third initialization interval t5. As such, the gate-
source voltage Vgs is reflected to the voltage on the second
node N2. In accordance therewith, the gate-source voltage
Vgs can be easily detected through a sensing process of the
second node N2 which will be described later.

[0127] [Organic Light Emitting Diode Property Sensing
Interval t6]
[0128] FIG. 17 is acircuit diagram illustrating an operation

state of a pixel in a organic light emitting diode property
sensing interval.

[0129] Referring to FIGS. 9A and 17, during an organic
light emitting diode property sensing interval t6, the scan
switch SW maintains the turned-off state and the sensing
switch SEW maintains the turned-on state. Also, the sensing
line Si is disconnected from a line, which is used to transfer
the reference voltage Vref, in response to the initialization
control signal Spre and enters a floating state. Then, the
voltage of the second node N2 is increased by the current
flowing through the driving switch DR and the voltage on the
first node N1 is also varied by a variation width of the voltage
on the second node N2. As such, not only the gate-source
voltage Vgs of the driving switch DR is constantly maintained
but also the operation voltage Voled of the organic light emit-
ting diode OLED stored in the storage capacitor Cst is main-
tained as it is. The current flowing through the driving switch
DR depends on the operation voltage Voled of the organic
light emitting diode OLED stored in the storage capacitor Cst
and the increase width of the voltage on the second node N2
also depends on the current flowing through the driving
switch DR. In accordance therewith, the operation voltage
Voled of the organic light emitting diode OLED is reflected to
the voltage of the second node N2.

[0130] [Organic Light Emitting Diode Property Detecting
Interval t7]
[0131] FIG. 18 is acircuit diagram illustrating an operation

state of a pixel in an organic light emitting diode property
detecting interval.

[0132] Referring to FIGS.9A and 18, the scan switch SW is
turned-on and the sensing switch SEW maintains the turn-on
state, in an organic light emitting diode property detecting
interval t7. Also, a black data voltage Vblack on the data line
Di is transferred to the first node N1 through the scan switch
SW and enables the current flowing through the driving
switch DR to be intercepted. Although the voltage on the first
node N1 is decreased by being receiving the black data volt-
age Vblack, the coupling effect of the storage capacitor Cst is
not reflected to the voltage on the second node N2 because the
capacitance component of the sensing line Si have a relatively
very lager capacitance compared to that of the storage capaci-
tor Cst. As such, the voltage on the second node N2 can be
stably maintained without any variation. Moreover, the ADC
250 controlled by the sampling control signal Sam and con-
nected to the sensing line Si converts the voltage on the
second node N2 into a digital signal shape. In accordance
therewith, the voltage on the second node N2 can be detected.
Therefore, the property of the organic light emitting diode can
be detected.

[0133] In this manner, a deterioration property of the
organic light emitting diode OLED can be detected using the
above-mentioned external compensation method. Also, the
deterioration property of the organic light emitting diode
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OLED can be compensated by reflecting the detected dete-
rioration property of the organic light emitting diode OLED
to the date voltage.

[0134] The process of sensing the property of the organic
light emitting diode OLED is affected by external factors
such as a temperature and so on. Due to this, although the
operation voltage Voled of the organic light emitting diode
OLED s reflected to the process of sensing the property of the
organic light emitting diode OLED, it can be caused a prob-
lem by a variation of the mobility of the driving switch DR.
However, the driving method of the organic light emitting
diode display device can alleviate the mobility component of
the driving switch and obtain a sensing value sufficiently
reflecting the operation voltage Voled of the organic light
emitting diode OLED. As such, sensing quality can be
enhanced. Also, the driving method of the organic light emit-
ting diode display device is not necessary for an additional
memory which is used to sense the mobility property of the
driving switch DR because it is internally compensated the
mobility property. In accordance therewith, the number of
memories can be reduced.

[0135] [Internal Configuration of Data Driver]

[0136] FIG. 19 is a detailed block diagram showing a part
configuration of a data driver according to an embodiment of
the present disclosure.

[0137] Referring to FIG. 12, the data driver 120 can include
a sampling switch SW10 used for sampling sensing voltages
and an initialization switch SW20 used for applying an ini-
tialization voltage. Also, the data driver 120 can include a
sensing circuit 240, an analog-to-digital converter (ADC) 250
and a reference voltage generator 280.

