a9y United States

US 20160163265A1

12) Patent Application Publication (o) Pub. No.: US 2016/0163265 Al

Yang et al. 43) Pub. Date: Jun, 9, 2016
(54) ORGANIC LIGHT EMITTING DISPLAY (52) US.CL
DEVICE CPC ............ G09G 3/3258 (2013.01); GO9IG 3/3233
(2013.01); GO9G 3/3266 (2013.01); GOIG
(71) Applicant: LG Display Co., Ltd., Seoul (KR) 2360/16 (2013.01)
(72) Inventors: JunHyeok Yang, Gyeonggi-do (KR); 57) ABSTRACT

(73) Assignee:

ChulWon Lee, Seoul (KR); Juyoung

Noh, Gyeonggi-do (KR)

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

An organic light emitting display device is disclosed, which
may increase sensing accuracy by solving a problem that a
difference between sensing data output from sensing units is

(21)  Appl. No.: 14/962,143 generated due to a difference in sensing capability between
_ - the sensing units. The organic light emitting display device
(22)  Filed: Dec. 8, 2015 includes a display panel including data lines, scan lines, sens-
(30) Foreien Avplication Priority Data ing lines, and pixels connected to the data lines, the scan lines
AP ¥ and the sensing lines; a sensing data output unit outputting
Dec.9,2014  (KR) woocreerrren 10-2014-0175443  first sensing data by sensing currents flowing to the sensing
’ lines; a scan driver supplying scan signals to the scan lines;
Publication Classification and a source drive integrated circuit (IC) including a data
voltage supply unit supplying data voltages to the data lines
(51) Imt.Cl and a switching unit connecting the sensing lines to the sens-
G09G 3/32 (2006.01) ing data output unit in a predetermined order.
70 30
/
CDATA/ / —
PDATA Digital data SD1 Sensing data
compensation output unit
uhit l«—— DATA
60
\ SD2 SCS2~8CS5
Timing
controller
CDATA/ 50
S PDATA
Data driver SENCS
SCS1,
S(S6~SCSy | DL D2 D3 Dm-1 Dm 50
!
SE1| | SE2| | SE3 SEm-| SEm 4
Sl I PR N IO R (N N
| |
| > 4 L > |
SS1
0 || m m [j [j m |
| | 4
Scan | ’ ! b | Sensing
driver | | | 82| driver
- . . . LT
(I . . . I
Sn N : : : |
| |
| |
| [ | SSn
.- - - -]
\\ T |
2 .
AA NAA
\—(_l



Patent Application Publication Jun. 9,2016 Sheet1 of 8 US 2016/0163265 A1
70 30
CDATA/ / ) /
PDATA | Digital data | SDI Sensing data
compensation output unit
unit ~—+<— DATA
60
\ SD2 SCS2~8CS5
Timing
controller
CDATA/ 50
$CS PDATA
Data driver SENCS
SCS1,
§CS6~8CS9 | DI D2 D3 Dm-1 Dm 50
SE1| | SE2| | SE3 SEm-1 SEm /
S1 [ e P T T =T 7]
| |
| q 4 q 4 4 4 . L 4 L 4 | SSI
S2 : . : : : ¢ :
| | )
Scan K ;4 ) 4 p e s 4 ) 4 ' | Sensmg
driver | | | S§2| driver
(N . . . .
I : : : .l
Sn N : : : |
| I
| I
| [ | SSn
L __
\ .
40 AA NAA
\w_)



Patent Application Publication Jun. 9,2016 Sheet2 of 8 US 2016/0163265 A1

FIG. 2

o0+— ] [J——70

91 |

- — — 21

——11




Patent Application Publication Jun. 9,2016 Sheet3 of 8 US 2016/0163265 A1
;0
Sensing data
21 output unit
110 /
/
[
Data voltage supply unit ==
’ ’ VREFL
r%_____ﬁ_____ﬁ ______ _ﬁ__—l
M R N RO T
Mo 1T, 7] T A T T T T A T
|/ SWI1 SW12 SWI13 . « . SWIp F— 120
I_O_______O______O _____ -_.__O___I
4
— —e *— —e *— - —e
DI SEl D2 SE2 D3 SEI3 Dp  SEp




Patent Application Publication Jun. 9,2016 Sheet4 of 8 US 2016/0163265 A1

FIG. 4

Dj
Sk EL\_/[_)DL SENk
rﬂ —————— T
| |
FsnLer |
| _—cC |
| — |
| * @ —o
L2 i
PD OLED
P

ELVSSL SEj



US 2016/0163265 A1

AND
R S L wsD
| TATIA | o
_ T | I dimg |
Lo | ) - Qmm
o _ 189 _ m\SmC/ _ _ I
= _ IVO _ o q _ _
3 | | 1S0S _ _
5z | pMS EMS + | :
S [aS—=——oA |0 5 _ o .
7 _ — _ _ _ _ :
o \ _ uss _ _ mU:,h/w _ /] \ g mMm
= o ﬁo@« _ 195N _ _ Q& _ 1 I
< _ €1S0S
= 1DAD — [ | _ _ _
o | [ _ | No§>m _ ) o €TS
= | 130 _ _ — ’
| M8 | 21808 — |
- ©F | | &4 — ? 14s
||||||||||||||||| N
11808 _
L [ \
0zl d

¢ DI

Patent Application Publication



Jun. 9,2016 Sheet 6 of 8 US 2016/0163265 A1

Patent Application Publication

FIG. 6

) el S e S el 2 Bl 2 B e S
- e e e
| | I _ | | I |
-l t- 1T 1-T-1-+-1-+-1-
SR U N R T : :
SR I DR B
|
_

- - - — — - -




Jun. 9,2016 Sheet7 of 8 US 2016/0163265 A1

Patent Application Publication

©_o
dims ——
_I aND IEESI_
" &0 “_“ Vo “
WS | 8MS | LMS fl |
S =— mme 0 _ '
a D R
oav | TSN o |
dns | _
TIAD _ d
1AS~— L __MMS T ]
1AV 10AD
0€




Jun. 9,2016 Sheet 8 of 8 US 2016/0163265 A1

Patent Application Publication

FIG. 8

0S

IS

\\\\\\\\\

-V2

=V
V2

aghs

LT

\_Vl
! 7V2




US 2016/0163265 Al

ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2014-0175443 filed on Dec. 9,
2014, which is hereby incorporated by reference for all pur-
poses 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 device.

[0004] 2. Discussion of the Related Art

[0005] A touch screen has been used, which may allow a
user to directly inputinformation on a screen by using a finger
or pen instead of a mouse or keyboard, which has been used
as an input device of a flat panel display device, or akey pad
used as an input device of portable electronic equipment. The
touch screen has an advantage in that anyone may easily
manipulate it, and thus its application has been increased.
[0006] With the development of information society, vari-
ous demands for display devices for displaying picture
images have been increased. In this respect, various display
devices such as a liquid crystal display (LCD), a plasma
display panel (PDP), and an organic light emitting display
(OLED) device have been recently used.

[0007] The organic light emitting display device of the
various display devices may be driven at a low voltage, and is
characterized in a thin profile, an excellent viewing angle, and
a fast response speed. The organic light emitting display
device 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 of the pixels 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 voltage 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.

[0008] A threshold voltage and mobility of the driving tran-
sistor may be varied per pixel due to process deviation during
manufacture of the organic light emitting display device or a
threshold voltage shift of the driving transistor, which is
caused by long time driving. If the same data voltage is
applied to the pixels, the same current Ids of the driving
transistor should be supplied to the organic light emitting
diode. However, even though the same data voltage is applied
to the pixels, the current Ids of the driving transistor, which is
supplied to the organic light emitting diode, is varied per pixel
due to a difference in a threshold voltage and mobility of the
driving transistor between the respective pixels. As a result,
even though the same data voltage is applied to the pixels, a
problem occurs in that luminance emitted by the organic light
emitting diode is varied per pixel. To solve the problem, a
method for compensating for a threshold voltage and mobil-
ity of a driving transistor has been suggested.

