US009123296B2

a2 United States Patent (10) Patent No.: US 9,123,296 B2
Nam et al. 45) Date of Patent: Sep. 1, 2015
(54) ORGANIC LIGHT EMITTING DISPLAY (56) References Cited

DEVICE AND DISPLAY PANEL THEREOF

(71) Applicant: LG Display Co., Ltd., Seoul (KR)

(72) Inventors: WooJin Nam, Gyeonggi-do (KR);
HongJae Shin, Seoul (KR)
(73)

Assignee: LG Display Co., Ltd., Seoul (KR)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

1)

(22)

Appl. No.: 14/546,176

Filed: Nov. 18, 2014

(65) Prior Publication Data

US 2015/0145845 Al May 28, 2015

(30) Foreign Application Priority Data

Nov. 25,2013 (KR) .o 10-2013-0143561

Int. CL
G09G 3/32

U.S. Cl.
CpPC ... G09G 3/3233 (2013.01); GO9G 2300/08
(2013.01); GO9G 2310/0256 (2013.01); GO9G
2310/061 (2013.01)

(1)

(52)

(2006.01)

Field of Classification Search
CPC ... G09G 3/30-3/3291; GO9G 2310/0251;
G09G 2320/0233; GO9G 2300/043; GO9G
2300/0819; G09G 2320/045; GO9G 2300/08;
G09G 2310/0256; GO9G 2310/061
USPC .. 345/76-83, 204-214;315/169.3
See application file for complete search history.

(58)

SCAN

U.S. PATENT DOCUMENTS

8,274,457 B2*
2005/0269959 Al*

9/2012 Tsal woovvrvvviiviiriiininn, 345/78
122005 Uchino etal. ..oecvni 315/169.3

2006/0221662 A1* 10/2006 Parketal. .....ccevveinee 365/145
2006/0256048 A1* 11/2006 Fishetal. ..., 345/81
2007/0296672 A1* 12/2007 Kimetal. ..o 345/92
2008/0001855 Al 1/2008 Hamer et al.

2009/0140638 AL*  6/2009 ASANO ...c.ccccovreeiriinnene 313/504
2009/0262101 Al  10/2009 Nathan et al.

2010/0007651 AL*  1/2010 Kim cooecoivvvccnieine 345/213
2010/0134479 Al* 6/2010 Takasugi et al. ... ... 345214
2010/0253608 Al* 10/2010 Kimetal. ....ccoooevvncne 345/76
2011/0227505 Al 9/2011 Park et al.

2012/0162175 Al* 6/2012 Fanetal. .....ccooovvnnen. 345211
2013/0043802 Al* 2/2013 Hanetal. ...... ... 315240
2013/0083001 Al* 4/2013 Jeong ............ .. 3457212
2013/0093652 Al* 4/2013 Kimetal. ..... 345/77
2013/0093800 Al1* 4/2013 Shimetal. ....coocvvnn 345/690

(Continued)

FOREIGN PATENT DOCUMENTS

EP 2743907 Al 6/2014
OTHER PUBLICATIONS

Search Report dated Feb. 20, 2015 from the European Patent Office
in counterpart European Patent Application No. 14191202.2.

Primary Examiner — Dmitriy Bolotin
(74) Attorney, Agent, or Firm — Morgan, Lewis & Bockius
LLP

7) ABSTRACT

Disclosed are an organic light emitting display device and a
display panel thereof, which are capable of performing a
recovery driving for recovering a threshold voltage of a driv-
ing transistor to be within a range of compensation for the
threshold voltage if the threshold voltage of the driving tran-
sistor deviates from the range of the compensation for the
threshold voltage as a driving time of the driving transistor of
a pixel increases.

14 Claims, 12 Drawing Sheets

VDD \ref




US 9,123,296 B2

Page 2
(56) References Cited 2014/0132583 Al*  5/2014
2014/0139510 Al*  5/2014
U.S. PATENT DOCUMENTS 2014/0152719 Al*  6/2014
2014/0168194 Al*  6/2014
2013/0113779 Al* 52013 Yoonetal. ......... e 3451212 2014/0176516 AL* 62014
2013/0147690 Al* 62013 Kim et al. . 345/76 2014/0176525 Al* 62014

2014/0184481 Al* 7/2014
2015/0002502 A1*  1/2015 .
2015/0015565 Al* 1/2015 Yamashitaetal. ............ 345/212

2013/0147694 Al1* 6/2013 Kimetal. .......ccceevevnneenn. 345/82
2013/0162620 Al1* 6/2013 Kimetal. .....ccoveevnnen. 345/212
2014/0062331 Al* 3/2014 Namet al. ... 315/226
2014/0118321 Al* 52014 Kimetal. ..ccooooonnnn. 345/212 * cited by examiner




US 9,123,296 B2

Sheet 1 of 12

Sep. 1, 2015

U.S. Patent

vl

011 18I SSA gaA
d d
(W)g 19 (W) 1715
0g!
d
(2)21o (2)179
d d d
(1)279 (1)179
(uy1a (2)3a |(1)7a
0ci 0G1




U.S. Patent Sep. 1,2015 Sheet 2 of 12 US 9,123,296 B2

FiG.2

Vdata VoD Vref
DL DVL RVL
et -1
| |
GL1 * N3
SCAN : :
| |
| . |
I N1 I
| I: oT laLe
: T1 : SENSE
: Cstg :
| [ |
I N2 72 I
| |
| |
| |
I OLED I
| ! —~_p
N ] _J ’




U.S. Patent

THRESHOLD
VOLTAGE

RANGE OF
COMPENSATION
FOR THRESHOLD
VOLTAGE

LUMINANCE

L1

Sep. 1, 2015 Sheet 3 of 12 US 9,123,296 B2

FIG.3

LIMIT VALUE OF
THRESHOLD VOLTAGE
COMPENSATION (+)

SHIFT OF THRESHOLD VOLTAGE (+)

_____ q—————-- LIMIT VALUE OF
THRESHOLD VOLTAGE
COMPENSATION (-)

I
I
' >
! DRIVING TIME

(A)

THRESHOLD VOLTAGE =
LIMIT YALUE OF THRESHOLD VOLTAGE

| COMPENSATION (+)

|
MAINTENANCE OF DEGRADATION OF LUMINANGE
LUMINANCE :

|

|

|

! -

Ti DRIVING TIME

(8)



U.S. Patent Sep. 1,2015 Sheet 4 of 12 US 9,123,296 B2

FIG.4

A
THRESHOLD
VOLTAGE
- —— :— ——————— LIMIT VALUE OF
THRESHOLD VOLTAGE
RANGE OF S%ZT(Z\ZEH(SESHOID COMPENSATION (+)
COMPENSATION
FOR THRESHOLD I
VOLTAGE
———————————— LIMIT VALUE OF
| THRESHOLD VOLTAGE
| COMPENSATION (-)
| >
12 DRIVING TIME
(A)
i LIMIT VALUE OF THRESHOLD
LUMINANCE VOLTAGE COMPENSATION (-)
|
I
I
I
MAINTENANCE |
OF LUMINANCE INCREASE OF
12 | LUMINANCE
|
I
|

>
T2 DRIVING TIME



U.S. Patent

Sep. 1, 2015 Sheet 5 of 12 US 9,123,296 B2

FIG.5

510 520

Vdata l@ Vref

SCAN ® N3

N1
"—,_\—?—| |_ b1 QENSE

T1 n— ==
J_ Csitg L

I3



U.S. Patent Sep. 1,2015 Sheet 6 of 12 US 9,123,296 B2

FIG.6

600

Pant

Voaia oo et

SCAN ® N3
N1
1»—,_\—0—| |_ DT amyiom
7—7 i | |_ OENOE

N o T

N2 12




US 9,123,296 B2

Sheet 7 of 12

Sep. 1, 2015

U.S. Patent

ONIAIHT AHIAODTH
INIL ONIAING o
- 1 1
I |
I |
I |
I |
I |
I |
(-) NOILYSNIGWOD IDV.LION R

JT1OHSIHHL 40 INTVA LINIT — —

(+) IEVLTOA
JTOHSIEHIL HO Eiw\

(+) NOILYSNIIWOD 3OV T0A
OTOHSTHHL 40 INTVA LINIT

-

—

A T
\\\ 2N . /
, \ e
fot e |
,, EN / .
\ e : L DA
\SS5THLE L voans,/

,/ P

~ —

—_——

FOVLIOA JIOHSIHHL H04

[ NOILYSNIJINOOD 40 FONVY

JOVLION TIOHSIFHHL



US 9,123,296 B2

Sheet § of 12

Sep. 1, 2015

U.S. Patent

ONIAINA AHIAODTH
-

JNIL ONIAIHA

gl

(=) NOIL¥SNIJWOO 3OVLTON _

IOHSIBHL 0 INTVA LINIT — — — — = —
N
3NTVA FONIE3538 ONOD3S ——— —{ |
/l_.\\
I
I
I
|
I
(+) NOLLYSNIINOD FOVLTOA |
GTOHSIEHL 4O INTYA LINIT — — — —
I
LT T TN |
7 aA . _
;oo : S
/ o< / e
10 _|. IA ===
_, ZA<IA N /,Aw\\\\
_ EN \
\ £ y,
\SSSIHLS FANLISOIS-
N b
S - \\

—_—

l",\'

