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COMPENSATION OF THRESHOLD VOLTAGE
IN DRIVING TRANSISTOR OF ORGANIC
LIGHT EMITTING DIODE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under35U.S.C. §119(a) of
Korean Patent Application No. 10-2012-0083847, filed on
Jul. 31, 2012, which is incorporated by reference in its
entirety.

BACKGROUND

1. Technical Field

This document relates to an organic light emitting diode
display device compensating the threshold voltage of a driv-
ing thin film transistor (TFT).

2. Discussion of the Related Art

With the development of information society, the demand
for various types of display devices for displaying an image is
increasing. Various flat panel displays such as a liquid crystal
display (LCD), a plasma display panel (PDP), and an organic
light emitting diode (OLED) have been widely used in recent
years. Among the flat panel displays, the organic light emit-
ting diode display device are driven at a low voltage, are thin,
have a wide viewing angle and a quick response speed.

A display panel of the OLED display comprises a plurality
of pixels arranged in a matrix form. Each of the pixels com-
prises a scan thin film transistor (TFT) for supplying a data
voltage of a data line in response to a scan signal of a scan line
and a driving TFT for adjusting the amount of the current
supplied to an organic light emitting diode in accordance with
a data voltage supplied to a gate electrode. The drain-source
current Ids of the driving TFT supplied to the organic light
emitting diode can be expressed by following equation:

Lk VoV )

where k' represents a proportionality coefficient determined
by the structure and physical properties of the driving TFT,
Vgs represents the gate-source voltage of the driving TFT,
and Vth represents the threshold voltage of the driving TFT.

The drain-source current Ids of the driving TFT depends
upon the threshold voltage Vth of the driving TFT. However,
the threshold voltage Vth of the driving TFT of each of the
pixels may havea different value due to ashiftin the threshold
voltage Vth caused by degradation of the driving TFT. Hence,
the current Ids supplied to the organic light emitting diode
differs from pixel to pixel even if the same data voltage is
supplied to each of the pixels. Accordingly, the luminance of
light emitted from the organic light emitting diode of each of
the pixels may differ even ifthe same data voltage is supplied
to each of the pixels. To solve this problem, various types of
pixel structures for compensating the threshold voltage Vth of
the driving TFT have been proposed.

FIG. 1is a circuit diagram showing a part of a conventional
diode-connected threshold voltage compensation pixel struc-
ture. FIG. 1 depicts adriving TFT DT supplying the current to
an organic light emitting diode and a sensing TFT ST coupled
between a gate node Ng and drain node Nd of the driving TFT
DT. The sensing TFT ST allows for a connection between the
gatenode Ng and drain node Nd of the driving TFT DT during
a threshold voltage sensing period of the driving TFT DT so
that the driving TFT DT functions as a diode. In FIG. 1, the
driving TFT DT and the sensing TFT ST are illustrated as
N-type MOSFET (Metal Oxide Semiconductor Field Effect
Transistors).
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Referring to FIG. 1, the gate node Ng and the drain node Nd
are coupled during the threshold voltage sensing period in
which the sensing TFT ST is turned on, thereby the gate node
Ng and the drain node Nd are in a floating state at substan-
tially the same potential. The floating state refers to a state in
which no voltage is supplied to a node, so the node on the
floating state affects a voltage change of an adjacent node
easily. If a voltage difference Vgs between the gate node Ng
and a source node N is greater than a threshold voltage, the
driving TFT DT forms a current path until the voltage differ-
ence Vgs between the gate node Ng and the source node Ns
reaches the threshold voltage Vth of the driving TFT DT, and
as a result, the voltage of the gate node Ng and the voltage of
the drain node Nd are lowered. However, if the threshold
voltage Vth of the driving TFT DT is shifted to a negative
voltage, the voltage difference Vgs between the gate node Ng
and the source node Ns cannot reach the threshold voltage Vth
of the driving TFT DT, even if the voltage at the gate node Ng
goes down to the voltage at the source node Ns, because the
threshold voltage Vth of the driving TFT DT is lower than O'V.
Consequently, if the threshold voltage Vth of the driving TFT
DT is shifted to anegative voltage, it is impossible to sense the
threshold voltage Vth of the driving TFT DT correctly. A
negative shift refers to shifting the threshold voltage Vth of
the driving TFT DT to a voltage lower than 0 V when the
driving TFT DT is implemented as an N-type MOSFET. The
negative shift usually occurs when a semiconductor layer of
the driving TFT DT is formed of an oxide.

SUMMARY

Embodiments relate to an organic light emitting diode
display device including a plurality of pixels arranged in a
matrix form. Each of the pixels includes a driving thin film
transistor (TFT), an organic light emitting diode, a first TFT,
an initialization control circuit and a first capacitor. The driv-
ing TFT includes a gate electrode coupled to a first node, a
source electrode coupled to a second node, and a drain elec-
trode coupled to a high-potential voltage line. The organic
light emitting diode is placed between the second node and a
low-potential voltage line. The first TFT is configured to
connect a data line to the first node during a data voltage
supply period of a frame period. The initialization control
circuit is coupled between the first node and a first reference
voltage line supplying a first reference voltage and is con-
nected to a second node, a third node and a second reference
voltage line supplying a second reference voltage. The ini-
tialization control circuit is configured to initialize the first
node to the first reference voltage, and the second and third
nodes are initialized to a second reference voltage during an
initialization period of the frame period preceding the data
voltage supply period. The first capacitor is coupled between
the first node and the third node. The first capacitor is config-
ured to store a voltage difference between the first node and
the third node during the initialization period, and change a
voltage level of the first node based on a voltage level of the
third node in a threshold voltage sensing period between the
initialization period and the data voltage supply period.

The features and advantages described in this summary and
the following detailed description are not intended to be lim-
iting. Many additional features and advantages will be appar-
ent to one of ordinary skill in the art in view of the drawings,
specification and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram showing a part of a conventional
diode-connected threshold voltage compensation pixel struc-
ture;
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FIG. 2 is an equivalent circuit diagram of a pixel according
to a first exemplary embodiment.

FIG. 3 is a waveform diagram showing signals which are
input into a pixel according to an exemplary embodiment.

FIG. 4 is a table showing changes in the voltages of nodes
of a pixel according to a first exemplary embodiment.

FIGS. 5A to 5E are circuit diagrams of a pixel according to
a first exemplary embodiment during first to fifth periods.

FIG. 6 is a circuit diagram of a pixel according to a second
exemplary embodiment.

FIG. 7 is a table showing changes in the voltages of nodes
of a pixel according to a second exemplary embodiment.

FIGS. 8A to 8E are circuit diagrams of a pixel according to
a second exemplary embodiment during first to fifth periods.

FIG. 9 is a circuit diagram of a pixel according to a third
exemplary embodiment.

FIG. 10 is a table showing changes in the voltages of nodes
of a pixel according to a third exemplary embodiment.

FIGS.11A to 11E are circuit diagrams of a pixel according
to a third exemplary embodiment of first to fifth periods.