[0009] The method is categorized into an internal compen-
sation method and an external compensation method. The
internal compensation method refers to compensate for the
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threshold voltage of the driving transistor by sensing the
threshold voltage within the pixel. In more detail, the internal
compensation method supplies a predetermined data voltage
to the pixel, senses the current Ids of the driving transistor of
the pixel through a predetermined sensing line in accordance
with the predetermined data voltage, converts the sensed cur-
rent to digital data, and compensate for digital video data,
which will be supplied to the pixel, by using the sensed digital
data.

[0010] Ifthe organic light emitting display device compen-
sates for a threshold voltage and mobility of a driving tran-
sistor of each of pixels in accordance with the external com-
pensation method, the organic light emitting display device
includes sensing units for sensing a current Ids of the driving
transistor of each of the pixels by converting the current Ids to
digital data. However, even though the same current Ids ofthe
driving transistor is sensed by the sensing units, a problem
occurs in that a difference between sensing data output from
the sensing units is generated due to a difference in sensing
capability between the sensing units. For this reason, a prob-
lem occurs in that sensing accuracy is lowered.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to an
organic light emitting display device that substantially obvi-
ates one or more problems due to limitations and disadvan-
tages of the related art.

[0012] An object of the present invention is to provide an
organic light emitting display device that may increase sens-
ing accuracy by solving a problem that a difference between
sensing data output from sensing units is generated due to a
difference in sensing capability between the sensing units.

[0013] Additional features and advantages of the invention
will be set forth the description which follows, and in part will
be apparent from the description, or may be learned by prac-
tice of the invention. The objectives and other advantages of
the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an organic light emitting dis-
play device comprises a display panel including data lines,
scan lines, sensing lines, and pixels connected to the data
lines, the scan lines and the sensing lines; a sensing data
output unit outputting first sensing data by sensing currents
flowing to the sensing lines; a scan driver supplying scan
signals to the scan lines; and a source drive integrated circuit
(IC) including a data voltage supply unit supplying data volt-
ages to the data lines and a switching unit connecting the
sensing lines to the sensing data output unit in a predeter-
mined order.

[0015] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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-
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trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0017] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an example
embodiment of the present invention;

[0018] FIG. 2illustrates a lower substrate, source drive ICs,
a sensing data output unit, a timing controller, and a digital
data compensation unit of a display panel of FIG. 1, flexible
circuits, a source circuit board, a flexible cable, and a control
circuit board;

[0019] FIG. 3 is a detailed block diagram illustrating a
source drive IC of FIG. 2;

[0020] FIG. 4 is a detailed circuit diagram illustrating a
pixel of FIG. 1;
[0021] FIG. 5 is a detailed circuit diagram illustrating a

switching unit and a sensing data output unit of FIG. 3;
[0022] FIG. 6 is a waveform illustrating first switch signals
supplied to first switches of FIG. 5 and second to fifth switch
signals supplied to second to fifth switches of FIG. 5;
[0023] FIG. 7 is another detailed circuit diagram illustrat-
ing a switching unit and a sensing data output unit; and
[0024] FIG. 8is a waveform illustrating first switch signals
supplied to first switches of FIG. 7 and second to eighth
switch signals supplied to second to eighth switches of F1G. 7.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0025] The same reference numbers substantially mean the
same elements through the specification.

[0026] Hereinafter, the preferred embodiments according
to the present invention will be described in detail with ref-
erence to the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts. Also, in the following
description of the present invention, if detailed description of
elements or functions known in respect of the present inven-
tion is determined to make the subject matter of the present
invention unnecessarily obscure, the detailed description will
be omitted. Names of elements which are used in the follow-
ing description are selected considering easiness in drafting
of the specification, and may be different from those of the
actual product.

[0027] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an example
embodiment of the present invention. FIG. 2 illustrates a
lower substrate, source drive ICs, a sensing data output unit,
a timing controller, and a digital data compensation unit of a
display panel of FIG. 1, flexible circuits, a source circuit
board, a flexible cable, and a control circuit board. FIG. 3is a
detailed block diagram illustrating a source drive IC of FIG.
2.

[0028] With reference to FIGS. 1 to 3, the organic light
emitting display device according to the embodiment of the
present invention includes a display panel 10, a data driver 20,
flexible films 22, a sensing data output unit 30, a scan driver
40, a sensing driver 50, a timing controller 60, a digital data
compensation unit 70, a source circuit board 80, a control
circuit board 90, and a flexible cable 91.

[0029] Thedisplay panel 10 includes a display area AA and
a non-display area NAA provided in the periphery of the
display area AA. The display area AA is an area that is
provided with pixels P to display an image. On the display
panel 10, data lines D1 to Dm (m is a positive integer of 2 or
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more), sensing lines SE1 to SEm, scan lines S1 to Sn (nis a
positive integer of 2 or more), and sensing signal lines SS1 to
SSn are provided. The data lines D1 to Dm and the sensing
lines SE1 to SEm may be formed to cross the scan lines S1 to
Sn and the sensing signal lines SS1 to SSn. The data lines D1
to Dm may be formed in parallel with the sensing lines SE1 to
SEm. The scan lines S1 to Sn may be formed in parallel with
the sensing signal lines SS1 to SSn.

[0030] Each of the pixels P of the display panel 10 may be
connected to any one of the data lines D1 to Dm, any one of
the sensing lines SE1 to SEm, any one of the scan lines S1 to
Sn, and any one of the sensing signal lines SS1 to SSn. Each
of the pixels P of the display panel 10 may include an organic
light emitting diode (OLED) and a pixel driver PD supplying
acurrent to the organic light emitting diode (OLED) as shown
in FI1G. 4.

[0031] Thepixel driver PD may include a driving transistor
DT, a first transistor T1 controlled by the scan signals of the
scan lines, a second transistor T2 controlled by sensing sig-
nals of the sensing signal lines, and a capacitor C, as shown in
FIG. 4. The pixel driver PD is supplied with luminescence
data voltages of the data lines connected to the pixels P when
the scan signals are supplied from the scan lines connected to
the pixels P in a display mode, and supplies a current of the
driving transistor DT to the organic light emitting diode
OLED in accordance with the luminescence data voltages.
The pixel driver PD is supplied with sensing data voltages of
the data lines connected to the pixels P when the scan signals
are supplied from the scan lines connected to the pixels P ina
sensing mode, and supplies the current of the driving transis-
tor DT to the sensing lines connected to the pixels P. A
detailed description of the pixels P will be described later with
reference to FIG. 4.

[0032] The data driver 20 includes a plurality of source
drive integrated circuits (IC) 21 as shown in FIG. 2. Each of
the source drives IC 21 may be packaged in each of the
flexible films 22. Each of the flexible films 22 may be a tape
carrier package or a chip on film. The chip on film may
include a base film such as polyimide and a plurality of
conductive lead lines provided on the base film. Each of the
flexible films 22 may be curved or bent. Each of the flexible
films 22 may be attached to the lower substrate 11 and the
source circuit board 80. Particularly, each of the flexible films
22 may be attached to the lower substrate 11 in a tape auto-
mated bonding (TAB) manner by using an anisotropic con-
ductive film, whereby the source drive ICs 21 may be con-
nected to the data lines D1 to Dm.

[0033] Each of the source drive ICs 21 may include a data
voltage supply unit 110, a switching unit 120, and an initial-
ization voltage supply unit 130 as shown in FIG. 3. In FIG. 3,
for convenience of description, the data voltage supply umt
110 is connected to p (p is a positive integer that satisfies
1=p=m)number of data lines D1 to Dp, and the switching unit
120 and the initialization voltage supply unit 130 are con-
nected to p number of sensing lines SE1 to SEp.

[0034] The data voltage supply unit 110 is connected to the
data lines D1 to Dp and supplies the data voltages. The data
voltage supply unit 110 receives compensated data CDATA or
predetermined data PDATA and a data timing control signal
DCS from the timing controller 60. The data voltage supply
unit 110 converts the compensated data CDATA to lumines-
cence data voltages in accordance with the data timing control
signal DCS in the display mode and then supplies the con-
verted data voltages to the data lines D1 to Dp. The lumines-
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cence data voltage is to allow the organic light emitting diode
OLED of the pixel P to emit light at a predetermined lumi-
nance. If the compensated data CDATA supplied to the data
driver 20 are 8 bits, the luminescence data voltage may be
supplied as any one of 256 voltages. The data voltage supply
unit 110 converts predetermined data PDATA to a sensing
data voltage in accordance with the data timing control signal
DCS and then supplies the converted sensing data voltage to
the data lines D1 to Dp. The sensing data voltage is to sense
the current of the driving transistor DT of the pixel P.

