US 20160189627A1

12) Patent Application Publication (o) Pub. No.: US 2016/0189627 Al

a9y United States

PARK et al. 43) Pub. Date: Jun, 30, 2016
(54) ORGANIC LIGHT EVITTING DISPLAY (32) US.CL
CPC e GO9G 3/3291 (2013.01); HOIL 27/3276

(71)  Applicant: LG DISPLAY CO., LTD., Seoul (KR)

(72) Inventors: Hye Min PARK, Goyang-si (KR); Bum
Sik KIM, Suwon-si (KR); Kil Hwan
OH, Seoul (KR); Hun Ki SHIN, Paju-si
(KR); Ki Won SON, Goyang-si (KR)

(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR)

(21) Appl. No.: 14/810,132

(2013.01); GOIG 3/3258 (2013.01); GOIG
3/3266 (2013.01); GO9G 2320/04 (2013.01);
G09G 2320/0233 (2013.01); GOIG 2300/0819
(2013.01); GO9G 2300/0814 (2013.01); GO9G
2310/08 (2013.01)

(57) ABSTRACT

(22) Filed:  Jul.27,2015
) L . An organic light emitting display including a display panel
(30) Foreign Application Priority Data having pixels coupled to data lines and first power voltage
Dec. 31,2014 (KR) v 10-2014-0194908 Einoe;é,zagﬁvﬁ tﬁiai’iiizrlﬂgﬂ‘izz o tohrfilrnzlﬁflﬁ P
Jan. 21,2015 (KR) oo 10-2015-0009666 o< £ P L OrgaTic Ught &
ting diode and the first power voltage lines; a first transistor
Publication Classification coupled to the data lines and a gate electrode of the driving
transistor; a second transistor configured to supply a refer-
(51) Int.CL ence voltage of the data lines to a source electrode of the
G09G 3/32 (2006.01) driving transistor; and a capacitor coupled to the gate and
HOIL 27/32 (2006.01) source electrodes of the driving transistor.
DATA 20
DATA, (
11 pes
. /
Timing . Data driver SENCS 1
controller
40
SOI A SCS D1 D2 D3 ... [Dm-1 |Dm /
S1 e — . - - :
! !
1 ( e o g |
SEN1
52 . : . . *
Scan . e ' [ cee g { Initialization
driver | ¢ SEN2|  driver
Sn A A |-
ﬂ ﬂ ﬂ ﬂ .
{ (
30 >
AA  NAA
H_J



Patent Application Publication  Jun. 30,2016 Sheet 1 of 14 US 2016/0189627 Al

FIG. 1

DATA 20
DATA, g
1 Des
o /
e 1 Data driver SENCS 4
so) 7scs ol [p2 [D3 ... [Dm-1 [Dm /40
S1 - - - -
1 1 1 1 1
O ]y e s i e 3
A T T A 1
Scan . - " " o g " Initialization
driver : T T T T T SEN2 driver
ﬂ ﬂ ﬂ ﬂ ﬂ SENn
g ' . |
30 Yoo
AA  NAA
-



Patent Application Publication  Jun. 30,2016 Sheet 2 of 14 US 2016/0189627 Al

FIG. 2

P
Dj /
Sk VDDL
- L
s Y | DT
——C
| T2 | |
‘ .—
SENk oLED \/ T=Cp
.—




Patent Application Publication  Jun. 30,2016 Sheet 3 of 14 US 2016/0189627 Al

FIG. 3

| 1Frame period

| 13

< »
tl

|

J
|
) £ t4
|
|

SCANk

SENSk —

_ == Veomp-Vthta
------------------- ~-----Vcomp-Vth




Patent Application Publication  Jun. 30,2016 Sheet 4 of 14 US 2016/0189627 Al

FIG. 4

( start )

|

initialization of gate and source electrodes

. : ——S101
of driving transistor DT S10

|

sensing of threshold voltage of driving transistor DT |~ 5102

supply of data voltage to gate electrode of driving
transistor DT and compensation of electron mobility - S103
of driving transistor DT

luminescence of organic light emitting diode OLED |~ S104

end



Patent Application Publication  Jun. 30,2016 Sheet 5 of 14 US 2016/0189627 Al

FIG. 5A

P
Dj /
S voDL
] STI
[ | |:DT
Vref
C—_—
[ § r o Vref
I—IT ST2
.—
SENK oLeD \/ T=Cp
VSSL
P
Dj /
Sk VDDL
STI—]
¢ ® i |:DT
Veomp
C_—
¢ . —e ¢ Vcomp-Vth
ST2-- -
| ‘
SENk oed \/ ——Cp




Patent Application Publication

FIG. 5C

Jun. 30,2016 Sheet 6 of 14

Dj /
Sk VDL
ST1 ]
[ 9 I I:DT
Vdata
cC_—
® . STZ. * ¢ Vcomp-Vth+a
:‘:
SENk OLED —_—Cp
VSSL
P
Dj /
Sk VDDL
e DT
L I
1 sT1 ] |
C— Ids
° . ST2I . .
_‘: It
SENk OLED ——Cp

VSSL

US 2016/0189627 A1



Patent Application Publication  Jun. 30,2016 Sheet 7 of 14 US 2016/0189627 Al

FIG. 6

p
Dj /
Sk VDDL
J—,—l ST1
[N 'S I |:DT
e
ST2
L 4 L ]
'—
SENk OLED \/ —Cp
'—




Patent Application Publication  Jun. 30,2016 Sheet 8 of 14 US 2016/0189627 Al

FIG. 7

I
i

S2

SENp

D o D |
Sptl [T o T Te oo —————- '~~~
1 1 T T T T 1T 1T T 1 | 4-BL2

:

[ [

[ [

| |
s s s T T [ T [ St

SRR AR _T__T__T__T_J_i

| |

[ [

i T T T T [ SENp#
S2p | :

: |

: |

[ [

| |

[ |

SEN2p

Sop+l | fIZIZSITTI-IITIIITITIIIIIISITIT i
R S S A & A o i o I B

|

|

l |

| |

i | |SEN2p+1
syp+2 | | AT B S S p

RS A N S e Y

I LN ] |

! |

LI T T T T T T T [ SENZpt2

| |

! |

! |

! |

! |

l |

L

SEN3p




Patent Application Publication

Jun. 30,2016 Sheet 9 of 14

FIG. 8

1 Frame period

US 2016/0189627 A1

; SF2 ; SF3 i
1 T g
SP DP | DP |
i | | |
|

SENST 1 ‘ | 1 o ;
ScAN2 I AL i 3 o o

SENS2 1 i 3 . )
. | \ ) } )7 ;
SCANp P
SENSp J_l 3 } ( ; (« 3
} ; ) } )] }
| ‘ti |

|
SENSp+1 N | o o«
| | |
SCANp+2 ‘/—‘é‘_ng : 4 i
SENSp+2 [ S —
. | ‘ I
- — %

SENS2p [T A ;

SCAN2p+1 T HlLy
4

SCAN2p+2 P = I
5 ‘ 4 |
SCAN3p " '—Iﬁ‘_ﬂ_:
|

SENS3p




Patent Application Publication

Jun. 30,2016 Sheet 10 of 14

FIG. 9

US 2016/0189627 A1

|
|
i ————————————— 4---Von
SCANK— i | S Voff
---------------------- LS N R A
| L
SENSk —] 1 - — Voff
| | -~ Vdata
} - -Vcomp
DATAj —— - Vref Vt -- | f—
! | Lo
* . i _/—“_
\ i Vdata-- : _______ e
. Veomp e
- Veomp-Vihl "~ Veomp-Vih-p+u
// ~—— Veomp-Vih-p
-~ Vref ———-Vt




Patent Application Publication  Jun. 30,2016 Sheet 11 0f14  US 2016/0189627 A1

FI1G. 10

( start )

|

initialization of gate and source electrodes
of driving transistor DT

—— S201

|

sensing of threshold voltage of driving transistor DT~ [~—S202

supply of turn-off voltage to driving transistor DT —— 5203

maintenance of source voltage Vs of driving transistor DT |~ S204

supply of data voltage to gate electrode of driving
transistor DT and compensation of electron mobility ~ f~—S205
of driving transistor DT

|

luminescence of organic light emitting diode OLED —~— S206

end



Patent Application Publication  Jun. 30,2016 Sheet 12 of 14

FIG. 11A

P
Dj /
Sk VDDL
1 STI
¢ ® I |:DT
Vref
C_—
¢ Y o Vref
L ST2
.—
SENk OLED —_—Cp
VSSL
P
Dj /
Sk VDL
ST
® I |:DT
Veomp
C==
[ , — ¢ Vcomp-Vth
ST2: - -1
| T
SENk OLED —_—Cp