FIG. 12 is a block diagram schematically showing an
organic light emitting diode display device according to an
exemplary embodiment.

DETAILED DESCRIPTION

Embodiments will be described more fully hereinafter with
reference to the accompanying drawings. Like reference
numerals designate like elements throughout the specifica-
tion. In the following description, if it is decided that the
detailed description of known function or configuration
related to the embodiments make the subject matter unclear,
the detailed description is omitted.

A pixel of an organic light emitting diode display device
according to an exemplary embodiment may internally com-
pensate the threshold voltage of a driving TFT. Internal com-
pensation refers to sensing and compensating the threshold
voltage of the driving TFT in real time within the pixel.

FIG. 2 is a circuit diagram of a pixel according to a first
exemplary embodiment. Referring to FIG. 2, the pixel P
according to the first exemplary embodiment comprises a
driving TFT (thin film transistor) DT, an organic light emit-
ting diode (OLED), a control circuit, and capacitors.

The driving TFT DT adjusts the amount of drain-source
current Ids according to the level ofa voltage applied to a gate
electrode. The gate electrode of the driving TFT DT is
coupled to a first node N1, a source electrode thereof is
coupled to a second node N2, and a drain electrode thereofis
coupled to a high-potential voltage line VDDL supplying a
high-potential voltage VDD.

An anode of the organic light emitting diode is coupled to
the second node N2, a cathode thereof is coupled to a low-
potential voltage line VSSL supplying a low-potential voltage
VSS. The organic light emitting diode OLED emits light
depending on the drain-source current Ids of the driving TFT
DT.

The control circuit comprises a first TFT T1 and an initial-
ization control circuit ICC. The first TFT T1 is a scan TFT
which supplies a data voltage DATA of a data line DL to the
first node N1 in response to a scan signal SCAN supplied
through a scan line SL. A gate electrode of the first TFT T1 is
coupled to the scan line SL, a source electrode thereof is
coupled to the first node N1, and a drain electrode thereof is
coupled to the data line DL.

The initialization control circuit (ICC) includes second to
fourth TFT T2 through T4. The second TFT T2 is a node
connection control TFT which controls to connect the second
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node N2 to the third node N3 inresponse to an emission signal
EM supplied through an emission line EML. A gate electrode
of the second TFT T2 is coupled to the emission line EML, a
source electrode thereof is coupled to the third node N3, and
a drain electrode thereof is coupled to the second node N2.
The third TFT T3 is a first initialization TFT which initializes
the first node N1 to a first reference voltage REF1 supplied
through a first reference voltage line REFL1 in response to an
initialization signal INI supplied through an initialization line
IL. A gate electrode of the third TFT T3 is coupled to the
initialization line I, a source electrode thereof is coupled to
the first reference voltage line REFL1, and a drain electrode
thereof is the first node N1. The fourth TFT T4 is a second
initialization TFT which initializes the second node N2 to a
second reference voltage REF2 supplied through a second
reference voltage line REF1.2 in response to the initialization
signal INT. A gate electrode of the third TFT T4 is coupled to
the initialization line IL, a source electrode thereof'is coupled
to the second reference voltage line REFL2, and a drain
electrode thereof is the second node N2.

The first capacitor C1 is coupled between the first node N1
and the third node N3. The first capacitor C1 stores a differ-
ential voltage between a voltage at the first node N1 and a
voltage at the third node N3. The second capacitor C2 is
coupled between the first node N1 and the high-potential
voltage line VDDL. In this case, the second capacitor C2
stores a differential voltage between a voltage at the first node
N1 and the high potential voltage VDD. Or, the second
capacitor C2 may be coupled between the first node N1 and
the first reference voltage line REFL 1. In this case, the second
capacitor C2 stores a differential voltage between the first
reference voltage REF1. Alternatively, the second capacitor
C2 may be coupled between the first node N1 and the second
reference voltage line REFL2. In this case, the second capaci-
tor C2 stores a differential voltage between a voltage at the
first node N1 and the second reference voltage REF2.

The first node N1 is a contact point at which the gate
electrode of the driving TFT DT, the source electrode of the
first TFT T1, the drain electrode of the third TFT T3, one
electrode of the first capacitor C1, and one electrode of the
second capacitor C2 are coupled. The second node N2 is a
contact point at which the source electrode of the driving TFT
DT, the anode of the organic light emitting diode, the drain
electrode of the second TFT T2, and the drain electrode of the
fourth TFT T4 are coupled. The third node N3 is a contact
point at which the source electrode of the second TFT T2 and
the other electrode of the first capacitor C1 are coupled.

Semiconductor layers of the first to fourth TFTs T1, T2, T3,
and T4 and the driving TFT DT have been described as being
formed of an oxide semiconductor. However, the embodi-
ments are not limited thereto, and the semiconductor layers of
the first to fourth TFTs T1, T2, T3, and T4 and the driving TFT
DT may be formed of either a-Si or Poly-Si. Also, the exem-
plary embodiment has been described with respect to an
example in which the first to fourth TFTs T1, T2, T3, and T4
and the driving TFT DT are implemented as N-type MOS-
FETs (Metal Oxide Semiconductor Field Effect Transistors).
However, the present invention is not limited thereto, but the
first to fourth TFTs T1, T2, T3, and T4 and the driving TFT
DT are implemented as P-type MOSFETs.

After consideration of the characteristics of the driving
TFT DT and the characteristics of the organic light emitting
diode OLED, the high-potential voltage source is set to sup-
ply the high-potential voltage VDD through the high-poten-
tial voltage line VDDL, and the low-potential voltage source
is set to supply the low-potential voltage VSS through the
low-potential voltage line VSSL. For example, the high-po-
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tential voltage VDD may be set to approximately 20V, the
low-potential voltage VSS may be set to approximately OV.
Also, the first reference voltage source is set to supply the first
reference voltage REF1 through the first reference voltage
line REFL1, and the second reference voltage source is set to
supply the second reference voltage REF2 through the second
reference voltage line REFL2. The second reference voltage
REF2 is lower than a difference voltage between the first
reference voltage REF1 and the threshold voltage Vth of the
driving TFT DT to sense the threshold voltage Vth of the
driving TFT DT.

FIG. 3 is a waveform diagram showing signals received at
a pixel according to an exemplary embodiment. FIG. 3
depicts an initialization signal INI supplied to aninitialization
line IL, a scan signal SCAN supplied to a scan line SL, and an
emission signal EM supplied to an emission line EML. Also,
FIG. 3 depicts a data voltage DATA supplied to adataline DL.

With reference to FIG. 3, the initialization signal INI, the
scan signal SCAN, and the emission signal EM are signals for
controlling firstto fourth TEFTs T1, T2, T3, and T4. Each of the
initialization signal INI, the scan signal SCAN, and the emis-
sion signal EM is generated as a cycle of one frame period.
Each of the initialization signal INI, the scan signal SCAN,
and the emission signal EM swings between a first logic level
voltage and a second logic level voltage. For example, the first
logic level voltage is implemented as a gate high voltage VGH
and the second logic level voltage is implemented as a gate
low voltage VGL as shown in FIG. 3. The gate high voltage
VGH is set to approximately 14V to 20V, and the gate low
voltage VGL is set to approximately -5V to -12V.

