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(7) ABSTRACT

An organic light emitting diode display device. A first
capacitor is coupled between a gate of a first transistor and
a first voltage source, and a second transistor is coupled
between the gate of the first transistor and a second voltage
source. A third transistor is coupled between the first voltage
source and the gate of the first transistor, and a fourth
transistor is coupled to a data line. A second capacitor stores
the data voltage from the fourth transistor, and is for
determining a gate-source voltage of the first transistor. The
threshold voltage compensator compensates a threshold
voltage of the third transistor together with the second
capacitor, and the fifth transistor transmits a current of a
drain of the first transistor to the organic light emitting diode.
A photoelectric transformation element transmits a current
corresponding to a light emitted by the organic light emitting
diode to the second capacitor.
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ORGANIC LIGHT EMITTING DIODE DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2005-0078729, filed in
the Korean Intellectual Property Office on Aug. 26, 2005, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic light
emitting diode display device and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode display device is a
display device for electrically exciting phosphorous organic
compounds to emit light. The organic light emitting diode
display device drives organic light emitting cells to represent
images. The organic light emitting cell has characteristics of
a diode and so is called an organic light emitting diode. The
organic light emitting cell includes an anode, an organic thin
film, and a cathode.

[0006] Generally, the brightness of the organic light emit-
ting diode is degraded as time passes. Optical feedback,
which is a technique that measures the light emitted by the
organic light emitting diode in a pixel and feeds back the
measurement to correct for the degradation of the organic
light emitting diode, has been introduced in order to com-
pensate the degradation of the organic light emitting diode.

[0007] For example, in a pixel circuit using optical feed-
back, a voltage is stored by a storage capacitor coupled
between a gate and a source of a driving transistor, and a
turn-on time of a control transistor coupled to the storage
capacitor is controlled to represent a gray level. In more
detail, data corresponding to a gray level is stored by a
control capacitor coupled between a gate and a source of the
control transistor, and a voltage of the control capacitor is
controlled according to a light emitted from the OLED to
control the turn-on time of the control transistor.

[0008] However, the turn-on time of different control
transistors for the same gray level may not be uniform
because of variation of threshold voltages of the control
transistors, the variation being caused by non-uniformity of
a manufacturing process. As such, the organic light emitting
diode display device has difficulties in obtaining uniform
gray level due to brightness deviations between the pixels.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] An aspect of the present invention provides an
organic light emitting diode display device having an optical
feedback pixel circuit for compensating a variation of a
threshold voltage of a transistor.

[0010] One exemplary embodiment of the present inven-
tion provides an organic light emitting diode display device
including first to fifth transistors, first and second capacitors,
a threshold voltage compensator, an organic light emitting
diode, and a photoelectric transformation element. A first
electrode of the first transistor is coupled to a first voltage
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source, and the first capacitor is coupled between a control
electrode of the first transistor and the first voltage source.
The second transistor coupled between the control electrode
of the first transistor and a second voltage source is turned
on in response to an on voltage of a first control signal. The
third transistor has a first electrode coupled to the first
voltage source and a second electrode coupled to the control
electrode of the first transistor. The fourth transistor having
a first electrode coupled to a data line for transmitting a data
voltage transmits the data voltage in response to an on
voltage of a second control signal. The second capacitor
stores the data voltage from the fourth transistor, and is for
determining a voltage between the first electrode of the first
transistor and the control electrode of the first transistor. The
threshold voltage compensator compensates a threshold
voltage of the third transistor together with the second
capacitor, and the fifth transistor transmits a current of a
second electrode of the first transistor to the organic light
emitting diode in response to an on voltage of a third control
signal. The photoelectric transformation element transmits a
current corresponding to a light emitted by the organic light
emitting diode to the second capacitor.

[0011] The third control signal may have an off voltage for
a first period in which the threshold voltage compensator
compensates the threshold voltage, and for a second period
in which the first control signal and the second control signal
respectively have on voltages.

[0012] A first electrode of the second capacitor may be
coupled to the first voltage source, and the threshold voltage
compensator may include sixth and seventh transistors and
a third capacitor. The sixth transistor electrically couples a
control electrode of the third transistor to a second electrode
of the third transistor in response to an on voltage of a fourth
control signal. The third capacitor has a first electrode
coupled to the control electrode of the third transistor and a
second electrode coupled to a second electrode of the second
capacitor. The seventh transistor couples the first electrode
of the third capacitor to the first voltage source in response
to the on voltage of the fourth control signal.

[0013] The photoelectric transformation element may be
coupled between the second voltage source and the second
electrode of the third capacitor.