VSSL

US 2016/0189627 A1



Patent Application Publication  Jun. 30,2016 Sheet 130f14  US 2016/0189627 A1

FIG. 11C

p
Dj /
Sk voDL
ST
(S ' I [DT
Vt
C——
[ ST2, . ¢ Vcomp-Vth-p
Z :‘:
SENk OLED —_—Cp
VSSL
P
Dj /
Sk VDDL
S DT
P L
s | |:
C——
[ ST2__ o ¢ Vcomp-Vth-p
| P |
L _‘_ !
SENk OLED —_—Cp

VSSL



Patent Application Publication  Jun. 30,2016 Sheet 14 0f14  US 2016/0189627 A1

FIG. 11E

P
Dj /
Sk VDDL
ST1|—|
[ ® I |:DT
Vdata
O p—
* ST2, ® » Vcomp-Vth-pta
:‘: -
SENk OLED —Cp
VSSL
P
Dj /
Sk VDDL
ol DT
L I
! sT1 ] |
G — 1ds
. . STZI . .
- :‘: - .
SENk OLED \f —_—(Cp




US 2016/0189627 A1l

ORGANIC LIGHT EMITTING DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2015-0009666 filed on Jan. 21,
2015 and No. 10-2014-0194908 filed on Dec. 31, 2014,
which are hereby incorporated by reference for all purposes
as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display.

[0004] 2. Discussion of the Related Art

[0005] Various display devices such as a liquid crystal dis-
play (LCD), a plasma display panel (PDP), and an organic
light emitting display have been used. The organic light emit-
ting display can be driven at a low voltage, and has a thin
profile, an excellent viewing angle, and a fast response speed.
[0006] Further, the organic light emitting display includes
data lines, scan lines, a display panel having a plurality of
pixels formed at crossing portions between the data lines and
the scan lines, a scan driver supplying scan signals to the scan
lines, and a data driver supplying data voltages to the data
lines. Each pixel includes an organic light emitting diode, a
driving transistor controlling the amount of a current supplied
to the organic light emitting diode in accordance with a volt-
age of a gate electrode, and a scan transistor supplying the
data voltages of the data lines to the gate electrode of the
driving transistor in response to the scan signals of the scan
lines.

[0007] However, a problem occurs in that a threshold volt-
age of the driving transistor varies for each pixel due to
non-uniformity of a fabricating process. In this instance, even
though the same data voltage is applied to each pixel, the
luminance of the organic light emitting diode is varied for
each pixel due to a difference in the threshold voltage of the
driving transistor between the pixels.

SUMMARY OF THE INVENTION

[0008] Accordingly, one object of the present invention is
to provide an organic light emitting display that substantially
obviates one or more problems due to limitations and disad-
vantages of the related art.

[0009] Another object of the present invention is to provide
an organic light emitting display that uniformly maintains the
luminance of pixels by compensating for a threshold voltage
of a driving transistor.

[0010] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the present invention provides
in one aspect an organic light emitting display including a
display panel having pixels coupled to data lines and first
power voltage lines. Each of the pixels includes an organic
light emitting diode; a driving transistor coupled to the
organic light emitting diode and the first power voltage lines;
a first transistor coupled to the data lines and a gate electrode
of the driving transistor; a second transistor configured to
supply a reference voltage of the data lines to a source elec-
trode of the driving transistor; and a capacitor coupled to the
gate and source electrodes of the driving transistor.
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[0011] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by illus-
tration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0013] FIG. 1 is a block diagram illustrating an organic
light emitting display according to the embodiment of the
present invention;

[0014] FIG. 2isacircuit diagram illustrating an example of
apixel of FIG. 1;

[0015] FIG. 3 is a waveform illustrating a kth scan signal, a
kth initialization signal, a jth data signal, and gate and source
voltages of a driving transistor;

[0016] FIG. 4 is a flow chart illustrating a method for driv-
ing a pixel in accordance with an embodiment of the present
invention;

[0017] FIGS. 5A to 5D are circuit diagrams illustrating
operations of a pixel of FIG. 2 for first to fourth periods of
FIG. 3;

[0018] FIG. 6 is a circuit diagram illustrating another
example of a pixel of FIG. 1,

[0019] FIG. 7 is a diagram illustrating an example of a
display panel divided into blocks;

[0020] FIG. 8 is a waveform illustrating scan signals and
initialization signals supplied to the display panel of FIG. 7,
[0021] FIG. 9 is another waveform illustrating a kth scan
signal, a kth initialization signal, a jth data signal, and gate
and source voltages of a driving transistor;

[0022] FIG. 10 is a flow chart illustrating a method for
driving a pixel in accordance with another embodiment of the
present invention; and

[0023] FIGS. 11A to 11F are circuit diagrams illustrating
operations of a second pixel during first to sixth periods of
FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

[0025] As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. The terms “first” and
“second” are for differentiating one element from the other
element, and these elements should not be limited by these

»

terms. The terms “comprises”, “comprising,”, “has”, “hav-
ing”, “includes” and/or “including”, when used herein,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,

steps, operations, elements, components, and/or groups
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thereof. The term “at least one” includes any and all combi-
nations of one or more of the associated listed items. For
example, the meaning of “at least one of a first item, a second
item, and a third item” denotes the combination of all items
proposed from two or more of the first item, the second item,
and the third item as well as the first item, the second item, or
the third item. The term “on” should be construed as including
when one element is formed at a top of another element and
moreover when a third element is disposed therebetween.
[0026] Hereinafter, an organic light emitting display
according to the embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0027] For example, FIG. 1 is a block diagram illustrating
an organic light emitting display according to the embodi-
ment of the present invention. Referring to FIG. 1, the organic
light emitting display includes a display panel 10, a data
driver 20, a scan driver 30, an initialization driver 40, and a
timing controller 50.

[0028] Thedisplay panel 10 includes a display area AA and
a non-display area NDA provided in the periphery of the
display areca AA. The display area AA includes pixels P to
display an image. On the display panel 10, data lines D1 to
Dm (m is a positive integer greater than 2), scan lines S1to Sn
(n is a positive integer greater than 2), and initialization lines
SENT1 to SENn are formed. The data lines D1 to Dm cross the
scan lines S1 to Sn and the initialization lines SEN1 to SENn.
The scan lines S1 to Sn may be formed in parallel with the
initialization lines SEN1 to SENn.

[0029] Each of the pixels P of the display panel 10 may be
coupled to any one of the data lines D1 to Dm, any one of the
scan lines S1 to Sn, and any one of the initialization lines
SEN1 to SENn. Each of the pixels P of the display panel 10
may include a driving transistor, a first transistor controlled
by the scan signals of the scan lines, a second transistor
controlled by initialization signals of the initialization lines,
an organic light emitting diode, and a capacitor. A detailed
description of the pixels P will be described later with refer-
ence to FIG. 2.

[0030] The datadriver 20 includes at least one source drive
integrated circuit (hereinafter, referred to as “I1C”). The source
drive IC is coupled to the data lines D1 to Dm and supplies the
data voltages and receives digital video data DATA and a
source timing control signal DCS from the timing controller
50. In addition, the source drive IC converts the digital video
data DATA to the data voltages in accordance with the source
timing control signal DCS and supplies the converted data
voltages to the data lines D1 to Dm. Also, the source drive IC
may supply areference voltage and a compensation voltage in
addition to the data voltages to the data lines D1 to Dm. The
reference voltage, the compensation voltage and the data
voltage of the source drive IC will be described later in detail
with reference to FIGS. 3 and 10.

[0031] The scan driver 30 is coupled to the scan lines S1 to
Sn and supplies the scan signals to the scan lines S1 to Sn in
accordance with the scan timing control signal SCS input
from the timing controller 50. The supply of the scan signals
of the scan driver 30 will be described later in detail with
reference to FIGS. 3, 8 and 9.