[0138] The initialization switch SW20 can be turned-on in
response to the initialization control signal Spre during a first
initialization interval t1 of the threshold voltage detecting
mode and first through third initialization intervals t1 through
3 of the driving switch property compensating and organic
light emitting diode property sensing mode. The turned-on
initialization switch SW20 can transfer the reference voltage
Vref applied from the reference voltage generator 280 to a
pixel 122.

[0139] Theinitialization control signal Spre used to control
the initialization switch SW20 can be applied from the timing
controller 124.

[0140] The sampling switch SW10 can be turned-on by a
sampling signal Sam with a high level during the threshold
voltage detection interval t3 of the threshold voltage detecting
interval t3 of the threshold voltage sensing mode and the
organic light emitting diode property detecting interval t7 of
the driving switch property compensating and organic light
emitting diode property sensing mode. The turned-on sam-
pling switch SW10 enables the sensing circuit 240 to sense
(or detect) sensing voltages on sensing lines S1~Sm.

[0141] The sampling signal Sampling used for controlling
the sampling switch SW10 can be applied from the timing
controller 124.

[0142] Meanwhile, the sampling switch SW10 and the ini-
tialization switch SW20 can be turned-off by the sampling
signal Sam and the initialization control signal Spre which
each have a low level. As such, the sensing lines S1~Sm can
become a floating state.

[0143] The ADC 250 can convert the sensing voltages,
which are detected from the sensing lines S1~Sm by the
sensing circuit 240, into digital sensing values. The converted
digital sensing values can be applied to the timing controller
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124. The ADC 250 can be configured in a separated manner
from the sensing circuit 240. Alternatively, the ADC 240 can
be configured in a single body united with the sensing circuit
240 by being built in the sensing circuit 240.

[0144] [Sensing Data Transfer Method]

[0145] A data transfer method of transfer sensing data,
whichincludes the threshold voltage of the driving switch DR
and the operation voltage Voled of the organic light emitting
diode OLED, from the sensing circuit 240 to the timing
controller 124 will now be described.

[0146] FIG. 20 is a detailed block diagram showing the
timing controller and the data driver in FIG. 4. FIG. 21 is a
detailed block diagram showing the timing controller in FIG.
4. FIG. 22 is a diagram showing a sensing data packet. FIGS.
23A, 23B, 23C and 23D are diagrams illustrating a receiving
and processing method of sensing data which is performed by
the timing controller.

[0147] Referring to FIGS. 20 through 23D, the timing con-
troller 124 can include a first serializer 310, an internal clock
generator 320, a sending buffer 330, a memory 340, a receiv-
ing buffer 350 and a data verification circuit 360. The data
driver 120 can include a second receiving buffer 210, a second
parallel converter 220, a clock recovery circuit 230, a sensing
circuit 240, an ADC 250, a second setializer 260 and a send-
ing buffer 270.

[0148] The organic light emitting diode display device
according to an embodiment of the present disclosure
includes the timing controller 124 configured to output an EPI
signal and the data driver 120 configured to generate a second
internal clock signal using the EPI signal applied from the
timing controller 124 and transfer a sensing data packet to
timing controller 124 in synchronization with the second
internal clock signal. The EPI signal includes an externally
input control data and an EPI clock derived from a first
internal clock signal PCLK_A. The timing controller 124 can
include: the internal clock generator 320 configured to gen-
erate the first internal clock signal PCLK_A and a third inter-
nal clock signal PCLK_B with a different phase from the first
internal clock signal PCLC_A; and the receiving buffer 350
configured to latch the sensing data packet using the first and
third internal clock signals PCLK_A and PCLK_B. the first
and third clock signals PCLK_A and PCLK_B have a phase
difference of 180° therebetween. The internal clock generator
320 further generates fourth and fifth internal clock signals
PCLK_C and PCLK_D each having different phases from
those of the first and third internal clock signals PCLK_A and
PCLK_B. The receiving buffer 350 can latch the sensing data
packet using the fourth and fifth internal clock signals
PCLK_C and PCLK_D. The phases of the first, third, fourth
and fifth internal clock signals PCLK_A, PCLK_B, PCLK_C
and PCLK_D have a difference of 90 from one another.