[0014] Another exemplary embodiment of the present
invention provides an organic light emitting diode display
device including first to third transistors, a first capacitor, a
threshold voltage compensator, an organic light emitting
diode, and a photoelectric transformation element. A first
electrode of the first transistor is coupled to a first voltage
source, and the second transistor having a first electrode
coupled to a data line for transmitting a data voltage trans-
mits the data voltage in response to an on voltage of a first
control signal. The first capacitor stores the data voltage
from the second transistor, and is for determining a voltage
between the first electrode of the first transistor and a control
electrode of the first transistor. The threshold voltage com-
pensator compensates a threshold voltage of the first tran-
sistor together with the first capacitor, and the third transistor
transmits a current of a second electrode of the first transistor
to the organic light emitting diode in response to an on
voltage of a second control signal. The photoelectric trans-
formation element is coupled between the control electrode
of the first transistor and the first voltage source, and
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generates a current corresponding to a light emitted by the
organic light emitting diode to the second capacitor.

[0015] The second control signal may have an off voltage
for a first period in which the threshold voltage compensator
compensates the threshold voltage and for a second period
in which the first control signal has an on voltage.

[0016] The first electrode of the first capacitor may be
coupled to the first voltage source, and the threshold voltage
compensator may include fourth and fifth transistors and a
second capacitor. The fourth transistor electrically couples
the control electrode of the first transistor to a second
electrode of the first transistor in response to an on voltage
of a third control signal. The second capacitor has a first
electrode coupled to the control electrode of the first tran-
sistor and a second electrode coupled to a second electrode
of the first capacitor. The fifth transistor couples the first
electrode of the second capacitor to the first voltage source
in response to the on voltage of the third control signal.

[0017] Still another exemplary embodiment of the present
invention provides a driving method of an organic light
emitting diode display device which includes an organic
light emitting diode and a photoelectric transformation ele-
ment for generating a current corresponding to a light
emitted by the organic light emitting diode. The driving
method provides a first transistor having a first electrode
coupled to a first voltage source for supplying a first voltage,
a second transistor having a first electrode coupled to the
first voltage source, a first capacitor having a first electrode
coupled to the first voltage source, a second capacitor having
a first electrode coupled to a control electrode of the first
transistor, and a third capacitor coupled to the first electrode
of the second transistor and a control electrode of the second
transistor. The control electrode of the first transistor is
coupled to a second electrode of the first transistor, and a
second electrode of the second capacitor is coupled to the
first voltage source. A second voltage is stored by the third
capacitor. The second electrode of the second capacitor is
coupled to a second electrode of the first capacitor, and a
data voltage is applied to the second electrode of the first
capacitor and the second electrode of the second capacitor.
A current of a second electrode of the second transistor is
transmitted to the organic light emitting diode, and the
current of the photoelectric transformation element is trans-
mitted to the first electrode of the second capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows a plan view of an organic light
emitting diode display device according to one exemplary
embodiment of the present invention;

[0019] FIG. 2 shows a circuit diagram of a pixel circuit
according to a first exemplary embodiment of the present
invention;

[0020] FIG. 3 shows a signal timing diagram of the pixel
circuit shown in FIG. 2;

[0021] FIG. 4 shows a circuit diagram of a pixel circuit
according to a second exemplary embodiment of the present
invention;

[0022] FIG. 5 shows a signal timing diagram of the pixel
circuit shown in FIG. 4;
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[0023] FIGS. 6A, 6B, 6C, and 6D show time series
operations of the pixel circuit shown in FIG. 4, respectively;

[0024] FIG. 7 shows a circuit diagram of a pixel circuit
according to a third exemplary embodiment of the present
invention; and

[0025] FIG. 8 shows a signal timing diagram of the pixel
circuit shown in FIG. 7.

DETAILED DESCRIPTION

[0026] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing
from the spirit or scope of the present invention.

[0027] Accordingly, the drawings and description are to be
regarded as illustrative in nature, and not restrictive. There
may be parts shown in the drawings, or parts not shown in
the drawings, that are not discussed in the specification as
they are not essential to a complete understanding of the
invention. Like reference numerals designate like elements.
Here, when a first element is described as being coupled to
a second element, the first element may be directly coupled
to the second element, or may be indirectly coupled to the
second element via a third element.

[0028] FIG. 1 shows a plan view of an organic light
emitting diode display device according to one exemplary
embodiment of the present invention.

[0029] As shown in FIG. 1, the organic light emitting
diode display device includes a display area 100, a scan
driver 200, an emission control driver 300, and a data driver
400.

[0030] 28 The display area 100 includes a plurality of data
lines D, to D, , a plurality of scan lines S, to S_, a plurality
of emission control lines Em; to Em_, and a plurality of
pixels 110. The plurality of data lines D, to D, the plurality
of scan lines S, to S_, the plurality of emission control lines
Em, to Em,, and the plurality of pixels 110 are formed on a
substrate (not shown).

