(19)

US 20140354522A1

12 Patent Application Publication (o) Pub. No.: US 2014/0354522 A1

United States

CHUNG et al.

(43) Pub. Date: Dec. 4, 2014

(54)

(71)

(72)

(73)

1)

(22)

(30)

DISPLAY DEVICE AND DRIVING METHOD
THEREOF

Applicant: Samsung Display Co., Ltd.,
Yongin-City (KR)

Inventors: BO-YONG CHUNG, Yongin-City (KR);

Hae-Yeon Lee, Yongin-City (KR);
Yong-Jae Kim, Yongin-City (KR)

Assignee: Samsung Display Co., Ltd.,
Yongin-City (KR)

Appl. No.: 14/041,098

Filed: Sep. 30, 2013
Foreign Application Priority Data

Jun.3,2013  (KR) .« 10-2013-0063503

Publication Classification

(51) Int.CL
G09G 3/32 (2006.01)
(52) US.CL
(@ R G09G 3/3216 (2013 .01)
L015) 345/82
(57) ABSTRACT

A method of driving an OLED display includes: during a
scanning period of a first frame, turning off a relay transistor
and turning on a switching transistor to enable a second data
voltage applied to a data line to be stored in a first capacitor;
and during a light emitting period of the first frame, perform-
ing an operation to turn on a light emitting transistor and a
compensation transistor to enable a voltage into which a first
data voltage and a threshold voltage of a driving transistor are
reflected to be applied to a second node for enabling the
OLED to emit light by a driving current which flows into a
driving transistor. The scanning period and the light emitting
period temporally overlap each other.
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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0063503 filed in the Korean Intel-
lectual Property Office on Jun. 3, 2013, the disclosure of
which is incorporated by reference in its entirety herein.

BACKGROUND
[0002] (a) Technical Field
[0003] Exemplary embodiments of the present invention

relate to a display device and a driving method thereof, and
more particularly, to an active matrix organic light emitting
diode (OLED) display device which includes a pixel includ-
ing an organic light emitting diode (OLED) and a driving
method thereof.

[0004] (b) Discussion of Related Art

[0005] The organic light emitting diode (OLED) display
device uses an organic light emitting diode (OLED) in which
a luminance is controlled by a current or a voltage. The
organic light emitting diode (OLED) includes an anode layer
and a cathode layer which generate an electric field and an
organic light emitting material which emits light due to the
electric field.

[0006] The organic light emitting diode (OLED) display
device may be a passive matrix OLED (PMOLED) or an
active matrix OLED (AMOLED) according to the method in
which pixels of the display device are driven.

[0007] In one active matrix OLED driving scheme, one
frame of the active matrix display device includes a scanning
period during which image data is written and a light emitting
period during which light is emitted in accordance with the
written image data.

[0008] As thesize ofthe display device is increased and the
resolution is improved, the scanning period during which the
image data is written is increased and a ratio of the light
emitting period in one frame is reduced. Thus, the average
luminance of an image may decrease. A power source voltage
may be increased to increase the average luminance of the
image. However, as the power source voltage is increased, a
power consumption of the display device is also increased.

SUMMARY

[0009] At least one embodiments of the present invention
has been made in an effort to provide a display device which
includes a pixel suitable to increase a size of a display device
and display a stereoscopic image with a high resolution and a
driving method thereof.

[0010] An exemplary embodiment of the present invention
provides a display device including a plurality of pixels. Each
of the plurality of pixel includes: a switching transistor which
includes a gate electrode to which a scan signal is applied, an
electrode which is connected to the data line, and another
electrode which is connected to the first node; a relay transis-
tor which includes a gate electrode to which a writing signal
is applied, an electrode which is connected to the first node,
and another electrode which is connected to a second node; a
driving transistor which includes a gate electrode which is
connected to the second node, an electrode which is con-
nected to a third node, and another electrode which is con-
nected to an organic light emitting diode; a first capacitor
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which includes an electrode which is connected to the third
node and another electrode which is connected to a fourth
node; a compensation transistor which includes a gate elec-
trode to which a light emitting signal is applied, an electrode
which is connected to the second node, and another electrode
which is connected to the fourth node; a reset transistor which
includes a gate electrode to which a reset signal is applied, an
electrode which is connected to the data line, and another
electrode which is connected to the fourth node; and a light
emitting transistor which includes a gate electrode to which
the light emitting signal is applied, one electrode which is
connected to a first power source voltage, and another elec-
trode which is connected to the third node.

[0011] Each of the plurality of pixels may further include a
second compensation transistor which includes a gate elec-
trode to which the writing signal is applied, an electrode to
which the writing signal is applied, and another electrode
which is connected to another electrode of the driving tran-
sistor.

[0012] Each of the plurality of pixels may further include a
second light emitting transistor which includes a gate elec-
trode to which the light emitting signal is applied, an elec-
trode which is connected to another electrode of the driving
transistor, and another electrode which is connected to the
organic light emitting diode.

[0013] Each of the plurality of pixels may further include a
second compensation transistor which includes a gate elec-
trode to which the writing signal is applied, an electrode
which is connected to an initializing voltage, and another
electrode which is connected to another electrode of the driv-
ing transistor.

[0014] Each of the plurality of pixels may further include a
second light emitting transistor which includes a gate elec-
trode to which the light emitting signal is applied, an elec-
trode which is connected to another electrode of the driving
transistor, and another electrode which is connected to the
organic light emitting diode.

[0015] The display device may further include a second
capacitor which includes an electrode which is connected to
the first node and another electrode which is connected to an
initializing voltage. During an operation when the light emit-
ting transistor and the compensation transistor are turned on
and a voltage into which a first data voltage and a threshold
voltage Vth of the driving transistor are reflected is applied to
the second node, when a light emitting period when the
organic light emitting diode emits light by a driving current
which flows into the driving transistor is simultaneously per-
formed in the plurality of pixels, a second data voltage cor-
responding to a scan signal set to a gate on voltage corre-
sponding to each of the plurality of pixels is stored in the first
capacitor.

[0016] The second data voltage may be a data voltage
which is written into each of the plurality of the pixels in a
current frame and the first data voltage may be a data voltage
which is written into each of the plurality of pixels in an
immediately previous frame of the current frame.

[0017] Inan exemplary embodiment, after the second data
voltage is applied to the second node and a voltage into which
the second data voltage and the threshold voltage of the driv-
ing transistor are formed in the third node, when the light
emitting transistor and the compensation transistor are turned
on, the voltage into which the data voltage and the threshold
voltage of the driving transistor are reflected is applied to the
second node by coupling of the first capacitor.
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[0018] An exemplary embodiment of the present invention
provides a driving method of a display device having a plu-
rality of pixels, where each pixel includes a switching tran-
sistor connected between a data line and the first node, a first
capacitor connected between the first node and an initializing
voltage, a relay transistor connected between the first node
and the second node, a driving transistor which includes a
gate electrode connected to the second node and controls a
driving current flowing in an organic light emitting diode
(OLED) by a first power source voltage applied to a third
node, a light emitting transistor connected between a first
power source voltage and the third node, a second capacitor
connected between the third node and a fourth node, and a
compensation transistor which is connected between the sec-
ond node and the fourth node. The method includes during a
scanning period of a first frame, turning off the relay transistor
and turning on the switching transistor to enable a second data
voltage applied to the data line to be stored in the first capaci-
tor; and during a light emitting period of the first frame,
performing an operation to turn on the light emitting transis-
tor and the compensation transistor to enable a voltage into
which a first data voltage and a threshold voltage of the
driving transistor are reflected to be applied to the second
node for enabling the organic light emitting diode OLED to
emit light by a driving current which flows into the driving
transistor. The scanning period and the light emitting period
temporally overlap each other.