One frame period is divided into first to fifth periods t1, t2,
3, t4, and t5. A first period t1 is an initialization period that
initializes first to third nodes N1, N2, and N3. A second period
12 is a threshold voltage sensing period that senses a threshold
voltage Vth of a driving TFT DT. A third period t3 is a data
voltage supply period that supplies a data voltage DATA to a
first node N1. A fourth period t4 and a fifth period t5 are an
emission period that emits an organic light emitting diode
OLED depending on the drain-source current Ids of the driv-
ing TFT DT.

The initialization signal INI and the emission signal EM
are generated as the gate high voltage VGH, and the scan
signal SCAN is generated as the gate low voltage VGL during
the first period t1. The emission signal EM is generated as the
gate high voltage VGH, and the scan signal SCAN and the
emission signal EM are generated as the gate low voltage
VGL during the second period t2. The scan signal SCAN is
generated as the gate high voltage VGH, and the initialization
signal INI and the emission signal EM are generated as the
gate low voltage VGL during the third period t3. The emission
signal EM is generated as the gate high voltage VGH, and the
initialization signal INT and the scan signal SCAN are gener-
ated as the gate low voltage VGL during the fourth period t4.
The initialization signal INI, the scan signal SCAN, and the
emission signal EM are generated as the gate low voltage
VGL during the fifth period t5.

The data voltage DATA is generated every horizontal
period 1H. In the embodiment of FIG. 3, the third period t3
that supplies the data voltage DATA to the first node N1 is
generated as one horizontal period 1H. However, other
arrangements may be used in other embodiments. That is, the
first to fourth periods t1, t2, 13, and t4 are several horizontal
periods or dozens of horizontal periods for improving a pic-
ture quality of each pixel. Meanwhile, one horizontal period
refers to one line scanning period in which data voltages are
supplied to pixels arranged in one horizontal line of the dis-
play panel.
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FIG. 4 is a table showing changes in the voltages of nodes
of a pixel according to a first exemplary embodiment. FIGS.
5A through 5E are a circuit diagram of a pixel according to a
first exemplary embodiment during first to fifth periods. An
operation method of the pixel P will be described in the below
with reference to FIGS. 3, 4, and 5A to 5E.

First, during the first period t1, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INT having the gate high
voltage VGH is supplied through the initialization line IL as
shown in FIG. 3. Also, during the first period t1, the emission
signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 5A, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL. The
second TFT T2 is turned on in response to the emission signal
EM having the gate high voltage VGH. Therefore, the second
node N2 is coupled to the third node N3. The third TFT T3 is
turned on in response to the initialization signal INI having
the gate high voltage VGH. Therefore, the first node N1 is
coupled to the first reference 6 voltage line REFL1. The
fourth TFT T4 is turned on in response to the initialization
signal INT having the gate high voltage VGH. Therefore, the
second node N2 is coupled to the second reference voltage
line REF2.

Finally, the voltage of the first node N1 is initialized to the
first reference voltage REF1 since the third TFT T3 is turned
on. The voltage of the second node N2 is initialized to the
second reference voltage REF2 since the fourth TFT T4 is
turned on. The voltage of the third node N3 is initialized to the
second reference voltage REF2 since the second TFT T2 is
turned on.

Second, during the second period t2, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INI having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the second period t2, the emis-
sion signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 5B, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL. The
second TFT T2 is turned on in response to the emission signal
EM having the gate high voltage VGH. Therefore, the second
node N2 is coupled to the third node N3. The third TFT T3 and
the fourth TFT T4 are turned off by the initialization signal
INT having the gate low voltage VGL. Therefore, each of the
second node N2 and the third node N3 is no longer coupled to
the second reference voltage line REF2. Meanwhile, the sec-
ond node N2 and the third node N3 have substantially the
same potential since the second TFT T2 is turned on.

Because the voltage difference Vgs between the gate and
source electrodes of the driving TFT DT is greater than the
threshold voltage Vth, the driving TFT DT forms a current
path until the voltage difference Vgs between the gate and
source electrodes reaches the threshold voltage Vth. Accord-
ingly, the voltage of the second node N2 rises up. Also, the
voltage of the third node N3 rises up since the second node N2
is coupled to the third node N3. Meanwhile, the voltage
change of the third node N3 is applied to the first node N1 by
the cap boosting of the first capacitor C1. If the voltage of the
first node N1 which the voltage change of the third node N3 is
applied to is “A” voltage, the voltage of the second node N2
rises up to a differential voltage A-Vth between the voltage A
of the first node N1 and the threshold voltage Vth of the
driving TFT DT. Also, the voltage of the third node N3 rises
up to a differential voltage A-Vth between the voltage A of
the first node N1 and the threshold voltage Vth of the driving
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TFT DT because the second node N2 is coupled to the third
node N3. “A” voltage may be “REF1+a”. Finally, the thresh-
old voltage Vth of the driving TFT DT may be stored to the
first capacitor C1 during the second period t2.

Third, during the third period t3, the scan signal SCAN
having the gate high voltage VGH is supplied through the
scan line SL, and the initialization signal INT having the gate
low voltage VGL is supplied through the initialization line IL
as shown in FIG. 3. Also, during the third period t3, the
emission signal EM having the gate low voltage VGL is
supplied through the emission line EML as shown in FIG. 3.

With reference to FIG. 5C, the first TFT T1 is turned on in
response to the scan signal SCAN having the gate high volt-
age VGH. Therefore, the first node N1 is coupled to the data
line DL. The second TFT T2 is turned off by the emission
signal EM having the gate low voltage VGL. Therefore, the
second node N2 is no longer coupled to the third node N3. The
third TFT T3 and the fourth TFT T4 are turned off by the
initialization signal INI having the gate low voltage VGL.
Therefore, each of the second node N2 and the third node N3
is not coupled to the second reference voltage line REF2.
Meanwhile, the data voltage DATA of the data lineis supplied
to the first node N1 since the first TFT T1 is turned on. The
third node N3 is on the floating state since the second TFT T2
is turned off. The floating state refers to a state on which no
voltage is supplied to a node, so the node on the floating state
affects voltage change of an adjacent node easily.

The voltage change of the first node N1 is applied to the
third node N3 since the third node N3 is on the floating state
during the third period t3. Therefore, “A-DATA” correspond-
ing to the voltage change of the first node N1 is applied to the
third node N3, thus the voltage of the third node is changed to
“A-Vth-(A-DATA)”, that is “DATA-Vth”.

Fourth, during the fourth period t4, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INT having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the fourth period t4, the emis-
sion signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 5D, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL.
Therefore, the first node N1 is no longer coupled to the data
line DL. The second TFT T2 is turned on in response to the
emission signal EM having the gate high voltage VGH.
Therefore, the second node N2 1s coupled to the third node
N3.The third TFT T3 and the fourth TFT T4 are turned off by
the initialization signal INT having the gate low voltage VGL.
Therefore, each of the second node N2 and the third node N3
is not coupled to the second reference voltage line REF2.
Meanwhile, the first node N1 is on the floating state since the
first TFT T1 and the third TFT T3 are turned off. The second
node N2 and the third node N3 are at substantially the same
potential since the second TFT T2 is turned on.