[0031] The data lines D, to D, are extended in a column
direction and transmit data voltages representing gray levels
to corresponding pixels 110. The scan lines S, to S, are
extended in a row direction and transmit select signals for
selecting corresponding lines of the scan lines S, to S, to
apply the data voltages to the pixels 110 of the correspond-
ing lines. The emission control lines Em, to Em,, are extend-
ing in a row direction and transmit emission control signals
for controlling light emission of the pixels 110. A pixel area
is defined by one of the data lines D, to D, and one of the
scan lines S; to S_, and the pixel 110 is formed on the pixel
area.

[0032] In addition, for color display, each pixel uniquely
emits one of the primary colors (i.e., spatial division), or
sequentially emits the primary colors in turn (i.e., temporal
division) such that a spatial or temporal sum of the primary
colors forms a desired color. An example of a set of the
primary colors includes red, green, and blue. In the temporal
division, one pixel sequentially emits red, green, and blue
colors, and accordingly forms the desired color. In the
spatial division, the desired color is formed by three pixels
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such as red, green, and blue pixels. Each of the red, green,
and blue pixels may be referred to as a sub-pixel, and the
three sub-pixels (i.e., the red, green, and blue sub-pixels)
may be referred to as one pixel.

[0033] The data driver 400 sequentially receives the data
signals representing gray levels from a timing controller (not
shown), converts the received data signals to the data
voltages, and applies the converted data voltages corre-
sponding to the pixels of the scan lines S, to S, to which
select signals are applied to the data lines D, to D,. The scan
driver 200 and the emission control drivers 300 synthesize
an on voltage and an off voltage to generate the scan signals
and the emission control signals, and apply the select signals
and the emission control signals to the scan lines S, to S, and
the emission control lines Em; to Em,, respectively. Here,
when a select signal or an emission control signal has an on
voltage, a transistor that has a gate coupled to a line
receiving (or corresponding to) the select signal or the
emission control signal is turned on.

[0034] In one embodiment, the scan driver 200, the emis-
sion control driver 300, and/or the data driver 400 are
fabricated as integrated circuits (ICs), and the ICs are
mounted on a substrate on which the display area 100 is
formed. Alternatively, in one embodiment, the ICs are
mounted on flexible connecting members, such as tape
carrier packages (TCPs) and flexible printed circuits (FPCs),
and the flexible connecting members are attached to the
substrate to be coupled thereto. On the other hand, the scan
driver 200 and/or the data driver 400 may be substituted with
driving circuits formed in the substrate, which are made of
the same layers as the scan lines, the data lines, and the
transistors for driving the sub-pixels. In addition, the scan
driver 200 and/or the data driver 400 may be mounted on
printed circuit boards which are electrically coupled to the
substrate on which the display area 100 is formed.

[0035] A pixel circuit 111 formed on a pixel 110 of an
organic light emitting diode display device according to a
first exemplary embodiment of the present invention will be
described with reference to FIG. 2 and FIG. 3.

[0036] FIG. 2 shows a circuit diagram of the pixel circuit
111 according to the first exemplary embodiment of the
present invention, and FIG. 3 shows a signal timing diagram
of the pixel circuit 111 shown in FIG. 2. For ease of
description, FIG. 2 shows a pixel circuit coupled to a j-th
data line D; and an i-th scan line S; (where ‘j’ is an integer
between 1 and ‘m’, and ‘i’ is an integer between 1 and ‘n”).

[0037] On the other hand, as to terminology of the scan
lines and the select signals, the scan line for driving a
transistor coupled to the data line to transmit the data voltage
is referred to as a “current scan line”, and the select signal
that is transmitted to the current scan line is referred to as a
“current select signal”. In addition, the scan line that has
transmitted the select signal before the current select signal
is referred to as a “previous scan line”, and the select signal
that has transmitted to the previous scan line is referred to as
a “previous select signal”.

[0038] As shown in FIG. 2, the pixel circuit 111 includes
a driving transistor M11, a switching transistor M12, a
capacitor C_;, a threshold voltage compensator 111a, an
emission control transistor M15, an organic light emitting
diode OLED, and a photoelectric transformation element
PD, and the threshold voltage compensator 111a includes
transistors M13 and M14 and a capacitor C_, ;. In FIG. 2,
the transistors M11 to M15 are depicted as p-channel field
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effect transistors, and, more particularly, PMOS (p-channel
metal oxide semiconductor) transistors. These transistors
M11 to M15 have a source and a drain corresponding to a
first electrode and a second electrode, respectively, and a
gate corresponding to a third or control electrode.

[0039] The driving transistor M11 has a source coupled to
a voltage source VDD, and the emission control transistor
M15 is coupled between a drain of the driving transistor
M11 and an anode of the organic light emitting diode OLED.
The organic light emitting diode OLED has a cathode
coupled to a voltage source VSS, which supplies a voltage
that is lower than a voltage V,, supplied from the voltage
source VDD, and the organic light emitting diode OLED
emits light corresponding to an applied current. The emis-
sion control transistor M15 has a gate coupled to the
emission control line Em,, and transmits a current from the
driving transistor M11 to the organic light emitting diode
OLED in response to a low-level emission control signal of
the emission control line Em;.