[0019] The operation may be simultaneously performed in
the plurality of pixels.

[0020] The second data voltage may be a data voltage
which is written into each of the plurality of pixels in a current
frame and the first data voltage may be a data voltage which
is written into each of the plurality of pixels in an immediately
previous frame of the current frame.

[0021] The driving method may further include resetting a
gate voltage of the driving transistor to an initializing voltage
of a low level voltage.

[0022] The resetting may further include applying the ini-
tializing voltage to the data line and turning on the reset
transistor and the compensation transistor to apply the initial-
izing voltage which is applied to the data line to the gate
electrode of the driving transistor.

[0023] The resetting may further include applying the first
power source voltage and the second power source voltage
which is connected to a cathode of the organic light emitting
diode (OLED) as high level voltages and applying a first
power source voltage to an anode of the organic light emitting
diode (OLED) when the light emitting transistor is turned on.

[0024] The driving method may further include before the
scanning period, during a compensating operation in which
the first data voltage which is stored in the first capacitor is
applied to the second node and a voltage into which the first
data voltage and the threshold voltage of the driving transistor
are reflected is applied to the third node.

[0025] The compensation operation may further include
applying areference voltage to the data line and turning on the
reset transistor to apply the reference voltage to the fourth
node.

[0026] The compensation operation may further include
allowing a current to flow into the driving transistor until a
second power source voltage which is applied to the cathode
of the organic light emitting diode OLED is changed from the
high level voltage into a low level voltage and a voltage of the
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third node becomes the first data voltage and the threshold
voltage of the driving transistor.

[0027] The compensation operation may further include
turning on a second compensation transistor connected
between the writing signal and the organic light emitting
diode (OLED) to apply the writing signal to an anode of the
organic light emitting diode (OLED).

[0028] The compensation operation may further include
turning on a second light emitting transistor connected
between the driving transistor and the organic light emitting
diode (OLED).

[0029] The compensation operation may further include
turning on a second compensation transistor connected
between the writing signal and the organic light emitting
diode (OLED) to apply the initializing signal to the anode of
the organic light emitting diode (OLED) and turning on a
second light emitting transistor connected between the driv-
ing transistor and the organic light emitting diode (OLED).

[0030] According to an exemplary embodiment of the
present invention, a display device includes a pixel having
first through sixth transistors and an organic light emitting
diode OLED. The first and fifth transistors are connected to a
data line, and a gate electrode of the first transistor is con-
nected to a scan line. The display device further includes a
power supply configured to provide a first power supply volt-
age to the sixth transistor and a second power supply voltage
to the OLED and a controller configured to provide a scan
signal to the scan line, a first signal to a gate terminal of the
second transistor, a second signal to gate electrodes of the
fourth and sixth transistors, and a third signal to a gate termi-
nal of the fifth transistor.

[0031] In an exemplary embodiment, the first transistor is
connected to a first node, the second transistor is connected
between the first node and a second node, the third transistor
1s connected between the OLED and a third node, the fourth
transistor is connected between the second node and a fourth
node, the fifth transistor is connected to the fourth node, and
the sixth transistor is connected to the third node.

[0032] In an exemplary embodiment, the pixel further
includes a first capacitor connected to the first node and a
second capacitor connected between the third and fourth
nodes. The display device may include several such pixels.

[0033] Inanexemplary embodiment, during an entire light
emitting period the first and third signals have a first logic
level and the second signal has a second other logic level,
during a first part of the period the scan signal has a gate off
voltage, during a second part of the period the scan signal has
a gate on voltage, and during a third part of the period the scan
signal has the gate off voltage. In an exemplary embodiment,
during the first part a constant high voltage is applied to the
data line, during the second part a voltage with one among a
plurality of levels representing a gray level of the pixel is
applied to the data line, and during the third part a constant
low voltage is applied to the data line

[0034] A pixel according to at least one embodiment of the
inventive concept may sufficiently ensure a ratio of the light
emitting period in one frame. Further, at least one embodi-
ment ofthe pixel may allow the display device to have a larger
size and display a stereoscopic image with a higher resolu-
tion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a block diagram illustrating a display
device according to an exemplary embodiment of the inven-
tion.

[0036] FIG. 2 is a diagram illustrating a driving method of
a display device according to an exemplary embodiment of
the present invention.

[0037] FIG. 3 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0038] FIG.41is atiming chart illustrating a driving method
of adisplay device according to an exemplary embodiment of
the present invention.

[0039] FIG.5is a diagram illustrating a driving method of
a display device according to an exemplary embodiment of
the present invention.

[0040] FIG. 6 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0041] FIG. 7 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0042] FIG. 8 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0043] FIG. 9 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0044] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, by way of illustration. However, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
present invention. Like reference numerals designate like
elements throughout the specification.

[0045] It will be understood that when an element is
referred to as being “coupled” to another element, the element
may be “directly coupled” to the other element or “electri-
cally coupled” to the other element through a third element.
As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the con-
text indicates otherwise.

[0046] FIG. 1 is a block diagram illustrating a display
device according to an exemplary embodiment of the inven-
tion.

[0047] Referring to FIG. 1, the display device 10 includes a
signal controller 100, a scan driver 200, a data driver 300, a
power supply 400, a writing signal unit 500, a light emitting
signal unit 600, a reset signal unit 700, and a display unit 8§00.
In an exemplary embodiment, a unit, a controller, or a driver
includes one or more processes or logic circuits to accomplish
a function (e.g., generate a signal, perform an operation, etc.).
The power supply 400 may include one or more voltage
generators or boosting circuits to generate its output power
supply voltages.

[0048] The signal controller 100 receives an image signal
Ims and a synchronization signal, which are input from an
external device. The input image signal ImS has luminance
information of a plurality of pixels. The luminance informa-
tion may include a predetermined number of gray scales, for
example, 1024=2'°, 256=2® or 64=2° gray scales. For
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example, the luminance information may indicate the gray
level or color of each pixel of the display unit 800. The
synchronization signal includes a horizontal synchronization
signal Hsync, a vertical synchronization signal Vsync, and a
main clock signal MCLK.

[0049] The signal controller 100 generates first to sixth
driving control signals CONT1, CONT2, CONT3, CONT4,
CONTS5, and CONT$6 and the image data signal ImD in accor-
dance with the image signal ImS, the horizontal synchroni-
zation signal Hsync, the vertical synchronization signal
Vsyne, and the main clock signal MCLK.

[0050] The signal controller 100 divides the image signal
Ims into units of frames in accordance with the vertical syn-
chronization signal Vsync and divides the image signal Ims
into units of scan lines in accordance with the horizontal
synchronization signal Hsync to generate the image data sig-
nal ImD. The signal controller 100 transmits the image data
signal ImD and the first driving control signal CONT1
together to the data driver 300.