As shown in FIG. 4, the voltage of the second node N2 is
changed to “Voled_anode” due to the drain-source current Ids
of the driving TFT DT according to the voltage of the first
node N1. Also, the voltage of the third node N3 is changed to
“Voled_anode” because the second node N2 is coupled to the
third node N3 since the second TFT T2 is turned on.

The voltage change of the third node N3 is applied to the
first node N1 by the first capacitor C1 because the first node
N1 is on the floating state during the fourth period t4. There-
fore, the voltage change of the third node N3, “DATA-Vth-
Voled_anode” is applied to the first node N1. However, the
first node N1 is coupled between the first and second capaci-

10

15

20

25

30

35

40

45

50

55

60

65

8

tors CAl and CA2 coupled in series. Hence, the voltage
change is applied in the ratio “C" as expressed in following
equation:

cAl @)
=
CAl +CA2

where CA1 represents the capacitance of the first capacitor
C1,and CA2 represents the capacitance of the second capaci-
tor C2. As a consequence, “C'(DATA-Vth-Voled_anode)” is
applied to the first node N1, and thus the voltage of the first
node N1 is changed to “DATA-C'(DATA-Vth-Voled_an-
ode)”. Meanwhile, the changed voltage of the first node N1 is
expressed in following equation with CA1 and CA2:

DATA % CA2 + CAL1(Vih + Voledanode) 3)
CAL + CA2

Also, the drain-source current Ids of the driving TFT DT
supplied to the organic light emitting diode OLED is
expressed by the following equation:

Ti=k( Vgs_ Vth)z )

where k' represents a proportionality coefficient determined
by the structure and physical properties of the driving TFT
DT, depending on the electron mobility of the driving TFT
DT, channel width, channel length, etc. Vgs represents the
voltage difference between the gate and source electrodes of
the driving TFT DT, and Vth represents the threshold voltage
of the driving TFT DT. ‘Vgs-Vth’ during the fourth period t4
is as expressed in the following equation:

DATAX CA2 +

CAL(Vth + Voledanode)
CALl+CA2

)

Vgs —vih = — Voledanode| - Vih

To sum up Equation 5, the drain-source current Ids of the
driving TFT DT is derived as expressed in the following
equation:

DATAXCA2  CA2(Voledanode + Vih)
CAL+CA2 CAl + CA2

6
Vgs —Vih= ©

With reference to equation 6, “Vgs-Vth” depends on the
capacitance CA1 of the first capacitor C1 and the capacitance
CA2 of the second capacitor C2. The larger the capacitance
CAl ofthe first capacitor C1 is, the larger “CA1+CA2” of the
equation 6 becomes, and the smaller “Vth” of the equation 6
becomes. In this case, “CA2(Voled_anode+Vth)/(CAl+
CA2)” of the equation 6 becomes smaller, and thus the com-
pensation capability of the threshold voltage Vth of the driv-
ing TFT DT becomes higher. Also, the larger the capacitance
CA2 of the second capacitor C2 is, the larger “DATAXCA2”
of the equation 6 becomes and the larger “DATA” of the
equation 6 becomes. That is, the drain-source current Ids of
the driving TFT DT becomes wider because the range of
“DATA” becomes wider. Therefore, the range of the lumi-
nance of the organic light emitting diode OLED becomes
wider. And thus, the range of the pixel luminance which a
pixel P represents becomes wider. Finally, the larger the
capacitance CAl of the first capacitor Cl is, higher the com-
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pensation capability of the threshold voltage Vth of the driv-
ing TFT DT becomes. Also, the larger the capacitance CA2 of
the second capacitor C2 is, wider the range of the pixel
luminance becomes. The capacitance CA1 of the first capaci-
tor C1 and the capacitance CA2 of the second capacitor C2
are designed in consideration of the compensation capability
of the threshold value Vth and the range of the pixel lumi-
nance

Fifth, during the fifth period t3, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INT having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the fourth period t5, the emis-
sion signal EM having the gate low voltage VGL is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. SE, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL.
Therefore, the first node N1 is not coupled to the data line DL.
The second TFT T2 is turned off by the emission signal EM
having the gate low voltage VGL. Therefore, the second node
N2 is no longer coupled to the third node N3. The third TFT
T3 and the fourth TFT T4 are turned off by the initialization
signal INT having the gate low voltage VGL. Therefore, each
of the second node N2 and the third node N3 is not coupled to
the second reference voltage line REF2. Finally, the drain-
source current Ids of the driving TFT DT is retained as in
equation 6 during the fifth period t5.

As described above, the pixel P according to the first exem-
plary embodiment is driven as a source follower method that
senses the threshold voltage Vth of the driving TFT DT by
using the second node N2 coupled to the source electrode of
the driving TFT DT. By driving using a source follower
method, the pixel P according to the first exemplary embodi-
ment initializes the first node N1 to the first reference voltage
REF1 and the second node N2 and the third node N3 to the
second reference voltage REF2 during the first period t1. The
second reference voltage REF2 is set to a voltage lower than
a difference voltage between the first reference voltage REF1
and the threshold voltage Vth of the driving TFT DT. In this
case, the first reference voltage REF1 and the second refer-
ence voltage REF2 may be designed based on the threshold
voltage Vth of the driving TFT DT equal to or higher than OV.
As a result, the pixel P according to the first exemplary
embodiment may sense the threshold voltage Vth of the driv-
ing TFT DT because a voltage difference Vgs between a gate
node Ng and a source node Ns of the driving TFT DT can be
controlled to be greater than the threshold voltage Vth even
though the threshold voltage Vth is shifted to a negative
voltage. A negative shift refers to shifting the threshold volt-
age Vth of the driving TFT DT to a voltage lower than 0 V
when the driving TFT DT is implemented as an N-type MOS-
FET. The negative shift usually occurs when a semiconductor
layer of the driving TFT DT is formed of an oxide.

Also, the pixel P according to the first exemplary embodi-
ment compensates the threshold voltage Vth of the driving
TFT DT by using the second node N2 and the third node N3
during the fourth period t4. “Voled_anode” that corresponds
to the voltage of the second node N2 and the voltage of the
third node N3 may include a variation of the threshold voltage
Vth of the driving TFT DT because the second node N2 and
the third node N3 are coupled to the organic light emitting
diode OLED during the fourth period t4. Also, “Voled_an-
ode” may include a variation of the low-potential voltage VSS
which is caused by emitting the organic light emitting diode
OLED. Therefore, the pixel P according to the first exemplary
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embodiment may compensate the variation of the threshold
voltage Vth of the driving TFT DT and the variation of the
low-potential voltage VSS.