[0040] The switching transistor M12 has a gate coupled to
the current scan line S; and a source coupled to the data line
D, and transmits the data voltage from the data line D, in
response to a low-level select signal of the current scan line
S;. A first electrode of the capacitor C_, is coupled to the
voltage source VDD, and a second electrode of the capacitor
C,.; 1s coupled to a drain of the switching transistor M12.
The capacitor C,,;,; has a first electrode coupled to the gate
of the driving transistor M11 and a second electrode coupled
to the second electrode of the capacitor C_,,. The transistor
M13 is coupled between the voltage source VDD and the
second electrode of the capacitor C,,, and has a gate
coupled to the previous scan line S, ;. The transistor M14
having a gate coupled to the previous scan line S, is
coupled between the gate and the drain of the driving
transistor M11, and diode-connects the driving transistor
M11 (or electrically couples or connects the gate of the
driving transistor M11 to the drain of the driving transistor
M11) in response to a low-level select signal of the previous
scan line S, ;.

[0041] The photoelectric transformation element PD is
coupled between the voltage source VDD and the gate of the
driving transistor M11, and outputs an electric signal (a
current) corresponding to a light emitted by the organic light
emitting diode OLED. For example, a photodiode or a photo
transistor may be used as the photoelectric transformation
element PD in the pixel circuit 111. In FIG. 2, the photo-
electric transformation element PD is depicted as a photo-
diode having a cathode coupled to the voltage source VDD
and an anode coupled to the gate of the driving transistor,
and the photodiode PD generates a reverse bias current
corresponding to the light emitted by the organic light
emitting diode OLED. The photoelectric transformation
element PD may be formed at a position that is opposite to
the organic light emitting diode OLED in order to properly
detect the light emitted by the organic light emitting diode
OLED.

[0042] An operation of the pixel circuit 111 shown in FIG.
2 will be described with reference to FIG. 3. In FIG. 3, the
previous select signal of the previous scan line S, ; is
depicted as select[i-1], the current select signal of the current
scan line S, is depicted as select[i], and the emission control
signal of the emission control line Emy, is depicted as emit[i].
In addition, on voltages of the select and emission control
signals select[i-1], select[i], and emit[i] are depicted as
low-level in FIG. 3 since the transistors M11-M17 have been
depicted as the p-channel transistors in FIG. 2
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[0043] Referring to FIG. 3, for a period T11, the previous
select signal select[i-1] is low-level, and the emission con-
trol signal emit[i] is high-level. Then, the transistor M14 is
turned on such that the driving transistor M11 is diode-
connected. In addition, the transistor M13 is turned on such
that the second electrode of the capacitor C_ ; is coupled to
the voltage source VDD through the transistor M13, and the
transistor M15 is turned off such that the driving transistor
M11 is electrically blocked (or isolated) from the organic
light emitting diode OLED. Accordingly, the threshold volt-
age Vo, of the driving transistor M11 is stored by the
capacitor C_,,, such that the first electrode voltage of the
capacitor C_,, , i.e., a gate voltage of the driving transistor
M11, becomes a voltage of Vyp+Voy-

[0044] For a period T12, the previous select signal select
[i-1] is high-level, and the current select signal select[i] is
low-level. Then, the transistors M13 and M14 are turned off
and the transistor M12 is turned on such that the data voltage
V 4t from the data line D; is applied to the second electrode
of the capacitor C_, and the second electrode of the capaci-
tor C_,,. Due to the capacitor C,, ,, the gate voltage of the
driving transistor M11 becomes a voltage of Vi +V ..,
and a gate-source voltage Vg, of the driving transistor M11
becomes a voltage of Vi +Vy.—Vpp. In addition, the
voltage of V1, +V 4=V 18 stored by the capacitors C,;
and C,.

[0045] For a period T13, the current select signal select[i]
is high-level, and the emission control signal emit[i] is
low-level. Then, the transistor M15 is turned on such that a
current Iy; gy 0f the driving transistor M11 flows through the
organic light emitting diode OLED. As a result, the organic
light emitting diode OLED emits light. The current I; gr, of
the driving transistor M11 is given as Equation 1 by the
gate-source voltage Vg, of the driving transistor M11.
Since the current I; o, expressed in Equation 1 is indepen-
dent (i.e., determined regardless) of the threshold voltage
V. of the driving transistor M11, the current I; pp is not
aflected by the variation of the threshold voltage.

Equation 1

Iotep = 5 (Vast = Ve

((Vt + Viara — Vo) = Vit

NIYI: NIYm NIYE

Vpp = Vaea)

[0046] where B is a constant determined by a channel
width, a channel length, and electron mobility of the driving
transistor M11, and V5, is a voltage supplied by the voltage
source VDD.