[0149] A data communication operation between the tim-
ing controller 124 and the data driver 120 will now be
described in detail.

[0150] In order to realize the data communication, the
present disclosure allows the timing controller 124 to be
connected to the data driver circuits 128 in a point-to-point
mode. As such, the number of lines between the timing con-
troller 124 and the data driver 120 can be minimized. The data
communication of the present can be based on an EPI (clock
embedded point-to-point interface) transfer protocol.

[0151] The EPI transfer protocol can satisfy the following
three interface regulations.
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[0152] (1) A sending end of the timing controller 124 is
connected to a receiving end of the data driver 120 in a
point-to-point mode through a single pair of data lines with-
out sharing any line therewith.

[0153] (2) Any additional pair of clock lines is not con-
nected between the timing controller 124 and the data driver
120. The timing controller 124 can transfer the clock signal,
the control signal and the video data signal to the data driver
120 and receive the sensing data.

[0154] (3) The data driver 120 includes a built-in clock
recovery circuit 230. As such, the timing controller 124 can
supply the data driver 120 with one ofa clock training pattern
signal and a preamble signal which are used to lock output
phase and frequency of the clock recovery circuit 230. The
clock recovery circuit 230 built-in the data driver 120 can lock
its output phase and then generate an internal clock in
response to the clock training pattern signal and the clock
signal which are input through the data line pair.

[0155] The timing controller 124 receives external timing
signals, such as vertical and horizontal synchronous signals
Vsync and Hsync, an external data enable signal DE, a main
clock signal CLK and so on, from an external host system
through an interface corresponding to one of an LVDS (low
voltage differential signaling) interface, a TMDS (transition
minimized differential signaling) interface and so on. Also,
the timing controller 124 can be serially connected to the data
driver 120 through a point-to-point interface. Moreover, the
timing controller 124 can transfer digital video data RGB of
an input image to the data driver 120 and control operation
timings of the gate driver 118 and data driver 120, by being
driven in a manner satisfying the above-mentioned EPI trans-
fer protocol. To this end, the timing controller 124 can convert
the clock training pattern signal (or EPI clock signal), the
control data, the digital video data RGB of the input image
and so on into a pair of difference signals and transfer the
converted different signal pair to the data driver 120 via the
single pair of data lines. The signals transferred from the
timing controller 124 to the data driver 120 can include the
external clock signal.

[0156] In detail, the first serializer 310 of the timing con-
troller 124 re-arranges the parallel digital video data RGB of
the input image into serial digital video data RGB and trans-
fers the serial digital video data RGB to the first sending
buffer 330 in synchronization with the internal clock signal
PCLK which s generated in the internal clock generator 320.
The first sending buffer 330 converts the serial digital video
data RGB into the difference signal pair and transfers the
converted difference signal pair.

[0157] The second receiving buffer 210 of the data driver
120 receives the difference signal pair which is transferred
from the timing controller 124 through the data line pair. The
clock recovery circuit 230 of the data driver 120 recovers the
internal clock signal from the received EPI clock signal. The
second parallel converter 220 can samples the control data
and the digital video date bits included in the EPI signal using
the recovered internal clock signal. The control data can
include a control signal which requests to sense properties of
the driving switch DR and the organic light emitting diode
OLED. The sensing circuit 240 can sense the properties of the
driving switch DR and the organic light emitting diode OLED
and obtain the sensing data, in response to the control signal.
The method of obtaining the sensing data is the same as the
above-mentioned method. The sensing data regarding the
properties of the driving switch DR and the organic light
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emitting diode OLED can include a threshold voltage of the
driving switch and an operation voltage Voled of the organic
light emitting diode OLED.

[0158] The sensing circuit 240 of the data driver 120 can
include a sample holder. As such, the sensing circuit 240 can
sample an analog signal regarding the sensing data in syn-
chronization with the recovered clock signal which is applied
from the clock recovery circuit 230 and hold the sampled
analog signal while the held analog signal is converted into a
digital signal by the ADC 250.