\ (=) 3OVLION
JTOHS3YHL 40 15IHS

JOVLION AT0HS3IEHL H04

[ NOILYSNIdINOD H0 FONVY

FOVLION UTOHSIHHL



U.S. Patent Sep. 1,2015 Sheet 9 of 12 US 9,123,296 B2

) PIXEL WITH THRESHOLD YOLTAGE
| (+) SHIFT DEVIATING FROM COMPENSATION LIMIT

con| PIXEL WITH THRESHOLD VOLTAGE

7] (<) SHIFT DEVIATING FROM COMPENSATION LIMIT

PIXEL WITHOUT THRESHOLD VOLTAGE
(+) & (=) SHIFT DEVIATING FROM COMPENSATION LIMIT




US 9,123,296 B2

Sheet 10 of 12

Sep. 1, 2015

U.S. Patent

(@)

(3) ()

al|alals a|la|la|lafsg d|ld|d|d]|d
ala|al0]s g|a|g|ala d|d|d]|d]d
a|lala|als => gla|la|als => d|d|d]|d]|d
a|lala|als a|la|la|als d|d|d]|d]d
{1
)] (4) (v)
viv|iv|v|v v iv|iv|v]|v
viv|iv|v|v v |v v
v iv|iv|v|v < V|V v
viv|iv|v|v V|V v
LIAIT NOILYSNIGIOO WOBH ONLIVIAZO 1HIHS () [ LINIT NOLLYSNIINOD WOHH ONILFIAIA
FOVLTIOA TIOHSTHHL LNOHLIM T3X1d L4IHS (=) IDVLIOA TTOHSIHHL HLIM T3XId
LI NOILYSN3AHOD WOBS ONILYIAIG 131HS (+) [ LIWIT NOLLYSNIJNOO WOB DNILYIAIG [
FOVLIOA TTOHSIHHL LNOHLIM T3XId LIHS (+) IDVLIOA GIOHSIHHL HLIM T3XId |
HINET NOLYSNT m%%& gﬁmmmqw@mwmmm m\wmﬁw \m& quﬂ d | 3FOVLIOA GIOHSIHHL ONISNIS FHO439 T3XId

ol DOIA



US 9,123,296 B2

Sheet 11 of 12

Sep. 1, 2015

U.S. Patent

()

d

d

d

d

d

LIATT NOHLYSNIANOD WOHA ONILYIAIA 1HIHS (=)
JOVLIOA TTOHSIEHL HLIM TIaXId

LYIA3Q LHIHS (=) 8 (+)
JOVLIOA TIOHSIHHL LINOHLIM T3XId

LINIT NOILYSNIJNOO IWOHS ON

!

(q) (v)

<

LINIT NOHLYSNIJNOD WOHA ONILVIATA 1HIHS (+)
JOVLIOA TIOHSIEHL HLIM 13XId

d IOVLION GTOHSIHHL BNISNIS 350438 13XiId

[l DA




US 9,123,296 B2

Sheet 12 of 12

Sep. 1, 2015

U.S. Patent

(=) NOILVYSNIdNCD F5YLI0A

ONIAIHG ONIAIHA ONIAHA
A5IA003H AHIAOOTY AEIANODTH
gydIHL aNOD3s 1SHI4
f—1 — ——
N DNIAIHG _ _ _ _ _ _
- __ _ _ _ _
o | | | |
I | 2S5,k | |
TIOHSTHHL 40 INTFA LINT — — — .T I“ —_ SN ———— _ _

INTYAIONIHIFITHANOD3S ——— — ——— + — — — gl — — e — —  — — — — — — — —

(+) NOILYSNIINOD FOVLION — — — LN f — L — L

TIOHSIEHL O JTTvA LINIT

cl DIA

JFOVLIOA
JIOHS3IHHL HOS
NOILYSNIIWNOO
40 FONVY

JOVLIOA
UTOHSIEH1L



US 9,123,296 B2

1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DISPLAY PANEL THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from and the benefit wider
35 US.C. §119(a) of Korean Patent Application No.
10-2013-0143561, filed on Nov. 25, 2013, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND

1. Field of the Invention

Embodiments of the present invention relate to an organic
light emitting display device and a display panel thereof.

2. Description of Related Art

Recently, an organic light emitting display device has come
into the spotlight. Organic light emitting display devices may
have advantages such as a fast response rate, high light emit-
ting efficiency, high luminance, and a wide viewing angle.
These advantages may be attributable to the use of an organic
light emitting diode, which emits light by itself.

In such an organic light emitting display device, pixels
including organic light emitting diodes respectively are
arranged and brightness of selected pixels by a scan signal is
controlled depending on gradation of data.

Each pixel of such an organic light emitting display device
may include a data line and a gate line which intersect each
other, and transistors and a storage capacitor which are con-
nected to the data line and the gate line, as well as the organic
light emitting diode.

Each pixel of the organic light emitting display device may
further include a driving transistor for driving the organic
light emitting diode, where the driving transistor has a thresh-
old voltage as an inherent characteristic value.

The threshold voltage of the driving transistor may vary as
a driving time becomes longer. In this case, luminance of the
corresponding pixel may not be achieved at a desired level,
and/or a luminance difference between pixels may occur,
thereby degrading the image quality. In some cases, the lumi-
nance difference causes a shortened durability of the corre-
sponding driving transistor.

Accordingly, a compensation technology senses the
threshold voltage of the driving transistor of each pixel and
compensates for the threshold voltage of the driving transis-
tor.

However, with this threshold voltage compensation tech-
nology, there is a problem in that compensation for the thresh-
old voltage of the driving transistor can be established only
within a predetermined range. That is, when the threshold
voltage of the driving transistor increases above a specific
value, or decreases below a specific value, there is a problem
in that the threshold voltage compensation technology has a
compensation limit in which the varied threshold voltage
cannot be compensated for.

Therefore, there is a problem in that the pixel compensa-
tion technology may not be able to adequately compensate for
the threshold voltage, thereby causing the quality of an image
to degrade, and the driving transistor to be incapable of being
driven for a long time.

SUMMARY

Embodiments of the present invention have been made to
solve the above-mentioned problems, and an aspect of
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2

embodiments of the present invention is to provide an organic
light emitting display device and a display panel thereof,
which are capable of performing a recovery driving for the
recovery of a threshold voltage shift, the recovery driving
enabling a threshold voltage to be recovered within a range of
a compensation for the threshold voltage of the driving tran-
sistor, when the threshold voltage of the driving transistor is
deviated and shifted from the range of the compensation for
the threshold voltage as a driving time of the driving transistor
increases.

In an embodiment, an organic light emitting display device
includes a display panel including a data line and first and
second gate lines; a gate driving circuit, the first and second
gate lines electrically connected to the gate driving circuit; a
pixel defined at an intersection ofthe data line and the first and
second gate lines, wherein the pixel includes a driving tran-
sistor and an organic light emitting diode, the driving transis-
tor configured to supply current to the organic light emitting
diode, and the driving transistor having a threshold voltage;
wherein a range of compensation for the threshold voltage of
the driving transistor has at least one of an upper voltage limit
and a lower voltage limit, the display device configured to
sense the threshold voltage of the driving transistor; and,
when the threshold voltage of the driving transistor is outside
of the range of compensation, apply a first voltage to a first
node of the driving transistor and apply a second voltage to a
second node of the driving transistor, the display device con-
figured to regulate the first and second voltages so that the
threshold voltage of the driving transistor is within the range
of compensation, wherein the first node electrically connects
to a gate of the driving transistor, and the second node elec-
trically connects to an anode or cathode of the organic light
emitting diode.

In an embodiment, a method of compensating for a thresh-
old voltage of a driving transistor, the driving transistor
included in a specific pixel of a plurality of pixels of an
organic light emitting display device, the threshold voltage
being a voltage capable of driving an organic light emitting
diode included in the specific pixel, includes determining that
the threshold voltage is deviated from a predetermined range
of compensation of the threshold voltage; when the display
device is to be powered off, performing recovery driving of
the threshold voltage to be within the range of compensation;
and after performing the recovery driving, applying a ground
voltage to all nodes of the driving transistor.

Another aspect of embodiments of the present invention is
to provide an organic light emitting display device and a
display panel thereof, which are capable of continuously
maintaining a threshold voltage of a driving transistor within
a range of compensation for the threshold voltage though a
driving time of the driving transistor increases.

As described above, embodiments of the present invention
can provide an organic light emitting display device and a
display panel thereof, which are capable of performing a
recovery driving for the recovery of a threshold voltage shift,
which enables a threshold voltage to be recovered within a
range of a compensation for the threshold voltage of the
driving transistor, when the threshold voltage of the driving
transistor is deviated and shifted from the range of the com-
pensation for the threshold voltage as an operation time of the
driving transistor increases.