[0047] In addition, a current corresponding to the light
emitted by the organic light emitting diode OLED flows to
the photoelectric transformation element PD in a reverse
direction. The charges stored by the capacitors C_ and C_,
are changed according to the current of the photoelectric
transformation element PD. That is, a first electrode voltage
(or a voltage of the first electrode) of the capacitor C_; is
increased by the current of the photoelectric transformation
element PD to a high level, which is proportional to the
brightness of the organic light emitting diode OLED, such
that the current stop flowing through the driving transistor
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M11. Accordingly, in the case that the brightness of the
organic light emitting diode OLED is not degraded, the
driving transistor M11 is quickly turned off such that the
brightness is decreased. In the case that the brightness of the
organic light emitting diode OLED is degraded as time
passes, the driving transistor M11 is slowly turned off such
that the brightness is increased. As a result, the pixel circuit
111 shown in FIG. 2 can compensate the degradation of the
brightness of the organic light emitting diode OLED.

[0048] In addition, as shown in FIG. 3, the emission
control signal emit[i] may be low-level for an early stage
T14 of a period in which the previous select signal select
[i-1] is low-level. Then, the charges stored by the capacitor
C..p,, are discharged to the voltage source VSS such that a
voltage of the capacitor C,,, is initialized.

[0049] Furthermore, while the emission control signal
emif[i] has been described to be low-level in FIG. 3 after the
current select signal select[i] becomes high-level, the emis-
sion control signal emit[i] may be low-level for a period in
which the current select signal select[i] is low-level. How-
ever, in this case, the gate voltage of the driving transistor
MI1 may be changed to the voltage of Vi, +V,,. since the
organic light emitting diode OLED emits light when the data
voltage V4, 1s applied.

[0050] As described above, the pixel circuit 111 according
to the first exemplary embodiment can compensate the
variation of the threshold voltage of the driving transistor
M11 and the degradation of the brightness of the organic
light emitting diode OLED.

[0051] A pixel circuit 112 formed on a pixel 110 of an
organic light emitting diode display device according to a
second exemplary embodiment of the present invention will
be described with reference to FIG. 4, FIG. 5, and FIGS. 6A
to 6D.

data

[0052] FIG. 4 shows a circuit diagram of the pixel circuit
112 according to the second exemplary embodiment of the
present invention.

[0053] As shown in FIG. 4, the pixel circuit 112 includes
a driving transistor M26, switching transistors M22 and
M?27, a control transistor M21, capacitors C,, and C,, a
threshold voltage compensator 1124, an emission control
transistor M25, an organic light emitting diode OLED, and
a photoelectric transformation element PD; and the thresh-
old voltage compensator 112a includes transistors M23 and
M24 and a capacitor C_,,

[0054] Connections of the transistors M21 to M24 and the
capacitors C, and C_,,, are substantially the same as those
of the transistors M11 to M14 and the capacitors C_,; and
C,, shownin FIG. 2, respectively. In addition and as shown
in FIG. 4, the driving transistor M26 has a source coupled to
a voltage source VDD, and the capacitor C, is coupled
between a gate and the source of the driving transistor M26.
The emission control transistor M25 having a gate coupled
to the emission control line Em; is coupled between a drain
of the driving transistor M26 and an anode of the organic
light emitting diode OLED. A cathode of the organic light
emitting diode OLED is coupled to a voltage source VSS
that supplies a lower voltage than the voltage source VDD.
The transistor M27 has a gate coupled to the current scan
line S; and is coupled between the gate of the driving
transistor M26 and a voltage source VSS1 which supplies a
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lower voltage than the voltage source VDD. The transistor
M27 transmits a voltage Vg, from the voltage source VSS1
to the capacitor C, in response to a low-level select signal
from the current scan line S;.

[0055] The photoelectric transformation element PD is
coupled between the voltage source VSS1 and a gate of the
control transistor M21, and applies an electric signal (a
current) corresponding to a light emitted by the organic light
emitting diode OLED to the capacitors C_,, and C,. In
FIG. 4, the photoelectric transformation element PD is
depicted as a photodiode having an anode coupled to the
voltage source VSS1 and a cathode coupled to the gate of the
transistor M21.

[0056] Next, an operation of the pixel circuit 112 shown in
FIG. 4 will be described with reference to FIG. 5 and FIGS.
6A to 6D.

[0057] FIG. 5 shows a signal timing diagram of the pixel
circuit 112 shown in FIG. 4 and FIGS. 6A to 6D shows time
series operations of the pixel circuit 112, respectively.

