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A display device according to an exemplary embodiment of
the invention and a method of forming the same include light
emitting elements each having an organic light emitting
layer emitting white light, a plurality of driving transistors
which supply a driving current to the light emitting elements
so as to cause the light emitting elements to emit light, photo
sensing parts which detect light amounts according to emis-
sion of light from the light emitting elements and output
sense signals according to the detected light amounts, and
color filters formed on the driving transistors and the photo
sensing parts.




Patent Application Publication  Aug. 23,2007 Sheet 1 of 5 US 2007/0194707 Al
FIG.1
00 7?0
R——s GCD | Gray Voltage
g , Generator
DE— | el | CONT? ~ ) 0
Hoyng —| Controller [ DAT Image Data Driver
MSCVEQ — CONTT o D1 D2 |Ds D
o G
G
Von == Seaning —Vdd
4001 Driver e Vneg
Go |} _ _ 1300
5
nt
CONT? Pl P Py Pa
Luminance Detector 500

DSN



Patent Application Publication  Aug. 23, 2007 Sheet 2 of 5 US 2007/0194707 A1

FIG.2
Pi i Ld
Gi
IS i
Qs
L
Qs? 0
RS jo
.—_d[ Z\/ D
P
Veom
Ln
Gist
FIG.3
RI W] R | W
G| Bil G |IB
RI W R W
G| B |G| B




Patent Application Publication  Aug. 23, 2007 Sheet 3 of 5 US 2007/0194707 A1

FIG.4
1
|t 18)8a 1t )\a TBQ " ”\5a1§3a
5 & O T Iy
173bT{ = [ )
y Saet L
L
1= [ = | 2
=Nl Niing
bt A8 [ .
1854 ' ~
174 4=
2308 230G 2308
\41 _\él
19T T~
04T T
734 A~ L
B . R 158
17~ H 173
/’\\-.__../1756
124d 4 e L
{544 +THE
1754 T~ ‘—‘1 ’//1 5.1,22
ot ) e AL Pe—— [ 7
155’»_«_,”@:"1 I - il -
gy v i il




Patent Application Publication  Aug. 23, 2007 Sheet 4 of 5 US 2007/0194707 Al
FIG.5
- 30
e e
§10p 370 370r
230G 193 180
B [ /g | TP gy g U8 |1 20G | 08
—— ] T
—k—\ R/ l\ \ !

////}

‘ \ 1658 | 15k (7).
o 1 18\ i\ 150 172 no 1652 [ 1540 1734\ g0
171 mb o g 1 iggp 120 10175 gy 103 VP
FIG.6
m
Tl 370q 370r
B W MG fag 965 o W / 1508
0 10 )
- |
_k“_\ \‘ ' ) ] /——Jr'
“‘““"'//_':."\'/.\ \ // \ : f/:_/-;_v_\‘_\\—\\—\\ /l—-\“;\"'
} e \ A L
o A

1750 124 183¢



Patent Application Publication  Aug. 23, 2007 Sheet 5 of 5 US 2007/0194707 A1

FIG.7

310
310p 370g 370r

% 18
0w 1 02206 g 351 0 1 | 0 zao\ ) /18\0q

13 | R T
WY

1 T hY 1
3 T ) 7 A3 (I

\ \
e e o | =\
I’ ] ‘\ } |\\]i //\ : - \\
H({\/\H 1
! \ \
1% | 1540 | 1750 1\ 16



US 2007/0194707 Al

DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2006-0017083, filed on Feb. 22, 2006,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which in its entirety are herein incor-
porated by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a display device,
more particularly, to a display device having a photo sensing
function.

[0004] (b) Description of the Related Art

[0005] In recent years, lightweight and thin monitors or
televisions are increasingly required or desired, and liquid
crystal displays (“LCDs”) which are lightweight and thin are
being substituted for conventional cathode ray tubes
(“CRT5”).

[0006] However, since the LCD is a light receiving/emit-
ting device, a separate backlight or light reflector is required.
In addition, LCDs have many problems including slow
response speed, a limited viewing angle, low contrast ratios,
as well as other problems. Recently, an organic light emit-
ting diode (“OLED”) display is attracting attention as a
display device which can overcome these problems.
[0007] An OLED display includes two electrodes and a
light emitting layer interposed therebetween. The light emit-
ting layer combines electrons injected from one electrode
and holes injected from the other electrode to form excitons,
which emit light through energy emission. The OLED
display is a display device which electrically excites a
fluorescent organic material to emit light so as to display
images. Since an OLED display is itself a light emitting
display device which does not require a separate backlight or
light reflector, it provides for lower power consumption,
wider viewing angles and faster pixel response speeds,
making it suitable to display high-quality motion pictures.
[0008] The organic light emitting diode (“OLED”) display
includes organic light emitting elements (e.g., organic light
emitting diodes, “OLEDs”) and thin film transistors
(“TFTs”) which drive the organic light emitting elements.
The (TFTs) are classified into several types including poly-
silicon TFTs, amorphous silicon TFTs, and so on, according
to the type of active layer. An OLED display using the
polysilicon thin film transistor has many merits and is
widely used, but the manufacturing process of the polysili-
con TFT is complex, which causes an increase in manufac-
turing costs. Also, a large screen cannot be achieved using
such an OLED display.