Also, the pixel P according to the first exemplary embodi-
ment may control the second period t2 that is a period of
sensing the threshold voltage Vth of the driving TFT DT as
several horizontal periods or dozens of horizontal periods.
Therefore, the first exemplary embodiment may sense the
threshold voltage Vith of the driving TFT DT accurately dur-
ing the second period t2 even though the display panel is
driven at high speed such as a frame frequency of 240 Hz or
more.

Furthermore, according to the first exemplary embodi-
ment, the high-potential voltage VDD may be dropped due to
emission of the organic light emitting diode OLED by the
drain-source current Ids of the driving TFT DT during the
fourth and fifth periods t4, t5. However, the pixel P according
to the first exemplary embodiment may be apply a voltage
drop of the high-potential voltage VDD to the first node N1
when the second capacitor C2 is coupled between the first
node N1 and the high-potential voltage line VDDL. There-
fore, the pixel P according to the first exemplary embodiment
may be compensate a voltage drop of the high-potential volt-
age VDD.

FIG. 6 is a circuit diagram of a pixel P according to a
second exemplary embodiment. Referring to FIG. 6, the pixel
P according to the second exemplary embodiment comprises
a driving TFT DT, an organic light emitting diode OLED, a
control circuit, and capacitors. The control circuit includes a
first TFT T1, and an initialization control circuit ICC. The
initialization control circuit ICC includes second to fourth
TFT T2~T4. The capacitors include a first capacitor C1 and a
second capacitor C2.

The pixel P according to the second exemplary embodi-
ment is substantially same as the pixel P according to the first
exemplary embodiment as shown in FIG. 2. Hence, descrip-
tions of the driving TFT DT, the organic light emitting diode
OLED, thefirstto third TFTs T1, T2, and T3, and the first and
second capacitors C1, C2 will be omitted.

With reference to FIG. 6, the fourth TFT T4 is a second
initialization TFT which initializes the third node N3 to a
second reference voltage REF2 supplied through a second
reference voltage line REFL2 in response to an initialization
signal INI supplied through an initialization line IL. A gate
electrode of the third TFT T4 is coupled to the initialization
line 1L, a source electrode thereof is coupled to the second
reference voltage line REFL2, and a drain electrode thereof'is
the third node N3.

An initialization signal INT, a scan signal SCAN, an emis-
sion signal EM, and a data voltage DATA that are supplied to
the pixel P according to the second exemplary is substantially
same as described in F1G. 3. Also, voltage changes of the first
to third nodes N1, N2, N3 will be described with reference to
FIGS. 7,8A to 8E.

FIG. 7 is a table showing changes in the voltages of nodes
ofapixel according to a second exemplary embodiment of the
present invention. FIGS. 8A to 8F are a circuit diagram of a
pixel according to a second exemplary embodiment of the
present invention during first to fifth periods. An operation
method of the pixel P according to the second exemplary
embodiment will be described in the below with reference to
FIGS. 3,7, and 8A to 8E.

First, during the first period t1, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INT having the gate high
voltage VGH is supplied through the initialization line IL as
shown in FIG. 3. Also, during the first period t1, the emission
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signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 8A, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL. The
second TFT T2 is turned on in response to the emission signal
EM having the gate high voltage VGH. Therefore, the second
node N2 is coupled to the third node N3. The third TFT T3 is
turned on in response to the initialization signal INI having
the gate high voltage VGH. Therefore, the first node N1 is
coupled to the first reference voltage line REFL1. The fourth
TFT T4 is turned on in response to the initialization signal INI
having the gate high voltage VGH. Therefore, the third node
N3 is coupled to the second reference voltage line REF2.

Finally, the voltage of the first node N1 is initialized to the
first reference voltage REF1 since the third TFT T3 is turned
on. The voltage of the second node N2 is initialized to the
second reference voltage REF2 since the second TFT T2 is
turned on. The voltage of the third node N3 is initialized to the
second reference voltage REF2 since the fourth TFT T4 is
turned on.

Meanwhile, the operation method of the pixel P according
to the second exemplary embodiment is substantially same as
the first exemplary embodiment described with reference to
FIGS. 3, 4, and 5A to 5E. Therefore, the operation method of
the pixel P according to the second exemplary embodiment
during the second to fifth periods will be omitted.

FIG. 9 is a circuit diagram of a pixel P according to a third
exemplary embodiment. Referring to FIG. 9, the pixel P
according to the third exemplary embodiment comprises a
driving TFT DT, an organic light emitting diode OLED, a
control circuit, and capacitors. The control circuit includes a
first TFT T1 and an initialization control circuit ICC. The
initialization control circuit ICC includes second to fourth
TFT T2 through T4. The capacitors include a first capacitor
C1 and a second capacitor C2.

The pixel P according to the second exemplary embodi-
ment is substantially same as the pixel P according to the first
exemplary embodiment as shown in FIG. 2. Hence, descrip-
tions of the driving TFT DT, the organic light emitting diode
OLED, the first to third TFTs T1, T2, and T3, and the first
capacitor C1 will be omitted.

With reference to FIG. 9, the fourth TFT T4 1s a second
initialization TFT which initializes the third node N3 to a
second reference voltage REF2 supplied through a second
reference voltage line REFL2 in response to an initialization
signal INT supplied through the initialization line IL. A gate
electrode of the third TFT T4 is coupled to the initialization
line 1L, a source electrode thereof is coupled to the second
reference voltage line REFL2, and a drain electrode thereof'is
the third node N3.

The second capacitor C2 is coupled between the third node
N3 and the second reference voltage line REFL2. In this case,
the second capacitor C2 stores a differential voltage between
a voltage at the third node N3 and the second reference
voltage REF2. Or, the second capacitor C2 may be coupled
between the third node N3 and the first reference voltage line
REFLI. In this case, the second capacitor C2 stores a differ-
ential voltage between a voltage at the third node N3 and the
first reference voltage REF1. Alternatively, the second
capacitor ¢2 is coupled between the third node N3 and the
high-potential voltage line VDDL. In this case, the second
capacitor C2 stores a differential voltage between a voltage at
the third node N3 and the high-potential voltage VDD.

An initialization signal INI, a scan signal SCAN, an emis-
sion signal EM, and a data voltage DATA that are supplied to
the pixel P according to the third exemplary is substantially
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same as described in FIG. 3. Also, voltage changes of the first
to third nodes N1, N2, N3 will be described with reference to
FIGS. 10, 11A 1o 11E.

FIG. 10 is a table showing changes in the voltages of nodes
of a pixel according to a third exemplary embodiment. FIGS.
11Ato 11E are a circuit diagram of a pixel according to a third
exemplary embodiment of the present invention during first to
fifth periods. An operation method of the pixel P according to
the third exemplary embodiment will be described in the
below with reference to FIGS. 3, 10, and 11A to 11E.