Embodiments of the present invention can provide an
organic light emitting display device and a display panel
thereof, which are capable of continuously maintaining a
threshold voltage of a driving transistor within a range of
compensation for the threshold voltage though a driving time
of the driving transistor increases.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating an organic light
emitting display according to an embodiment;

FIG. 2 is a circuit diagram illustrating an equivalent circuit
for a pixel of an organic light emitting display according to an
embodiment;

FIG. 3 is a graph illustrating a positive (+) threshold volt-
age shift of a driving transistor in a pixel of an organic light
emitting display according to an embodiment, and a degra-
dation of luminance caused by the positive threshold voltage
shift;

FIG. 4 is a graph illustrating a negative () threshold volt-
age shift of a driving transistor in a pixel of an organic light
emitting display according to an embodiment, and a degra-
dation of luminance caused by the negative threshold voltage
shift;

FIG. 5 is a circuit diagram illustrating sensing and com-
pensating for a threshold voltage of a driving transistor in a
pixel of an organic light emitting display according to an
embodiment;

FIG. 6 is a graph schematically illustrating a recovery
driving of recovering the threshold voltage shift of the driving
transistor in the pixel of the organic light emitting display
according to an embodiment;

FIG. 7 is a graph schematically illustrating a recovery
driving of recovering the positive (+) threshold voltage shift
of the driving transistor in the pixel of the organic light emit-
ting display according to an embodiment;

FIG. 8 is a graph schematically illustrating a recovery
driving of recovering the negative (-) threshold voltage shift
of the driving transistor in the pixel of the organic light emit-
ting display according to an embodiment;

FIG. 9 is an example view illustrating the threshold voltage
shift of the driving transistor for the pixels of the organic light
emitting display before the recovery driving, according to an
embodiment;

FIG. 10 is an example view illustrating a sequential recov-
ery driving for a recovery of the positive (+) threshold voltage
shift and a recovery of the negative (-) threshold voltage shift
in the state of the threshold voltage shift of FIG. 9;

FIG. 11 is an example view illustrating a simultaneous
recovery driving for a recovery of the positive (+) threshold
voltage shift and a recovery of the negative (=) threshold
voltage shift in the state of the threshold voltage shift of FIG.
9; and

FIG. 12 is a graph illustrating a recovery driving of recov-
ering a continuous threshold voltage shift of the driving tran-
sistor in the pixel of the organic light emitting display accord-
ing to an embodiment.

DETAILED DESCRIPTION

Hereinafter, example embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. In the following description, the same or similar
elements may be designated by the same or similar reference
numerals, although they are shown in different drawings.
Further, in the following description, detailed descriptions of
known functions and configurations incorporated herein may
be omitted when, for example, it may make the subject matter
of embodiments of the present invention unclear or confus-
ing.

In addition, terms such as first, second, A, B, (a), (b) or the
like, may be used herein when describing components of
embodiments of the present invention. Terminologies such as
these may not used to define an essence, order sequence, or
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4

number of a corresponding component, but may be used
merely to distinguish the corresponding component from
other component(s). If it is described in the specification that
one component is “connected,” “coupled,” or “joined” to
another component, a third component may be “connected,”
“coupled,” and “joined” between the first and second compo-
nents, although the first component may be directly con-
nected, coupled, or joined to the second component

FIG. 1 is a schematic view illustrating an organic light
emitting display device according to an embodiment. With
reference to FIG. 1, the organic light emitting display device
100 according to an embodiment includes a display panel
110, a data driving unit 120, a first gate driving unit 130, a
second gate driving unit 140, and a timing controller 150.

Data lines DL(1), DL(2), ..., DL(n) and gate lines GL1(1),
GL1(2), GL1(m) and GL2(1), GL2(2), . . . , GL2(m) are
formed on the display panel 110, and a plurality of pixels Pare
defined by intersections of the data lines DL(1), DL(2), .. .,
DL(n) and the gate lines GL1(1), GL1(2), . . ., GL1(m) and
GL2(1),GL2(2),...,GL2(m). The data driving unit 120 may
supply a data voltage to the data lines DL(1), DL(2), . . .,
DL(n).

The first gate driving unit 130 may sequentially supply a
scan signal to first gate lines GL1(1), GL1(2), . . ., GL1(m)
among the gate lines GL1(1), GL1(2). . . . , GL1(m) and
GL2(1), GL2(2), .. ., GL2(m). The second gate driving unit
140 may sequentially supply a sensor signal to second gate

lines GL2(1), GL2(2), . . ., GL2(m) among the gate lines
GL1(1), GL1(2), . . . , GL1(m) and GL2(1), GL2(2), . . .,
GL2(m).

The timing controller 150 may control a driving timing of
the data driving unit 120, the first driving unit 130, and the
second gate driving unit 140. The first gate driving unit 130
and the second driving unit 140 may be separately imple-
mented, and in some cases, may be implemented as one gate
driving unit.

Further, the first gate driving unit 130 may be located at a
side of the display panel 110 as shown in FIG. 1, according to
a driving manner, and may be divided into two parts and
located at both sides of the display panel 110. The second gate
driving unit 140 may be located in a similar manner to that in
the first gate driving unit.

Further, the first gate driving unit 130 and the second gate
driving unit 140 may include a plurality of gate driving inte-
grated circuits which may be connected to a bonding pad of
the display panel 110 in a tape automated bonding manner or
a chip on glass manner, or implemented in a gate in panel
(GIP) type so as to be directly formed on the display panel
110.

Further, the data driving unit 120 may include a plurality of
gate driving integrated circuits (hereinafter, referred to as a
source driving integrated circuit) which may be connected to
a bonding pad of the display panel 110 in a tape automated
bonding manner or a chip on glass (COG) manner, or imple-
mented in a gate in panel (GIP) type so as to be directly
formed on the display panel 110.

Each pixel P may be connected to one data line DL, two
gate lines GL1 and GL.2, areference voltage line (e.g., RVL of
FIG. 2), and the like. An example structure of each pixel P will
be described in detail with reference to FIG. 2.

FIG. 2 is a circuit diagram illustrating an equivalent circuit
for the pixel P of the organic light emitting display 100
according to an embodiment. With reference to FIG. 2, each
pixel P of the organic light emitting display device 100
according to an embodiment may include an organic light
emitting diode and a driving circuit for driving the organic
light emitting diode.
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The driving circuit for driving the organic light emitting
diode in each pixel P may further include a driving transistor
DT for supplying electric current to the organic light emitting
diode, a first transistor T1, a second transistor T2, and a
storage capacitor Cstg. The first transistor T1 may play a role
of a switching transistor controlled according to the scan
signal and capable of controlling an application of the data
voltage to a first node N1 of the driving transistor DT so as to
turn on or off the driving transistor DT. Together with the
storage capacitor Cstg, the second transistor T2 may function
as a sensing transistor for sensing a threshold voltage of the
driving transistor D'T. The storage capacitor may maintain the
data voltage applied to the first node N1 of the driving tran-
sistor DT.

A connecting relation of the three transistors DT, T1, and
T2 and the capacitor Cstg will now be described. With con-
tinued reference to FIG. 2, the driving transistor DT may have
three nodes N1, N2, and N3 for driving the organic light
emitting diode. The first node N1 of the driving transistor DT
may be connected to the first transistor T1, the second node
N2 may be connected to an anode (or a cathode) of the organic
light emitting diode OLED, and the third node N3 may be
connected to the driving voltage line DVL through which the
driving voltage VDD is supplied.

The first transistor T1 may be controlled by the scan signal
supplied from the first gate line GL1, and may be interposed
between and connected to the data line DL and the first node
N1 of'the driving transistor DT so as to apply the data voltage
Vdata supplied from the data line DL to the first node N1 of
the driving transistor DT.

The second transistor T2 may be controlled by a sensor
signal supplied from the second gate line G2, and may be
interposed between and connected to the second node N2 of
the driving transistor DT and the reference voltage line RVL
through which the reference voltage Vref is supplied.

The storage capacitor Cstg may be interposed between and
connected to the first node N1 and the second node N2 of the
driving transistor DT.

According to an embodiment, the driving transistor DT
may bean N type transistor or a P type transistor. If the driving
transistor DT is an N type transistor, the first node N1 may be
agate node, the second node N2 may be a source node, and the
third node N3 may be a drain node. If the driving transistor
DT is a P type transistor, the first node N1 may be a gate node,
the second node N2 may be a drain node, and the third node
N3 may be a source node. In the description and drawings
according to example embodiments, for convenience of
description, the driving transistor DT and the first and second
transistors T1 and T2 connected to the driving transistor DT
are illustrated as N type transistors. Accordingly, it is
described that the first node N1 of the driving transistor DT is
the gate node, the second node N2 is the source node, and the
third node N3 is the drain node.

On the other hand, the driving transistor DT of each pixel
may have a threshold voltage as an inherent characteristic
value, and the threshold voltage of the driving transistor DT
may be varied as a driving time increases. A luminance of the
corresponding pixel may not extend to a desired level, or a
luminance difference between the pixels may occur, thereby
degrading image quality and/or reducing durability of the
corresponding driving transistor DT.

Accordingly, by sensing the threshold voltage of the driv-
ing transistor DT of each pixel, if there is a deviation of the
threshold voltage between the pixels and a difference
between the threshold of each pixel and the reference thresh-
old voltage, the threshold voltage of the driving transistor DT
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6

of the corresponding pixel may be compensated for, and the
luminance may be maintained at the desired level.

However, there may be a limitation in which the threshold
voltage of the driving transistor DT can be compensated for
within a predetermined range. That is, if the threshold voltage
of the driving transistor DT increases above a specific value or
decreases below a specific value, the varied threshold voltage
may not be compensated for.

Thus, when the threshold voltage of the driving transistor
DT is deviated and varied from a predetermined range, that is,
the threshold voltage is shifted and deviated from the prede-
termined range, it may be impossible to compensate for the
threshold voltage, so that the quality of the image is degraded
and the corresponding driving transistor DT fails to be driven
for a long time and has shortened durability.

In example embodiments of the invention, if the threshold
voltage is deviated and shifted from the compensation range,
it is identified, and the threshold voltage deviated from the
compensation range can be recovered to be within the com-
pensation range.

Hereinafter, a recovery driving of recovering the threshold
voltage deviated from the compensation range to be within
the compensation range when the threshold voltage is devi-
ated and shifted from the compensation range will be
described with reference to FIGS. 3 to 12.