[0035] The switching unit 120 is connected to the sensing
lines SE1 to SEp and the sensing data output unit 30. The
switching unit 120 connects the sensing lines SE1 to SEp to
the sensing data output unit 30 in a predetermined order. For
example, the predetermined order may be a sequential order,
and in this case, the switching unit 120 may connect the
sensing data output unit 30 to the first sensing line SE1 to the
pth sensing line SEp sequentially.

[0036] The switching unit 120 may include first switches
SW11 to SW1p connected to the sensing lines SE1 to SEp as
shown in FIG. 3. In this case, the switching unit 120 may
connect the sensing lines SE1 to SEp to the sensing data
output unit 30 in a predetermined order by switching the first
switches SW11 to SW1p by means of first switch signals
SCS1 input from the timing controller 60. Each of the first
switches SW11 to SW1p receives the first switch signals
SCS1 different from one another as shown in FIG. 6. A
detailed description of the switching unit 120 will be
described later with reference to FIGS. 5 and 7.

[0037] The initialization voltage supply unit 130 is con-
nected to the sensing lines SE1 to SEp and supplies an ini-
tialization voltage. The initialization voltage supply unit 130
may include initialization switches SWR1 to SWRp as shown
in FIG. 3. In this case, the initialization voltage supply unit
130 may connect the sensing lines SE1 to SEp to an initial-
ization voltage line VREFL to which the initialization voltage
1s supplied, by switching the initialization switches SWR1 to
SWRp by means of an initialization signal RS input from the
timing controller 60. The same initialization signal RS is
input to the initialization switches SWR1 to SWRp.

[0038] The sensing data output unit 30 may be provided in
the source circuit board 80 as shown in FIG. 2. The source
circuit board 80 may be attached to the flexible films 22, and
may be connected to the control circuit board 90 by the
flexible cable 91. The source circuit board 80 may be a printed
circuit board.

[0039] As shown in FIG. 2, a plurality of sensing data
output units 30 may be provided in the source circuit board
80. In this case, the number of sensing data output units 30
may be the same as the number of source drive ICs 21. Each
of the plurality of sensing data output units 30 may be con-
nected to each of the source drive ICs 21 one to one.

[0040] The sensing data output unit 30 is connected to the
sensing lines SE1 to SEp by means of the switching unit 120
as shown in FIG. 3 and senses currents flowing into the
sensing lines SE1 to SEp. That is, the sensing data output unit
30 converts the current flowing to each of the sensing lines
SE1 to SEp to a voltage and converts the converted voltage to
first sensing data SD1 corresponding to digital data. To this
end, as shown in FIGS. 5 and 7, the sensing data output unit 30
may include a first current-to-voltage converter CVC1 con-
verting the current flowing to each of the sensing lines SE1 to
SEp to a voltage and a first analog-to-digital converter ADC1
converting an output voltage of the first current-to-voltage
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converter CVCI to the first sensing data SD1 corresponding
to digital data. The sensing data output unit 30 outputs the first
sensing data SD1 to the digital data compensation unit 70. A
detailed description of the sensing data output unit 30 will be
described later with reference to FIGS. 5 and 7.

[0041] Meanwhile, the switching unit 120 may further
include sensing units SU1 to SUp as shown in FIG. 7. Each of
the sensing units SU1 to SUp is connected to each of the
sensing lines SE1 to SEp and senses the current flowing to
each of the sensing lines SE1 to SEp. Fach of the sensing units
SU1 to SUp converts the current flowing to each of the sens-
ing lines SE1 to SEp to the voltage, and converts the converted
voltage to second sensing data SD2 corresponding to digital
data. To this end, each of the sensing units SU1 to SUp may
include a second current-to-voltage converter CVC2 convert-
ing the current flowing to each of the sensing lines SE1 to SEp
to a voltage and a second analog-to-digital converter ADC2
converting an output voltage of the second current-to-voltage
converter CVC2 to the second sensing data SD1 correspond-
ing to digital data. Each of the sensing units SU1 to SUp
outputs the second sensing data SD1 to the digital data com-
pensation unit 70. A detailed description of the sensing units
SU1 to SUp will be described later with reference to F1G. 7.
[0042] The scan driver 40 is connected to the scan lines S1
to Sn and supplies the scan signals. The scan driver 40 sup-
plies the scan signals to the scan lines S1 to Sn in accordance
with the scan timing control signal SCS input from the timing
controller 60. The scan driver 40 may sequentially supply the
scan signals to the scan lines S1 to Sn. In this case, the scan
driver 40 may include a shift register. The scan timing control
signal SCS of the display mode may be different from that of
the sensing mode, whereby a scan signal waveform of the
scan driver 40 in the display mode may be different from that
of the scan driver 40 in the sensing mode.

[0043] The sensing driver 50 is connected to the sensing
signal lines SE1 to SEn and supplies the sensing signals. The
sensing driver 50 supplies the sensing signals to the sensing
signal lines SS1 to SSn in accordance with a sensing timing
control signal SENCS input from the timing controller 60.
The sensing driver 50 may sequentially supply the sensing
signals to the sensing lines SE1 to SEn. In this case, the
sensing driver 50 may include a shift register. The sensing
timing control signal SENCS of the display mode may be
different from that of the sensing mode, whereby a scan signal
waveform ofthe sensing driver 50 in the display mode may be
different from that of the sensing driver 50 in the sensing
mode.

[0044] Each of the scan driver 40 and the sensing driver 50
may include a plurality of transistors and may directly be
formed in the non-display area NAA of the display panel 10
in a Gate driver In Panel (GIP) manner. Alternatively, each of
the scan driver 40 and the sensing driver 50 may be formed in
the form of a driving chip and then packaged in a flexible film
(not shown) connected to the display panel 10.

[0045] The timing controller 60 receives compensated data
CDATA or predetermined data PDATA and a timing signal
from the digital data compensation unit 70. The timing signal
may include a vertical synchronization signal, a horizontal
synchronization signal, a data enable signal, and a dot clock.
[0046] The timing controller 60 generates timing control
signals for controlling operation timing of the data driver 20,
the scan driver 40 and the sensing driver 50. The timing
control signals include a data timing control signal DCS for
controlling operation timing of the data driver 20, a scan
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timing control signal SCS for controlling operation timing of
the scan driver 40, and a sensing timing control signal SENCS
for controlling operation timing of the sensing driver 50.
[0047] Thetiming controller 60 operates the data driver 20,
the scan driver 40 and the sensing driver 50 in any one of the
display mode and the sensing mode in accordance with a
mode signal MODE. The display mode is to allow the pixels
P of the display panel 10 to display images, and the sensing
modeis to sense the current of the driving transistor of each of
the pixels P of the display panel 10. If the scan signal wave-
form and the sensing signal waveform supplied from each of
the display mode and the sensing mode to each of the pixels
P are varied, the timing control signal DCS, the scan timing
control signal SCS, and the sensing timing control signal
SENCS may also be varied in each of the display mode and
the sensing mode. Therefore, the timing controller 60 gener-
ates the data timing control signal DCS, the scan timing
control signal SCS and the sensing timing control signal
SENCS depending on the display mode or the sensing mode.
[0048] The timing controller 60 outputs the compensated
data CDATA or the predetermined data PDATA and the data
timing control signal DCS to the data driver 20. The timing
controller 60 outputs the scan timing control signal SCS to the
scan driver 40. The timing controller 60 outputs the sensing
timing control signal SENCS to the sensing driver 50.
[0049] Also, the timing controller 60 may output first
switching control signals SCS1 for controlling the first
switches SW11 to SW1p of the switching unit 120 of the data
driver 20 to the switching unit 120. The timing controller 60
supplies initialization signals RS for controlling the initial-
ization switches SWR1 to SWRp of the initialization voltage
supply unit 130 of the data driver 20 to the initialization
voltage supply unit 130. If the sensing data output unit 30
includes second to fifth switches SW2, SW3, SW4 and SW5
as shown in FIGS. 5 and 7, the timing controller 60 may
output second to fifth switching control signals SCS2, SCS3,
SCS4 and SCS5 for controlling the second to fifth switches
SW2,SW3, SWd and SW5 to the sensing data output unit 30.
Moreover, if the switching unit 120 of the data driver 20
includes sixth to eighth switches SW6, SW7 and SW8 as
shown in FIG. 7, the timing controller 60 may output sixth to
eighth switches SW6, SW7 and SW8 t the switching unit 120.
[0050] Also, the timing controller 60 generates a mode
signal MODE depending on whether to drive the data driver
20, the scan driver 40, the sensing driver 50 and the digital
data compensation unit 70 in the display mode or the sensing
mode. The timing controller 60 internally operates the data
driver 20, the scan driver 40, and the sensing driver 50 in the
display mode or the sensing mode in accordance with the
mode signal MODE. The timing controller 60 outputs the
mode signal MODE to the digital data compensation unit 70.
[0051] The digital data compensation unit 70 receives
either first sensing data SD1 or both first and second sensing
data SD1 and SD2 from the data driver 20. If the switching
unit 120 includes first switches SW11 to SW1ponly as shown
in FIG. 5, the digital data compensation unit 70 does not
receive the second sensing data SD2, and if the switching unit
120includes sensing units SU1 to SU2 as shownin FIG. 7, the
digital data compensation unit 70 receives the second sensing
data SD2 from the sensing units SUT to Sup. The digital data
compensation unit 70 may store either the first sensing data
SD1 or both the first and second sensing data SD1 and SD2 in
a memory (not shown). Also, the digital data compensation
unit 70 receives digital video data DATA from the outside,
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and receives the mode signal MODE from the timing control-
ler 60. The digital data compensation unit 70 outputs the
digital data to the timing controller 60 in accordance with the
mode signal MODE.