First, during the first period t1, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line ST, and the initialization signal INT having the gate high
voltage VGH is supplied through the initialization line IL as
shown in FIG. 3. Also, during the first period t1, the emission
signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 11A, the first TFT T1 is turned off
by the scan signal SCAN having the gate low voltage VGL.
The second TFT T2 is turned on in response to the emission
signal EM having the gate high voltage VGH. Therefore, the
second node N2 is coupled to the third node N3. The third
TFT T3 is turned on in response to the initialization signal INI
having the gate high voltage VGH. Therefore, the first node
N1 is coupled to the first reference voltage line REFL1. The
fourth TFT T4 is turned on in response to the initialization
signal INT having the gate high voltage VGH. Therefore, the
third node N3 is coupled to the second reference voltage line
REF2.

Finally, the voltage of the first node N1 is initialized to the
first reference voltage REF1 since the third TFT T3 is turned
on. The voltage of the second node N2 is initialized to the
second reference voltage REF2 since the second TFT T2 is
turned on. The voltage of the third node N3 is initialized to the
second reference voltage REF2 since the fourth TFT T4 is
turned on.

Second, during the second period t2, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INI having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the second period t2, the emis-
sion signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 11B, the first TFT T1 is turned off
by the scan signal SCAN having the gate low voltage VGL.
The second TFT T2 is turned on in response to the emission
signal EM having the gate high voltage VGH. Therefore, the
second node N2 is coupled to the third node N3. The third
TFT T3 and the fourth TFT T4 are turned off by the initial-
ization signal INT having the gate low voltage VGL. There-
fore, each of the second node N2 and the third node N3 is no
longer coupled to the second reference voltage line REF2.
Meanwhile, the second node N2 and the third node N3 have
substantially the same potential since the second TFT T2 is
turned on.

Because the voltage difference Vgs between the gate and
source electrodes of the driving TFT DT is greater than the
threshold voltage Vth, the driving TFT DT forms a current
path until the voltage difference Vgs between the gate and
source electrodes reaches the threshold voltage Vth. Accord-
ingly, the voltage of the second node N2 rises up. Also, the
voltage of the third node N3 rises up since the second node N2
is coupled to the third node N3. Meanwhile, the voltage
change of the third node N3 is applied to the first node N1 by
the cap boosting of the first capacitor C1. If the voltage of the
first node N1 which the voltage change of the third node N3 is
applied to is “A” voltage, the voltage of the second node N2
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rises up to a differential voltage A-Vth between the voltage A
of the first node N1 and the threshold voltage Vth of the
driving TFT DT. Also, the voltage of the third node N3 rises
up to a differential voltage A-Vth between the voltage A of
the first node N1 and the threshold voltage Vth of the driving
TFT DT since the second node N2 is coupled to the third node
N3. “A” voltage may be “REF1+0a”. Finally, the threshold
voltage Vth of the driving TFT DT may be stored to the first
capacitor C1 during the second period t2.

Third, during the third period t3, the scan signal SCAN
having the gate high voltage VGH is supplied through the
scan line SL, and the initialization signal INI having the gate
low voltage VGL is supplied through the initialization line IL,
as shown in FIG. 3. Also, during the third period t3, the
emission signal EM having the gate low voltage VGL is
supplied through the emission line EML as shown in FIG. 3.

With reference to FIG. 11C, the first TFT T1 is turned on in
response to the scan signal SCAN having the gate high volt-
age VGH. Therefore, the first node N1 is coupled to the data
line DL. The second TFT T2 is turned off by the emission
signal EM having the gate low voltage VGL. Therefore, the
second node N2 is nolonger coupled to the third node N3. The
third TFT T3 and the fourth TFT T4 are turned off by the
initialization signal INI having the gate low voltage VGL.
Therefore, each of the second node N2 and the third node N3
is not coupled to the second reference voltage line REF2.
Meanwhile, the data voltage DATA of the data line s supplied
to the first node N1 since the first TFT T1 is turned on. The
third node N3 is on the floating state since the second TFT T2
is turned off. The floating state refers to a state on which no
voltage is supplied to a node, so the node on the floating state
affects voltage change of an adjacent node easily.

The voltage change of the first node N1 is applied to the
third node N3 since the third node N3 is on the floating state
during the third period t3. “A-DATA” corresponding to the
voltage change of the first node N1 is applied to the third node
N3. However, the third node N3 is coupled between the first
and second capacitors CAl and CA2 coupled in series.
Hence, the voltage change is applied in the ratio “C™ as
expressed in the equation 2. Therefore, “C'(A-DATA)” is
applied to the third node, and the voltage of the third node N3
is changed to “A-Vth-C'(A-DATA)”.

Fourth, during the fourth period t4, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INT having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the fourth period t4, the emis-
sion signal EM having the gate high voltage VGH is supplied
through the emission line EML as shown in FIG. 3.

With reference to FIG. 11D, the first TFT T1 is turned off
by the scan signal SCAN having the gate low voltage VGL.
Therefore, the first node N1 is no longer coupled to the data
line DL. The second TFT T2 is turned on in response to the
emission signal EM having the gate high voltage VGH.
Therefore, the second node N2 1s coupled to the third node
N3.The third TFT T3 and the fourth TFT T4 are turned off by
the initialization signal INT having the gate low voltage VGL.
Therefore, each of the second node N2 and the third node N3
is not coupled to the second reference voltage line REF2.
Meanwhile, the first node N1 is on the floating state since the
first TFT T1 and the third TFT T3 are turned off. The second
node N2 and the third node N3 are at substantially the same
potential since the second TFT T2 is turned on.

The voltage of the second node N2 is changed to
“Voled_anode” due to the drain-source current Ids of the
driving TFT DT according to the voltage of the first node N1.
Also, the voltage of the third node N3 is changed to
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“Voled_anode” because the second node N2 is coupled to the
third node N3 since the second TFT T2 is turned on.

The voltage change of the third node N3 is applied to the
first node N1 by the first capacitor C1 because the first node
N1 is on the floating state during the fourth period t4. There-
fore, the voltage change of the third node N3, “{A-Vth-C'
(A-DATA)}-Voled_anode” isapplied to the first node N1. As
a consequence, the voltage of the first node N1 is changed to
“DATA-{A-Vth-C'(A-DATA)-Voled_anode}”.

The changed voltage of the first node N1 is expressed in
following equation:

Vgv-Vih=[DATA—(4- Vith-CA4-DATA)-Voledan-
ode)-Voledanode]- ¥k (7)

To sum up Equation 7, the drain-source current Ids of the
driving TFT DT is derived as expressed in the following
equation:

I, =R[(1-C")-(DATA-4))? (8)

With reference to equation 8, the drain-source current Ids
does not depend on the threshold voltage Vth of the driving
TFT DT during the fourth period t4. That is, the threshold
voltage Vth of the driving TFT DT may be compensated.

Fifth, during the fifth period t5, the scan signal SCAN
having the gate low voltage VGL is supplied through the scan
line SL, and the initialization signal INI having the gate low
voltage VGL is supplied through the initialization line IL as
shown in FIG. 3. Also, during the fourth period t5, the emis-
sion signal EM having the gate low voltage VGL is supplied
through the emission line EML as shown in FIG. 3.