FIGS. 3 and 4 are graphs illustrating the threshold voltage
shift in which the threshold voltage Vth of the driving tran-
sistor DT 1in the pixel of the organic light emitting display
device 100 according to an embodiment increases or
decreases depending on a driving time.

Hereinafter, a threshold voltage shift in which the threshold
voltage of the driving transistor DT increases in a positive (+)
direction depending on the driving time will be described
with reference to FIG. 3, and a threshold voltage shift in
which the threshold voltage of the driving transistor DT
decreases in a negative (-) direction depending on the driving
time will be described with reference to FIG. 4.

First, several terms will be defined. With relation to a
variation direction of the threshold voltage, “(+) direction”
means a direction in which the threshold voltage increases,
and “(-) direction” refers to a direction in which the threshold
voltage decreases.

Further, a “threshold voltage shift (Vth Shift)” means an
increase or decrease of the threshold voltage. Furthermore, a
phenomenon in which the threshold voltage shift is per-
formed in the (+) direction is referred to as a (+) threshold
voltage shift, and a phenomenon in which the threshold volt-
age shiftis performed in the () direction is referred to as a ()
threshold voltage shift.

In addition, a range in which the threshold voltage is com-
pensated for is referred to as a “range of compensation for
threshold voltage.” The range of the compensation for the
threshold voltage has an upper limit value and a lower limit
value, in which the upper limit value of the range of the
compensation for the threshold voltage is referred to as a
“limit value (+) of the compensation for the threshold volt-
age”, and the lower limit value of the range of the compen-
sation for the threshold voltage is referred to as a “limit value
(-) of the compensation for the threshold voltage”

The range of the compensation for the threshold voltage
may be a substantial range in which the organic light emitting
display device 100 can compensate for the threshold voltage,
and may be a range which is set to be wider or narrower than
the substantial range for an effective recovery operation.

FIG. 3 is a graph illustrating a (+) threshold voltage shift of
a driving transistor DT in a pixel of an organic light emitting
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display device 100 according to an embodiment, and a deg-
radation of luminance caused by the (+) threshold voltage
shift.

Graph (A) of FIG. 3 illustrates a variation of the threshold
voltage of the driving transistor DT according to an increase
of the driving time of the driving transistor DT, in which the
threshold voltage of the driving transistor DT increases as the
driving time lengthens.

That is, the “(+) threshold voltage shift” shows that the
threshold voltage of the driving transistor DT increases as the
driving time of the driving transistor DT lengthens.

Further, the threshold voltage of the driving transistor DT
increases within the “range of the compensation for the
threshold voltage” for a time period 0 to T1 in which the
driving time increases. Accordingly, for the time period 0-T1,
it may be possible to compensate for the threshold voltage of
the driving transistor DT to a desired level, e.g., a level at
which a deviation from the threshold voltage of the driving
transistor of another pixel is removed or reduced, or at which
the threshold voltage becomes a reference threshold voltage.

However, when the time period 0-T1 is passed (a time point
described as T1), the threshold voltage of the driving transistor
DT may deviate from the range of the compensation for the
threshold voltage and increases. In this event, the threshold
voltage of the driving transistor DT cannot be compensated to
the desired level.

Graph (B) of FIG. 3 illustrates a variation of the luminance
in the corresponding pixel when the threshold voltage of the
driving transistor DT is varied as shown in Graph (A) as the
driving time of the driving transistor DT increases. Because
the threshold voltage of the driving transistor DT increases
within the range of the compensation for the threshold voltage
before the driving time of the driving transistor DT reaches
T1, the threshold voltage of the driving transistor DT can be
compensated for. Therefore, the luminance of the corre-
sponding pixel may be substantially maintained at the desired
level L1 in the corresponding pixel before the driving time of
the driving transistor DT reaches the time point T1.

However, after the driving time T1 of the driving transistor
DT passes the time point of T1, the threshold voltage of the
driving transistor DT may deviate from the range of the com-
pensation for the threshold voltage and increases. That is, the
threshold voltage of the driving transistor DT becomes larger
than the limit value (+) of the compensation for the threshold
voltage, which is the upper limit value of the range of the
compensation for the threshold voltage.

After the time point of T1, the threshold voltage of the
driving transistor DT may not be compensated to the desired
level. Thus, an amount of electric current which the driving
transistor DT applies to the organic light emitting diode is
gradually reduced below the desired amount, and thus the
luminance of the corresponding pixel is gradually decreased
in an abnormal state such that the luminance cannot be main-
tained at the desired level L1 of the corresponding pixel.

FIG. 4 is a graph illustrating a (=) threshold voltage shift of
the driving transistor DT in the pixel of the organic light
emitting display device 100 according to an embodiment, and
a degradation of the luminance caused by the (-) threshold
voltage shift.

Graph (A) of FIG. 4 illustrates a variation of the threshold
voltage of the driving transistor DT according to an increase
of the driving time of the driving transistor DT, in which the
threshold voltage of the driving transistor DT increases as the
driving time lengthens.

That is, the “(-) threshold voltage shift” shows that the
threshold voltage of the driving transistor DT decreases as the
driving time of the driving transistor DT lengthens.
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Further, the threshold voltage of the driving transistor DT
decreases within the “range of the compensation for the
threshold voltage” for a time period 0 to T2 in which the
driving time increases. Accordingly, for the time period 0-T2,
it may be possible to compensate for the threshold voltage of
the driving transistor DT to a desired level, e.g., a level at
which a deviation from the threshold voltage of the driving
transistor of another pixel is removed or reduced, or at which
the threshold voltage becomes a reference threshold voltage.

However, when the time period 0-T2 is passed (a time point
described as T2), the threshold voltage of the driving transis-
tor DT may deviate from the range of the compensation for
the threshold voltage and decreases. In this event, the thresh-
old voltage of the driving transistor DT cannot be compen-
sated to the desired level.

Graph (B) of FIG. 4 illustrates a variation of the luminance
in the corresponding pixel when the threshold voltage of the
driving transistor DT is varied as shown in Graph (A) as the
driving time of the driving transistor DT increases. Because
the threshold voltage of the driving transistor DT decreases
within the range of the compensation for the threshold voltage
before the driving time of the driving transistor DT reaches
T2, the threshold voltage of the driving transistor DT can be
compensated for. Therefore, the luminance of the corre-
sponding pixel may be substantially maintained at the desired
level L2 in the corresponding pixel before the driving time of
the driving transistor DT reaches the time point of T1.

However, after the driving time of the driving transistor DT
passes the time point of T2, the threshold voltage of the
driving transistor DT may deviate from the range of the com-
pensation for the threshold voltage and decreases. That is, the
threshold voltage of the driving transistor DT becomes
smaller than the limit value (-) of the compensation for the
threshold voltage, which is the lower limit value of the range
of the compensation for the threshold voltage.

After the time point of T2, the threshold voltage of the
driving transistor DT may not be compensated to the desired
level. Thus, an amount of electric current which the driving
transistor DT applies to the organic light emitting diode
gradually increases over the desired amount, and thus the
luminance of the corresponding pixel is gradually increased
in an abnormal state that the luminance cannot be maintained
at the desired level L2 of the corresponding pixel.

As described with reference to FIGS. 3 and 4, in each pixel,
a phenomenon may occur in which the threshold voltage of
the driving transistor DT deviates from the range of the com-
pensation for the threshold voltage and increases or
decreases.

That is, in each pixel, the threshold voltage shift (e.g., (+)
threshold voltage shift or (=) threshold voltage shift) in which
the threshold voltage deviates from the compensation range
may occur.

Accordingly, in an embodiment, for a pixel in which the
threshold voltage shift (the (+) threshold voltage shift or the
(-) threshold voltage shift) occurs in which the threshold
voltage deviates from the compensation limit (the range of the
compensation for the threshold voltage) among all the pixels
of the display panel 110, the recovery driving may be pet-
formed in which the threshold voltage shift deviated from the
range ofthe compensation for the threshold voltage is recov-
ered to be within the range of the compensation for the thresh-
old voltage.

The recovery driving to recover the threshold voltage shift
deviated from the range of the compensation for the threshold
voltage is performed by using a result of sensing the threshold
voltage of the driving transistor DT of each pixel.
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Hereinafter, a manner of sensing the threshold voltage of
the driving transistor DT of each pixel will be described with
reference to FIG. 5, and the recovery driving for recovering
the threshold voltage shift deviated from the range of the
compensation for the threshold voltage will be described with
reference to FIG. 6.

FIG. 5 is a circuit diagram illustrating sensing and com-
pensating for the threshold voltage of the driving transistor
DT in the pixel of the organic light emitting display device
100 according to an embodiment.

As shown in FIG. 5, each pixel includes an organic light
emitting diode OLED, a driving transistor DT for supplying
electric current to the organic light emitting diode in order to
drive the organic light emitting diode, a first transistor T1 that
functions as a switching transistor which is controlled accord-
ing to the scan signal and that controls to apply a data voltage
to a first node N1 of the driving transistor DT so as to turn on
or off the driving transistor DT, a storage capacitor Cstg that
maintains the data voltage Vdata applied to the first node N1
of the driving transistor DT for a frame, and a second transis-
tor DT2 that functions as a sensing transistor for applying a
reference voltage Vref to a second node of the driving tran-
sistor DT and sensing the threshold voltage of the driving
transistor DT, where the second transistor DT2 is controlled
by a sensor signal SENSE.

In the pixel structure shown in FIG. 5, in order to sense the
threshold voltage of the driving transistor DT, the first tran-
sistor T1 is turned on by the scan signal SCAN, and the data
voltage Vdata supplied from the data integrated circuit (D-1C)
510 of the corresponding pixel is applied to the first node N1
of the driving transistor Dt through the data line DL.