[0052] The digital data compensation unit 70 may exter-
nally compensate for the threshold voltage and mobility of the
driving transistor DT by compensating the digital video data
DATA to the compensated data CDATA on the basis of either
the first sensing data SD1 or the first and second sensing data
SD1 and SD2 in the display mode. In more detail, the first
sensing data SD1 or the first and second sensing data SD1 and
SD2 are data obtained by sensing of the current flowing
through the driving transistor DT when a predetermined data
voltage is supplied to a gate electrode of the driving transistor
DT of the pixel P. The compensated data CDATA means data
obtained by compensating for the threshold voltage and
mobility of the driving transistor DT of each of the pixels P.
The digital data compensation unit 70 may calculate data for
compensating for the threshold voltage and mobility of the
driving transistor DT from the first sensing data SD1 or the
first and second sensing data D1 and D2 by using a predeter-
mined algorithm, and may calculate compensated data
CDATA by applying the calculated data to the digital video
data DATA. The digital data compensation unit 70 supplies
the compensated data CDATA to the timing controller 60 in
the display mode.

[0053] The digital data compensation unit 70 supplies the
predetermined data PDATA stored in the memory (not
shown) to the timing controller 60 in the sensing mode. The
predetermined data PDATA is to allow each of the pixels P to
sense the current of the driving transistor DT.

[0054] The timing controller 60 and the digital data com-
pensation unit 70 may be packaged in the control circuit board
90 as shown in FIG. 2. The digital data compensation unit 70
may be built in the timing controller 60. The control circuit
board 90 may be connected to the source circuit board 80 by
the flexible cable 91. The control circuit board 90 may be a
printed circuit board.

[0055] FIG. 4 is a detailed circuit diagram illustrating the
pixels of FIG. 1. In FIG. 4, for convenience of description, a
pixel P connected to a jth (j is a positive integer that satisfies
1=j=m)dataline Dj, ajth sensing line SEj, akth (k is a positive
integer that satisfies 1<k=n) sensing line Sk and a kth sensing
signal line SSk is only shown.

[0056] With reference to FIG. 4, the pixel P of the display
panel 10 includes an organic light emitting diode OLED and
a pixel driver PD supplying a current to the organic light
emitting diode OLED and the jth sensing line SEj. The pixel
driver PD may include a driving transistor DT, first and sec-
ond transistors ST1 and ST2, and a capacitor C as shown in
FIG. 4.

[0057] The organic light emitting diode OLED emits light
in accordance with the current supplied through the driving
transistor DT. An anode electrode of the organic light emitting
diode OLED may be connected to a source electrode of the
driving transistor DT, and a cathode electrode of the organic
light emitting diode OLED may be connected to a low poten-
tial voltage line VSSL to which a low potential voltage lower
than a high potential voltage is supplied.

[0058] Theorganic light emitting diode OLED may include
the anode electrode, a hole transporting layer, an organic light
emitting layer, an electron transporting layer, and the cathode
electrode. Ifa voltage is applied to the anode electrode and the
cathode electrode of the organic light emitting diode OLED,
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holes and electrons are moved to the organic light emitting
layer through the hole transporting layer and the electron
transporting layer, respectively, and are combined with each
other in the organic light emitting layer, so as to emit light.
The anode electrode of the organic light emitting diode
OLED may be connected to the source electrode of the driv-
ing transistor DT, and the cathode electrode of the organic
light emitting diode OLED may be connected to a second
power voltage line ELVSSL to which a second power voltage
is supplied.

[0059] Thedriving transistor DT is provided between a first
power voltage line VDDL 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
difference between the gate electrode and the source elec-
trode. The gate electrode of the driving transistor DT may be
connected to the first electrode of the first transistor ST1, its
source electrode may be connected to the anode electrode of
the organic light emitting diode OLED, and its drain electrode
may be connected to the first power voltage line VDDL to
which the first power voltage is supplied.

[0060] The first transistor ST1 is turned on by the kth scan
signal ofthe kth scan line Sk to supply a voltage of the jth data
line Dj to the gate electrode of the driving transistor DT. The
gate electrode of the first transistor T1 may be connected to
the kth scan line Sk, the first electrode may be connected to
the gate electrode of the driving transistor DT, and the second
electrode may be connected to the jth data line Dj. The first
transistor ST1 may be referred to as a scan transistor.

[0061] The second transistor ST2 is turned on by the kth
sensing signal of the kth sensing signal line SSk to connect the
first sensing line SEj to the source electrode of the driving
transistor DT. The gate electrode of the second transistor T2
may be connected to the kth initialization line SENK, the first
electrode may be connected to the jth sensing line SEj, and the
second electrode may be connected to the source electrode of
the driving transistor DT. The second transistor ST2 may be
referred to as a sensing transistor.

[0062] A firstcapacitor Clis provided between the gate and
source electrodes of the first driving transistor DT1. The first
capacitor Cl stores a differential voltage between a gate volt-
age and a source voltage of the first driving transistor DT1.
[0063] 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 be formed as P type
MOSFETs. Also, it should be noted that the first electrode
may be, but not limited to, the source electrode and the second
electrode may be, but not limited to, the drain electrode. That
is, the first electrode may be the drain electrode, and the
second electrode may be the source electrode.

[0064] Meanwhile, in the display mode, when the scan
signal is supplied to the kth scan line Sk, the luminescence
data voltage of the jth data line Dj is supplied to the gate
electrode of the driving transistor DT, and when the sensing
signal is supplied to the kth sensing signal line SSk, the
initialization voltage of the jth sensing line SEj is supplied to
the source electrode of the driving transistor DT. For this
reason, in the display mode, the current of the driving tran-
sistor DT, which flows in accordance with the voltage differ-
ence between the voltage of the gate electrode of the driving
transistor DT and the voltage of the source electrode of the
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driving transistor DT, is supplied to the organic light emitting
diode OLED, and the organic light emitting diode OLED
emits light in accordance with the current of the driving
transistor DT. At this time, since the luminescence data volt-
age is the voltage obtained by compensating the threshold
voltage and mobility of the driving transistor DT, the current
of the driving transistor DT does not depend on the threshold
voltage and mobility of the driving transistor DT.