[0032] The initialization driver 40 is coupled to the initial-
ization lines SEN1 to SENn and supplies the initialization
signals to the initialization lines SEN1 to SENn in accordance
with an initialization timing control signal SENCS input from
the timing controller 50. The supply of the initialization sig-
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nals of the initialization driver 40 will be described later in
detail with reference to FIGS. 3, 8 and 9.

[0033] Further, the timing controller 50 receives the digital
video data DATA from an external system, and generates
timing control signals for controlling operation timing of the
data driver 20, the scan driver 30 and the initialization driver
40. The timing control signals include a data timing control
signal DCS for controlling the operation timing of the data
driver 20, a scan timing control signal SCS for controlling the
operation timing of the scan driver 30, and the initialization
timing control signal SENCS for controlling the operation
timing of the initialization driver 40.

[0034] Further, the timing controller 50 outputs the digital
video data DATA and the data timing control signal DCS to
the data driver 20, outputs the scan timing control signal SCS
to the scan driver 30, and outputs the initialization timing
control signal SENCS to the initialization driver 40.

[0035] Next, FIG. 2 is a circuit diagram illustrating an
example of a pixel of FIG. 1. Referring to FIG. 2, the pixel P
includes an organic light emitting diode OLED, a driving
transistor DT, first and second transistors ST1 and ST2, and a
capacitor C. The driving transistor DT is coupled between a
first power voltage line VDDL to which a first power voltage
is supplied and the organic light emitting diode OLED. The
driving transistor DT controls a current flowing from the first
power voltage line VDDL to the organic light emitting diode
OLED in accordance with a voltage of the gate electrode. The
gate electrode of the driving transistor DT is coupled to the
first electrode of the first transistor ST1, its source electrode is
coupled to the anode electrode of the organic light emitting
diode OLED, and its drain electrode is coupled to the first
power voltage line VDDL to which the first power voltage is
supplied.

[0036] The organic light emitting diode OLED emits light
in accordance with a current supplied through the driving
transistor DT. An anode electrode of the organic light emitting
diode OLED is coupled to a source electrode of the driving
transistor DT, and its cathode electrode is coupled to a second
power voltage line VSSL to which a second power voltage
lower than the first power voltage is supplied.

[0037] In addition, the first transistor ST1 is turned on by
the kth scan signal of the kth scan line Sk (k is a positive
integer that satisfies 1<k=n) to supply a voltage of the jth data
line Dj (j is a positive integer that satisfies 1<j<m) to the gate
electrode of the driving transistor DT. The gate electrode of
the first transistor T1 is coupled to the kth scan line Sk, the
first electrode is coupled to the gate electrode of the driving
transistor DT, and the second electrode is coupled to the jth
data line Dj.

[0038] The second transistor ST2 is turned on by the kth
initialization signal of the kth initialization line SENk to
supply the voltage of the jth data line Dj to the source elec-
trode of the driving transistor DT. The gate electrode of the
second transistor T2 is coupled to the kth initialization line
SENK, the first electrode is coupled to the jth data line Dj, and
the second electrode is coupled to the source electrode of the
driving transistor DT.

[0039] Further, the capacitor C is coupled to the gate and
source electrodes of the driving transistor DT, and uniformly
maintains a voltage difference between the gate electrode and
the source electrode of the driving transistor DT. Also, as
shown in FIG. 2, a parasitic capacitance Cp may be formed
between the anode electrode and the cathode electrode of the
organic light emitting diode OLED.
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[0040] In FIG. 2, the first electrode of each of the first and
second transistors ST1 and ST2 may be the source electrode
or the drain electrode, and the second electrode may be dif-
ferent from the first electrode. For example, if the first elec-
trode is the source electrode, the second electrode is the drain
electrode. InFIG. 2, the driving transistor DT and the first and
second transistors ST1 and ST?2 are formed as, but not limited
to, N type MOSFET (Metal Oxide Semiconductor Field
Effect Transistors). The driving transistor DT and the first and
second transistors ST1 and ST2 may also be formed as P type
MOSFETs. In this instance, waveforms of FIGS. 3, 8 and 9
may be corrected appropriately to be matched with the P type
MOSFETs.

[0041] As described above, the pixel P according to one
embodiment of the present invention includes the first tran-
sistor ST1 coupled to the jth data line Dj and the gate elec-
trode of the driving transistor DT, and the second transistor
ST2 coupled to the jth data line Dj and the source electrode of
the driving transistor DT. As a result, according to the
embodiment of the present invention, the turn-on of the first
and second transistors ST1 and ST2 and the voltage supplied
to the jth data line Dj can be controlled, whereby a threshold
voltage of the driving transistor DT can be sensed. A method
of compensating the threshold voltage of the driving transis-
tor DT of the pixel P shown in FIG. 2 will now be described
in detail with reference to FIGS. 3, 4, and 5A to 5D.

[0042] Next, FIG. 3 is a waveform illustrating a kth scan
signal, a kth initialization signal, a jth data signal, and gate
and source voltages of a driving transistor. In FIG. 3, the kth
scan signal SCANk supplied to the kth scan line Sk coupled to
the pixel of FIG. 2, the kth initialization signal SENSk sup-
plied to the kth initialization line SENK, a voltage DVj sup-
plied to the jth data line Dj, and the gate and source voltages
Vg and Vs of the driving transistor DT are shown.

[0043] Referring to FIG. 3, one frame period may be
divided into first to fourth periods t1 to t4. The first period t1
is to initialize the gate and source electrodes of the driving
transistor DT to a reference voltage Vref. The second period
12 is to sense the threshold voltage of the driving transistor
DT. The third period t3 supplies the data voltage to the gate
electrode of the driving transistor DT, and the fourth period t4
emits light from the organic light emitting diode OLED in
accordance with a current Ids flowing in the driving transistor
DT. The first to third periods t1 to t3 may correspond to one
horizontal period 1H as shown in FIG. 3.

[0044] InFIG. 3, itis preferable that the second period 2 is
longer than the first and third periods t1 and t3. However, the
second period 12 is not limited to be longer than the first and
third periods t1 and t3. That is, the first to third periods t1 to
3 may be set equally, or the second period t2 may be set to be
shorter than each of the first and third periods t1 and t3. The
first and third periods t11 and t3 may also be set to different
periods from each other. Further, the first to third periods t1 to
3 may be designed in accordance with characteristics of the
driving transistor DT, and the first and second transistors T1
and T2.

[0045] In addition, the data driver 20 supplies the reference
voltage Vrefto the jth data line Dj during the first period t1. In
particular, the reference voltage Vref is used to initialize the
gate and source electrodes of the driving transistor DT. Fur-
ther, the data driver 20 supplies a compensation voltage
Veomp to the jth data line Dj during the second period t2. The
compensation voltage Vcomnp is to compensate for the thresh-
old voltage of the driving transistor DT. If the driving tran-
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sistor DT is formed as the N type MOSFET, the compensation
voltage Veomp may be a voltage higher than the reference
voltage Vref as shown in FIG. 3.

[0046] The datadriver 20 supplies the data voltage Vdata to
the jth data line Dj during the third period 3. In particular, the
data voltage Vdata 1s supplied to the gate electrode of the
driving transistor DT to allow the organic light emitting diode
OLED to emit light with a predetermined luminance. If the
digital video data DATA supplied to the data driver 20 corre-
spond to 8 bits digital data, the data voltage Vdata may be
supplied as any one of 256 voltages. If the driving transistor
DT is formed as the N type MOSFET, the data voltage Vdata
may be the voltage higher than the compensation voltage
Veomp as shown in FIG. 3.

[0047] The pixel P according to one embodiment of the
present invention includes the first transistor ST1 coupled to
the jth data line Dj and the gate electrode of the driving
transistor DT, and the second transistor ST2 coupled to the jth
data line Dj and the source electrode of the driving transistor
DT. As a result, according to the embodiment of the present
invention, the turn-on of the first and second transistors ST1
and ST2 can be controlled and the voltage supplied to the jth
data line Dj can be adjusted to the reference voltage Vref, the
compensation voltage Vcomp and the data voltage Vdata,
whereby the threshold voltage of the driving transistor DT
can be sensed and also the electron mobility can be compen-
sated. This will be described later in detail with reference to
FIGS. 4 and 5A to 5D.