[0051] The display unit 800 is a display area including a
plurality of pixels. In the display unit 800, a plurality of scan
lines and a plurality of data lines are connected to the pixels.
The plurality of scan lines may extend substantially in a row
direction to be substantially parallel to each other and the
plurality of data lines may extend substantially in a column
direction to be substantially parallel to each other. The display
unit 800 may further include a plurality of power source lines,
a plurality of writing signal lines, a plurality of light emitting
signal lines, and a plurality of reset signal lines connected to
the plurality of pixels. The plurality of pixels may be arranged
approximately in a matrix.

[0052] The scan driver 200 is connected to the plurality of
scan lines and generates a plurality of scan signals S[1] to S[n]
in accordance with a second driving control signal CONT2.
The scan driver 200 may sequentially apply the scan signals
Sill to S[n] of a gate on voltage to the plurality of scan lines.

[0053] The data driver 300 is connected to the plurality of
data lines and samples and holds the image data signal ImD
input in accordance with the first driving control signal
CONT1 and transmits a plurality of data signals data[1] to
data[m] to the plurality of data lines. The data driver 300
applies data signals data[1] to data[m] having a predeter-
mined voltage range to the plurality of data lines in accor-
dance with the scan signals S[1] to S[n] of the gate on voltage.

[0054] The power supply 400 is connected to the plurality
of power source lines and supplies a first power source volt-
age ELVDD, a second power source voltage ELVSS, and an
initializing voltage Vinit to the plurality of pixels. The power
supply 400 adjusts a power level of the first power source
voltage ELVDD and the second power source voltage ELVSS
in accordance with a third driving control signal CONT3.

[0055] The writing signal unit 500 is connected to the plu-
rality of writing signal lines and generates a writing signal
GW in accordance with a fourth driving control signal
CONT4. The writing signal unit 500 may simultaneously
apply the writing signal GW of the gate on voltage to the
plurality of pixels.

[0056] Thelightemitting signal unit 600 is connected to the
plurality of light emitting signal lines and generates a light
emitting signal EM in accordance with a fifth driving control
signal CONTS5. The light emitting signal unit 600 may simul-
taneously apply the light emitting signal EM of the gate on
voltage to the plurality of pixels.
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[0057] The reset signal unit 700 is connected to the plural-
ity of reset signal lines and generates a reset signal GR in
accordance with a sixth driving control signal CONTS. The
reset signal unit 700 may simultaneously apply the reset
signal GR of the gate on voltage to the plurality of pixels.
[0058] While FIG. 1 has illustrated separate units 200, 400,
500, 600, and 700 for supplying power supply voltages, scan
signals, a writing signal GW, a light emission signal EM, and
a reset signal GR, one or more of these units may combined
together so that a single unit provides several of the signals
together. For example, in an exemplary embodiment. a single
controller provides the writing signal GW, the light emission
signal EM, and the reset signal Gr.

[0059] FIG. 2 is a diagram illustrating a driving method of
a display device according to an exemplary embodiment of
the present invention.

[0060] Referring to FIG. 2, one frame period when one
image is displayed on the display unit 800 includes a reset
period 1 when a driving voltage of an organic light emitting
diode (OLED) of a pixel is reset, a compensating period 2
where a threshold voltage of a driving transistor ofthe pixel is
compensated, a scanning period 3 when data is written into
each of the plurality of pixels, and a light emitting period 4
when the pixels emit the light in accordance with written data.
Temporally, the scanning period 3 and the light emitting
period 4 overlap.

[0061] During the light emitting period 4 of the current
frame, the pixels emit light in accordance with the data writ-
ten during the scanning period 3 of the immediate frame.
Further, the pixels emit the light during the light emitting
period 4 of a next frame in accordance with data written into
the pixels during the scanning period 3 of the current frame.

[0062] Forexample, it is assumed that a period T1 includes
a scanning period 3 and a light emitting period 4 of an N-th
frame. Data which is written into the pixels during the scan-
ning period 3 ofthe period T1 is data of the N-th frame and the
pixels emit light during the light emitting period 4 of the
period T1 in accordance with data of an N-1-st frame which
is written into the scanning period D of the N-1-st frame.

[0063] A period T2 includes a scanning period 3 and a light
emitting period 4 of an N+1-st frame. Data which is written
into the pixels during the scanning period 3 of the period T2
is data of the N+1-st frame and the pixels emit light during the
light emitting period 4 of the period T2 in accordance with
data of an N-th frame which is written during the scanning
period 3 of the N-th frame, that is, the period T1.

[0064] A period T3 includes a scanning period 3 and a light
emitting period 4 of an N+2-nd frame. Data which is written
into the pixels during the scanning period 3 of the period T3
is data of the N+2-nd frame and the pixels emit light during
the light emitting period 4 of the period T3 in accordance with
data of an N+1-st frame which is written during the scanning
period 3 of the N+1-st frame, that s, the period T2.

[0065] A period T4 includes a scanning period 3 and a light
emitting period 4 of an N+3-rd frame. Data which is written
into the pixels during the scanning period 3 of the period T4
is data of the N+3-rd frame and the pixels emit light during the
light emitting period 4 of the period T4 in accordance with
data of an N+2-nd frame which is written during the scanning
period 3 of the N+2-nd frame, that is, the period T3.

[0066] A pixel structure in which the data of the current
frame is written during the scanning period 3 and light is
emitted in accordance with data of an immediately previous

Dec. 4, 2014

frame during the light emitting period 4 which overlaps the
scanning period 3 will be described with reference to FIG. 3.

[0067] FIG. 3 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0068] Referring to FIG. 3, a pixel 20 according to an
exemplary embodiment of the invention includes a switching
transistor M11, a relay transistor M12, a driving transistor
M13, a compensation transistor M14, a reset transistor M15,
alight emitting transistor M16, a first capacitor C11, a second
capacitor C12, and an organic light emitting diode (OLED).

[0069] The switching transistor M11 includes a gate elec-
trode to which a scansignal S[1] is applied, an electrode which
is connected to a data line Dj, and another electrode which is
connected to a first node N11. The switching transistor M11
is turned on by the scan signal [ | set to a gate on voltage to
apply a voltage which is applied to the data line Dj to the first
node N11.

[0070] Therelay transistor M12 includes a gate electrode to
which a writing signal GW is applied, an electrode which is
connected to the first node N11, and another electrode which
is connected to a second node N12. The relay transistor M12
is turned on by the writing signal GW set to the gate on
voltage to apply a voltage of the first node N11 to the second
node N12.

[0071] Thedriving transistor M13 includes a gate electrode
which is connected to the second node N12, an electrode
which is connected to a third node N13, and another electrode
which is connected to an anode electrode of the organic light
emitting diode OLED. The driving transistor M13 is turned
on/off by a voltage of the second node N12 to control a
driving current which is supplied to the organic light emitting
diode OLED.

[0072] The compensation transistor M14 includes a gate
electrode to which a light emitting signal EM is applied, an
electrode which is connected to the second node N12, and
another electrode which is connected to a fourth node N14.

[0073] Thereset transistor M15 includes a gate electrode to
which a reset signal GR is applied, an electrode which is
connected to the data line Dj, and another electrode which is
connected to the fourth node N14. The reset transistor M15 is
turned on by the reset signal GR set to the gate on voltage to
apply a voltage which is applied to the data line Dj to the
fourth node N14.

[0074] The light emitting transistor M16 includes a gate
electrode to which the light emitting signal EM is applied, an
electrode which is connected to a first power source voltage
ELVDD, and another electrode which is connected to the
third node N13.

[0075] The first capacitor C11 includes an electrode which
is connected to the first node N11 and another electrode which
is connected to an initializing voltage Vinit.