[0065] Also, in the sensing mode, when the scan signal is
supplied to the kth scanline Sk, the sensing data voltage of the
jth data line Dj is supplied to the gate electrode of the driving
transistor DT, and when the sensing signal is supplied to the
kth sensing signal line SSk, the initialization voltage of the jth
sensing line SEj is supplied to the source electrode of the
driving transistor DT. Also, in the sensing mode, the second
transistor ST2 is turned on by the sensing signal of the kth
sensing signal line SSk to flow the current of the driving
transistor DT, which flows in accordance with the voltage
difference between the voltage of the gate electrode of the
driving transistor DT and the voltage of the source electrode
of the driving transistor DT, to the jth sensing line SEj. As a
result, the sensing data output unit 30 may output the first
sensing data SD1 by sensing the current flowing to the jth
sensing line SEj in accordance with switching of the switch-
ing unit 120, and the digital data compensation unit 70 may
externally compensate for the threshold voltage and mobility
of the driving transistor DT by using the first sensing data
SDI.

[0066] FIG. 5 is a detailed circuit diagram illustrating a
switching unit and a sensing data output unit of FIG. 3. With
reference to FIG. 5, the switching unit 120 includes first
switches SW11 to SW1p connected to the sensing lines SE1
to SEp.

[0067] Each of the first switches SW11 to SWlp is
switched by each of the first switch signals SCS11 to SCS1p.
In more detail, each of the first switches SW11 to SW1p may
be turned on if each of the first switch signals SCS11 to
SCS1p corresponding to first logic level voltages is supplied
thereto, and may be turned off if each of the first switch
signals SCS11 to SCS1p corresponding to second logic level
voltages is supplied thereto.

[0068] The first switches SW11 to SW1p are controlled so
as not to be turned on simultaneously. For this reason, the
sensing data output unit 30 may be connected to each of the
sensing lines SE1 to SEp. Therefore, the sensing data output
unit 30 may sense the current flowing to each of the sensing
lines SE1 to SEp and output the sensed current as the first
sensing data SD1.

[0069] Each of the first switches SW11 to SW1p is con-
nected to each of the sensing lines SE1 to SEp one to one. In
this case, each of the sensing lines SE1 to SEp may be con-
nected to the sensing data output unit 30 in a predetermined
order by switching of the first switches SW11 to SWip.
Therefore, the sensing data output unit 30 may output the first
sensing data SD by sensing the current of each of the sensing
lines SE1 to SEp connected thereto in a predetermined order.
[0070] The sensing data output unit 30 includes a first cur-
rent-to-voltage converter CVC1 and a first analog-to-digital
converter ADCI. The first current-to-voltage converter CVC1
converts a current flowing to the qth (q is a positive integer
that satisfies 1=q=<p) sensing line SEq to a voltage. The first
current-to-voltage converter CVC1 may include a first opera-
tion amplifier OA1, a first feedback capacitor Cf1, and second
to fifth switches SW2, SW3, SW4 and SW5.
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[0071] The first operation amplifier OA1 includes an inver-
sion terminal (-), a non-inversion terminal (+), and an output
terminal (c). The inversion terminal (=) of the first operation
amplifier OA1 is connected to the qth sensing line SEq
through the first switch SW11, the non-inversion terminal (+)
is connected to the initialization voltage line VREFL to which
the initialization voltage corresponding to a direct current
voltage is supplied, and the output terminal (o) is connected to
the second switch SW2.

[0072] The second switch SW2 is switched in accordance
with the second switch signal SCS2. The second switch SW2
1s turned on by the second switch signal SCS2 and connects
the inversion terminal (=) and the output terminal (o) of the
first operation amplifier OA1 with each other.

[0073] The third switch SW3 is switched in accordance
with the third switch signal SCS3. The third switch SW3 is
turned on by the third switch signal SCS3 and connects the
output terminal (o) of the first operation amplifier OA1 with
a first sensing node Nsenl.

[0074] The fourth switch SW4 is switched in accordance
with the fourth switch signal SCS4. The fourth switch SW4 is
turned on by the fourth switch signal SCS4 and connects the
first sensing node Nsen1 with the first analog-to-digital con-
verter ADC1.

[0075] Thefifth switch SW51is switched in accordance with
the fifth switch signal SCS5. The fifth switch SW5 is turned
on by the fifth switch signal SCS5 and connects the first
current-to-voltage converting circuit CVC1 with a current
supply source SM. The current supply source SM supplies a
predetermined reference current to the first current-to-voltage
converting circuit CVCI.

[0076] The first feedback capacitor Cfl is connected
between the inversion terminal (-) and the output terminal (o)
of the first operation amplifier OA1. If the second switch SW2
1s turned on, the inversion terminal (-) and the output terminal
(o) of the first operation amplifier OA1 are shorted, whereby
the first feedback capacitor Cf1 may be initialized to a zero
voltage OV. Also, if the second switch SW2 is turned off and
the third switch SW3 is turned on, the first feedback capacitor
Cf1 varies the voltage output to the output terminal (o) of the
first operation amplifier OA1 by charging the current of the
qth sensing line SEq.

[0077] A first storage capacitor Cs1 is connected between
the first sensing node Nsenl and a ground voltage source
GND. If the second and fourth switches SW2 and SW4 are
turned off and the third switch SW3 is turned on, the first
storage capacitor Cs1 stores a voltage output from the first
operation amplifier OA1, that is, a voltage of the first sensing
node Nsenl.

[0078] If the fourth switch SW4 is turned on, the first ana-
log-to-digital converter ADC1 converts the voltage of the first
sensing node Nsenl to the first sensing data SD1 correspond-
ing to digital data. The first analog-to-digital converter ADC1
outputs the first sensing data SD1 to the digital data compen-
sation unit 70.

[0079] Meanwhile, each of the sensing lines SE1 to SEp is
connected to the sensing unit to output sensing data in the
related art, whereas the sensing lines SE1 to SEp may be
connected to one sensing data output unit 30 in a predeter-
mined order by using the switching unit 120 in the present
invention, whereby the currents of the sensing lines SE1 to
SEp may be sensed, using one sensing data output unit 30, to
be output as the first sensing data SD1. As a result, in the
embodiment of the present invention, the problem that the
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difference between the first sensing data SD1 output from the
sensing data output units 30 occurs due to the difference in
sensing capability between the sensing data output units 30
may be solved, whereby sensing accuracy may be enhanced.

[0080] Also, in the embodiment of the present invention,
each sensing data output unit 30 is not provided inside each of
the source drive ICs 21 but provided in the source circuit
board 80. As a result, in the embodiment of the present inven-
tion, since the sensing data output unit 30 is not provided,
circuit complexity of the source drive IC 21 may be lowered,
whereby the manufacturing cost of the source drive IC 21 may
be reduced. Also, in the embodiment of the present invention,
since the sensing data output unit 30 is provided in the source
circuit board 80, there is no restriction in a circuit size of the
sensing data output unit 30, whereby the first operation ampli-
fier OA1 of the sensing data output unit 30 may be used as a
high performance operation amplifier. Therefore, in the
embodiment of the present invention, sensing accuracy may
be enhanced.

[0081] FIG. 6 is a waveform illustrating first switch signals
supplied to first switches of FIG. 5 and second to fifth switch
signals supplied to second to fifth switches of FIG. 5. The first
switch signals SCS11 to SCS1p and second to fifth switch
signals SCS2 to SCSS5, which are supplied in the sensing
mode, are illustrated in FIG. 6. In the display mode, the first
switch signals SCS11 to SCS1p and the second to fifth switch
signals SCS2 to SCS5 may be supplied as second logic level
voltages V2.

[0082] With reference to FIG. 6, pulses of the first switch
signals SCS11 to SCS1p having the first logic level voltages
V1 in the sensing mode may be supplied in a predetermined
order. The predetermined order may be a sequential order as
shown in FIG. 6. For this reason, the first switches SW11 to
SW1p may be turned on in the predetermined order, and each
of the sensing lines SE1 to SEp may be connected to the
sensing data output unit 30 in the predetermined order.

[0083] Also, the pulses of the first switch signals SCS11 to
SCS1p are not overlapped with one another as shown in FIG.
6. For this reason, the first switches SW11 to SW1p may be
turned on in a sequential order from the first switch SW11
connected to the first sensing line SSE1 to the first switch
SW1p connected to the pth sensing line SEp.