[0048] The scan driver 30 can sequentially supply the scan
signals SCAN1 to SCANn to the scan lines S1 to Sn. Further,
the scan driver 30 supplies the kth scan signal SCANk having
a gate-on voltage Von to the kth scan line Sk during the first to
third periods t1 to t3. The scan driver 30 also supplies the kth
scan signal SCANk having a gate-off voltage Voff to the kth
scan line Sk during the fourth period t4. The kth scan signal
SCANk may have the gate-on voltage Von for one horizontal
period 1H.

[0049] In addition, the initialization driver 40 can sequen-
tially supply the initialization signals SENS1 to SENSn to the
initialization lines SEN1 to SENn. The initialization driver 40
supplies the kth initialization signal SENSk having a gate-on
voltage Von to the kth initialization line SENk during the first
period t1. The initialization driver 40 supplies the kth initial-
ization signal SENSk having a gate-off voltage Voff to the kth
initialization line SENk during the second to fourth periods t2
to t4.

[0050] Next, FIG. 4 is a flow chart illustrating a method for
driving a pixel in accordance with an embodiment of the
present invention. FIGS. 5A to 5D are circuit diagrams illus-
trating operations of a pixel P of FIG. 2 for first to fourth
periods of FIG. 3.

[0051] A method for compensating for a threshold voltage
of a driving transistor of a pixel P is categorized into an
internal compensation method and an external compensation
method. The internal compensation method is to compensate
for the threshold voltage of the driving transistor DT by
sensing the threshold voltage in the pixel P. The external
compensation method is to supply a predetermined voltage to
the pixel P, sense the voltage of the source electrode of the
driving transistor DT of the pixel P through a predetermined
sensing line in accordance with the predetermined voltage,
and compensate for digital video data, which will be supplied
to the pixel P, by using the sensed voltage. In the embodiment
of the present invention, the threshold voltage of the driving
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transistor DT is compensated by the internal compensation
method. Hereinafter, the driving method of the pixel P
according to one embodiment of the present invention will be
described in detail with reference to FIGS. 3, 4 and 5A to 5D.

[0052] First of all, the gate and source electrodes of the
driving transistor DT are initiated to the reference voltage
Vref during the first period t1. During the first period t1, the
kth scan signal SCANk having a gate-on voltage Von is sup-
plied to the kth scan line Sk, the kth initialization signal
SENSKk having a gate-on voltage Von is supplied to the kth
initialization line SENKk, and the reference voltage Vref is
supplied to the jth data line Dj.

[0053] Thus, during the first period t1, the first transistor
ST1 is turned on by the kth scan signal SCANk having a
gate-on voltage Von, and the reference voltage Vref is sup-
plied to the gate electrode of the driving transistor DT due to
the turning-on of the first transistor ST1. Also, during the first
period t1, the second transistor ST2 is turned on by the kth
initialization signal SENKk having a gate-on voltage Von, and
thus the reference voltage Vref is supplied to the source
electrode of the driving transistor DT due to the turning-on of
the second transistor ST2. That is, the second transistor ST2
is the transistor for supplying the reference voltage Vref of the
jth data line Dj to the source electrode of the driving transistor
DT. The gate and source electrodes of the driving transistor
DT are therefore initialized to the reference voltage Vref as
shown in FIGS. 3 and 5A (S101 of F1G. 4).

[0054] During the second period t2, the threshold voltage of
the driving transistor DT is sensed. In particular, during the
second period t2, the kth scan signal SCANk having a gate-on
voltage Von is supplied to the kth scan line Sk, and the kth
initialization signal SENSk having a gate-off voltage Voff is
supplied to the kth initialization line SENk. Further, the com-
pensation voltage Vcomp is supplied to the jth data line Dj
during the second period 2.

[0055] Thus, the first transistor ST1 is turned on by the kth
scan signal SCANk having a gate-on voltage Von, the com-
pensation voltage Vcomp is supplied to the gate electrode of
the driving transistor DT due to the turning-on of the first
transistor ST1, and the second transistor ST2 is turned off by
the kth initialization signal SENk having a gate-off voltage
Voff.

[0056] Because a voltage difference (Vgs=Vcomp-Vref)
between the gate electrode and the source electrode of the
driving transistor DT is greater than the threshold voltage Vth
of the driving transistor DT, the driving transistor DT allows
a current to flow until the voltage difference Vigs reaches the
threshold voltage Vth. Thus, the source voltage of the driving
transistor DT is increased to “Vcomp-Vth” as shown in
FIGS. 3 and 5B. Therefore, during the second period 12, the
threshold voltage of the driving transistor DT is sensed in the
source electrode of the driving transistor DT (S102 of FIG. 4).

[0057] During the third period t3, the data voltage is sup-
plied to the gate electrode of the driving transistor DT, the kth
scan signal SCANK having a gate-on voltage Von is supplied
to the kth scan line Sk, the kth initialization signal SENSk
having a gate-off voltage Voff is supplied to the kth initializa-
tion line SENK, and the data voltage Vdata is supplied to the
jth data line Dj. Thus, during the third period t3, the first
transistor ST1 is turned on by the kth scan signal SCANk
having a gate-on voltage Von, the data voltage Vdata is sup-
plied to the gate electrode of the driving transistor DT due to
the turning-on of the first transistor ST1, and the second
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transistor ST2 is turned off by the kth initialization signal
SENKk having a gate-off voltage Voff as shown in FIGS. 3 and
5C.

[0058] Meanwhile, according to the embodiment of the
present invention, the electron mobility 1 of the driving tran-
sistor DT can be compensated during the third period 3. In
particular, during the third period t3, since a voltage differ-
ence (Vgs=Vdata—(Vcomp-Vth)) between the gate and
source electrodes of the driving transistor DT is greater than
the threshold voltage Vth of the driving transistor DT, the
driving transistor DT allows a current to flow until the voltage
difference Vgs reaches the threshold voltage Vth. However, as
shown in FIG. 3, the third period t3 is shorter than the second
period t2. Thus, the third period 3 ends before the source
voltage Vs of the driving transistor DT reaches “Vdata-Vth.”
[0059] In addition, the current of the driving transistor DT
can be defined by the following Equation 1.

_ KxCoxxW/L (Equation 1)

Ids = 5 x (Vgs — Vil?

[0060] In the Equation 1, “Ids” denotes the current of the
driving transistor DT, “K” denotes the electron mobility,
“Cox™ denotes a capacitance of an insulating film, “W”
denotes a channel width of the driving transistor DT, and “L”
denotes a channel length of the driving transistor DT.

[0061] Since the current of the driving transistor DT is
proportional to the electron mobility K of the driving transis-
tor DT as expressed in Equation 1, the increasing amount of
the source voltage of the driving transistor DT during the third
period t3 is proportional to the electron mobility K of the
driving transistor DT. That s, if the electron mobility K of the
driving transistor DT becomes great, the increasing amount
of the source voltage Vs of the driving transistor DT is
increased during the third period 3.

[0062] As aresult, during the third period t3, the increasing
amount of the source voltage Vs is varied depending on the
electron mobility K of the driving transistor DT, whereby the
voltage difference Vgs between the gate electrode and the
source electrode of the driving transistor DT is varied. That is,
in the embodiment of the present invention, since the voltage
difference Vgs between the gate electrode and the source
electrode of the driving transistor DT can be adjusted depend-
ing on the electron mobility K of the driving transistor DT
during the third period t3, the electron mobility K of the
driving transistor DT can be compensated.

[0063] As described above, during the third period t3, the
gate voltage Vg of the driving transistor is “Vdata,” and its
source voltage Vs is increased to reach “Vcomp-Vth+o”
depending on the electron mobility K of the driving transistor
DT as shown in FIG. 5C. “o” may be defined as the increasing
amount of the source voltage Vs during the third period t3.
Therefore, during the third period t3, the capacitor C stores
“Vdata—(Vcomp-Vth+a)” which is the voltage difference
Vgs between the gate source electrodes of the driving tran-
sistor DT as shown in FIG. 5C (5103 of FIG. 4).