Withreferenceto FIG. 11E, the first TFT T1 is turned off by
the scan signal SCAN having the gate low voltage VGL.
Therefore, the first node N1 is not coupled to the dataline DL.
The second TFT T2 is turned off by the emission signal EM
having the gate low voltage VGL. Therefore, the second node
N2 is no longer coupled to the third node N3. The third TFT
T3 and the fourth TFT T4 are turned off by the initialization
signal INT having the gate low voltage VGL. Therefore, each
of the second node N2 and the third node N3 is not coupled to
the second reference voltage line REF2. Finally, the drain-
source current Ids of the driving TFT DT is retained as in
equation 8 during the fifth period t5.

As described above, the pixel P according to the third
exemplary embodiment is driven as a source follower method
that senses the threshold voltage Vth of the driving TFT DT
by using the second node N2 coupled to the source electrode
of the driving TFT DT. By driving using the source follower
method, the pixel P according to the third exemplary embodi-
ment initializes the first node N1 to the first reference voltage
REF1 and the second node N2 and the third node N3 to the
second reference voltage REF?2 during the first period t1. The
second reference voltage REF2 is set to a voltage lower than
a difference voltage between the first reference voltage REF1
and the threshold voltage Vth of the driving TFT DT. In this
case, the first reference voltage REF1 and the second refer-
ence voltage REF2 may be designed based on the threshold
voltage Vth of the driving TFT DT equal to or higher than OV.
As a result, the pixel P according to the third exemplary
embodiment may sense the threshold voltage Vth of the driv-
ing TFT DT because a voltage difference Vgs between a gate
node Ng and a source node Ns of the driving TFT DT can be
controlled greater than the threshold voltage Vth even though
the threshold voltage Vth is shifted to a negative voltage. A
negative shift refers to shifting the threshold voltage Vth of
the driving TFT DT to a voltage lower than 0 V when the
driving TFT DT is implemented as an N-type MOSFET. The
negative shift usually occurs when a semiconductor layer of
the driving TFT DT is formed of an oxide.
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Also, as can be noted in Equation (8), the drain-source
current Ids of the driving TFT DT does not depend upon the
threshold voltage Vth of the driving TFT DT. Hence, com-
pared to the embodiments of FIGS. 2 and 6, the compensation
of the threshold voltage can be performed more enhanced in
the embodiment of FIG. 9.

Also, the pixel P according to the third exemplary embodi-
ment compensates the threshold voltage Vth of the driving
TFT DT by using the second node N2 and the third node N3
during the fourth period t4. “Voled_anode” that corresponds
to the voltage of the second node N2 and the voltage of the
third node N3 during the fourth period t4 may include a
variation of the threshold voltage Vth of the driving TFT DT
because the second node N2 and the third node N3 are
coupled to the organic light emitting diode OLED during the
fourth period t4. Also, “Voled_anode” may include a varia-
tion of the low-potential voltage VSS which is caused by
emitting the organic light emitting diode OLED. Therefore,
the pixel P according to the first exemplary embodiment may
compensate the variation of the threshold voltage Vth of the
driving TFT DT and the variation of the low-potential voltage
VSS.

Furthermore, the pixel P according to the third exemplary
embodiment may control the second period 2 thatis a period
of sensing the threshold voltage Vth of the driving TFT DT as
several horizontal periods or dozens of horizontal periods.
Therefore, the third exemplary embodiment may sense the
threshold voltage Vith of the driving TFT DT accurately dur-
ing the second period t2 even though the display panel is
driven at high speed such as a frame frequency of 240 Hz or
more.

FIG. 12 is a block diagram schematically showing an
organic light emitting diode display device according to an
exemplary embodiment. Referring to FIG. 12, the organic
light emitting diode display device according to the exem-
plary embodiment comprises a display panel 10, a data driver
20, a scan driver 30, a timing controller 40, and a host system
50.

Data lines DL and scan lines SL crossing each other are
formed on the display panel 10. Initialization lines IL. and
emission lines EML may be formed in parallel with the scan
lines SL on the display panel 10. Also, pixels P are arranged
in a matrix form on the display panel 10. Each of the pixels P
of the display panel 10 is as described in conjunction with
FIG. 2, FIG. 6, and F1G. 9.

The data driver 20 comprises a plurality of source drive
1Cs. The source drive ICs receive digital video dataRGB from
the timing controller 40. The source drive ICs convert the
digital video data RGB into a gamma compensation voltage
in response to a source timing control signal DCS from the
timing controller 40 to generate data voltages and supply the
data voltages to the data lines DL of the display panel 10 in
synchronization with scan signals SCAN.

The scan driver 30 comprises a scan signal output part, an
initialization signal output part, and an emission signal output
part. The scan signal output part sequentially outputs the scan
signals SCAN to the scan lines SL of the display panel 10. The
initialization signal output part sequentially outputs initial-
ization signals to the initialization lines IL. The emission
signal output part sequentially outputs emission signals EM
to the emission lines EML of the display panel 10. Detailed
descriptions of the scan signal SCAN, the initialization signal
INI, and the emission signal EM will be described in detail in
conjunction with FIG. 3.

The timing controller 40 receives digital video data RGB
from the host system 50 through a low voltage differential
signaling (LVDS) interface, a transition minimized differen-
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tial signaling (TMDS) interface, etc. The timing controller 40
receives timing signals such as a vertical synchronization
signal, a horizontal synchronization signal, a data enable
signal, and a dot clock, and generates timing control signals
for controlling operation timings of the data driver 20 and
scan driver 30 based on the timing signals from the host
system 50. The timing control signals comprise a scan timing
control signal for controlling the operation timing of the scan
driver 30 and a data timing control signal for controlling the
operation timing of the data driver 20. The timing controller
40 outputs the scan timing control signal to the scan driver 30,
and outputs the data timing control signal and the digital
video data RGB to the data driver 20.

The display panel 10 may further comprise a power supply
unit (not shown). The power supply unit supplies a high-
potential voltage VDD, a low-potential voltage VSS, a first
reference voltage REF1, and a second reference voltage
REF2 to the display panel 10. Further, the power supply unit
supplies a gate high voltage VGH and a gate low voltage VGL
to the scan driver 30.

The embodiments described herein are driven using a
source follower that senses the threshold voltage Vth of the
driving TFT DT by using the second node N2 coupled to the
source electrode of the driving TFT DT. By driving as the
source follower, the embodiments described herein initialize
the first node N1 to the first reference voltage REF1 and the
second node N2, and the third node N3 to the second refer-
ence voltage REF2 during the first period t1 (i.e., an initial-
ization period). The second reference voltage REF2 is set to a
voltage lower than a difference voltage between the first
reference voltage REF1 and the threshold voltage Vth of the
driving TFT DT. As a result, the embodiments described
herein may sense the threshold voltage Vth ofthe driving TFT
DT because a voltage difference Vgs between a gate node Ng
and a source node Ns of the driving TFT DT can be controlled
to be greater than the threshold voltage Vth even though the
threshold voltage Vith is shifted to a negative voltage.