[0159] Thesecond serializer 260 converts the digital signal
corresponding to the sensing data into a serial digital signal
(i.e., serial sensing data) and transfers the serial sensing data
to the second sending buffer 270. The second sending buffer
270 can transfer the serial sensing data to the first receiving
buffer 350 of the timing controller 124 in a bus LVDS (bus
low voltage differential signaling) mode. The serial sensing
data is formatted into a sensing data packet as shown in FIG.
22. The sensing data packet can include an initial character TS
corresponding to an initial information, information data
Data including sensing information, and a data check sum
Check_Sum. The initial character TS is used to indicate a start
point of normal data (i.e., a start point of the sensing data
packet).

[0160] The first receiving buffer 350 can store the received
data in synchronization with the internal clock signal PCLK
which is applied from the internal clock generator 320.
[0161] The internal clock generator 320 can generate and
output the internal clock signal PCLK using a clock generator
such as an internal phase locked loop (PLL) or an internal
delayed locked loop (DLL).

[0162] The internal clock generator 320 can generate a
single internal clock signal PCLK_A or a plurality of internal
clock signals PCLK_A, PCLK_B, PCLK_C and PCLK_D
having different phases from one another. The first receiving
buffer 350 can latch the sensing data packet in synchroniza-
tion with one of rising and falling edges of the internal clock
signal PCLK. If a single internal clock signal PCLK_A is
applied as shown in FIG. 23 A, the first receiving buffer 350
can include a buffer configured to latch the sensing data
packet using the rising edge of the single internal clock signal
PCLK_A and another buffer configured to latch the sensing
data packet using the falling edge of the single internal clock
signal PCLK_A. In other words, the first receiving buffer 350
can include two buffers. Alternatively, if two internal clock
signals PCLK_A and PCLK_B having a phase difference of
180° therebetween are applied and the sensing data packet is
latched one of the rising and falling edges of the two internal
clock signals PCLK_A and PCLK_B as shown in FIGS. 23B
and 23C, the first receiving buffer 350 can include two buffers
opposite to the two internal clock signals PCLK_A and
PCKL_B. In another different manner, four internal clock
signals PCLK_A, PCLK_B,PCLK_C and PCLK_D havinga
phase difference of 180° therebetween are applied to the first
receiving buffer 350 and the sensing data packet is latched
one of the rising and falling edges of the four internal clock
signals PCLK_A, PCLK_B, PCLK_C and PCLK_D as
shown in FIG. 23D. In this case, the first receiving buffer 350
can include four buffers opposite to the four internal clock
signals PCLK_A, PCKL_B, PCLK_C and PCLK_D.

[0163] Although the phase difference between the two
internal clock signal PCLK_A and PCLK_B used in the first
receiving buffer 350 is defined as 180° and the phase differ-
ence between the four internal clock signals PCLK_A,
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PCLK_B, PCLK_C and PCLK_D used in the first receiving
buffer 350 is defined as 90°, the present disclosure is not
limited to these. In other words, the phase difference between
plural internal clock signals can be set to be a degree which
allows the sensing data packet to be normally latched by at
least one of the plural internal clock signals. Also, the number
of buffers included in the first receiving buffer 350 can be
determined on the basis of the number of internal clock sig-
nals and whether it uses one or both of the rising and falling
edges of the internal clock signal. As such, the first receiving
buffer 350 can receive store the sensing data packet trans-
ferred from the data driver 120 and store the sensing data
packet into the buffers in accordance with the number of
internal clock signals PCLK and the number of edge kinds of
the internal clock signal PCLK.

[0164] For example, the internal clock generator 320 can
generate first through fourth internal clock signals PCLK_A,
PCLK_B, PCLK_C and PCLK_D. In this case, the first
receiving buffer 350 can include first through fourth sub-
buffers 351, 352, 353 and 354. The first through fourth sub-
buffers 351, 352, 353 and 354 can latch the sensing data
packet from the data driver 120 in synchronization with the
first through fourth internal clock signals PCLK_A, PCLK _
B, PCLK_C and PCLK_D.