[0084] In the sensing mode, each of the pulses of the first
switch signals SW11 to SW1p may be categorized into first to
third time periods t1 to t3 as shown in FIG. 6. In the sensing
mode, the second switch signal SCS2 has a first logic level
voltage V1 for the first time period t1, and has a second logic
level voltage V2 for the second and third time periods t2 and
3. In the sensing mode, the third switch signal SCS3 has a
first logic level voltage V1 for the first and second time peri-
ods t1 and t2 and has a second logic level voltage V2 for the
third time period t3. In the sensing mode, the fourth switch
signal SCS4 has a first logic level voltage V1 for the first and
second time periods t1 and 2 and has a second logic level
voltage V2 for the third time period t3.

[0085] A pulse of the fifth switch signal SCS5 having a first
logic level voltage V1 may be generated subsequently to the
pulses of the first switch signals SW11 to SW1p. However, it
should be noted that generation of the pulse of the fifth switch
signal SCS5 is not limited to the above example. That is, the
pulse of the fifth switch signal SCS5 may be generated prior
to the pulses of the first switch signals SW11 to SW1p. A
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pulse width of the fifth switch signal SCS5 may be substan-
tially the same as that of each of the pulses of the first switch
signals SW11 to SWip.

[0086] Hereinafter, an operation of the sensing data output
unit 30 for the first to third time periods t1 to t3 of the pulse of
the first switch signal SCS1 supplied to the first switch SW11
connected to the first sensing line SE1 will be described in
more detail with reference to FIGS. 5 and 6. In this case, the
first switch SW11 connected to the first sensing line SE1 is
turned on, and the other switches SW12 to SW1p connected
to the other sensing lines SE1 to Sep are turned off. Therefore,
the sensing data output unit 30 is connected to the first sensing
line SE11. Also, since the fifth switch signal SCS5 is supplied
as the second logic level voltage V2 for the first to third time
periods t1 to (3, the fifth switch SW5 is turned off.

[0087] First, for the first time period t1, the second switch
SW2 is turned on by the second switch signal SCS2 of'the first
logic level voltage V1, the third switch SW3 is turned on by
the third switch signal SCS3 of the first logic level voltage V1,
and the fourth switch SW4 is turned off by the fourth switch
signal SCS4 of the second logic level voltage V2. The inver-
sion terminal (<) and the output terminal (o) of the first
operation amplifier OA1 are shorted as the second and third
switches SW2 and SW3 are turned on for the first time period
t1. Therefore, the first feedback capacitor Cf1 is initialized to
a zero voltage OV.

[0088] Second, for the second time period t2, the second
switch SW2 is turned off by the second switch signal SCS2 of
the second logic level voltage V2, the third switch SW3 is
turned on by the third switch signal SCS3 of the first logic
level voltage V1, and the fourth switch SW4 is turned off by
the fourth switch signal SCS4 of the second logic level volt-
age V2. The inversion terminal (-) and the output terminal (o)
of the first operation amplifier OA1 are not connected to each
other any longer as the second switch SW2 is turned off,
whereby the first operation amplifier OA1 is operated as an
integrator. Also, the output terminal (o) of the first operation
amplifier OA1 is connected to the first sensing node Nsenl as
the third switch SW3 is turned on. Therefore, the first opera-
tion amplifier OA1 converts the current of the driving tran-
sistor DT, which flows to the first sensing line SE1, to the
voltage, wherein the converted voltage is stored in the first
storage capacitor Csl1.

[0089] Third, for the third time period t3, the second switch
SW2 is turned off by the second switch signal SCS2 of the
second logic level voltage V2, the third switch SW3 is turned
off by the third switch signal SCS3 of the second logic level
voltage V2, and the fourth switch SW4 is turned on by the
fourth switch signal SCS4 of the first logic level voltage V1.
The output terminal (o) of the first operation amplifier OA1
and the first sensing node Nsen1 are disconnected from each
other as the third switch SW3 is turned off. The first sensing
node Nsenl is connected to the first analog-to-digital con-
verter ADC1 as the fourth switch SW4 is turned on. There-
fore, the first analog-to-digital converter ADC1 converts the
voltage of the first sensing node Nsen1, which is stored in the
first storage capacitor Cs1, to the first sensing data SD1 cor-
responding to digital data. The first analog-to-digital con-
verter ADC1 outputs the first sensing data SD1 to the digital
data compensation unit 70.

[0090] Meanwhile, since the operation of the sensing data
output unit 30 for the first to third time periods t1 to t3 of each
of the other pulses of the first switch signals SCS12 to SCS1p
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and the pulse of the fifth switch signal SCSS5 is substantially
the same as that described as above, its detailed description
will be omitted.

[0091] The sensing data output unit §0 may output refer-
ence data by sensing a reference current supplied from the
power supply source SM. That is, if the fifth switch SWS is
turned on by the fifth switch signal SCSS5, the reference cur-
rent from the current supply source SM is converted to the
voltage by the first analog-to-digital converter ADC1, and the
converted voltage may be converted to reference data corre-
sponding to digital data by means ofthe first analog-to-digital
converter ADC1. As a result, in the embodiment of the present
invention, if the plurality of sensing data output units 30 are
provided as shown in FIG. 2, the reference data output from
the sensing data output units 30 are compared with one
another, whereby the difference in sensing capability
between the respective sensing data output units 30 may be
compensated. As a result, in the embodiment of the present
invention, the problem that the difference between the first
sensing data SD1 output from the sensing data output units 30
occurs due to the difference in sensing capability between the
sensing data output units 30 may be solved, whereby sensing
accuracy may be enhanced.

[0092] FIG. 7 is another detailed circuit diagram illustrat-
ing a switching unit and a sensing data output unit. With
reference to FIG. 7, the switching unit 120 first switches
SW11to SW1p connected to the sensing lines SE1 to SEp and
sensing units SUT to SUp connected to the sensing lines SE1
to SEp. For convenience of description, the sensing units SU1
and SUp and switches SW11 and SW1p, which are connected
to the first and pth sensing lines SE1 and SEp are only shown
in FIG. 7. Since the first switches SW11 to SW1p and the
sensing data unit 30, which are shown in FIG. 7, are substan-
tially the same as those shown in FIG. 5, their detailed
description will be omitted.

[0093] Each ofthe sensing units SU1 to SUp is connected to
each of the sensing lines SE1 to SEp one to one. Each of the
sensing units SU1 to SUp includes a second current-to-volt-
age converter CVC2 and a second analog-to-digital converter
ADC2. The second current-to-voltage converter CVC2 con-
verts a current flowing to the qth sensing line SEq to a voltage.
The second current-to-voltage converter CVC2 may include a
second operation amplifier OA2, a second feedback capacitor
Cf2, and sixth to eighth switches SW6, SW7 and SW8.

[0094] The second operation amplifier OA2 includes an
inversion terminal (=), a non-inversion terminal (+), and an
output terminal (o). The inversion terminal (-) of the second
operation amplifier QA2 is connected to the gth sensing line
SEq, the non-inversion terminal (+) is connected to the ini-
tialization voltage line VREFL to which the initialization
voltage corresponding to a direct current voltage is supplied,
and the output terminal () is connected to the seventh switch
SW7.

[0095] The sixth switch SW6 is switched in accordance
with the sixth switch signal SCS6. The sixth switch SW6 is
turned on by the sixth switch signal SCS6 and connects the
inversion terminal (=) and the output terminal (o) of the first
operation amplifier OA1 with each other.

[0096] The seventh switch SW7 is switched in accordance
with the seventh switch signal SCS7. The seventh switch
SW7 is turned on by the seventh switch signal SCS7 and
connects the output terminal (o) of the second operation
amplifier OA2 with a second sensing node Nsen2.
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[0097] The eighth switch SW8 is switched in accordance
with the eighth switch signal SCS8. The eighth switch SW8 is
turned on by the eighth switch signal SCS8 and connects the
second sensing node Nsen2 with the second analog-to-digital
converter ADC2.