[0058] For a period T21, the emission control signal
emit[i] is high-level, and the previous select signal select[i-
1] is low-level Then, as shown in FIG. 6A, the transistor
M24 is turned on such that the control transistor M21 is
diode-connected (or electrically couples or connects the gate
of the control transistor M21 to the drain of the control
transistor M21). In addition, the transistor M23 is turned on
such that the second electrode of the capacitor C,,, is
coupled to the voltage source VDD through the transistor
M23. Since the transistor M27 is turned off by a high-level
current select signal select[i], the control transistor M21 is
electrically blocked from the voltage source VSS1. Accord-
ingly, the threshold voltage V., of the control transistor
M21 is stored by the capacitor C_,, such that the first
electrode voltage of the capacitor C,,,,,, 1.€., a gate voltage
of the driving transistor M21, becomes a voltage of V o+
\/TH2'

[0059] For a period T22, the previous select signal select
[i-1] is high-level, and the current select signal select[i] is
low-level. Then, as shown in FIG. 6B, the transistors M23
and M24 are turned off and the transistor M22 is turned on
such that the data voltage V4, from the data line D; is
applied to the second electrodes of the capacitor C,,, and
C.mo- As described in the period T12 of FIG. 3, a gate-
source voltage Vg, of the control transistor M21 becomes
a voltage of Vyp+Vy,..=Vpp, and the voltage of Vit
V 4ara— Vpp 18 stored to the capacitors C, and C_,, . Also, 1n
order to maintain the transistor M26 in the turn-off state, the
data voltage V., may have a voltage that is higher than the
voltage Vo, and corresponds to a gray level. In addition, the
transistor M27 is turned on such that a voltage of Vpp=-Vgg;
corresponding to a voltage difference between the voltage
sources VDD and VSS1 is stored by the capacitor C,.

[0060] For a period T23, the current select signal select[i]
is high-level, and the emission control signal emit[i] is
low-level. Then, as shown in FIG. 6C, the transistor M25 is
turned on such that a current Iy; 1y, 0f the driving transistor
M26 flows through the organic light emitting diode OLED.
As a result, the organic light emitting diode OLED emits
light. At this time, it is assumed that the voltage of V_ -
Vg stored to the capacitor C, is a voltage that allows the
transistor M26 to operate in a linear region.

[0061] A current corresponding to the light emitted by the
organic light emitting diode OLED flows to the photoelec-
tric transformation element PD in the reverse direction such
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that the charges stored to the capacitors C, and C,,, are
changed. That is, the first electrode voltage of the capacitor
C.ipos 1.€., the gate voltage of the transistor M21,is decreased
by the current of the photoelectric transformation element
PD. When the first electrode voltage of the capacitor C,,,
is decreased to a voltage V qpr that causes the transistor M21
to be turned on, the transistor M21 is turned on as shown in
FIG. 6D. As a result, the capacitor C, is discharged such that
the transistor M26 is turned off. That is, the organic light
emitting diode OLED does not emit light. At this time, since
the voltage of Vigs+Vy.—Vpp has been stored to the
capacitors C,, and C,,,, a period for which the first
electrode voltage of the capacitor C,,,, is decreased to the
voltage Vgr 18 determined by the data voltage V... That
is, the second exemplary embodiment controls an emitting
period of the organic light emitting diode OLED with the
data voltage V.., thereby representing the gray level.

[0062] In addition, the voltage Vry is determined by the
threshold voltage of the transistor M21 since the transistor
M21 is turned on when the gate-source voltage Vg, of the
transistor M21 is greater than the threshold voltage Vi, of
the transistor M21. Accordingly, the transistor M21 is turned
on when the first electrode voltage of the capacitor C_,, is
changed by a voltage of V..V, due to the current of the
photoelectric transformation element PD. That is, since a
voltage variation of the capacitor C,,;, until the transistor
M21 is turned off is not affected by the threshold voltage
V_ of the transistor M21, the variation in the threshold
VoTTfage of the transistor M21 can be compensated.

[0063] Furthermore, when the brightness of the organic
light emitting diode OLED is degraded as time passes, the
magnitude of the current that is generated by the photoelec-
tric transformation element PD is reduced. As aresult, a time
in which the first electrode voltage of the capacitor C_,,, is
reduced by the voltage for turning on the transistor M21
becomes longer such that the emission time of the organic
light emitting diode OLED becomes longer. Accordingly,
the pixel circuit 114 of FIG. 4 can compensate the degra-
dation of the brightness of the organic light emitting diode
OLED.

[0064] As described above, the pixel circuit 112 according
to the second exemplary embodiment can compensate the
variation of the threshold voltage of the control transistor
M21 and the degradation of the brightness of the organic
light emitting diode OLED. In addition, the driving transis-
tor M26 can be operated in the linear region.