[0165] As shown in FIG. 23D, the same data is latched by
the first through fourth internal clock signals PCLK_A,
PCLK_B,PCLK_Cand PCLK_D as an example. In this case,
it is confirmed that the data latched by the first internal clock
signal PCLK_A includes an error due to a data skew but the
data latched by the second through fourth internal clock sig-
nals PCLK_B, PCLK_C and PCLK_D maintains the normal
state without any error. In other words, it can be confirmed
that the data latched by at least one of plural internal clock
signals is normal. In accordance therewith, the normal data
can be received or obtained without correcting an error which
is caused by the data skew of the data driver 120.

[0166] In this way, as the same data is latched by two
internal clock signals with a phase difference of 180 therebe-
tween, the data latched by one of two internal clock signals
can surely maintain the normal state without any error. The
data error due to the data skew caused by a non-synchronized
internal clock signal can be removed. Moreover, when the
same data is latched (or sampled) by four internal clock
signals with a phase difference therebetween, a comparison
process can be performed for verified data. As such, the data
can be more accurately received or recognized.

[0167] [Data Verification Method]

[0168] The data verification circuit 360 can basically per-
form a detection of the initial character TS through the use of
at least two internal clock signals and a check of a received
sensing data packet based on the data check sum Check_sum
in order to verify whether whether or not the received sensing
data packet is a usable normal sensing data packet. To this
end, the data verification circuit 360 can include: detecting
the initial character TS with a fixed bit; comparing the same
data bits, checking the data check sum. Check_sum; and
selecting one of the same sensing data packets. In detail, the
data verification circuit 360 can perform a first step of detect-
ing the initial character TS from each of the multi-latched data
packets, a second step of data-comparing the detected data
packets, a third step of checking the data check sum Check_
sum of the compared data packets, and a fourth step of select-
ing one of the checked data packets as a normal sensing data
packet.
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[0169] The sensing data packet transferred from the data
driver 120 can be multi-latched by at least two internal clock
signals PCLK. In the first step, the data verification circuit
360 can detect the initial character TS in each of the multi-
latched data packets.

[0170] The data verification circuit 360 can perform a real-
time data comparison between the data packets for the
detected initial character to the data check sum and extract the
same data packets among the multi-latched data packets, in
the second step.

[0171] Inthe third step, the data verification circuit 360 can
derive a check sum from the information data within each of
the same data packets, compare the derived check sum and the
received data check sum Check Sum within each of the same
data packets, and verify the same data packets.

[0172] The fourth step allows the data verification circuit
360 to select one of at least two verified data packets. The
selected data packet is transferred from the data verification
circuit 360 to the memory 340 and stored in the memory 340
as a usable normal data packet. As such, the timing controller
124 can compensate the digital video data RGB of the input
image on the basis of the sensing data stored in the memory
340. Also, the timing controller 124 can transfer the compen-
sated digital video data RGB to the data driver 120.

[0173] Inthis way, the organic light emitting diode display
device according to an embodiment of the present disclosure
canremove bus LVDS communication errors. In other words,
the organic light emitting diode display device can remove the
skew errors caused due to a non-synchronized clock by
checking and verifying the received data packet using the
plurality of internal clock signals PCLK. As such, it is not
necessary for any additional component to correct the data
skew. Also, the chip size of the data driver 200 can be reduced
because such a skew correction component is removed.

[0174] Although the transferred data packet has any phase,
at least one of plural internal clock signals can be synchro-
nized with the transferred data packet. As such, the timing
controller 124 can accurately receive the sensing data packet
without any skew correction of the data driver 120. In other
words, the timing controller 124 can normally receive real-
time data without any skew correction even though imped-
ance and properties of the data driver 120 are varied. In
accordance therewith, the sensing data can be stably secured
without modifying the configuration of the data driver 120.
For example, the data driver 120 can secure the sensing data
using only the existing clock signal without any new (or
additional) clock signal. Therefore, mass productivity of the
organic light emitting diode display device can become
higher.

[0175] Although the present disclosure has been limitedly
explained regarding only the embodiments described above,
it should be understood by the ordinary skilled person in the
art that the present disclosure is not limited to these embodi-
ments, but rather that various changes or modifications
thereof are possible without departing from the spirit of the
present disclosure. Accordingly, the scope of the present dis-
closure shall be determined only by the appended claims and
their equivalents without being limited to the description of
the present disclosure.