[0064] During the fourth period t4, the organic light emit-
ting diode OLED is generated in accordance with the current
1ds of the driving transistor DT. Further, during the fourth
period t4, the kth scan signal SCANk having a gate-off volt-
age Voff is supplied to the kth scan line Sk, and the kth
initialization signal SENSk having a gate-off voltage Voff is
supplied to the kth initialization line SENk.
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[0065] Thus, the first transistor ST1 is turned off by the kth
scan signal SCANk having a gate-off voltage Voff, and the
second transistor ST2 is turned off by the kth initialization
signal SENk having a gate-off voltage Voff. In addition, dur-
ing the fourth period t4, the voltage difference (Vgs=Vdata-
(Veomp-Vth+a)) between the gate electrode and the source
electrode of the driving transistor DT can be maintained
uniformly by the capacitor C. As a result, the current Ids of the
driving transistor DT, which flows in the organic light emit-
ting diode OLED, is defined by the following Equation 2.

KXCoxxW/L
B 2

(Equation 2)

Ids x (Vdata - (Veomp - Vih+ @) — Vil

[0066] The following Equation 3 can be obtained from the
Equation 2.

_ KxCoxxW/L
=—

(Equation 3)

Ids X (Vdata— Vcomp — a/)2

[0067] As a result, the current Ids of the driving transistor
DT does not depend on the threshold voltage Vth of the
driving transistor DT as expressed in Equation 3. That is, the
threshold voltage Vth of the driving transistor DT is compen-
sated. As a result, the organic light emitting diode OLED
emits light in accordance with the current Ids of the driving
transistor DT, of which threshold voltage Vth is compensated
as shown in FIG. 5D (8104 of F1G. 4).

[0068] As described above, according to the embodiment
of the present invention, the gate and source electrodes of the
driving transistor DT are initialized to the reference voltage
Vref during the first period t1, and the compensation voltage
Veomp is supplied to the gate electrode of the driving tran-
sistor DT during the second period t2. As a result, in the
embodiment of the present invention, the threshold voltage of
the driving transistor DT can be sensed in the source electrode
of the driving transistor DT during the second period t2.
Therefore, in the embodiment of the present invention, the
organic light emitting diode OLED can emit light in accor-
dance with the current Ids of the driving transistor DT of
which threshold voltage Vth is compensated.

[0069] Also, according to the embodiment of the present
invention, during the third period t3, the data voltage is sup-
plied to the gate electrode of the driving transistor DT, the
source voltage Vs is increase as much as “o”, and “o.”” which
is the increasing amount of the source voltage Vs is varied
depending on the electron mobility of the driving transistor
DT. As a result, in the embodiment of the present invention,
since the voltage difference Vgs between the gate electrode
and the source electrode of the driving transistor DT can be
adjusted depending on the electron mobility K of the driving
transistor DT during the third period t3, the electron mobility
K of the driving transistor DT can be compensated.

[0070] Next, FIG. 6 is acircuit diagram illustrating another
example of a pixel of FIG. 1. Referring to FIG. 6, the pixel P
includes an organic light emitting diode OLED, a driving
transistor DT, first and second transistors ST1 and ST2,and a
capacitor C. The organic light emitting diode OLED, the
driving transistor DT, the first transistor ST1 and the capacitor
C of the pixel P shown in FIG. 6 are substantially the same as
those of the pixel P shown in FIG. 2. Therefore, a detailed
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description of the organic light emitting diode OLED, the
driving transistor DT, the first transistor ST1 and the capacitor
C of the pixel P shown in FIG. 6 is omitted.

[0071] The second transistor ST2 is turned on by the kth
initialization signal of the kth initialization line SENk to
couple the gate electrode and the source electrode of the
driving transistor DT with each other. The gate electrode of
the second transistor T2 is coupled to the kth initialization line
SENK, the first electrode is coupled to the source electrode of
the driving transistor DT, and the second electrode is coupled
to the gate electrode of the driving transistor DT.

[0072] Since the kth scan signal SCANKk supplied to the kth
scan line Sk coupled to the pixel P shown in FIG. 6, the kth
initialization signal SENSk supplied to the kth initialization
line SENK, a voltage DVj supplied to the jth data line Dj, and
the gate and source voltages Vg and Vs of the driving tran-
sistor DT are substantially the same as those of FIG. 3, their
detailed description will be omitted. Also, since a driving
method of the pixel P shown in FIG. 6 is substantially the
same as that of FIG. 4, its detailed description will be omitted.
[0073] Next, FIG. 7 is a diagram illustrating an example of
adisplay panel divided into a plurality of blocks. InF1G. 7, for
convenience of description, scan lines S1 to S3p of the display
panel 10, initialization lines SEN1 to SEN3p, pixels P, a scan
driver 30, and an initialization driver 40 are only shown. Also,
although the display panel 10 is divided into three blocks
BL1, BL2 and BL3 in FIG. 7, the display panel 10 may be
divided into two or more blocks without limitation to the
example of F1G. 7.

[0074] Referring to FIG. 7, the blocks BL1, BL.2 and BL3
may respectively include the same number of pixels P. In
more detail, if the display panel 10 is divided into q number of
blocks (q is a positive integer greater than 2), each of the q
blocks includes pixels P coupled to p number of scan lines (p
is a positive integer greater than 2). At this time, p may be n (a
total number of scan lines)/q (the total number of blocks).
[0075] For example, if the display panel 10 is divided into
three blocks BL1, BL2 and BL3 as shown in FIG. 7, each of
the blocks BL1, BL2 and BL3 includes the pixels P coupled
to p number of scan lines. As shown in FIG. 7, the first block
BL1 includes pixels P coupled to the first to p-th scan lines S1
to Sp, the second block BL2 includes pixels P coupled to the
p+1-th to 2p-th scan lines Sp+1 to S2p, and the third block
BL3 includes pixels P coupled to the 2p+1-th to 3p-th scan
lines S2p+1 to S3p.

[0076] Next, FIG. 8 is a waveform illustrating scan signals
and initialization signals supplied to a display panel. In FIG.
8, first to 3p-th scan signals SCAN1 to SCAN3p supplied to
the first to 3p-th scan lines S1 to S3p of FIG. 7 and first to
3p-th initialization signals SENS1 to SENS3p supplied to the
first to 3p-th initialization signals S1 to S3p are shown.
[0077] Referring to FIG. 8, one frame period includes q
number of sub frame periods. For example, if the display
panel 10 is divided into three blocks BL1, BL.2 and BL3 as
shown in FIG. 7, one frame period may include three sub
frame periods SF1, SF2 and SF3. The scan driver 30 supplies
the first to p-th scan signals SCAN1 to SCANp to the first to
p-th scan lines S1 to Sp for the first sub frame period SF1. The
initialization driver 30 also supplies the first to p-th initializa-
tion signals SENS1 to SENSp to the first to p-th initialization
lines SENT1 to SENp for the first sub frame period SF1.
[0078] Also, the scan driver 30 supplies the p+1-th to 2p-th
scan signals SCANp+1 to SCAN2p to the p+1-th to 2p-th
scan lines Sp+1 to S2p for the second sub frame period SF2,
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and the initialization driver 30 supplies the p+1-th to 2p-th
initialization signals SENSp+1 to SENS2p to the p+1-th to
2p-th initialization lines SENp+1 to SEN2p for the second
sub frame period SF2. In addition, the scan driver 30 supplies
the 2p+1-th to 3p-th scan signals SCAN2p+1 to SCAN3p to
the 2p+1-th to 3p-th scan lines S2p+1 to S3p for the third sub
frame period SF3, and the initialization driver 30 supplies the
2p+1-th to 3p-th initialization signals SENS2p+1 to SENS3p
to the 2p+1-th to 3p-th initialization lines SEN2p+1 to SEN3p
for the third sub frame period SF3.

[0079] Inother words, the scan driver 30 and the initializa-
tion driver 40 supply the scan signals and the initialization
signals to the scan lines and the initialization lines, which are
coupled to the pixels of the second block BL2, after supplying
the scan signals and the initialization signals to only the scan
lines and the initialization lines, which are coupled to the
pixels of the first block BL1. Also, the scan driver 30 and the
initialization driver 40 supply the scan signals and the initial-
ization signals to only the scan lines and the initialization
lines, which are coupled to the pixels of the third block BL3,
after supplying the scan signals and the initialization signals
to the scan lines and the initialization lines, which are coupled
to the pixels of the second block BL2. Therefore, the q blocks
of the display panel 10 are sequentially driven, and are also
driven per block.