[0065] While the pixel circuits 111 and 112 have been
shown to be formed by PMOS transistors in the first and
second exemplary embodiments, the pixel circuits 111 and
112 may be formed by any other suitable transistors per-
forming functions similar to the PMOS transistors, or a
combination of any other suitable transistors and the PMOS
transistors. An exemplary embodiment of a pixel circuit
112", which is similar to the pixel circuit 112 of FIG. 4 but
is formed by NMOS (n-channel metal oxide semiconductor)
transistor, will be described with reference to FIG. 7 and
FIG. 8.

[0066] FIG. 7 shows a circuit diagram of a pixel circuit
112" according to a third exemplary embodiment of the
present invention, and FIG. 8 shows a signal timing diagram
of the pixel circuit 112' shown in FIG. 7.

[0067] As shown in FIG. 7, the pixel circuit 112" according
to the third exemplary embodiment has NMOS transistors
M31 to M37, and the connection of the transistors M31 to
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M37 is substantially symmetric to the connection of the
transistors M21 to M27 shown in FIG. 4.

[0068] In more detail, sources of the transistors M31,
M33, and M37 and first electrodes of capacitors C,; and C 4
are coupled to a voltage source VSS2, and an anode of an
organic light emitting diode OLED is coupled to a voltage
source VDDI supplying a voltage that is higher than the
voltage source VSS2. A drain of the transistor M37 and a
cathode of a photoelectric transformation element PD are
coupled to a voltage source VDD2 supplying a voltage that
is higher than the voltage source VSS2.

[0069] Referring to FIG. 8, each of previous and current
select signals select[i-1] and select[i] and an emission
control signal emit[i] has a high-level voltage as an on
voltage, and a low-level voltage as an off voltage. A data
voltage V., has a voltage that is lower than the voltage
V_, supplied by the voltage source VSS2 and corresponds to
a gray level, in order to maintain the transistor M31 at a
turn-off state when the data voltage V., is programmed to
the capacitors V,; and V5.

[0070] As described above, the exemplary embodiments
of the present invention can compensate for the variation of
the threshold voltage of the transistor and the degradation of
the brightness of the organic light emitting diode.

[0071] While the invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood by those skilled in the art that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications included within
the spirit and scope of the appended claims and equivalents
thereof.

What is claimed is:
1. An organic light emitting diode display device com-
prising:

a first transistor having a first electrode coupled to a first
voltage source;

a first capacitor coupled between a control electrode of the
first transistor and the first voltage source;

a second transistor coupled between the control electrode
of the first transistor and a second voltage source, and
being adapted to turn on in response to an on voltage of
a first control signal,

a third transistor having a first electrode coupled to the
first voltage source and a second electrode coupled to
the control electrode of the first transistor;

a fourth transistor having a first electrode coupled to a
data line for transmitting a data voltage, and being
adapted to transmit the data voltage in response to an on
voltage of a second control signal;

a second capacitor for storing the data voltage from the
fourth transistor, and for determining a voltage between
the first electrode of the first transistor and the control
electrode of the first transistor;

a threshold voltage compensator for compensating a
threshold voltage of the third transistor together with
the second capacitor;

an organic light emitting diode;
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a fifth transistor for transmitting a current of a second
electrode of the first transistor to the organic light
emitting diode in response to an on voltage of a third
control signal; and

a photoelectric transformation element for transmitting a
current corresponding to a light emitted by the organic
light emitting diode to the second capacitor.

2. The organic light emitting diode display device of
claim 1, wherein the third control signal has an off voltage
for a first period in which the threshold voltage compensator
compensates the threshold voltage and for a second period
in which the first control signal and the second control signal
respectively have on voltages.

3. The organic light emitting diode display device of
claim 1, wherein a first electrode of the second capacitor is
coupled to the first voltage source, and

the threshold voltage compensator comprises:

a sixth transistor for electrically coupling a control elec-
trode of the third transistor to a second electrode of the
third transistor in response to an on voltage of a fourth
control signal;

a third capacitor having a first electrode coupled to the
control electrode of the third transistor and a second
electrode coupled to a second electrode of the second
capacitor; and

a seventh transistor coupling the first electrode of the third
capacitor to the first voltage source in response to the
on voltage of the fourth control signal.

4. The organic light emitting diode display device of
claim 3, wherein the photoelectric transformation element is
coupled between the second voltage source and the second
electrode of the third capacitor.

5. The organic light emitting diode display device of
claim 3, wherein the fourth control signal has the on voltage
before the first and second control signals have the on
voltages.

6. The organic light emitting diode display device of
claim 5, wherein the first and second control signals include
a first select signal, and the fourth control signal includes a
second select signal transmitted before the first select signal.

7. The organic light emitting diode display device of
claim 5, wherein the third control signal has an off voltage
for a period in which the first, second, and fourth control
signals respectively have the on voltages.

8. The organic light emitting diode display device of
claim 3, wherein a first electrode of the organic light
emitting diode is coupled to a third voltage source, and

the fifth transistor is coupled between the second elec-
trode of the first transistor and a second electrode of the
organic light emitting diode.