At this time, the second transistor T2 is turned on by the
sensing signal SENSE, and the reference voltage Vref sup-
plied from the voltage supplying source is thereby applied to
the second node N2 of the driving transistor DT through the
reference voltage line RVL.

That is, a constant voltage may be applied to each of the
first node N1 and the second node N2 of the driving transistor
DT, and thus, a desired electric potential difference Vdata-
Vref occurs at both ends N1 and N2 of the storage capacitor
Cstg, so that electric charges corresponding to the desired
electric potential difference are charged to the storage capaci-
tor Cstg.

Then, when a switch (not shown) connected to the refer-
ence voltage line RVL is turned off, and the reference voltage
line RVL is connected to an analog digital converter (ADC)
520 for sensing the threshold voltage, the constant voltage
Vref applied to the second node N2 of the driving transistor
DT disappears, and the voltage of the second node N2 of the
driving transistor DT is floated.

Therefore, although the constant voltage Vdata is still
applied to the first node N1 of the driving transistor DT, the
voltage of the second node N2 of the driving transistor DT
increases, because the constant voltage Vrefis not applied to
the second node N2.

The voltage of the second node N2 of the driving transistor
DT may increase until the difference of the electric potential
between the first node N1 and the second node N2 becomes
the threshold voltage of the driving transistor DT.

Atthistime, the ADC 520 measures the voltage Vdata-Vth
of the second node N of the driving transistor DT, so as to
sense the threshold voltage of the driving transistor DT.
Because the data voltage Vdata is a pre-known value, the
threshold voltage Vth can be known by subtracting the mea-
sured voltage Vdata-Vth from the known data voltage Vdata.

The threshold voltage sensed according to the above may
be stored in a memory such as a non-transitory computer-
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readable storage medium (not shown), and used in the com-
pensation for the threshold voltage.

With relation to the compensation for the threshold volt-
age, a timing controller 150 receives a digital value of the
threshold voltage Vth known in the ADC 520, calculates a
compensation value for compensating for the threshold volt-
age by using the digital value, and transfers the calculated
compensation value or the variation of the data voltage
(Vdata'=Vdata+Vth) varied by the calculation to the data
integrated circuit 510 of the corresponding pixel.

Thus, the data integrated circuit 510 may convert the data
voltage Vdata into the varied data voltage (Vdata'=Vdata+
Vth) according to the compensation value calculated and
transferred by the timing controller 150, and may output the
varied data voltage in analog form to the data line DL, or may
output the varied data voltage (Vdata'=Vdata+Vth) trans-
ferred from the timing controller 150 in analog form to the
data line DL. Therefore, the threshold voltage of the driving
transistor DT of the corresponding pixel is compensated.

In the process of sensing and compensating for the thresh-
old voltage, the threshold voltage of the driving transistor DT
of all pixels in the display panel 110, or the converted value
informing of the threshold voltage, is stored in the memory,
and the threshold voltage or the converted value stored in the
memory may be updated at a next sensing time.

According to the process of sensing and compensating for
the threshold voltage described above, when the threshold
voltage of the driving transistor DT of all pixels is sensed, a
pixel in which the threshold voltage of the driving transistor
DT deviates from the range of compensation for the threshold
voltage is identified among all the pixels, i.e., the pixel in
which a shift of the threshold voltage deviated from the range
of the compensation for the threshold voltage is identified,
and recovery driving may be performed for the identified
pixel. The recovery driving may recover the threshold voltage
shift deviated from the range of the compensation for the
threshold voltage to be within the range of the compensation
for the threshold voltage.

The recovery driving for recovering the threshold voltage
shift deviated from the range of the compensation for the
threshold voltage to be within the range of the compensation
for the threshold voltage will be described with reference to
FIGS. 6 to 12.

FIG. 6 is a graph schematically illustrating the recovery
driving for recovering the threshold voltage shift of the driv-
ing transistor in the pixel of the organic light emitting display
device 100 according to an embodiment.

With reference to FIG. 6, the organic light emitting display
device 100 may furtherinclude a recovery driving unit 600 for
performing the recovery driving for a specific pixel. For
example, the recovery driving unit 600 may control applica-
tion of first and second voltages to the first node N1 and the
second node N2 of the driving transistor DT of a specific pixel
so that the threshold voltage of the driving transistor DT is
within the range of compensation—particularly, when the
specific pixel among plural pixels P is present in which the
threshold voltage of the driving transistor DT for driving the
organic light emitting diode is deviated and shifted from a
predetermined “range of the compensation for the threshold
voltage” as a driving time increases.

Herein, the pixel in which the threshold voltage of the
driving transistor DT is deviated and shifted from the prede-
termined “range of the compensation for the threshold volt-
age” includes a pixel in which a (+) threshold voltage shift
deviated from the range of the compensation for the threshold
voltage (compensation limit) occurs as the threshold voltage
increases, and a pixel in which a (-) threshold voltage shift
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deviated from the range of the compensation for the threshold
voltage (compensation limit) occurs as the threshold voltage
decreases.

The recovery driving unit 600 applies the first and second
voltages, which are regulated so that the threshold voltage of
the driving transistor DT is present within the range of the
compensation, through an electric power supply unit 610, to
the first and second nodes N1 and N2 of the driving transistor
DT.

When a pixel in which a threshold voltage of the driving
transistor DT is deviated and shifted from the range of the
compensation for a predetermined threshold voltage is
present as a driving time increases, the recovery driving unit
600 may apply the first and second voltages to the first and
second nodes N1 and N2 of the driving transistor DT, respec-
tively.

On the other hand, the recovery driving unit 600 may
further apply a third voltage, which is regulated so that the
threshold voltage of the driving transistor DT is present
within the range of the compensation for the threshold volt-
age, through an electric power supply unit 610, to a third node
N3 of the driving transistor DT.

As described above, the recovery driving unit 600 may
perform the recovery driving to recover the threshold voltage
shift in which the threshold voltage of the driving transistor
DT deviated from the range of the compensation. The thresh-
old voltage shift may be recovered to be within the range of
the compensation for the threshold voltage when a power-off
signal of the display panel 110 is input.

That is, the recovery driving unit 600 may determine
whether a specific pixel among the plural pixels of the display
panel 110, in which a threshold voltage of the driving tran-
sistor DT for driving the organic light emitting diode is devi-
ated and shifted from a predetermined range of compensa-
tion, is present as a driving time increases. If the presence of
the specific pixel is determined, the recovery driving unit 600
may perform the recovery driving for recovering the thresh-
old shift of the specific pixel when a power-off signal is input.
Then, when the threshold voltage of the driving transistor DT
of the specific pixel is recovered within the range of the
compensation, the recovery driving unit 600 may stop the
recovery driving and may control application of a ground
voltage to all nodes of the driving transistor DT of the specific
pixel through the electric power supply unit 610.

The above-mentioned recovery driving unit 600 may be
included in the timing controller 150, or in a data driver IC of
the data driving unit 120. However, in other cases, the recov-
ery driving unit 600 may be exterior to the timing controller
150 and the data driving unit 120.

Hereinafter, the recovery driving of recovering a (+)
threshold voltage shift will be described in detail with refer-
ence to FIG. 7, and the recovery driving of recovering a (-)
threshold voltage shift will be described in detail with refer-
ence to F1G. 8.

FIG. 7 is a graph schematically illustrating the recovery
driving of recovering the (+) threshold voltage shift of the
driving transistor DT in the pixel of the organic light emitting
display device 100 according to an embodiment. With refer-
ence to FIG. 7, in the case that a specific pixel, in which a
threshold voltage shift deviated from the range of the com-
pensation for the threshold voltage occurs, is a pixel in which
the threshold voltage of the driving transistor DT is deviated
and shifted in the (+) direction from a predetermined range of
the compensation for the threshold voltage as a driving time
increases—that is, the threshold voltage increases above the
upper limit value (limit value of the compensation for the
threshold voltage) in the range of the compensation for the
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threshold voltage—the recovery driving unit 600 may per-
form a recovery driving for recovering the (+) threshold volt-
age shifi(s).

On the other hand, when the threshold voltage of the driv-
ing transistor DT of the first specific pixel decreases and
enters the range of the compensation for the threshold voltage
so as to be identical to a first predetermined reference value,
the recovery driving unit 600 stops the recovery driving for
recovering the (+) threshold voltage shift (E).

With relation to stopping the recovery driving for recover-
ing the (+) threshold voltage shift, the first predetermined
reference value may be a default value or a value set from an
average sensing value of the threshold voltage for the plural
pixels.

On the other hand, in the case that a specific pixel in which
the threshold voltage is deviated and shifted from the range of
the compensation for the threshold voltage is a first specific
pixel in which the threshold voltage of the driving transistor
DT increases and is deviated and shifted in the (+) direction
from the predetermined range of the compensation, i.e., a (+)
threshold voltage shift pixel deviated from a compensation
limit, the recovery driving unit 600 may control application of
a first voltage V1 and a second voltage V2 under a condition
of “negative stress” to the first node N1 and the second node
N2 of'the driving transistor DT of the first specific pixel. The
recovery driving unit 600 may thereby perform the recovery
driving for the recovery of the (+) threshold voltage shift so
that the threshold voltage of the driving transistor DT of the
first specific pixel decreases and is present within the range of
the compensation, i.e., the (+) threshold voltage shift deviated
from the range of the compensation for the threshold voltage
is recovered.