[0076] The second capacitor C12 includes an electrode
which is connected to the third node N13 and another elec-
trode which is connected to the fourth node N14.

[0077] The organic light emitting diode OLED includes an
anode electrode which is connected to another electrode of a
driving transistor M13 and a cathode electrode which is con-
nected to a second power source voltage ELVSS. The organic
light emitting diode OLED may emit light with one of a
plurality of primary colors. Examples of the primary color
include three primary colors such as red, green and blue and
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adesired color may be displayed and spatial sum or a tempo-
ral sum of the three primary colors may display a desired
color.

[0078] The switching transistor M11, the relay transistor
M12, the driving transistor M13, the compensation transistor
M14, the reset transistor M15 and the light emitting transistor
M16 may be p-channel field effect transistors. In this case, a
gate on voltage at which the switching transistor M11, the
relay transistor M12, the driving transistor M13, the compen-
sation transistor M14, the reset transistor M15, and the light
emitting transistor M16 are turned on is a low level voltage
and a gate off voltage at which the transistors are turned off is
a high level voltage.

[0079] Here, the p-channel field effect transistor is
described but at least one of the switching transistor M11, the
relay transistor M12, the driving transistor M13, the compen-
sation transistor M14, the reset transistor M15, and the light
emitting transistor M16 may be an n-channel field effect
transistor. In this case, the gate on voltage at which the
n-channel field effect transistor is turned on is a high level
voltage and the gate off voltage at which the n—channel field
effect transistor is turned off is a low level voltage.

[0080] FIG.41is atiming chart illustrating a driving method
of adisplay device according to an exemplary embodiment of
the present invention.

[0081] Referring to FIGS. 3 and 4, a driving method of a
display device 10 including the pixel 20 according to an
exemplary embodiment will be described.

[0082] During the reset period 1, a first power source volt-
age ELVDD and a second power source voltage ELVSS are
applied as high level voltages. The reset signal GR and the
light emitting signal EM are applied at the gate on voltage and
the writing signal GW and the scan signals S[1] to S[n] are
applied at the gate off voltage. In this case, the data signals
data[1] to data[m] are applied at the initializing voltage Vinit.
The initializing voltage Vinit may be a lowest voltage among
arange of voltages that represent a gray level of a pixel, or the
initializing voltage Vinit may be a voltage lower than the
lowest voltage to distinguish it from a valid data voltage. The
reset transistor M15 is turned on by the reset signal GR set to
the gate on voltage and the initializing voltage Vinit of the
data line Dj is applied to the fourth node N14 through the
turned-on reset transistor M15. The compensation transistor
M14 and the light emitting transistor M16 are turned on by the
light emitting signal EM set to the gate on voltage. When the
compensation transistor M14 is turned on, the second node
N12 and the fourth node N14 are connected and the initializ-
ing voltage Vinit which is applied to the fourth node N14 is
applied to the second node N12. The initializing voltage Vinit
may be a low level voltage. The first power source voltage
ELVDD is applied to the third node N13 through the turned-
on light emitting transistor M16. The driving transistor M13
is turned on, and the first power source voltage ELVDD is
transmitted to the anode of the organic light emitting diode
OLED. In this case, the second power source voltage ELVSS
is applied as a high level voltage so that no current flows into
the organic light emitting diode OLED. As described above,
the gate voltage of the driving transistor M13, that is, a volt-
age of the second node N12 is reset as the initializing voltage
Vinit and the anode voltage of the organic light emitting diode
OLED is reset as a high level voltage.

[0083] During the compensating period 2, the data signals
data[1] to data|m] are changed into a reference voltage Vref.
The reference voltage Vref may be a highest voltage among a
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range of voltages that represent a gray level of a pixel, or a
voltage higher than the highest voltage to distinguish it from
avalid data voltage. The reference voltage Vref may be a high
level voltage. In this case, the reset transistor M15 is main-
tained to be turned on and the reference voltage Vref is
applied to the fourth node N14 through the reset transistor
M15. In this case, the light emitting signal EM is applied as a
gate off voltage and the compensation transistor M14 and the
light emitting transistor M16 are turned off by the light emit-
ting signal EM of the gate off voltage. The writing signal GW
is applied as a gate on voltage and the relay transistor M12 is
turned on by the writing signal GW of the gate on voltage. The
data voltage data which is stored in the first capacitor C11 is
applied to the second node N12 through the turned-on relay
transistor M12. The data voltage data which is stored in the
first capacitor C11 is a data voltage which is stored in the first
capacitor C11 during the scanning period 3 of the immedi-
ately previous frame of the current frame. Thereafter, when
the second power source voltage ELVSS is changed into a low
level voltage, a voltage of the anode electrode of the organic
light emitting diode OLED drops to a low level voltage due to
coupling of a parasitic capacitor of the organic light emitting
diode OLED. When a voltage of the anode of the organic light
emitting diode OLED drops to a low level voltage, the current
flows from the third node N13 to the organic light emitting
diode OLED through the driving transistor M13 until the
voltage of the third node N13 becomes a data-Vth voltage,
and a voltage of the third node N13 becomes the data-Vth
voltage. Here, the data refers to a voltage of the data signals
data[ ] to datam]. Vth may have a negative value as a thresh-
old voltage of the driving transistor M13. That is, the voltage
of the third node N13 becomes a voltage into which the data
voltage data and a threshold voltage Vth of the driving tran-
sistor M13 are reflected.

[0084] During the light emitting period 4, the first power
source voltage ELVDD is applied as a high level voltage and
the second power source voltage ELVSS is applied as a low
level voltage. The reset signal GR and the writing signal GW
are applied as the gate off voltage and the light emitting signal
EM is applied as the gate on voltage. As the light emitting
signal EM is applied as a gate on voltage, the compensation
transistor M14 and the light emitting transistor M16 are
turned on. The first power source voltage ELVDD is trans-
mitted to the third node N13 through the turned-on light
emitting transistor M16. The voltage of the third node N13 is
changed into the ELVDD voltage at a data+Vth voltage. Here,
ELVDD refers to a high level voltage of the first power source
voltage ELVDD. As the voltage of the third node N13 is
changed into the ELVDD voltage, the voltage of the fourth
node N14 is changed by an ELVDD-(data-Vth) voltage by
coupling the second capacitor C12 so that the voltage of the
fourth node N14 becomes an ELVDD—-(data-Vth)+Vref volt-
age. The voltage of the fourth node N14 is transmitted to the
second node N12, that is, the gate electrode of the driving
transistor M13 through the tumed-on compensation transis-
tor M14. That is, a voltage into which the data voltage data
and the threshold voltage Vth of the driving transistor M13
are reflected is applied to the second node N12. The driving
transistor M13 is turned on by a difference of the gate-source
voltages (e.g., Vgs) and a driving current Ioled flows through
the driving transistor M13. The driving current lobed
becomes k*(Vgs—Vth)*=k*((ELYDD-(data-Vth)+Vref)-
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ELVDD)-Vth)*=k*(Vref-data)®. Here, k is a parameter
which is determined by a characteristic of the driving transis-
tor M13.

[0085] Thedriving current loled flows into the organic light
emitting diode OLED and the organic light emitting diode
OLED emits light at a brightness corresponding to the driving
current Ioled. The organic light emitting diode OLED may
emit light at a brightness corresponding to the data voltage
data regardless of the voltage drop of the first source voltage
EVDD and the threshold voltage Vth of the driving transistor
M13. When the second power source voltage ELVSS is
changed into a high level voltage, no current flows into the
organic light emitting diode OLED and the light emitting
period 4 ends.