[0098] The second feedback capacitor Cf2 is connected
between the inversion terminal (-) and the output terminal (0)
of the second operation amplifier OA1. If the sixth switch
SW6 is turned on, the inversion terminal (-) and the output
terminal (o) of the second operation amplifier QA2 are
shorted, whereby the second feedback capacitor Cf2 may be
initialized to a zero voltage OV. Also, if the sixth switch SW6
is turned off and the seventh switch SW7 is turned on, the
second feedback capacitor Cf2 varies the voltage output to the
output terminal (o) of the second operation amplifier OA2 by
charging the current of the qth sensing line SEq.

[0099] A second storage capacitor Cs2 is connected
between the second sensing node Nsen2 and a ground voltage
source GND. If the sixth and eighth switches SW6 and SW8
are turned off and the seventh switch SW7 is turned on, the
second storage capacitor Cs2 stores a voltage output from the
second operation amplifier OA2, that is, a voltage of the
second sensing node Nsen2.

[0100] If the eighth switch SW8 is turned on, the second
analog-to-digital converter ADC2 converts the voltage of the
second sensing node Nsen2 to the second sensing data SD2
corresponding to digital data. The second analog-to-digital
converter ADC2 outputs the second sensing data SD2 to the
digital data compensation unit 70.

[0101] Meanwhile, acircuit size of each of the sensing units
SU1 to SUp is preferably smaller than that of the sensing data
output unit 30. Since the sensing units SU1 to SUp are
included in the source drive IC 21, they have a restriction in
the circuit size as compared with the sensing data output unit
30. On the other hand, since the sensing data output unit 30 is
provided in the source circuit board 80, the sensing data
output unit 30 has a restriction in the circuit size relatively
smaller than that of the sensing units SU1 to SUp.

[0102] In the embodiment of the present invention, the
sensing lines SE1 to SEp may be connected to one sensing
data output unit 30 in a predetermined order by using the
switching unit 120, whereby the currents of the sensing lines
SE1 to SEp may be sensed, using one sensing data output unit
30, to be output as the first sensing data SD1. Also, the
currents of the sensing lines SE1 to SEp may be sensed, using
the sensing units SU1 to SUp included in the switching unit
120, to output the second sensing data SD2. As a result, inthe
embodiment of the present invention, the first sensing data
SD1 may be compared with the second sensing data SD2,
whereby the difference in sensing capability between the
sensing units SU1 to SUp may be compensated. In this case,
the sensing data output unit 30 may be used to compensate for
the difference in sensing capability of the sensing units SU1
to SUp, and may sense the currents of the sensing lines SE1 to
SEp by using the sensing units SU1 to SUp. As a result, the
problem that the difference between the second sensing data
SD2 output from the sensing units SU1 to SUp occurs due to
the difference in sensing capability between the sensing units
SU1 to SUp may be solved, whereby sensing accuracy may be
enhanced.

[0103] FIG. 8is a waveform illustrating first switch signals
supplied to first switches of FIG. 7 and second to eighth
switch signals supplied to second to eighth switches of F1IG. 7.
The first switch signals SCS11 to SCS1p and second to eighth
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switch signals SCS2 to SCS8, which are supplied in the
sensing mode, are illustrated in FIG. 8. In the display mode,
the first switch signals SCS11 to SCS1p and the second to
eighth switch signals SCS2 to SCS8 may be supplied as
second logic level voltages V2.

[0104] With reference to FIG. 8, the sensing mode may be
categorized into an internal sensing period IS and an external
sensing period OS. The internal sensing period IS indicates a
period for outputting the second sensing data SD2 by sensing
the currents of the sensing lines SE1 to SEp using the sensing
units SU1 to Sup of the switching unit 120 included in the
source drive IC 21. The external sensing period OS indicates
a period for outputting the first sensing data SD1 by sensing
the currents of the sensing lines SE1 to SEp using the sensing
data output units 30 provided in the source drive IC 21.

[0105] The internal sensing period IS may be categorized
into first to third time periods t1' to t3'. For the first to third
time periods t1'to t3' of the internal sensing period IS, the first
switch signals SCS11 to SCS1p of the second logic level
voltages V2, the second switch signal SCS2 of the second
logic level voltage V2, the third switch signal SCS3 of the
second logic level voltages V2, the fourth switch signal SCS4
of the second logic level voltage V2, and the fifth switch
signal SCS5 of the second logic level voltage V2 are supplied.
The sixth switch signal SCS6 has the first logic level voltage
V1 for the first time period t1', and has the second logic level
voltage V2 for the second and third time periods t2' and t3'.
The seventh switch signal SCS7 has the first logic level volt-
age V1 for the first and second time periods t1' and t2' and has
the second logic level voltage V2 for the third time period t3'.
The eighth switch signal SCS8 has the first logic level voltage
V1 for the first and second time periods t1' and t2', and has the
second logic level voltage V2 for the third time period t3'.

[0106] First switch signals S11 to S1p and second to fifth
switch signals SCS2 to SCS5 for the external sensing period
OS are substantially the same as those described with refer-
ence to FIG. 6. Therefore, a detailed description of the first
switch signals S11 to S1p and the second to fifth switch
signals SCS2 to SCS5 for the external sensing period OS will
be omitted. For the external sensing period OS, the sixth
switch signal SCS6 of the second logic level voltage V2, the
seventh switch signal SCS7 of the second logic level voltage
V2 and the eighth switch signal SCS8 of the second logic
level voltages V2 are supplied.

[0107] Hereinafter, the operation of the sensing unit SU1
connected to the first sensing line SE1 for the internal sensing
period IS will be described in detail with reference to FIGS. 7
and 8.

[0108] Since the first switch signals SCS11to SCS1p ofthe
second logic level voltages V2 are supplied for the internal
sensing period IS, the first switches SW11 to SW1p are turned
off. For this reason, the sensing data output unit 30 is not
connected to the sensing lines SE1 to SEp for the internal
sensing period IS.

[0109] First of all, for the first time period t1', the sixth
switch SW6 is turned on by the sixth switch signal SCS6 of
the first logic level voltage V1, the seventh switch SW7 is
turned on by the seventh switch signal SCS7 of the first logic
level voltages V1, and the eighth switch SW8 is turned off by
the eighth switch signal SCS8 of the second logic level volt-
age V2. The inversion terminal (- ) and the output terminal (c)
of the second operation amplifier OA2 are shorted as the sixth
and seventh switches SW6 and SW7 are turned on for the first
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time period t1'. Therefore, the second feedback capacitor Cf2
1s initialized to a zero voltage OV.

[0110] Second, for the second time period t2', the sixth
switch SW6 is turned off by the sixth switch signal SCS6 of
the second logic level voltage V2, the seventh switch SW7 is
turned on by the seventh switch signal SCS7 of the first logic
level voltages V1, and the eighth switch SW8 is turned off by
the eighth switch signal SCS8 of the second logic level volt-
age V2. The inversion terminal (-) and the output terminal (o)
of the second operation amplifier OA2 are not connected to
each other any longer as the sixth switch SW6 is turned off,
the second operation amplifier OA2 is operated as an integra-
tor. Also, the output terminal (o) of the second operation
amplifier OA2 is connected to the second sensing node Nsen2
as the seventh switch SW7 is turned on. Therefore, the second
operation amplifier OA2 converts the current of the driving
transistor DT, which flows to the first sensing line SE1, to the
voltage, wherein the converted voltage is stored in the second
storage capacitor Cs2.

[0111] Third, for the third time period t3', the sixth switch
SW6 is turned off by the sixth switch signal SCS6 of the
second logic level voltage V2, the seventh switch SW7 is
turned off by the seventh switch signal SCS7 of the second
logic level voltage V2, and the eighth switch SW8 is turned on
by the eighth switch signal SCS8 of the first logic level
voltage V1. The output terminal (o) of the second operation
amplifier OA2 and the second sensing node Nsen2 are dis-
connected from each other as the sixth switch SW6 is turned
off. The second sensing node Nsen2 is connected to the sec-
ond analog-to-digital converter ADC2 as the seventh switch
SW7 is turned on. Therefore, the second analog-to-digital
converter ADC2 converts the voltage of the second sensing
node Nsen2, which is stored in the second storage capacitor
Cs2, to the second sensing data SD2 corresponding to digital
data. The second analog-to-digital converter ADC2 outputs
the second sensing data SD2 to the digital data compensation
unit 70.