9. The organic light emitting diode display device of
claim 8, wherein each of the first and third transistors
includes a p-channel transistor, and the first voltage source
supplies a higher voltage than the third voltage source.

10. The organic light emitting diode display device of
claim 8, wherein each of the first and third transistors
includes an n-channel transistor, and the first voltage source
supplies a lower voltage than the third voltage source.

11. An organic light emitting diode display device com-
prising:
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a first transistor having a first electrode coupled to a first
voltage source;

a second transistor having a first electrode coupled to a
data line for transmitting a data voltage, and being
adapted to transmit the data voltage in response to an on
voltage of a first control signal;

a first capacitor for storing the data voltage from the
second transistor, and for determining a voltage
between the first electrode of the first transistor and a
control electrode of the first transistor;

a threshold voltage compensator for compensating a
threshold voltage of the first transistor together with the
first capacitor;

an organic light emitting diode;

a third transistor for transmitting a current of a second
electrode of the first transistor to the organic light
emitting diode in response to an on voltage of a second
control signal; and

a photoelectric transformation element coupled between
the control electrode of the first transistor and the first
voltage source, and for generating a current corre-
sponding to a light emitted by the organic light emitting
diode to the second capacitor.

12. The organic light emitting diode display device of
claim 11, wherein the second control signal has an off
voltage for a first period in which the threshold voltage
compensator compensates the threshold voltage and for a
second period in which the first control signal has an on
voltage.

13. The organic light emitting diode display device of
claim 11, wherein a first electrode of the first capacitor is
coupled to the first voltage source, and

the threshold voltage compensator comprises:

a fourth transistor for electrically coupling the control
electrode of the first transistor to a second electrode of
the first transistor in response to an on voltage of a third
control signal;

a second capacitor having a first electrode coupled to the
control electrode of the first transistor and a second
electrode coupled to a second electrode of the first
capacitor; and

a fifth transistor coupling the first electrode of the second
capacitor to the first voltage source in response to the
on voltage of the third control signal.

14. The organic light emitting diode display device of
claim 13, wherein the third control signal has the on voltage
before the first control signals have the on voltage.

15. The organic light emitting diode display device of
claim 14, wherein the first control signal includes a first
select signal, and the third control signal includes a second
select signal transmitted before the first select signal.

16. The organic light emitting diode display device of
claim 14, wherein the second control signal has the on
voltage in an early stage of a period in which the third
control signal has the on voltage.

17. The organic light emitting diode display device of
claim 13, wherein a first electrode of the organic light
emitting diode is coupled to a second voltage source, and
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the third transistor is coupled between the second elec-
trode of the first transistor and a second electrode of the
organic light emitting diode.

18. The organic light emitting diode display device of
claim 17, wherein the first transistor includes a p-channel
transistor, and the first voltage source supplies a higher
voltage than the second voltage source.

19. The organic light emitting diode display device of
claim 17, wherein the first transistor includes an n-channel
transistor, and the first voltage source supplies a lower
voltage than the second voltage source.

20. A driving method of an organic light emitting diode
display device including an organic light emitting diode and
a photoelectric transformation element for generating a
current corresponding to a light emitted by the organic light
emitting diode, the driving method comprising:

providing a first transistor having a first electrode coupled
to a first voltage source for supplying a first voltage, a
second transistor having a first electrode coupled to the
first voltage source, a first capacitor having a first
electrode coupled to the first voltage source, a second
capacitor having a first electrode coupled to a control
electrode of the first transistor, and a third capacitor
coupled the first electrode of the second transistor and
a control electrode of the second transistor;

coupling the control electrode of the first transistor to a
second electrode of the first transistor and a second
electrode of the second capacitor to the first voltage
source;

storing a second voltage by the third capacitor;

coupling the second electrode of the second capacitor to
a second electrode of the first capacitor and applying a
data voltage to the second electrode of the first capaci-
tor and the second electrode of the second capacitor;

transmitting a current of the second electrode of the
second transistor to the organic light emitting diode;
and

transmitting the current of the photoelectric transforma-
tion element to the first electrode of the second capaci-
tor.

21. The driving method of claim 20, wherein the coupling
the second electrode of the second capacitor to the second
electrode of the first capacitor comprises blocking an elec-
trical connection between the control electrode of the first
transistor and the second electrode of the first transistor.

22. The driving method of claim 20, wherein the control
electrode of the first transistor is coupled to the second
electrode of the first transistor in response to a previous
select signal, and the second electrode of the second capaci-
tor is coupled to the first voltage source in response to the
previous select signal; and

the second voltage is stored by the third capacitor in
response to a current select signal, and the data voltage
is applied to the second electrodes of the first and
second capacitors in response to the current select

signal.
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