[0086] During the scanning period 3, the plurality of scan
signals S[1] to S[n] is sequentially applied as the gate on
voltage and the data signals data[1] to data[m] in a predeter-
mined voltage range are applied so as to correspond to the
plurality of scan signals S[1] to S[n]. In this case, the reset
signal GR and the writing signal GW are applied as the gate
off voltage and the relay transistor M12 and the reset transis-
tor M15 are turned off. The switching transistor M11 is turned
on by the scan signal S[i] of the gate on voltage and the data
voltage data is applied to the first node N11 through the
turned-on switching transistor M11. The Vinit-data voltage is
stored in the first capacitor C11. The voltage which is stored
in the first capacitor C11 is used during the light emitting
period 4 of a subsequent frame.

[0087] The scanning period 3 and light emitting period 4
overlap with one another in FIG. 4 During a first part of the
light emitting period 4, all the data signals are set to a same
constant reference voltage Vref and all of the scan signals
applied to each scan line are set to a gate off voltage, during a
second later part of the light emitting period 4, the data signals
are set to voltages that are representative of gray levels of
corresponding pixels, and during a third later part ofthe light
emitting period 4, all of the scan signals are again set to the
gate off voltage and all the data signals are set to a constant
initial voltage Vinit that is lower than the reference voltage
Vref.

[0088] As described above, the display device 10 which
includes the pixel 20 according to an exemplary embodiment
may simultaneously perform a data writing operation and the
light emitting operation so that data writing time may be
sufficiently secured.

[0089] FIG. 5is a diagram illustrating a driving method of
a display device according to an exemplary embodiment of
the present invention.

[0090] Referringto FIG. 5, the display device 10 alternately
displays a left-eye image and a right-eye image in accordance
with a shutter spectacles method. As illustrated in FIG. 5,
each frame includes a reset period 1, a compensating period 2,
a scanning period 3, and a light emitting period 4.

[0091] A frame where a plurality of data signals (hereinaf-
ter, referred to as a left eye image data signal) which indicate
aleft-eye image is written into each of the plurality of pixels
is denoted by the reference numeral ‘I and a frame where a
plurality of data signals (hereinafter, referred to as a right eye
image data signal) which indicates a right-eye image is writ-
ten into each of the plurality of pixels is denoted by the
reference numeral ‘R’.

[0092] In each of the reset period 1, the compensating
period 2, the scanning period 3, and the light emitting period
4, waveforms of the reset signal GR, the writing signal GW,
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the light emitting signal EM, the scan signals S[1] to S[n], and
the data signals data[1] to data[m] are the same as the wave-
forms illustrated in FIG. 4 and thus detailed description of the
periods will be omitted.

[0093] During the scanning period 3 of a period T21, the
left eye image data signal of the N_L frame is written into the
plurality of pixels. During the scanning period 3, the left eye
image data signals corresponding to the plurality of pixels are
written. In this case, during the light emitting period 4 of the
period T21, the plurality of pixels emit light in accordance
with the right eye image data signal which is written during
the light emitting period 3 of an N-1_R frame.

[0094] During the scanning period 3 of a period T22, the
right eye image data signal of the N_L frame is written into
the plurality of pixels. During the scanning period 3, the right
eyeimage data signals corresponding to the plurality of pixels
are written. In this case, during the light emitting period 4 of
the period T22, the plurality of pixels emit light in accordance
with the left eye image data signal which is written during the
light emitting period 3 of an N_L frame.

[0095] During the scanning period 3 of a period T23, the
left eye image data signal of the N+1_L frame is written into
the plurality of pixels. During the scanning period 3, the left
eyeimage data signals corresponding to the plurality of pixels
are written. In this case, during the light emitting period 4 of
the period T23, the plurality of pixels emit light in accordance
with the right eye image data signal which is written during
the scanning period 3 of an N_R frame.

[0096] During the scanning period 3 of a period T24, the
right eye image data signal of theN+1_R frame is written into
the plurality of pixels. During the scanning period 3, the right
eyeimage data signals corresponding to the plurality of pixels
are written. In this case, during the light emitting period 4 of
the period T24, the plurality of pixels emit light in accordance
with the left eye image data signal which is written during the
scanning period 3 of an N+1_L frame.

[0097] While the left-eye image is written in accordance
with the above-described manner, the right-eye image emits
light simultaneously with the left-eye image and also while
the right-eye image is written, the left-eye image emits light
simultaneously with the right-eye image. By doing this, the
light emitting period may be sufficiently ensured so that the
image quality of a stereoscopic image (e.g., perceived as a 3D
image) is improved.

[0098] Since the scanning period 3 and the light emitting
period 4 belong to the same period, an interval T31 between
the light emitting periods 4 of the frames may be set regard-
less of the scanning period. In this case, the interval T31
between the light emitting periods 4 may be set to be opti-
mized with a liquid crystal response speed of the shutter
spectacles.

[0099] When the scanning period 3 and the light emitting
period 4 do not belong to the same period, the light emitting
period 4 follows the scanning period 3 so that a temporal
margin in which the light emitting period 4 is set during one
frame period is narrow. In a driving method according to an
exemplary embodiment of the invention, the light emitting
period 4 is set in a period that excludes the reset period 1 and
the compensating period 2 during one frame period. Accord-
ingly, the temporal margin in which the light emitting period
4 is set is increased so that the interval T31 between the light
emitting periods 4 may be set in consideration of the liquid
crystal response speed of the shutter spectacles.
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[0100] For example, the interval T31 between the light
emitting periods 4 is set in consideration ofa time required for
completely opening a right eye lens (or a left eye lens) of the
shutter spectacles from the time when the light emitting of the
left-eye image (or right-eye image) ends.

[0101] FIG. 6 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0102] Referring to FIG. 6, a pixel 30 according to an
exemplary embodiment includes a switching transistor M21,
a relay transistor M22, a driving transistor M23, a first com-
pensation transistor M24, a reset transistor M25, a light emit-
ting transistor M26, a second compensation transistor M27, a
first capacitor C21, a second capacitor C22, and an organic
light emitting diode OLED.

[0103] Different from the pixel 20 illustrated in FIG. 3, the
pixel 30 illustrated in FIG. 6 further includes the second
compensation transistor M27.

[0104] The second compensation transistor M27 includes a
gate electrode to which a writing signal GW is applied, an
electrode to which the writing signal GW is applied, and
another electrode which is connected to a fifth node N25.
Another electrode of the driving transistor M23 and an anode
of the organic emitting diode OLED are connected to the fifth
node N25. The second compensation transistor M27 is turned
on by the writing signal GW set to the gate on voltage to apply
the writing signal GW set to the gate on voltage to the fifth
node N25.

[0105] The second compensation transistor M27 may be a
p-channel field effect transistor. Here, even though it is
described that the second compensation transistor M27 is a
p-channel field effect transistor, the second compensation
transistor M27 may be an n-channel field effect transistor.
[0106] The pixel 30 according to an exemplary embodi-
ment may be driven in accordance with the waveform dia-
gram illustrated in FIG. 4.