[0112] Since the operation of the sensing data output unit
30 for the fourth to sixth time periods t4' to t6' of a pulse of the
first switch signal SCS11 supplied to the first switch SW11
connected to the first sensing line SE1 connected to the first
sensing line SE1 for the external sensing period OS is sub-
stantially the same as that of the sensing data output unit 30
for the first to third time periods t1 to t3 described with
reference to FIGS. 5 and 6, its detailed description will be
omitted.

[0113] For the external sensing period OS, the sixth switch
SW6 is turned off by the sixth switch signal SCS6 of the
second logic level voltage V2, the seventh switch SW7 is
turned off by the seventh switch signal SCS7 of the second
logic level voltages V2, and the eighth switch SW8 is turned
off by the eighth switch signal SCS8 of the second logic level
voltage V2. For this reason, each of the sensing units SU1 to
SUp is not operated for the external sensing period OS.

[0114] As described above, in the embodiment of the
present invention, since the sensing lines may be connected to
one sensing data output unit by using the switching units in a
predetermined order, the currents of the sensing lines may be
sensed using one sensing data output unit and then output as
the first sensing data. As a result, in the embodiment of the
present invention, the problem that the difference between the
first sensing data output from the sensing data output units
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occurs due to the difference in sensing capability between the
sensing data output units may be solved, whereby sensing
accuracy may be enhanced.

[0115] Also, in the embodiment of the present invention,
each sensing data output unit is not provided inside each of
the source drive ICs but provided in the source circuit board.
As aresult, in the embodiment of the present invention, since
the sensing data output unit is not provided, circuit complex-
ity of the source drive IC may be lowered, whereby the
manufacturing cost of the source drive IC may be reduced.
Also, in the embodiment of the present invention, since the
sensing data output unit is provided in the source circuit
board, there is no restriction in a circuit size of the sensing
data output unit, whereby the first operation amplifier of the
sensing data output unit may be used as a high performance
operation amplifier. Therefore, in the embodiment of the
present invention, sensing accuracy may be enhanced.
[0116] Also, in the embodiment of the present invention,
the reference current supplied from the current supply source
may be sensed to output reference data. As a result, in the
embodiment of the present invention, if a plurality of sensing
data output units are provided, the reference data output from
the sensing data output units are compared with one another,
whereby the difference in sensing capability between the
respective sensing data output units may be compensated. As
a result, in the embodiment of the present invention, the
problem that the difference between the first sensing data
output from the sensing data output units occurs due to the
difference in sensing capability between the sensing data
output units may be solved, whereby sensing accuracy may
be enhanced.

[0117] Moreover, in the embodiment of the present inven-
tion, the sensing lines may be connected to one sensing data
output unit in a predetermined order by using the switching
unit, whereby the currents of the sensing lines may be sensed,
using one sensing data output unit, to output the first sensing
data. Also, the currents of the sensing lines may be sensed,
using the sensing units included in the switching unit, to
output the second sensing data. As aresult, in the embodiment
of the present invention, the first sensing data may be com-
pared with the second sensing data, whereby the difference in
sensing capability between the sensing units may be compen-
sated. As aresult, in the embodiment of the present invention,
the problem that the difference between the second sensing
data output from the sensing units occurs due to the difference
in sensing capability between the sensing units may be
solved, whereby sensing accuracy may be enhanced.

[0118] 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 spiritor scope of
the invention. 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.

What is claimed is:

1. An organic light emitting display device, comprising:

a display panel including data lines, scan lines, sensing
lines, and pixels connected to the data lines, the scan
lines and the sensing lines;

a sensing data output unit configured to output first sensing
data by sensing currents flowing to the sensing lines;

a scan driver supplying scan signals to the scan lines; and

a source drive integrated circuit (IC) including a data volt-
age supply unit supplying data voltages to the data lines
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and a switching unit connecting the sensing lines to the
sensing data output unit in a predetermined order.

2. The organic light emitting display device of claim 1,
wherein the source drive IC includes first switches switched
by first switch signals, connecting the sensing lines to the
sensing data output unit in the predetermined order.

3. The organic light emitting display device of claim 2,
wherein each of the first switches are connected to each of the
sensing lines one to one.

4. The organic light emitting display device of claim 1,
wherein the sensing data output unit includes:

a first current-to-voltage converter converting each current
flowing to the sensing lines to a voltage and outputting
the converted voltage; and

a first analog-to-digital converter converting the voltage
output from the first current-to-voltage converter to first
sensing data corresponding to digital data.

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

wherein the first current-to-voltage converter includes:

a first operation amplifier having an inversion terminal
connected to the switching unit, a non-inversion termi-
nal to which an initialization voltage is supplied, and an
output terminal connected to the first analog-to-digital
converter;

a first feedback capacitor provided between the inversion
terminal of the first operation amplifier and the output
terminal;

a second switch switched in accordance with a second
switch signal, connecting the inversion terminal and the
output terminal of the first operation amplifier with each
other;

a third switch switched in accordance with a third switch
signal, connecting the output terminal of the first opera-
tion amplifier with a first sensing node; and

afourth switch switched in accordance with a fourth switch
signal, connecting the first sensing node to the first ana-
log-to-digital converter.

6. The organic light emitting display device of claim 5,
wherein second and third switch signals of a first logic level
voltage for turning on second and third switches are supplied
for a first time period, the third switch signal of the first logic
level voltage for turning on the third switch is supplied for a
second time period, and a fourth switch signal of the first logic
level voltage for turning on the fourth switch is supplied for a
third time period.

7. The organic light emitting display device of claim 5,
wherein the first current-to-voltage converter further includes
a fifth switch switched in accordance with a fifth switch
signal, connecting the non-inversion terminal of the first
operation amplifier to a current supply source to supply a
reference current.

8. The organic light emitting display device of claim 1,
wherein the switching unit further includes sensing units
connected to the sensing lines, each of the sensing units
having a circuit size smaller than a circuit size of the sensing
data output unit.

9. The organic light emitting display device of claim 8,
wherein each of the sensing units includes:
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a second current-to-voltage converter converting each cur-
rent flowing to the sensing lines to a voltage and output-
ting the converted voltage; and

asecond analog-to-digital converter converting the voltage
output from the second current-to-voltage converter to
second sensing data corresponding to digital data.

10. The organic light emitting display device of claim 9,

wherein the second current-to-voltage converter includes:

a second operation amplifier having an inversion terminal
connected to the sensing lines, a non-inversion terminal
to which an initialization voltage is supplied, and an
output terminal connected to the second analog-to-digi-
tal converter;

a second feedback capacitor provided between the inver-
sion terminal of the second operation amplifier and the
output terminal;

a sixth switch switched in accordance with a sixth switch
signal, connecting the inversion terminal and the output
terminal of the second operation amplifier with each
other;

a seventh switch switched in accordance with a seventh
switch signal, connecting the output terminal of the sec-
ond operation amplifier with a second sensing node; and

an eighth switch switched in accordance with an eighth
switch signal, connecting the second sensing node to the
second analog-to-digital converter.

11. The organic light emitting display device of claim 10,
wherein sixth and seventh switch signals of a first logic level
voltage for turning on sixth and seventh switches are supplied
for a first time period, the seventh switch signal of the first
logic level voltage for turning on the seventh switch is sup-
plied for a second time period, and an eighth switch signal of
the first logic level voltage for turning on the eighth switch is
supplied for a third time period.

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

a circuit board in which the sensing data output unit is

provided; and

a flexible film in which the source drive IC is provided,

wherein the flexible film is attached to the display panel
and the circuit board.

13. The organic light emitting display device of claim 1,

wherein the pixel includes:

an organic light emitting diode;

a driving transistor controlling quantity of a current flow-
ing to the organic light emitting diode in accordance
with a voltage difference between a gate voltage and a
source voltage;

a first transistor turned on by the scan signals of the scan
lines, supplying the data voltage of the data lines to the
gate electrode of the driving transistor;

a second transistor turned on by the sensing signals of the
sensing signal lines, connecting the source electrode of
the driving transistor with the sensing lines; and

a capacitor provided between the gate electrode and the
source electrode of the driving transistor.
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