Further, the recovery driving unit 600 may control appli-
cation of a third voltage V3 to the third node N3 of the driving
transistor DT of the first specific pixel so that the driving
transistor DT of the first specific pixel is under a condition of
negative stress.

“Negative stress” means application of voltages to the
nodes of the driving transistor DT to thereby enable the
threshold voltage of the driving transistor DT to be small.
Here, the voltages V1, V2, and V3 applied to the nodes of the
driving transistor DT are regulated voltages to enable the
threshold voltage of the driving transistor DT to be small.

In order to apply the negative stress to the driving transistor
DT, the recovery driving unit 600 may regulate the first and
second voltages, in which the first voltage V1 applied to the
first node N1 of the driving transistor DT of the first specific
pixel is enabled to be lower than the second voltage V2
applied to the second node N2 of the driving transistor DT of
the first specific pixel (V1<V2). The driving transistor DT of
the first specific pixel is thereby under the condition of nega-
tive stress.

Further, the recovery driving unit 600 may control appli-
cation of the third voltage to the third node N3 of the driving
transistor of the first specific pixel, so that the driving tran-
sistor DT is under the condition of negative stress. In this case,
the recovery driving unit 600 may regulate the first and third
voltages, in which the first voltage V1 applied to the first node
N1 of the driving transistor DT of the first specific pixel is
lower than the third voltage V3 applied to the third node N3 of
the driving transistor of the first specific pixel.

FIG. 8 is a graph schematically illustrating the recovery
driving of recovering the (-) threshold voltage shift of the
driving transistor DT in the pixel of the organic light emitting
display device 100 according to an embodiment. With refer-
ence to FIG. 8, in the case that a specific pixel is a second
specific pixel in which the threshold voltage of the driving
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transistor DT driving the organic light emitting diode
decreases and is deviated and shifted in the (=) direction from
the predetermined range of the compensation as a driving
time increases, i.e., the () threshold voltage shift pixel in
which the threshold voltage deviates from the range of the
compensation, when the threshold voltage of the driving tran-
sistor DT of the second specific pixel decreases and is devi-
ated and shifted in the (+) direction from the range of the
compensation for the threshold voltage, i.e., the threshold
voltage becomes smaller than the lower limit value (limit
value (=) of the compensation for the threshold voltage) of the
range of the compensation for the threshold voltage, the
recovery driving unit 600 performs the recovery driving of
recovering the (-) threshold voltage shift (S).

On the other hand, when the threshold voltage of the driv-
ing transistor DT of the second specific pixel increases and
enters the range of the compensation for the threshold voltage
so as to be identical to a second predetermined reference
value after the recovery driving of recovering the (=) thresh-
old voltage shift is started, the recovery driving unit 600 stops
the recovery driving of recovering the (-) threshold voltage
shift.

With relation to stopping the recovery driving for recover-
ing the (-) threshold voltage shift, the second predetermined
reference value may be a default value or a value set from an
average sensing value of the threshold voltage for the plural
pixels.

On the other hand, in the case that a specific pixel is a
second specific pixel in which the threshold voltage of the
driving transistor DT decreases and is deviated and shifted in
the (=) direction from the predetermined range of the com-
pensation as a driving time increases, i.e., a (-) threshold
voltage shift pixel deviated from a compensation limit, the
recovery driving unit 600 may control application of a first
voltage V1 and a second voltage V2 under a condition of a
“positive stress” to the first node N1 and the second node N2
of the driving transistor DT of the second specific pixel and to
perform the recovery driving for the recovery of the (-)
threshold voltage shift so that the threshold voltage of the
driving transistor DT of the second specific pixel increases
and is present within the range of the compensation, i.e., the
(-) threshold voltage shift deviated from the range of the
compensation for the threshold voltage is recovered.

Further, the recovery driving unit 600 may control appli-
cation of a third voltage V3 to the third node N3 of the driving
transistor DT of the second specific pixel so that the driving
transistor DT of the second specific pixel is under a condition
of positive stress.

“Positive stress” means application of voltages to the nodes
of the driving transistor DT to thereby enable the threshold
voltage of the corresponding driving transistor DT to
increase. Here, the voltages V1, V2, and V3 applied to the
nodes of the driving transistor DT are regulated voltages to
enable the threshold voltage of the driving transistor DT to
increase.

In order to apply the positive stress to the driving transistor
DT, the recovery driving unit 600 may regulate the first and
second voltages, in which the first voltage V1 applied to the
first node N1 of the driving transistor DT of the first specific
pixel is enabled to be higher than the second voltage V2
applied to the second node N2 of the driving transistor DT of
the first specific pixel (V1>V2). The driving transistor DT of
the second specific pixel is thereby under the condition of
positive stress.

Further, in order to apply the positive stress to the driving
transistor DT, the recovery driving unit 600 may regulate the
first and third voltages in which the first voltage V1 applied to
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the first node N1 of the driving transistor DT of the second
specific pixel becomes higher than the third voltage applied to
the third node N3 of the driving transistor DT of the second
specific pixel (V1>V3).

On the other hand, while the negative stress is applied to the
driving transistor DT of the (+) threshold voltage shift pixel
(first specific pixel) deviated from the range of the compen-
sation for the threshold voltage, or the positive stress is
applied to the driving transistor DT of the (=) threshold volt-
age shift pixel (second specific pixel) deviated from the range
of the compensation for the threshold voltage, the recovery
driving unit 600 may control application of a voltage under a
non-stress condition to all nodes of the driving transistor DT
of the pixel for which the recovery driving is unnecessary
when the recovery driving of recovering the threshold voltage
shift for the specific pixel (the first specific pixel and/or the
second specific pixel) is performed.

Here, the “non-stress condition” may be a case in which the
negative stress condition, the positive stress condition, or both
the negative stress condition and the positive stress condition
are absent.

Hereinafter, an example of the recovery driving for recov-
ering the (+) threshold voltage shift and the (-) threshold
voltage shift when the display panel 110 includes the (+)
threshold voltage shift pixel (the first specific pixel) in which
the threshold voltage deviates from the range of the compen-
sation for the threshold voltage, the (-) threshold voltage shift
pixel (the second specific pixel) in which the threshold volt-
age deviates from the range of the compensation for the
threshold voltage, and the normal pixel in which the threshold
voltage is not deviated from the range of the compensation for
the threshold voltage, will be described with reference to
FIGS. 9,10 and 11.

FIG. 9 is an example view illustrating the threshold voltage
shift of the driving transistor for the pixels of the organic light
emitting display device 100 before the recovery driving,
according to an embodiment.

According to the example of FIG. 9, among twenty pixels
formed on the display panel 110 before the recovery driving
unit 600 performs the recovery driving for recovering the
threshold voltage shift, two pixels marked by “(+)” corre-
spond to the (+) threshold voltage shift pixels (first specific
pixel) in which the threshold voltage deviates from the range
of the compensation for the threshold voltage (compensation
limit), two pixels marked by “(-)” correspond to the (-)
threshold voltage shift pixels (second specific pixel) in which
the threshold voltage deviates from the range of the compen-
sation for the threshold voltage (compensation limit), and
sixteen pixels marked by “P” correspond to the normal pixels
in which there is no (+) threshold voltage shift deviated from
the range of the compensation for the threshold voltage (com-
pensation limit) or (-) threshold voltage shift deviated from
the range of the compensation for the threshold voltage (com-
pensation limit). It should be appreciated that the example of
twenty pixels was selected merely for illustration purposes,
and that embodiments are not limited thereto.

Two examples in which the recovery driving unit 600 per-
forms the recovery driving for recovering the threshold volt-
age in the state of the threshold voltage shift of FIG. 9 before
performing the recovery driving for recovering the threshold
voltage shift will be described with reference to FIGS. 10 and
11.

FIG. 10 is an example view illustrating a sequential recov-
ery driving of recovering the (+) threshold voltage shift and
the (-) threshold voltage shift in the state of the threshold
voltage shift of FIG. 9.
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With reference to FIG. 10, the recovery driving unit 600
may sequentially perform the (a) recovery driving for the first
specific pixel ((+) threshold voltage shift pixel deviated and
shifted from the range of the compensation for the threshold
voltage (compensation limit)) in which the threshold voltage
of the driving transistor DT increases as a driving time
increases, and is deviated and shifted in the (+) direction from
the predetermined range of the compensation for the thresh-
old voltage, among the plural pixels; and (b) the recovery
driving for the second specific pixel ((-) threshold voltage
shift pixel deviated and shifted from the range of the com-
pensation for the threshold voltage (compensation limit)) in
which the threshold voltage of the driving transistor DT
decreases as the driving time increases, and is deviated and
shifted in the (~) direction from the predetermined range of
the compensation for the threshold voltage, among the plural
pixels.

Hereinafter, an example of the recovery driving will be
described in detail.

Diagram (A) of FIG. 10 illustrates the status of twenty
pixels before the threshold voltage is sensed. Before the
threshold voltage is sensed, as shown in FIG. 9, it cannot be
known how many pixels among the twenty pixels, which are
deviated from the range of the compensation for the threshold
voltage, are present.

Diagram (B) of FIG. 10 illustrates the two pixels corre-
sponding to the (+) threshold voltage shift pixels deviated
from the range of the compensation for the threshold voltage.
With reference to diagram (B), the (+) threshold voltage shift
pixels deviated from the range of the compensation for the
threshold voltage (compensation limit) are marked by “(+)”,
and pixels marked by “A” are not (+) threshold voltage shift
pixels deviated from the range of the compensation for the
threshold voltage (compensation limit).

The pixels marked by “A” may be normal pixels or may be
(-) threshold voltage shift pixels deviated from the range of
the compensation for the threshold voltage (compensation
limit).