[0107] However, during the compensating period 2, the
second compensation transistor M27 is turned on by the writ-
ing signal GW set to the gate on voltage and the writing signal
GW set to the gate on voltage (e.g., a low level voltage) is
applied to the fifth node N25 through the turned-on second
compensation transistor M27. The voltage of the fifth node
N25 becomes a low level voltage and the voltage of the third
node N23 becomes the data-Vth voltage.

[0108] Other operations are the same as those described
with reference to FIG. 4 and thus the detailed description of
the driving method of the display device which includes the
pixel 30 illustrated in FIG. 6 will be omitted.

[0109] FIG. 7 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0110] Referring to FIG. 7, a pixel 40 according to an
exemplary embodiment of the invention includes a switching
transistor M31, a relay transistor M32, a driving transistor
M33, a first compensation transistor M34, a reset transistor
M35, alight emitting transistor M36, a second compensation
transistor M37, a first capacitor C31, a second capacitor C32,
and an organic light emitting diode OLED.

[0111] Different from the pixel 20 illustrated in FIG. 6, the
pixel 40 illustrated in FIG. 7 further includes the second
compensation transistor M37.

[0112] The second compensation transistor M37 includes a
gate electrode to which a writing signal GW is applied, an
electrode which is connected to the initializing voltage Vinit,

Dec. 4, 2014

and another electrode which is connected to a fifth node N35.
Another electrode of the driving transistor M33 and an anode
of the organic emitting diode OLED are connected to the fifth
node N35. The second compensation transistor M37 is turned
on by the writing signal GW set to the gate on voltage to apply
the initializing voltage Vinit to the fifth node N35.

[0113] The second compensation transistor M37 may be a
p-channel field effect transistor. Here, even though it is
described that the second compensation transistor M37 is a
p-channel field effect transistor, the second compensation
transistor M37 may be an n-channel field effect transistor.
[0114] The pixel 40 according to an exemplary embodi-
ment may be driven in accordance with the waveform dia-
gram illustrated in FIG. 4.

[0115] However, during the compensating period 2, the
second compensation transistor M37 is turned on by the writ-
ing signal GW set to the gate on voltage and the initializing
voltage Vinit of the low level voltage is applied to the fifth
node N35 through the turned-on second compensation tran-
sistor M37. The voltage of the fifth node N35 becomes a low
level voltage and the voltage of the third node N33 becomes
the data-Vth voltage.

[0116] Other operations are the same as those described
with reference to FIG. 4 and thus a detailed description of the
driving method of the display device which includes the pixel
40 illustrated in FIG. 7 will be omitted.

[0117] FIG. 8 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0118] Referring to FIG. 8, a pixel 50 according to an
exemplary embodiment of the inventive concept includes a
switching transistor M41, a relay transistor M42, a driving
transistor M43, a first compensation transistor M4d4, a reset
transistor M45, a first light emitting transistor M46, a second
compensation transistor M47, a second light emitting transis-
tor M48, a first capacitor C41, a second capacitor C42, and an
organic light emitting diode OLED.

[0119] Different from the pixel 20 illustrated in FIG. 3, the
pixel 50 illustrated in FIG. 8 further includes the second
compensation transistor M47 and the second light emitting
transistor M48.

[0120] The second compensation transistor M47 includes a
gate electrode to which a writing signal GW is applied, an
electrode to which the writing signal GW is applied, and
another electrode which is connected to a fifth node N45. The
second compensation transistor M47 is turned on by the writ-
ing signal GW set to the gate on voltage to apply the writing
signal GW set to the gate on voltage to a fifth node N45.
Another electrode of the driving transistor M43 is connected
to the fifth node N45.

[0121] The second light emitting transistor M48 includes a
gate electrode to which the light emitting signal EM 1is
applied, an electrode which is connected to the fifth node
N45, and another electrode which is connected to the anode of
the organic light emitting diode OLED.

[0122] The second compensation transistor M47 and the
second light emitting transistor M48 may be p-channel field
effect transistors. Here, even though it is described that the
second compensation transistor M47 and the second light
emitting transistor M48 are p-channel field effect transistors,
at least one of the second compensation transistor M47 and
the second light emitting transistor M48 may be an n-channel
field effect transistor.



US 2014/0354522 Al

[0123] The pixel 50 according to an exemplary embodi-
ment may be driven in accordance with the waveform dia-
gram illustrated in FIG. 4.

[0124] However, during the compensating period 2, the
second compensation transistor M47 is turned on by the writ-
ing signal GW set to the gate on voltage and the writing signal
GW set to the gate on voltage (e.g., a low level voltage) is
applied to the fifth node N45 through the turned-on second
compensation transistor M47. The voltage of the fifth node
N45 becomes a low level voltage and the voltage of the third
node N43 becomes the data-Vth voltage. In this case, the light
emitting signal EM of the gate off voltage is applied to the
gate electrode of the second light emitting transistor M48 and
the second light emitting transistor M48 is turned off to dis-
connect the fifth node N45 from the organic light emitting
diode OLED.

[0125] The second light emitting transistor M48 is turned
on by the light emitting signal EM set to the gate on voltage
during the reset period 1 so that the anode of the organic light
emitting diode OLED is reset to be a high level voltage. The
second light emitting transistor M48 is turned on by the light
emitting signal EM of the gate on voltage during the light
emitting period 4 to allow a driving current Ioled to flow into
the organic light emitting diode OLED.

[0126] Other operations are the same as those described
with reference to FIG. 4 and thus a detailed description of the
driving method of the display device which includes the pixel
50 illustrated in FIG. 8 will be omitted.

[0127] FIG. 9 is a circuit diagram illustrating a pixel
according to an exemplary embodiment of the present inven-
tion.

[0128] Referring to FIG. 9, a pixel 60 according to an
exemplary embodiment includes a switching transistor M51,
a relay transistor M52, a driving transistor M53, a first com-
pensation transistor M54, a reset transistor M55, a first light
emitting transistor M56, a second compensation transistor
M57, a second light emitting transistor M58, a first capacitor
C51, a second capacitor C52 and an organic light emitting
diode OLED.

[0129] Different from the pixel 20 illustrated in FIG. 3, the
pixel 60 illustrated in FIG. 9 further includes the second
compensation transistor M57 and the second light emitting
transistor M58.

[0130] The second compensation transistor M57 includes a
gate electrode to which the writing signal GW is applied, an
electrode which is connected to the initializing voltage Vinit,
and another electrode which is connected to the fifth node
N5S5. The second compensation transistor M57 is turned on
by the writing signal GW set to the gate on voltage to apply
the initializing voltage Vinit to a fifth node N55. Another
electrode of the driving transistor M53 is connected to the
fifth node N55.

[0131] The second light emitting transistor M58 includes a
gate electrode to which the light emitting signal EM is
applied, an electrode which is connected to a fifth node N55,
and another electrode which is connected to the anode of the
organic light emitting diode OLED.

[0132] The second compensation transistor M57 and the
second light emitting transistor M58 may be p-channel field
effect transistors. Here, even though it is described that the
second compensation transistor M57 and the second light
emitting transistor M58 are p-channel field effect transistors,
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at least one of the second compensation transistor M57 and
the second light emitting transistor M58 may be an n-channel
field effect transistor.

[0133] The pixel 60 according to an exemplary embodi-
ment may be driven in accordance with the waveform dia-
gram illustrated in FIG. 4.