[0080] Inaddition, each of the q sub frame periods includes
a threshold voltage sensing period ST and a data voltage
supply period DP. The threshold voltage sensing period ST is
to sense the threshold voltage of the driving transistor DT of
each of the pixels P of the blocks, and the data voltage supply
period DP is to supply the data voltages to the pixels P of the
blocks.

[0081] The threshold voltage sensing period ST and the
data voltage supply period DP will be described in detail with
reference to FIG. 9.

[0082] Inparticular, FIG.9is another waveform illustrating
a kth scan signal, a kth initialization signal, a jth data signal,
and gate and source voltages of a driving transistor. In FIG. 9,
the kth scan signal SCANKk supplied to the kth scan line Sk
coupled to the pixel P of FIG. 2, the kth initialization signal
SENSk supplied to the kth initialization line SENK, a voltage
DVj supplied to the jth data line Dj, and gate and source
voltages Vg and Vs of the driving transistor DT are shown.
[0083] Referring to FIGS. 8 and 9, each of the sub frame
periods SF1, SF2 and SF3 includes a threshold voltage sens-
ing period ST and a data voltage supply period DP. The
threshold voltage sensing period ST may include first to third
periods t1 to t3, and the data voltage supply period DP may
include fourth to sixth periods t4 to t6. The first period t1 is to
initialize the gate electrode and the source electrode of the
driving transistor DT to the reference voltage Vref, and the
second period 12 is to sense the threshold voltage of the
driving transistor DT. Further, the third period 3 is to supply
a turn-off voltage Vt to the gate electrode of the driving
transistor DT, and fourth period t4 is to maintain the differ-
ence voltage Vgs between the gate-source voltage of the
driving transistor DT.

[0084] In addition, the fifth period t5 is to supply the data
voltage Vdata to the gate electrode of the driving transistor
DT, and the sixth period t6 is to allow the organic light
emitting diode OLED to emit light in accordance with the
current of the driving transistor DT. The second period t2 is
preferably longer than each of the first, third and fifth periods
tl, t3 and t5. Meanwhile, since the p number of scan signals
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are sequentially supplied for each of the sub frame periods
SF1, SF2 and SF3, the lengths of the fourth periods t4 of the
p number of scan signals are different from one another.
[0085] Further, the data driver 20 supplies the reference
voltage Vref to the jth data line Dj during the first period tl,
and in which the reference voltage Vref'is to initialize the gate
and source electrodes of the driving transistor DT. The data
driver 20 supplies a compensation voltage Vcomp to the jth
data line Dj during the second period t2, and in which the
compensation voltage Vcomp is to compensate for the thresh-
old voltage of the driving transistor DT. If the driving tran-
sistor DT is formed as the N type MOSFET, the compensation
voltage Vcomp may be the voltage higher than the reference
voltage Vref as shown in FIG. 9. Also, the data driver 20
supplies a turn-off voltage Vt to the jth data line Dj during the
third and fourth periods t3 and t4.

[0086] The turn-off voltage V't turns off the driving transis-
tor DT. If the driving transistor DT is formed as the N type
MOSFET, the turn-off voltage Vt may be the voltage lower
than the compensation voltage Vcomp as shown in FIG. 9.
Also, the turn-off voltage Vt may be set to the same voltage as
the reference voltage Vref. The data voltage Vdata is also
supplied to the gate electrode of the driving transistor DT to
allow the organic light emitting diode OLED to emit light
with predetermined luminance. If the driving transistor DT is
formed as the N type MOSFET, the data voltage Vdata may be
the voltage higher than the compensation voltage Vcomp as
shown in FIG. 9.

[0087] As shown in FIG. 9, the scan driver 30 simulta-
neously supplies the scan signals to the scan lines during the
first to fourth periods t1 to t4, and sequentially supplies the
scan signals to the scan lines during the fifth period t5. The
scan driver 30 also supplies the kth scan signal SCANK hav-
ing a gate-on voltage Von to the kth scan line Sk during the
first to third periods t1 to t3 and the fifth period t5, and
supplies the kth scan signal SCANk having a gate-off voltage
Voffto the kth scan line Sk during the fourth and sixth periods
t4 and 16.

[0088] In addition, the initialization driver 40, as shown in
FIG. 9, simultaneously supplies the initialization signals
SENSI to SENSn to the initialization lines SEN1 to SENn
during the first to sixth periods t1 to t6, and supplies the kth
initialization signal SENSk having a gate-on voltage Von to
the kth initialization line SENk during the first period t1. The
initialization driver 40 also supplies the kth initialization sig-
nal SENSk having a gate-off voltage Voff to the kth initial-
ization line SENKk during the second to sixth periods t2 to t6.
[0089] Meanwhile, according to the embodiment of the
present invention, if the sequential driving is performed as
shown in FIG. 3, the first period t1 for initializing the gate
electrode and the source electrode of the driving transistor
DT, the second period t2 for sensing the threshold voltage of
the driving transistor DT, and the third period t3 for supplying
the data voltage to the driving transistor DT are included in
one horizontal period 1H. Therefore, according to the
embodiment of the present invention, if the sequential driving
is performed as shown in FIG. 3, a problem may occur in that
periods for initialization, sensing of the threshold voltage,
and supply of the data voltage are not sufficient when high
speed driving of 120 Hz or more.

[0090] To solve the problem, in the embodiment of the
present invention, the display panel 10 is divided into a plu-
rality of blocks BL1, BL2 and BL3, which are driven sequen-
tially and driven simultaneously per block. As a result, in the
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embodiment of the present invention, the initialization of the
gate and source electrodes of the driving transistor DT and
sensing of the threshold voltage of the driving transistor DT
are performed simultaneously per block as shown in FIG. 8,
whereby the first period t1 for initializing the gate electrode
and the source electrode of the driving transistor DT, the
second period t2 for sensing the threshold voltage of the
driving transistor D'T, and the third period t3 for supplying the
data voltage to the driving transistor DT may be increased
more than the period for sequential driving as shown in FIG.
3. Therefore, according to the embodiment of the present
invention, the periods for initialization, sensing of the thresh-
old voltage and supply of the data voltage can be obtained
sufficiently even when high speed driving of 120 Hz or more.
[0091] Next, FIG. 10 is a flow chart illustrating a method
for driving a pixel in accordance with another embodiment of
the present invention. Hereinafter, a driving method of a pixel
according to another embodiment of the present invention
will be described in detail with reference to FIGS. 9-11. First
of all, the gate and source electrodes of the driving transistor
DT are initiated to the reference voltage Vref during the first
period t1 as shown in FIGS. 9 and 11 A. Since the operation of
the pixel P during the first period t1 shown in FIG. 10 is
substantially the same as the operation of the pixel P during
the first period t1 described with reference to FIG. 4, its
detailed description is omitted (S201 of FIG. 10).

[0092] Second, during the second period t2, the threshold
voltage of the driving transistor DT is sensed as shown in
FIGS. 9 and 11B. Since the operation of the pixel P during the
second period t2 shownin FIG. 10 is substantially the same as
the operation of the pixel P during the second period t2
described with reference to FIG. 4, its detailed description is
omitted (S202 of FIG. 10).

[0093] Third, during the third period t3, the turn-off voltage
Vt is supplied to the gate electrode of the driving transistor
DT, and the kth scan signal SCANk having a gate-on voltage
Von is supplied to the kth scan line Sk. During the third period
13, the kth initialization signal SENSk having a gate-off volt-
age VofTis supplied to the kth initialization line SENK, and the
turn-off voltage Vt is supplied to the jth data line Dj.

[0094] Thus, during the third period (3, the first transistor
ST1 is turned on by the kth scan signal SCANKk having a
gate-on voltage Von. The turn-off voltage Vt is supplied to the
gate electrode of the driving transistor DT due to the turning-
on of the first transistor ST1. Also, during the third period 3,
the second transistor ST2 is turned off by the kth initialization
signal SENk having a gate-off voltage Voff. Meanwhile, dur-
ing the third period t3, as shown in FIGS. 9 and 11C, the gate
voltage Vg of the driving transistor DT is “Vt,” and its source
voltage Vs is dropped to “Vcomp-Vth-f§” as voltage varia-
tion of the gate electrode of the driving transistor DT is
reflected by the capacitor C. In addition, Q can be defined by
the following Equation 4.