With reference to diagram (C) of FIG. 10, the recovery
driving unit 600 applies a voltage to the (+) threshold voltage
shift pixel deviated from the range of the compensation for
the threshold voltage (compensation limit) so that the corre-
sponding driving transistor DT is subjected to negative stress,
and performs the recovery driving for recovering the (+)
threshold voltage shift.

With regard to the recovery driving, when the recovery
driving is performed for the two specific pixels, marked by
“+”, which are the (+) threshold voltage shift pixels deviated
from the range of the compensation for the threshold voltage
(compensation limit), the recovery driving unit 600 may con-
trol application of a voltage higher than the first voltage
applied to the first node of the driving transistor DT ofthe first
specific pixel to the first node N1 of the driving transistor DT
of the remaining pixels excluding the first specific pixel.

Accordingly, as shown in diagram (C) of FIG. 10, all of the
twenty pixels are pixels in which there is no (+) threshold
voltage shift deviated from the range of the compensation for
the threshold voltage (compensation limit). In this sense, all
pixels are marked by “A”. The twenty pixels marked by “A”
may include the normal pixels, and the (-) threshold voltage
shift pixels deviated from the range of the compensation for
the threshold voltage (compensation limit).

Diagram (D) of FIG. 10 is a view illustrating a case where
two pixels are identified as the (-) threshold voltage shift
pixels (pixels marked by “~”) deviated from the range of the
compensation for the threshold voltage (compensation limit),
and the remaining pixels are identified as normal pixels (pix-
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els marked by “B”) according to a result from sensing the
threshold voltage for all of twenty pixels which are pixels
without the (+) threshold voltage shift deviated from the
range of the compensation for the threshold voltage (compen-
sation limit) (a first sensing result after step A of FIG. 10, or
a new sensing result after step C of FIG. 10) as the recovery
driving for recovering the (+) threshold voltage shift is per-
formed.

In this state of the threshold voltage shift of the pixel, the
recovery driving unit 600 applies a voltage to the (=) thresh-
old voltage shift pixel deviated from the range of the com-
pensation for the threshold voltage (compensation limit) so
that the corresponding driving transistor DT is subjected to
positive stress, and performs the recovery driving for recov-
ering the (-) threshold voltage shift.

According to the recovery driving for recovering the (-)
threshold voltage shift, as shown in diagram (E) of FIG. 10,
all of the twenty pixels are pixels in which there is no (-)
threshold voltage shift deviated from the range of the com-
pensation for the threshold voltage (compensation limit). In
this sense, all pixels are marked by “B”.

At this time, when the recovery driving for the two specific
pixels which are (-) threshold voltage shift pixels deviated
from the range of the compensation for the threshold voltage
(compensation limit) is performed, the recovery driving unit
600 may control application of a voltage lower than the first
voltage applied to the first node of the driving transistor DT of
the second specific pixel to the first node N1 of the driving
transistor DT of the remaining pixels excluding the second
specific pixel.

As described above, after the recovery driving for recov-
ering the (+) threshold voltage shift deviated from therange of
the compensation for the threshold voltage (compensation
limit) and the recovery driving for recovering the (=) thresh-
old voltage shift deviated from the range of the compensation
for the threshold voltage (compensation limit) are sequen-
tially performed, all of the twenty pixels become the normal
pixels (pixels marked by “P”) without either the (+) threshold
voltage shift or the (=) threshold voltage shift, as shown in
diagram (F) of FIG. 10.

As described above with reference to FIG. 10, on the other
hand, the recovery driving unit 600 may sequentially or
simultaneously perform the recovery driving for recovering
the (+) threshold voltage shift deviated from the range of the
compensation for the threshold voltage (compensation limit)
and the (-) threshold voltage shift deviated from the range of
the compensation for the threshold voltage (compensation
limit). The recovery driving of the recovery driving unit 600
will described with reference 1o FIG. 11.

FIG. 11 is an example view illustrating a simultaneous
recovery driving for recovering the (+) threshold voltage shift
and the (=) threshold voltage shift in the state of the threshold
voltage shift of FIG. 9.

Diagram (A) of FIG. 11 illustrates the status of twenty
pixels before the threshold voltage is sensed. Before the
threshold voltage is sensed, as shown in FIG. 9, it cannot be
known how many pixels among the twenty pixels, which are
deviated from the range of the compensation for the threshold
voltage, are present.

Diagram (B) of FIG. 11 illustrates (+) threshold voltage
shift pixels and (-) threshold voltage shift pixels, when two
pixels among the twenty pixels which are marked by “(+)”
and deviated from the range of the compensation for the
threshold voltage and two pixels which are marked by “(-)”
and deviated from the range of the compensation for the
threshold voltage are identified after sensing the threshold
voltage.
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In diagram (B), the pixel marked by “P” is not the (+)
threshold voltage shift pixel deviated from the range of the
compensation for the threshold voltage or the (=) threshold
voltage shift pixel deviated from the range of the compensa-
tion for the threshold voltage, but is the normal pixel.

The recovery driving unit 600 may simultaneously perform
the recovery driving for (a) the first specific pixel ((+) thresh-
old voltage shift pixel deviated and shifted from the range of
the compensation for the threshold voltage (compensation
limit)) in which the threshold voltage of the driving transistor
DT increases as a driving time increases, and is deviated and
shifted in the (+) direction from the predetermined range of
the compensation for the threshold voltage, among the twenty
pixels, and the recovery driving for (b) the second specific
pixel ((-) threshold voltage shift pixel deviated and shifted
from the range of the compensation for the threshold voltage
(compensation limit)) in which the threshold voltage of the
driving transistor DT decreases as the driving time increases,
and is deviated and shifted in the (<) direction from the
predetermined range of the compensation for the threshold
voltage, among the twenty pixels.

In other words, the recovery driving unit 600 applies a
voltage to the (+) threshold voltage shift pixel deviated from
the range of the compensation for the threshold voltage (com-
pensation limit) so that the corresponding driving transistor
DT is subjected to negative stress, and performs the recovery
driving for recovering the (+) threshold voltage shift, and
simultaneously applies a voltage to the (<) threshold voltage
shift pixel deviated from the range of the compensation for
the threshold voltage (compensation limit) so that the corre-
sponding driving transistor DT is subjected to positive stress,
and performs the recovery driving for recovering the (-)
threshold voltage shift pixel.

At this time, the recovery driving unit 600 may control
application of a voltage between a first voltage applied to the
first node of the driving transistor DT of the first specific pixel
and a first voltage applied to the first node of the driving
transistor DT of the second specific pixel, to the first node N1
of the driving transistor DT of the remaining pixels (normal
pixels) excluding the (+) threshold voltage shift pixel devi-
ated from the range of the compensation voltage (first specific
pixel) and the (-) threshold voltage shift pixel deviated from
the range of the compensation voltage (second specific pixel).

As described above, on the other hand, in the case that one
pixel is deviated and shifted in the (+) direction from the range
of the compensation for threshold voltage, when the threshold
voltage is recovered within the range of the compensation for
the threshold voltage after the recovery driving, the threshold
voltage shift may occur again in which the recovered thresh-
old voltage is deviated and shifted in the (+) or (-) direction
from the range of the compensation for the threshold voltage.
In this case, the recovery driving may have to be performed
again, thereby maintaining the threshold voltage of the driv-
ing transistor DT of one pixel within the range of the com-
pensation for the threshold voltage. Accordingly, itis possible
to extend the normal driving time and the durability of the
organic light emitting display. The continuous recovery driv-
ing for recovering the threshold voltage shift will be
described with reference to FIG. 12.

FIG. 12 is a graph schematically illustrating an example of
the continuous recovery driving for recovering the threshold
voltage shift of the driving transistor DT in the pixel of the
organic light emitting display device 100 according to an
embodiment.

With reference to FI1G. 12, as an example, when the thresh-
old voltage of the driving transistor DT increases and is higher
than the upper limit value (a limit value (+) of the compen-
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sation for the threshold voltage) of the range of the compen-
sation for the threshold voltage, the recovery driving (first
recovery driving) for recovering the (+) threshold voltage
shift is performed (S1). Accordingly, the threshold voltage is
gradually reduced by the first recovery driving and enters the
range of the compensation for the threshold voltage when the
threshold voltage is lower than the upper limit value (the limit
value (+)) of the range of the compensation for the threshold
voltage. The first recovery driving is performed until the
threshold voltage decreases and reaches the first predeter-
mined reference value (E1).

Therefore, the threshold voltage deviated in the (+) direc-
tion deviated from the range of the compensation for the
threshold voltage is recovered again within the range of the
compensation for the threshold voltage, thereby compensat-
ing for the threshold voltage. Accordingly, it is possible to
solve a degradation in a quality of an image in which lumi-
nance of the image 1s degraded.

Then, as an example, when the threshold voltage of the
identical driving transistor DT decreases and is lower than the
lower limit value (a limit value (-) of the compensation for the
threshold voltage) of the range of the compensation for the
threshold voltage, the recovery driving (second recovery driv-
ing) for recovering the (-) threshold voltage shift is per-
formed (S2). Accordingly, the threshold voltage is gradually
increased by the second recovery driving and enters the range
of the compensation for the threshold voltage when the
threshold voltage is higher than the lower limit value (the
limit value (<)) of the range of the compensation for the
threshold voltage. The second recovery driving is performed
until the threshold voltage increases and reaches the second
predetermined reference value (E2).