[0134] However, during the compensating period 2, the
second compensation transistor M57 is turned on by the writ-
ing signal GW set to the gate on voltage and the initializing
signal Vinit of the low level voltage is transmitted to the fifth
node N55 through the turned-on second compensation tran-
sistor M57. The voltage of the fifth node N55 becomes a low
level voltage and the voltage of the third node N53 becomes
the data-Vth voltage. Inthis case, the light emitting signal EM
set to the gate off voltage is applied to the gate electrode of the
second light emitting is transistor M58 and the second light
emitting transistor M58 is turned off to disconnect the fifth
node N55 from the organic light emitting diode OLED.
[0135] The second light emitting transistor M58 is turned
on by the light emitting signal EM set to the gate on voltage
during the reset period 1 so that the anode of the organic light
emitting diode OLED is reset to be a high level voltage. The
second light emitting transistor M58 is turned on by the light
emitting signal EM of the gate on voltage during the light
emitting period 4 to allow a driving current Ioled to flow into
the organic light emitting diode OLED.

[0136] Other operations are the same as those described
with reference to FIG. 4 and thus a detailed description of the
driving method of the display device which includes the pixel
60 illustrated in FI1G. 9 will be omitted.

[0137] In the pixel 20 illustrated in FIG. 3, the pixel 30
illustrated in FIG. 6, the pixel 40 illustrated in FIG. 7, the pixel
50 illustrated in FIG. 8, and the pixel 60 illustrated in FIG. 9,
an organic emission layer of the organic light emitting diode
OLED may be formed of a low molecular weight organic
material or a high molecular organic material such as PEDOT
(Poly 3,4-ethylenedioxythiophene). Further, the organic
emission layer may be formed of a multilayer including at
least one of a hole injection layer HIL, a hole transporting
layer HTL, an electron transporting layer ETL, and an elec-
tron injection layer FIL. If the organic light emission layer
includes all of the above layers, the hole injection layer HIL is
disposed on a pixel electrode which is a positive electrode and
the hole transport layer HTL, the emission layer, the electron
transport layer ETL, and the electron injection layer EIL are
sequentially laminated thereon.

[0138] The organic emission layer may include a red
organic emission layer which emits a red light component, a
green organic emission layer which emits a green light com-
ponent, and a blue organic emission layer which emits a blue
light component and the red organic emission layer, the green
organic emission layer and the blue organic emission layer
are formed in a red pixel, a green pixel, and a blue pixel to
implement color images.

[0139] Further, in the organic emission layer, all of the red
organic emission layer, the green organic emission layer, and
the blue organic emission layer are laminated in the red pixel,
the green pixel, and the blue pixel and a red color filter, agreen
color filter, and a blue color filter are formed for every pixel to
implement color images. As an another example, a white
organic emission layer which emits a white light component
is formed in all of the red pixel, the green pixel, and the blue
pixel and ared color filter, a green color filter, and a blue color
filter are formed for every pixel to implement color images.
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When the color image is implemented using the white organic
emission layer and the color filter, a deposition mask which
deposits the red organic emission layer, the green organic
emission layer and the blue organic emission layer in each
pixel, that is, the red pixel, the green pixel, and the blue pixel
does not need to be used.

[0140] The white organic emission layer described in
another example may be formed of one organic emission
layer or may also include a configuration in which a plurality
of organic emission layers is laminated to emit a white light
component. For example, at least one yellow organic emis-
sion layer and at least one blue organic emission layer may be
combined to emit a white light component, or at least one
cyan organic emission layer and at least one red organic
emission layer may be combined to emit a white light com-
ponent, or at least one magenta organic emission layer and at
least one green organic emission layer may be combined to
emit a white light component.

[0141] Further, in the pixel 20 illustrated in FIG. 3, the pixel
30 illustrated in FIG. 6, the pixel 40 illustrated in FI1G. 7, the
pixel 50 illustrated in FIG. 8, and the pixel 60 illustrated in
FIG. 9, at least one of the plurality of transistors may be an
oxide thin film transistor (oxide TFT) in which the semicon-
ductor layer is formed of an oxide semiconductor.

[0142] The oxide semiconductor may include at least one
of an oxide having titanium(Ti), hafnium (Hf), zirconium
(Zr), aluminum (Al), tantalum (Ta), germanium (Ge), zinc
(Zn), gallium (Ga), tin (Sn) or indium (In) as a base member
and zinc oxide (Zn0O), indium-gallium-zinc oxide (In-
GaZnO4), indium-zinc oxide (Zn—In—O0), zinc-tin oxide
(Zn—Sn—0), indium-gallium oxide (In—Ga—0), indium-
tin oxide (In—Sn—O0), indium-zirconium oxide (In—Zr—
0), indium-zirconium-zinc oxide (In—Zr—7n—0),
indium-zirconium-tin oxide (In—7r—Sn—0), indium-zir-
conium-gallium oxide (In—Zr—Ga—O0), indium-aluminum
oxide (In—Al—0), indium-zinc-aluminum oxide (In—
Zn—Al—0), indium-tin-aluminum oxide (In—Sn—Al—
0), indium-aluminum-gallium oxide (In—Al—Ga—O0),
indium-tantalum oxide (In—Ta—O0), indium-tantalum-zinc
oxide (In—Ta—Z7n—O0), indium-tantalum-tin oxide (In—
Ta—Sn—0), indium-tantalum-gallium oxide (In—Ta—
Ga—0), indium-germanium oxide (In—Ge—O), indium-
germanium-zinc  oxide  (In—Ge—Zn—0), indium-
germanium-tin -~ oxide  (In—Ge—Sn—O0),  indium-
germanium-gallium oxide (In—Ge—Ga—0), titanium-
indium-zinc oxide(Ti—In—7n—O0), and hafnium-indium-
zine oxide (Hf—In—7n—Q) which is a mixed oxide thereof.
[0143] The semiconductor layer may include a channel
region in which an impurity is not doped and a source region
and a drain region in which impurities are doped, at both sides
of the channel region. Here, the impurity varies depending on
a type of the thin film transistor and may include an N type
impurity or a P type impurity.

[0144] When the semiconductor layer is formed of the
oxide semiconductor, an additional passivation layer may be
added to protect the oxide semiconductor from external envi-
ronmental events (e.g., exposure to a high temperature).

[0145] While the invention has been described in connec-
tion with exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments, but
on the contrary is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the disclosure.
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What is claimed is:

1. A display device comprising:

a plurality of pixels,

wherein each of the plurality of pixels comprises:

a switching transistor comprising a gate electrode to which
a scan signal is applied, an electrode connected to a data
line, and another electrode connected to a first node;

a relay transistor comprising a gate electrode to which a
writing signal is applied, an electrode connected to the
first node, and another electrode connected to a second
node;

a driving transistor comprising a gate electrode connected
to the second node, an electrode connected to a third
node, and another electrode connected to an organic
light emitting diode;

a first capacitor comprising an electrode connected to the
third node and another electrode connected to a fourth
node;

a compensation transistor comprising a gate electrode to
which a light emitting signal is applied, an electrode
connected to the second node, and another electrode
connected to the fourth node;

a reset transistor comprising a gate electrode to which a
reset signal is applied, an electrode connected to the data
line, and another electrode connected to the fourth node;
and

a light emitting transistor comprising a gate electrode to
which the light emitting signal is applied, one electrode
connected to a first power source voltage, and another
electrode connected to the third node.