CCe (Equation 4)

= Veomp - Vi)X ——___
B = (Veomp = VX G Ceep

[0095] In the Equation 4, “Vcomp” means the compensa-
tion voltage, “Vt” means the turn-off voltage, “CCc” means
capacity of the capacitor C, and “CCcp” means capacity of a
parasitic capacitor Cp (S203 of FIG. 10).

[0096] During the fourth period t4, the voltage Vs of the
source electrode of the driving transistor DT is maintained,
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the kth scan signal SCANk having a gate-off voltage Voff is
supplied to the kth scan line Sk the kth initialization signal
SENSk having a gate-off voltage Voff is supplied to the kth
initialization line SENK, and the turn-off voltage Vt is sup-
plied to the jth data line Dj.

[0097] Further, during the fourth period t4, the first transis-
tor ST1 is turned off by the kth scan signal SCANKk having a
gate-off voltage Voff, the second transistor ST2 is turned off
by thekth initialization signal SENk having a gate-off voltage
Voff, and the voltage Vg of the gate electrode of the driving
transistor DT maintains the turn-off voltage Vt supplied dur-
ing the third period t3. Therefore, during the fourth period t4,
the driving transistor DT maintains the turn-off state subse-
quently to the third period t3.

[0098] Meanwhile, since the p number of scan signals are
sequentially supplied for the data voltage supply period DP of
each of the sub frame periods SF1, SF2 and SF3, the lengths
of the fourth periods t4 of the p number of scan signals are
different from one another. That is, the length of the fourth
period t4 may be varied depending on a scan line to which the
pixel is coupled at each of the blocks. Ifthe voltage difference
Vgs between the gate electrode and the source electrode of the
driving transistor DT is maintained in the same manner as the
second period t2 without turning off the driving transistor DT
during the third and fourth periods t3 and t4, a micro-current
can flow through the driving transistor DT. Therefore, if the
driving transistor DT is not turned off during the fourth period
t4, a problem may occur in that voltage Vs of the source
electrode is varied due to the micro-current flowing through
the driving transistor DT.

[0099] However, in the embodiment of the present inven-
tion, as the driving transistor DT is turned off during the
fourth period t4, the voltage Vs of the source electrode of the
driving transistor DT can be maintained as it is. Therefore,
during the fourth period t4, as shown in FIGS. 9 and 11D, the
voltage Vs of the source electrode of the driving transistor DT
is maintained at “Vcomp-Vth—f" (S204 of FIG. 10).

[0100] Next, during the fifth period t5, the data voltage is
supplied to the gate electrode of the driving transistor DT, the
kth scan signal SCANk having a gate-on voltage Von is sup-
plied to the kth scan line Sk, the kth initialization signal
SENSk having a gate-off voltage Voff is supplied to the kth
initialization line SENK, and the turn-off voltage Vt is sup-
plied to the jth data line Dj.

[0101] Thus, during the fifth period t5, the first transistor
ST1 is turned on by the kth scan signal SCANKk having a
gate-on voltage Von, the data voltage Vdata is supplied to the
gate electrode of the driving transistor DT due to the turning-
on of the first transistor ST1, and the second transistor ST2 is
turned off by the kth initialization signal SENk having a
gate-off voltage Voff.

[0102] Meanwhile, according to the embodiment of the
present invention, the electron mobility 1 of the driving tran-
sistor DT can be compensated during the fifth period t5.
During the fifth period 15, since a voltage difference
(Vgs=Vdata-(Vcomp-Vth-f”)) between the gate electrode
and the source electrode of the driving transistor DT is greater
than the threshold voltage Vth of the driving transistor DT, the
driving transistor DT allows a current to flow until the voltage
difference Vgs reaches the threshold voltage Vth. However,
the fifth period t5 is shorter than the second period t2, and thus
ends before the source voltage Vs of the driving transistor DT
reaches “Vdata-Vth.”
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[0103] Since the current of the driving transistor DT is
proportional to the electron mobility K of the driving transis-
tor DT as expressed in Equation 1, the increasing amount of
the source voltage Vs of the driving transistor DT during the
fifth period t5 is proportional to the electron mobility K of the
driving transistor DT. That is, if the electron mobility K of the
driving transistor DT becomes great, the increasing amount
of the source voltage Vs of the driving transistor DT is
increased more during the fifth period t5.

[0104] As aresult, during the fifth period t5, the increasing
amount of the source voltage Vs is varied depending on the
electron mobility K of the driving transistor DT, whereby the
voltage difference Vgs between the gate electrode and the
source electrode of the driving transistor DT is varied. That is,
in the embodiment of the present invention, since the voltage
difference Vgs between the gate electrode and the source
electrode of the driving transistor DT can be adjusted depend-
ing on the electron mobility K of the driving transistor DT
during the fifth period 5, the electron mobility K of the
driving transistor DT can be compensated.

[0105] Meanwhile, during the fifth period t5, as shown in
FIGS. 9 and 11E, the gate voltage Vg of the driving transistor
is “Vdata”, and its source voltage Vs is increased to reach
“Veomp-Vth-f+c”” At this time, “o” may be defined as the
increasing amount of the source voltage Vs during the fifth
period t5. Therefore, during the fifth period 5, the capacitor C
stores “Vdata-(Vcomp-Vth—f+a)” which is the voltage dif-
ference Vgs between the gate electrode and the source elec-
trode of the driving transistor DT (5205 of FIG. 10).

[0106] Further, during the sixth period t6, the organic light
emitting diode OLED emits light in accordance with the
current Ids of the driving transistor DT, the kth scan signal
SCANK having a gate-off voltage Voff is supplied to the kth
scan line Sk, and the kth initialization signal SENSk having a
gate-off voltage Voff is supplied to the kth initialization line
SENk.

[0107] Also, during the sixth period t6, the first transistor
ST1 is turned off by the kth scan signal SCANk having a
gate-off voltage Voff, the second transistor ST2 is turned off
by thekth initialization signal SENk having a gate-off voltage
Voff, and the voltage difference (Vgs=Vdata-(Vcomp-Vth-
[(+a)) between the gate electrode and the source electrode of
the driving transistor DT may be maintained uniformly by the
capacitor C. As a result, the current Ids of the driving transis-
tor DT, which flows in the organic light emitting diode OLED,
can be defined by the following Equation 5.

Ids = (Equation 5)

KxCoxxW/L

5 x (Vdata— (Veomp = Vih— B+ o) — Vih)?

[0108] The following Equation 6 can be obtained from the
Equation 5.

KX CoxxW/L »
Ids = —————— x(Vdata - Vcomp + - a)

(Equation 6)

[0109] As a result, the current Ids of the driving transistor
DT does not depend on the threshold voltage Vth of the
driving transistor DT as expressed in Equation 6. That is, the
threshold voltage Vth of the driving transistor DT is compen-
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sated. As a result, the organic light emitting diode OLED
emits light in accordance with the current Ids of the driving
transistor DT, of which threshold voltage Vth is compensated
as shown in FIG. 11F (S206 of F1G. 10).

[0110] As described above, according to the embodiment
of the present invention, the gate and source electrodes of the
driving transistor DT are initialized to the reference voltage
Vref during the first period t1, and the compensation voltage
Veomp is supplied to the gate electrode of the driving tran-
sistor DT during the second period t2. In this instance, since
the voltage difference Vgs between the gate and source elec-
trodes of the driving transistor DT is greater than the thresh-
old voltage during the second period 2, the driving transistor
makes the current flow until the voltage difference Vgs
between the gate electrode and the source electrode reaches
the threshold voltage. As a result, in the embodiment of the
present invention, the threshold voltage of the driving tran-
sistor DT can be sensed in the source electrode of the driving
transistor DT during the second period t2. Therefore, in the
embodiment of the present invention, the organic light emit-
ting diode OLED can emit light in accordance with the cur-
rent Ids of the driving transistor DT of which the threshold
voltage Vth is compensated.

[0111] Also, according to the embodiment of the present
invention, during the fifth period t5, the data voltage is sup-
plied to the gate electrode of the driving transistor DT, the
source voltage Vs is increase as much as “c.”” At this time, “ot”
which is the increasing amount of the source voltage Vs is
varied depending on the electron mobility of the driving tran-
sistor DT. As a result, in the embodiment of the present
invention, since the voltage difference Vgs between the gate
and source electrodes of the driving transistor DT can be
adjusted depending on the electron mobility K of the driving
transistor DT during the fifth period t5, the electron mobility
K of the driving transistor DT can be compensated.