Also, the embodiments described herein compensate the
threshold voltage Vth of the driving TFT DT by using the
second node N2 and the third node N3 during the fourth
period t4. “Voled_anode” that corresponds to the voltage of
the second node N2 and the voltage of the third node N3 may
include a variation of the threshold voltage Vth of the driving
TFT DT because the second node N2 and the third node N3
are coupled to the organic light emitting diode OLED during
the fourth period t4. Also, “Voled_anode” may include a
variation of the low-potential voltage VSS which is caused by
emitting the organic light emitting diode OLED. Therefore,
the embodiments described herein may compensate the varia-
tion of the threshold voltage Vth of the driving TFT DT and
the variation of the low-potential voltage VSS.

Also, the embodiments described herein may extend the
second period t2 corresponding to a period of sensing the
threshold voltage Vith of the driving TFT DT to several hori-
zontal periods or dozens of horizontal periods. Therefore, the
embodiments described herein may sense the threshold volt-
age Vth of the driving TFT DT more accurately during the
second period t2 even though the display panel is driven at a
high speed (e.g., a frame frequency of 240 Hz or more).

Furthermore, according to the first exemplary embodi-
ment, the high-potential voltage VDD may be dropped due to
emission of the organic light emitting diode OLED by the
drain-source current Ids of the driving TFT DT during the
fourth and fifth periods t4, t5. However, the pixel P according
to the first exemplary embodiment may apply a voltage drop
of the high-potential voltage VDD to the first node N1 when
the second capacitor C2 is coupled between the first node N1
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and the high-potential voltage line VDDL. Therefore, the
pixel P according to the first exemplary embodiment may
compensate a voltage drop of the high-potential voltage
VDD.

Although the embodiments of this application have been
described with reference to a number of illustrative embodi-
ments thereof, it should be understood that numerous other
modifications and embodiments of this application can be
devised by those skilled in the art that will fall within the
scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the drawings
and the appended claims. In addition to variations and modi-
fications in the component parts and/or arrangements, alter-
native uses will also be apparent to those skilled in the art.

What is claimed is:

1. An organic light emitting diode display device compris-
ing a plurality of pixels arranged in a matrix form, each of the
pixels comprising:

a driving thin film transistor (TFT) including a gate elec-

trode coupled to a first node, a source electrode coupled
to a second node, and a drain electrode coupled to a
high-potential voltage line;

an organic light emitting diode between the second node
and a low-potential voltage line;

afirst TFT configured to connect a data line to the first node
during a data voltage supply period of a frame period,

an initialization control circuit coupled between the first
node and a first reference voltage line supplying a first
reference voltage, the initialization control circuit fur-
ther connected to a second node, a third node and a
second reference voltage line supplying a second refer-
ence voltage, the initialization control circuit configured
to initialize the first node to the first reference voltage,
and the second and third nodes to a second reference
voltage during an initialization period of the frame
period preceding the data voltage supply period, and
configured to initialize the second and third nodes to a
second reference voltage during the initialization
period; and

afirst capacitor coupled between the first node and the third
node, the first capacitor configured to store a voltage
difference between the first node and the third node
during the initialization period, and change a voltage
level of the first node based on a voltage level of the third
node in a threshold voltage sensing period between the
initialization period and the data voltage supply period,

wherein the initialization control circuit includes:

asecond TFT including gate electrode coupled to an emis-
sion line, a source electrode coupled to the third node,
and a drain electrode coupled to the second node;

a third TFT including a gate electrode coupled to an ini-
tialization line for carrying an initialization signal to
indicate the initialization period, a source electrode
coupled to the first reference voltage, and a drain
coupled to the first node;

a fourth TFT including a gate electrode coupled to the
initialization line, a source electrode coupled to the sec-
ond reference voltage line, and a drain electrode coupled
to the second node or third node,

the third TFT and fourth TFT receiving the initialization
signal simultaneously.

2. The organic light emitting diode display device of claim

1, wherein the initialization control circuit is further config-
ured to disconnect the second node and the third node to float
the third node during the data voltage supply period.
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3. The organic light emitting diode display device of claim
1, wherein each of the pixels further comprises a second
capacitor coupled between the first node and the first refer-
ence voltage line or the high-potential voltage line.
4. The organic light emitting diode display device of claim
1, wherein each of the pixels further comprises a second
capacitor coupled between the first node and the second ref-
erence voltage line supplying the second reference voltage.
5. The organic light emitting diode display device of claim
1, wherein the first TFT comprises a gate electrode coupled to
ascan line, a source electrode coupled to the first node, and a
drain electrode coupled to the second node.
6. The organic light emitting diode display device of claim
1, wherein the second reference voltage is lower than a volt-
age difference between the first reference voltage and a
threshold voltage of the driving TFT.
7. The organic light emitting diode display device of claim
1, wherein the initialization period is indicated by an initial-
ization signal transmitted by an initialization line coupled to
the initialization control circuit, wherein starting of an emis-
sion period subsequent to the data voltage supply period is
indicated by an emission signal transmitted by an emission
line coupled to the initialization control circuit.
8. The organic light emitting diode display device of claim
1, wherein the threshold voltage sensing period corresponds
to more than one horizontal period.
9. A method of operating a pixel of an organic light emit-
ting diode display device, comprising:
initializing a first node to a first reference voltage by turn-
ingon afirst thin film transistor (TFT) of aninitialization
control circuit responsive to receiving an initialization
signal via an initialization line during an initialization
period, the first node coupled to a gate electrode of a
driving TFT;
initializing second and third nodes to a second reference
voltage by turning on a second TFT of the initialization
control circuit simultaneously with the first TFT of the
initialization control circuit responsive to receiving the
initialization signal via the initialization line during the
initialization period, the second node coupled to a source
electrode of the driving TFT, and a first capacitor
coupled between the first node and a third node;

storing a voltage difference between the first node and the
third node during the initialization period by the first
capacitor;

changing a voltage level of the first node based on a voltage

level of the third node in a threshold voltage by applying
the voltage difference in the first capacitor in a threshold
voltage sensing period subsequent to the initialization
period,

connecting a data line to the first node by a third TFT during

a data voltage supply period subsequent to the threshold
voltage sensing period; and

controlling current through an organic light emitting diode

(OLED) by turning on a fourth TFT of the initialization
control circuit to apply voltage at the first node to the
gate electrode of the driving TFT responsive to receiving
an emission signal at a gate of the fourth TFT during an
emission period subsequent to the data voltage supply
period.

10. The method of claim 9, further comprising disconnect-
ing the second node and the third node to float the third node
during the data voltage supply period.

11. The method of claim 9, further comprising coupling a
second capacitor between the first node and a high-potential
voltage line or a first reference voltage line supplying the first
reference voltage.
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12. The method of claim 9, further comprising coupling a
second capacitor between the third node and a second refer-
ence voltage line supplying the second reference voltage.

13. The method of claim 9, further comprising receiving a
scan signal indicating a data voltage supply period at a gate 5
electrode of the first TFT.

14. The method of claim 9, wherein the second reference
voltage is lower than a voltage difference between the first
reference voltage and a threshold voltage of the driving TFT.

15. The method of claim 9, wherein the threshold voltage 10
sensing period corresponds to more than one horizontal
period.

20
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