Therefore, the threshold voltage deviated in the (-) direc-
tion from the range of the compensation for the threshold
voltage is recovered again within the range of the compensa-
tion for the threshold voltage, thereby compensating for the
threshold voltage. Accordingly, it is possible to solve degra-
dation in a quality of an image in which luminance of the
image increases over a normal level.

Then, as an example, when the threshold voltage of the
identical driving transistor DT increases and is higher than the
upper limit value (alimit value (+) of the compensation for the
threshold voltage) of the range of the compensation for the
threshold voltage, the recovery driving (third recovery driv-
ing) for recovering the (+) threshold voltage shift is per-
formed (S3). Accordingly, the threshold voltage is gradually
reduced by the third recovery driving and enters the range of
the compensation for the threshold voltage when the thresh-
old voltage is lower than the upper limit value (the limit value
(+) of the compensation for the threshold voltage) of therange
of the compensation for the threshold voltage. The third
recovery driving is performed until the threshold voltage
decreases and reaches the first predetermined reference value
(E3).

Therefore, the threshold voltage deviated in the (+) direc-
tion from the range of the compensation for the threshold
voltage is recovered again within the range of the compensa-
tion for the threshold voltage, thereby compensating for the
threshold voltage. Accordingly, it is possible to solve degra-
dation in a quality of an image in which luminance of the
image is degraded.

As described above with reference to FIG. 12, according to
the embodiment, although the threshold voltage of one driv-
ing transistor DT is changed in any level depending on the
driving time, and deviated from the range of the compensa-
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tion for the threshold voltage, it is possible to continuously
maintain the threshold voltage in the range of the compensa-
tion for the threshold voltage.

As described above, embodiments of the present invention
can provide an organic light emitting display device and a
display panel thereof, which are capable of performing the
recovery driving for recovering the threshold voltage shift,
which enables the threshold voltage to be recovered to be
within the range of the compensation for the threshold voltage
of the driving transistor, when the threshold voltage of the
driving transistor is deviated and shifted from the range of the
compensation for the threshold voltage as the driving time of
the driving transistor increases.

The present invention can provide the organic light emit-
ting display device 100 and the display panel 110 thereof,
which are capable of continuously maintaining the threshold
voltage of the driving transistor DT within the range of the
compensation for the threshold voltage although the driving
time of the driving transistor DT increases.

While the technical spirit of embodiments of the present
invention has been exemplarily described with reference to
the accompanying drawings, it will be understood by a person
skilled in the art that embodiments of the present invention
may be varied and modified in various forms without depart-
ing from the scope of the present invention. Therefore, the
embodiments disclosed are intended to illustrate the scope of
the technical idea of embodiments of the present invention,
and the scope of the present invention is not limited by the
embodiments. The scope of the present invention shall be
construed on the basis of the accompanying claims in such a
manner that all of the technical ideas included within the
scopeequivalent to the claims belong to the present invention.

What is claimed is:
1. An organic light emitting display device, comprising:
a display panel including a data line and first and second
gate lines;
a gate driving circuit, the first and second gate lines elec-
trically connected to the gate driving circuit; a pixel
defined at an intersection of the data line and the firstand
second gate lines,
wherein the pixel includes a driving transistor and an
organic light emitting diode, the driving transistor con-
figured to supply current to the organic light emitting
diode, and the driving transistor having a threshold volt-
age;
wherein a range of compensation for the threshold voltage
of the driving transistor has at least one of an upper
voltage limit and a lower voltage limit,
wherein the display device 1s configured to
sense the threshold voltage of the driving transistor; and,
apply a first voltage to a first node of the driving transis-
tor and apply a second voltage to a second node of the
driving transistor, when the threshold voltage of the
driving transistor is outside of the range of compen-
sation, and

regulate the first and second voltages so that the thresh-
old voltage of the driving transistor is within the range
of compensation,

wherein the first node electrically connects to a gate of the
driving transistor, and the second node electrically con-
nects to the organic light emitting diode,

wherein the display device is configured to regulate the first
and second voltages so that the threshold voltage of the
driving transistor is within the range of compensation
when the display device is to be powered off; and the
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display device is configured to apply a ground voltage to
all nodes of the driving transistor after regulating the first
and second voltages.

2. The organic light emitting display device of claim 1,
wherein

when the threshold voltage of the driving transistor is

above the upper voltage limit, the first voltage is lower
than the second voltage.

3. The organic light emitting display device of claim 1,
wherein

when the threshold voltage of the driving transistor is

below the lower voltage limit, the first voltage is greater
than the second voltage.

4. The organic light emitting display device of claim 1,
further comprising:

a reference voltage line,

the first node of the pixel electrically connected to the data

line through a first transistor, a gate of the first transistor
electrically connected to the first gate line, and the gate
driving circuit configured to control the first transistor
through application of a scan signal to the first gate line;
and

the second node of the pixel electrically connected to the

reference voltage line through a second transistor, a gate
of the second transistor electrically connected to the
second gate line,

the gate driving circuit configured to control the second

transistor through application of a sense signal to the
second gate line.

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

a driving voltage line configured to supply a driving volt-

age;

a storage capacitor electrically connected between the first

and second nodes; and

a third node electrically connected to the driving voltage

line,

wherein the display device is configured to

apply the scan signal to the first transistor, a data voltage
to the first node via the first transistor, the sense signal
to the second transistor, and a reference voltage to the
second node via the second transistor, a desired volt-
age thereby occurring between the first and second
nodes,

subsequently, to remove application of the reference
voltage to the second node, thereby floating the sec-
ond node, and

after floating the second node, measure the voltage of the
second node, and determine the threshold voltage of
the driving transistor to be the data voltage subtracted
by the measured voltage of the second node.

6. The organic light emitting display device of claim 5,
wherein the first node is electrically connected between the
gate of the driving transistor and one of a source or a drain of
the first transistor, the second node is electrically connected
between an anode of the organic light emitting diode and one
of a source or a drain of the driving transistor, and the third
node is electrically connected between the other of the source
or the drain of the driving transistor and the driving voltage
line.

7. The organic light emitting display device of claim 1,
wherein the range of compensation for the threshold voltage
of the driving transistor has both the upper voltage limit and
the lower voltage limit.

8. The organic light emitting display device of claim 1, the
display device further comprising:

a plurality of the pixels;
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the display device configured to further configured to

determine that a threshold voltage shift of one or more of
the plurality of the pixels is greater than an upper limit
of the range of compensation;

apply negative stress to the corresponding driving tran-
sistors of the one or more of the pixels whose thresh-
old voltage shift is greater than the upper limit of the
range of compensation;

determine that a threshold voltage shift of one or more
others of the plurality of pixels is lower than the lower
limit of the range of compensation; and

apply positive stress to the corresponding driving tran-
sistors of the one or more others of the pixels whose
threshold voltage shift is lower than the lower limit of
the range of compensation.

9. A method of compensating for a threshold voltage of a
driving transistor, the driving transistor included in a specific
pixel of a plurality of pixels of an organic light emitting
display device, the method comprising:

determining that the threshold voltage is deviated from a

predetermined range of compensation of the threshold
voltage;

when the display device is to be powered off, performing

recovery driving of the threshold voltage to be within the
range of compensation; and

after performing the recovery driving, applying a ground

voltage to all nodes of the driving transistor.

10. The method of claim 9, further comprising:

determining that a threshold voltage shift of one or more of

a plurality of the specific pixels is greater than an upper
limit of the range of compensation;

applying negative stress to the corresponding driving tran-

sistors of the one or more of the specific pixels whose
threshold voltage shift is greater than the upper limit of
the range of compensation;
determining that a threshold voltage shift of one or more
others of the plurality of specific pixels is lower than a
lower limit of the range of compensation; and

applying positive stress to the corresponding driving tran-
sistors of the one or more others of the specific pixels
whose threshold voltage shift is lower than the lower
limit of the range of compensation.

11. The method of claim 10, wherein the applying positive
stress includes applying voltages to nodes of the correspond-
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ing driving transistors to enable the threshold voltages of the
corresponding driving transistors to increase; and
wherein the applying negative stress includes applying
voltages to nodes of the corresponding driving transis-
tors to enable the threshold voltages of the correspond-
ing driving transistors to decrease.
12. The method of claim 9, wherein
the display device simultaneously performs the determin-
ing that the threshold voltage shift of the one or more of
the specific pixels is greater than the upper limit of the
range of compensation, and the determining that the
threshold voltage shift of the one or more others of the
specific pixels is lower than the lower limit of the range
of compensation; and
the display device simultaneously performs the applying
negative stress to the corresponding driving transistors
of the one or more of the specific pixels whose threshold
voltage shift is greater than the upper limit of the range
of compensation, and the applying positive stress to the
corresponding driving transistors of the one or more
others of the specific pixels whose threshold voltage
shift is lower than the lower limit of the range of com-
pensation.
13. The method of claim 9, wherein
the display device sequentially performs, in any sequence,
(a) the determining that the threshold voltage shift of the
one or more of the specific pixels is greater than the
upper limit of the range of compensation, (b) the apply-
ing negative stress to the corresponding driving transis-
tors of the one or more of the specific pixels whose
threshold voltage shift is greater than the upper limit of
the range of compensation, (c) the determining that the
threshold voltage shift of the one or more others of the
specific pixels is lower than the lower limit of the range
of compensation, and (d) the applying positive stress to
the corresponding driving transistors of the one or more
others of the specific pixels whose threshold voltage
shift is lower than the lower limit of the range of com-
pensation.
14. The method of claim 13, wherein (a) is performed
before (b), (b) is performed before (c), and (c) is performed
before (d).
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