[0112] Meanwhile, since the kth scan signal SCANk sup-
plied to the kth scan line Sk coupled to the pixel P shown in
FIG. 6, the kth initialization signal SENSk supplied to the kth
initialization line SENK, a voltage DV]j supplied to the jth data
line Dj, and the gate and source voltages Vg and Vs of the
driving transistor DT are substantially the same as those of
FIG. 9, their detailed description is omitted. Also, since the
driving method of the pixel P shown in FIG. 6 is substantially
the same as that of FIG. 10, its detailed description is omitted.
[0113] Inaddition, because the second transistor supplies a
reference voltage of the data lines to a source electrode of the
driving transistor, the present invention can advantageously
remove a separate reference line needed. That is, the aspect
ratio can be increased and manufacturing costs can be
reduced because a separate reference line for supplying a
reference voltage is not needed. The present invention advan-
tageously supplies the reference voltage using an existing
data line.

[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1. An organic light emitting display comprising:
a display panel having pixels coupled to data lines, scan
lines, and first power voltage lines;
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a data driver configured to supply data voltages to the data
lines; and

a scan driver configured to supply scan signals to the scan
lines,

wherein each of the pixels comprises:

an organic light emitting diode;

a driving transistor coupled to the organic light emitting
diode and a first power voltage line of the first power
voltage lines;

a first transistor coupled to a data line of the data lines and
a gate electrode of the driving transistor,

asecond transistor configured to supply a reference voltage
of the data lines to a source electrode of the driving
transistor; and

acapacitor coupled to the gate and source electrodes of the
driving transistor,

wherein the data driver is further configured to supply the
reference voltage to a jth data line (j is a positive integer)
during a first period, supply a compensation voltage
during a second period. and supply a data voltage during
a third period, and

wherein the scan driver is further configured to supply akth
scan signal (k is a positive integer) having a gate-on
voltage to a kth scan line during the first to third periods,
and supply the kth scan signal having a gate-off voltage
during a fourth period.

2. The organic light emitting display of claim 1, wherein
the reference voltage of the data lines is supplied to the gate
and source electrodes of the driving transistor as the first and
second transistors are turned on during the first period,

wherein the compensation voltage of the data lines is sup-
plied to the gate electrode of the driving transistor as the
first transistor is turned on during the second period, and

wherein the data voltage of the data lines is supplied to the
gate electrode of the driving transistor as the first tran-
sistor is turned on during the third period.

3. The organic light emitting display of claim 2, wherein
the compensation voltage is higher than the reference voltage,
and the data voltage is higher than the compensation voltage.

4. The organic light emitting display of claim 2, further
comprising:

an initialization driver configured to supply initialization
signals to initialization lines.

5. The organic light emitting display of claim 4,

wherein the scan lines and the initialization lines are
coupled to the pixels,

wherein the first transistor is turned on by the kth scan
signal ofthe kth scan line and supplies a voltage of the jth
data line to the gate electrode of the driving transistor,
and

wherein the second transistor is turned on by a kth initial-
ization signal of a kth initialization line and supplies the
voltage of the jth data line to the source electrode of the
driving transistor.

6. (canceled)

7. The organic light emitting display of claim 5, wherein
the compensation voltage is higher than the reference voltage,
and the data voltage is higher than the compensation voltage.

8. (canceled)

9. The organic light emitting display of claim 5, wherein
the initialization driver is further configured to supply the kth
initialization signal having a gate-on voltage to the kth ini-
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tialization line during the first period, and supply the kth
initialization signal having a gate-off voltage during the sec-
ond to fourth periods.

10. An organic light emitting display comprising:

a display panel having pixels coupled to data lines, scan
lines, and first power voltage lines; and

a data driver configured to supply data voltages to the data
lines;

wherein each of the pixels comprises:

an organic light emitting diode;

a driving transistor coupled to the organic light emitting
diode and a first power voltage line of the first power
voltage lines;

a first transistor coupled to a data line of the data lines and
a gate electrode of the driving transistor;

asecond transistor configured to supply a reference voltage
of the data line to a source electrode of the driving
transistor; and

a capacitor coupled to the gate and source electrodes of the
driving transistor,

wherein the display panel is divided into q number of
blocks (q is a positive integer greater than 2), each of
which includes the pixels coupled to p number of scan
lines (p is a positive integer greater than 2),

wherein the data driver is further configured to supply the
reference voltage to a jth data line (j is a positive integer)
during a first period, supply a compensation voltage
during a second period, supply a turn-off voltage during
third and fourth periods, and supply a data voltage dur-
ing a fifth period, and

wherein the compensation voltage is higher than the refer-
ence voltage, the data voltage is higher than the com-
pensation voltage, and the turn-off voltage is lower than
the compensation voltage.

11. The organic light emitting display of claim 10, wherein
one frame period includes q number of sub frame periods,
each of which includes first to sixth periods,

wherein the reference voltage of the data lines is supplied
to the gate and source electrodes of the driving transistor
as the first and second transistors are turned on during
the first period,

wherein the compensation voltage of the data lines is sup-
plied to the gate electrode ofthe driving transistor as the
first transistor is turned on during the second period,

wherein a turn-off voltage of the data lines is supplied to the
gate electrode of the driving transistor as the first tran-
sistor is turned on during the third period,

wherein the first and second transistors are turned off dur-
ing the fourth period, and

wherein the data voltage of the data lines is supplied to the
gate electrode of the driving transistor as the first tran-
sistor is turned on during the fifth period.

12-13. (canceled)

14. The organic light emitting display of claim 10, further
comprising a scan driver configured to supply scan signals to
the scan lines,

wherein the scan driveris further configured to supply akth
scan signal (k is a positive integer) having a gate-on
voltage to a kth scan line during the first to third periods
and the fifth period, and supply the kth scan signal hav-
ing a gate-off voltage during the fourth and sixth periods.

15. The organic light emitting display of claim 10, further
comprising initialization lines and an initialization driver,
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wherein the pixels are coupled to the initialization lines,
and the initialization driver is configured to supply ini-
tialization signals to the initialization lines,

wherein the initialization driver is further configured to
supply a kth initialization signal (k is a positive integer)
having a gate-on voltage to a kth initialization line dur-
ing the first period, and supply the kth initialization
signal having a gate-off voltage during the second to
sixth periods.

16. An organic light emitting display comprising:

a display panel having pixels coupled to data lines, scan
lines, initialization lines, and first power voltage lines,

wherein each of the pixels comprises:

an organic light emitting diode;

a driving transistor coupled to the organic light emitting
diode and a first power voltage line of the first power
voltage lines;

a first transistor coupled to a data line of the data lines and
a gate electrode of the driving transistor;

asecond transistor configured to supply a reference voltage
of the data line to a source electrode of the driving
transistor; and

acapacitor coupled to the gate and source electrodes of the
driving transistor,

wherein the first transistor is turned on by a kth scan signal
(k is a positive integer) of a kth scan line and supplies a
voltage of'ajth data line (j is a positive integer) to the gate
electrode of the driving transistor, and

wherein the second transistor is turned on by a kth initial-
ization signal of a kth initialization line and connects the
gate and source electrodes of the driving transistor to
each other.

10
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17. The organic light emitting display of claim 16, further
comprising a data driver configured to supply data voltages to
the data lines,

wherein the data driver is further configured to supply the
reference voltage to the jth data line during a first period,
supply a compensation voltage during a second period,
and supply a data voltage of the data voltages during a
third period.

18. The organic light emitting display of claim 17, wherein
the compensation voltage is higher than the reference voltage,
and the data voltage is higher than the compensation voltage.

19. The organic light emitting display of claim 17, further
comprising a scan driver configured to supply scan signals to
the scan lines,

wherein the scan driver is further configured to supply the
kth scan signal having a gate-on voltage to the kth scan
line during the first to third periods, and supply the kth
scan signal having a gate-off voltage during a fourth
period.

20. The organic light emitting display of claim 19, further
comprising an initialization driver configured to supply ini-
tialization signals to the initialization lines,

wherein the initialization driver is further configured to
supply the kth initialization signal having a gate-on volt-
age to the kth initialization line during the first period,
and supply the kth initialization signal having a gate-off
voltage during the second to fourth periods.

I S T T
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