2. The display device of claim 1, wherein:

each of the plurality of pixels further comprises

a second compensation transistor comprising a gate elec-
trode to which the writing signal is applied, an electrode
to which the writing signal is applied, and another elec-
trode connected to another electrode of the driving tran-
sistor.

3. The display device of claim 2, wherein:

each of the plurality of pixels comprises

a second light emitting transistor comprising a gate elec-
trode to which the light emitting signal is applied, an
electrode which is connected to another electrode of the
driving transistor, and another electrode connected to
the organic light emitting diode.

4. The display device of claim 1, wherein:

each of the plurality of pixels further comprises

a second compensation transistor comprising a gate elec-
trode to which the writing signal is applied, an electrode
connected to an initializing voltage, and another elec-
trode connected to another electrode of the driving tran-
sistor.

5. The display device of claim 4, wherein:

each of the plurality of pixels further comprises

a second light emitting transistor comprising a gate elec-
trode to which the light emitting signal is applied, an
electrode which is connected to another electrode of the
driving transistor, and another electrode connected to
the organic light emitting diode.

6. The display device of claim 1, further comprising:

a second capacitor comprising an electrode connected to
the first node and another electrode connected to an
initializing voltage,

wherein during an operation when the light emitting tran-
sistor and the compensation transistor are turned on and
a voltage into which a first data voltage and a threshold
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voltage Vth of the driving transistor are reflected is
applied to the second node, when a light emitting period
when the organic light emitting diode emits light by a
driving current which flows in the driving transistor is
simultaneously performed in the plurality of pixels, a
second data voltage corresponding to a scan signal set to
a gate on voltage corresponding to each of the plurality
of pixels is stored in the second capacitor.

7. The display device of claim 6, wherein:

the second data voltage is a data voltage which is written

into each of the plurality of the pixels in a current frame
and the first data voltage is a data voltage which is
written into each of the plurality of pixels in an imme-
diately previous frame of the current frame.

8. The display device of claim 7, wherein:

after the second data voltage is applied to the second node

and a voltage into which the second data voltage and the
threshold voltage of the driving transistor are formed in
the third node, when the light emitting transistor and the
compensation transistor are turned on, the voltage into
which the data voltage and the threshold voltage of the
driving transistor are reflected is applied to the second
node by coupling of the first capacitor.

9. A driving method of a display device comprising a
plurality of pixels, wherein each pixel comprises a switching
transistor connected between a data line and the first node, a
first capacitor connected between the first node and an initial-
izing voltage, a relay transistor connected between the first
node and the second node, a driving transistor comprising a
gate electrode connected to the second node and configured to
control adriving current flowing into an organic light emitting
diode (OLED) by a first power source voltage applied to a
third node, a light emitting transistor connected between a
first power source voltage and the third node, a second capaci-
tor connected between the third node and a fourth node, and
a compensation transistor connected between the second
node and the fourth node, the method comprising:

during a scanning period of a first frame, turning off the

relay transistor and turning on the switching transistor to
enable asecond data voltage applied to the data line to be
stored in the first capacitor; and

during a light emitting period of the first frame, performing

an operation to turn on the light emitting transistor and
the compensation transistor to enable a voltage into
which a first data voltage and a threshold voltage of the
driving transistor are reflected to be applied to the sec-
ond node for enabling the organic light emitting diode
OLED to emit light by a driving current which flows into
the driving transistor,

wherein the scanning period and the light emitting period

temporally overlap each other.

10. The driving method of claim 9, wherein:

the operation is simultaneously performed in the plurality

of pixels.

11. The driving method of claim 9, wherein:

the second data voltage is a data voltage which is written

into each of the plurality of pixels in a current frame and
the first data voltage is a data voltage which is written
into each of the plurality of pixels in an immediately
previous frame of the current frame.

12. The driving method of claim 9, further comprising:

resetting a gate voltage of the driving transistor to an ini-
tializing voltage of a low level voltage.
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13. The driving method of claim 12, wherein:

the resetting comprises

applying the initializing voltage to the data line, and turn-
ing on the reset transistor and the compensation transis-
tor to apply the initializing voltage which is applied to
the data line to the gate electrode of the driving transis-
tor.

14. The driving method of claim 13, wherein:

the resetting comprises

applying the first power source voltage and the second
power source voltage which is connected to a cathode of
the organic light emitting diode (OLED) as high level
voltages and applying a first power source voltage to an
anode of the organic light emitting diode (OLED) when
the light emitting transistor is turned on.

15. The driving method of claim 9, further comprising:

before the scanning period, during a compensating opera-
tion in which the first data voltage which is stored in the
first capacitoris applied to the second node and a voltage
into which the first data voltage and the threshold volt-
age of the driving transistor are reflected is applied to the
third node.

16. The driving method of claim 15, wherein:

the compensation operation comprises

applying a reference voltage to the data line and turning on
the reset transistor to apply the reference voltage to the
fourth node.

17. The driving method of claim 16, wherein:

the compensation operation further comprises

allowing a current to flow into the driving transistor until a
second power source voltage which is applied to the
cathode of the organic light emitting diode OLED is
changed from the high level voltage into a low level
voltage and a voltage of the third node becomes the first
data voltage and the threshold voltage of the driving
transistor.

18. The driving method of claim 16, wherein:

the compensation operation further comprises

turning on a second compensation transistor connected
between the writing signal and the organic light emitting
diode (OLED) to apply the writing signal to an anode of
the organic light emitting diode (OLED).

19. The driving method of claim 18, wherein:

the compensation operation further comprises

turning on a second light emitting transistor connected
between the driving transistor and the organic light emit-
ting diode (OLED).

20. The driving method of claim 16, wherein:

the compensation operation comprises

turning on a second compensation transistor connected
between the writing signal and the organic light emitting
diode (OLED) to apply the initializing signal to the
anode of the organic light emitting diode (OLED); and

turning on a second light emitting transistor connected
between the driving transistor and the organic light emit-
ting diode (OLED).

21. A display device comprising:

a pixel comprising first through sixth transistors and an
organic light emitting diode OLED, the first and fifth
transistors connected to a data line, a gate electrode of
the first transistor connected to a scan line;

a power supply configured to provide a first power supply
voltage to the sixth transistor and a second power supply
voltage to the OLED; and
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a controller configured to provide a scan signal to the scan
line, a first signal to a gate terminal of the second tran-
sistor, a second signal to gate electrodes of the fourth and
sixth transistors, and a third signal to a gate terminal of
the fifth transistor.

22. The display device of claim 21, wherein the first tran-
sistor is connected to a first node, the second transistor is
connected between the first node and a second node, the third
transistor is connected between the OLED and a third node,
the fourth transistor is connected between the second node
and a fourth node, the fifth transistor is connected to the fourth
node, and the sixth transistor is connected to the third node.

23. The display device of claim 22, wherein the pixel
further comprises:

a first capacitor connected to the first node; and

a second capacitor connected between the third and fourth
nodes.

24. The display device of claim 21, wherein during an
entire light emitting period the first and third signals have a
first logic level and the second signal has a second other logic
level, during a first part of the period the scan signal has a gate
off voltage, during a second part of the period the scan signal
has a gate on voltage, and during a third part of the period the
scan signal has the gate off voltage.

25. The display device of claim 24, wherein during the first
part a constant high voltage is applied to the data line, during
the second part a voltage with one among a plurality of levels
representing a gray level of the pixel is applied to the data line,
and during the third part a constant low voltage is applied to
the data line.
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