What is claimed is:

1. An organic light emitting diode display device compris-
ing:
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a scan switch configured to apply one of a sensing voltage
and a compensation data voltage on a data line to a first
node in response to a scan pulse;
asensing switch configured to apply areference voltage on
a sensing line to a second node in response to a sensing
control signal;
a storage capacitor connected between the first and second
nodes;
a driving switch configured to adjust an electric current
based on a voltage between the first and second nodes;
and
an organic light emitting diode connected between the
second node,
wherein
the compensation data voltage is applied to the first node
and the reference voltage is applied to the second
node, in a first initialization interval;

avoltage on the second node is increased by turning-off
the sensing switch in a driving switch property com-
pensating interval;

the scan switch is turned-off and the reference voltage is
applied to the second node by turning-on the sensing
switch, in a second initialization interval; and

the voltage of the second node is increased by driving the
driving switch in one of a source follower mode and a
constant current mode.

2. The organic light emitting diode display device of claim

1, wherein the scan switch is turned-off and the reference
voltage is applied to the second node, in a third initialization
interval.

3. The organic light emitting diode display device of claim

2, wherein the voltage on the second node is increased by
floating the sensing line in an organic light emitting diode
property sensing interval.

4. The organic light emitting diode display device of claim

3, wherein the voltage on the second node is detected via the
sensing line in an organic light emitting diode property
detecting interval.

5. The organic light emitting diode display device of claim

1, wherein the driving switch is driven in the source follower
mode by turning-on the scan switch and turning-off the sens-
ing switch during the organic light emitting diode property
tracking interval.

6. The organic light emitting diode display device of claim

1, wherein the driving switch is driven in the constant current
mode by turning-off the scan switch and the sensing switch
during the organic light emitting diode property tracking
interval.

7. The organic light emitting diode display device of claim

6, wherein in the organic light emitting diode property track-
ing interval, the scan switch is turned-on and transfers the
compensation data voltage to the first node when the organic
light emitting diode is turned-on.

8. A method of driving an organic light emitting diode

display device which includes a scan switch configured to
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apply one of a sensing voltage and a compensation data
voltage on a data line to a first node in response to a scan pulse,
a sensing switch configured to apply a reference voltage ona
sensing line to a second node in response to a sensing control
signal, a storage capacitor connected between the first and
second nodes, a driving switch configured to adjust a current
on the basis of a voltage between the first and second nodes
and an organic light emitting diode connected between the
second node, the method comprising:

performing a first initialization by applying the compensa-

tion data voltage to the first node and transferring the
reference voltage to the second node;
compensating properties of the driving switch by turning-
off the sensing switch and driving the driving switch in
a source follower mode;

performing a second initialization by turning-off the scan
switch and applying the reference voltage to the second
node; and

tracking a property of the organic light emitting diode by

driving the driving switch in one of the source follower
mode and a constant current mode and storing an opera-
tion voltage of the organic light emitting diode into the
storage capacitor.

9. The method of claim 8, further comprising:

performing a third initialization by turning-off the scan

switch, turning-on the sensing switch and apply the ref-
erence voltage to the second node; and

sensing the property of the organic light emitting diode by

driving the driving switch in the source follower mode.

10. The method of claim 9, further comprising detecting an
operation voltage of the organic light emitting diode from the
voltage on the second node.

11. The method of claim 10, wherein the detection of the
operation voltage of the organic light emitting diode includes
applying a black data voltage to the first node by turning-on
the scan switch.

12. The method of claim. 11, wherein the compensation
data voltage is obtained through the steps of:

performing an initialization by applying the sensing volt-

age to the first node and transferring the reference volt-
age to the second node;

storing the threshold voltage of the driving switch into the

storage capacitor by driving the driving switch in the
source follower mode;

detecting the threshold voltage of the driving switch from

the voltage on the second node; and

generating the compensation data voltage on the basis of

the detected threshold voltage.

13. The method of claim 8, wherein the tracking of the
property of the organic light emitting diode drives the driving
switch in the constant current mode.

14. The method of claim 8, wherein the tracking of the
property of the organic light emitting diode drives the driving
switch in the constant current mode.
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