[0009] Meanwhile, a large screen is easily achieved using
an OLED display using amorphous silicon TFTs. Also, the
manufacturing process of an OLED display using the amor-
phous silicon is much simpler when compared with an
OLED display using the polysilicon thin film transistor.
[0010] However, as a positive DC voltage is continuously
applied to a control terminal of the amorphous silicon TFT,
the threshold voltage of the amorphous silicon thin film
transistor changes. Even though a constant control voltage is
applied to the TFTs, non-uniform currents flow within the
OLED:s. For this reason, luminance of the OLED display is
lowered, which causes degradation in image quality. Ulti-
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mately, the non-uniform currents within the OLEDs cause a
reduction in a life span of the OLED display.

[0011] Up to now, various pixel circuits, which compen-
sate for the variations of threshold voltages, have been
suggested in order to prevent the degradation in image
quality. However, most of the pixel circuits include many
thin film transistors, capacitors and wiring, which results in
a low pixel aperture ratio.

[0012] Accordingly, there remains a desire to prevent
degradation in image quality by correcting a change in
threshold voltage of an amorphous silicon TFT.

BRIEF SUMMARY OF THE INVENTION

[0013] The present invention has been made in an effort to
provide an organic light emitting diode (“OLED”) display,
having aspects, features and advantages of stably realizing a
structure for correcting a change in threshold voltage.
[0014] An exemplary embodiment of the display device
includes; a plurality of light emitting elements each having
an organic light emitting layer which emit white light when
supplied with a driving current, a plurality of driving tran-
sistors which supply the driving current to the light emitting
elements a plurality of photo sensing parts which detect light
amounts according to light emitted from the light emitting
elements and output sense signals according to the sensed
light amounts, and a plurality of color filters formed on the
driving transistors and the photo sensing parts.

[0015] One exemplary embodiment of a display device
may further include an overcoat formed on the color filters.
[0016] One exemplary embodiment of an organic light
emitting layer may include a first layer, a second layer and
a third layer which emit light of different colors.

[0017] In one exemplary embodiment, the first layer, the
second layer or the third layer may emit light of one of red,
blue and green.

[0018] In another exemplary embodiment, the first layer
may emit blue light, the second layer may emit green light
and the third layer may emit red light.

[0019] In one exemplary embodiment, each of the photo
sensing parts may include a sensor transistor which forms a
photocurrent according to the emission of the corresponding
light emitting element.

[0020] One exemplary embodiment of a display device
may further include a plurality of first capacitors which
charge an image data voltage corresponding to the driving
current, and a plurality of second capacitors which charge a
sensing reference voltage and discharge a predetermined
voltage corresponding to the photocurrent.

[0021] One exemplary embodiment of a display device
may further include a plurality of first switching transistors
which transmits the image data voltage to the first capacitors
and the driving transistors according to scanning signals,
and a plurality of second switching transistors which trans-
mits the sensing reference voltage to the second capacitors
and the sensor transistors according to the scanning signal.
[0022] One exemplary embodiment of a display device
may further include a plurality of scanning signal lines
which are respectively connected to the first and second
switching transistors and transmit the scanning signals, a
plurality of image data lines which are respectively con-
nected to the first switching transistors and transmit the
image data voltage, and a plurality of sensing data lines
which are respectively connected to the second switching
transistors and transmit the sensing reference voltage.
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[0023] One exemplary embodiment of a display device
may further include a luminance detector which is connected
to the sensing data lines so as to supply the sensing reference
voltage to the sensing data lines, and detects the magnitude
of a voltage charged in each of the second capacitors so as
to generate luminance information about the light emitting
element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more apparent
by describing preferred exemplary embodiments thereof in
more detail with reference to the accompanying drawings, in
which:

[0025] FIG. 1 is a block diagram showing an exemplary
embodiment of an organic light emitting diode (“OLED”)
display according to the present invention;

[0026] FIG. 2 is an equivalent circuit diagram showing an
exemplary embodiment of one pixel in the OLED display
according to the present invention;

[0027] FIG. 3 is a plan view showing an exemplary
embodiment of a plurality of pixels in the OLED display
according to the present invention;

[0028] FIG. 4 is a plan view layout showing a portion of
an exemplary embodiment of the OLED display shown in
FIG. 3; and

[0029] FIGS. 5to 7 are cross-sectional views of an exem-
plary embodiment of the OLED display shown in FIG. 4
taken along lines V-V, VI-VI and VII-VII, respectively.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the present inven-
tion are shown. Although exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exem-
plary embodiments but various changes and modifications
can be made by one ordinary skilled in the art within the
spirit and scope of the present invention as hereinafter
claimed.

[0031] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
or “connected to” another element or layer, the element or
layer can be directly on or connected to another element or
layer or intervening elements or layers that may also be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
[0032] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed
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below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present invention.

[0033] Spatially relative terms, such as “lower”, “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned
over, elements described as “lower” relative to other ele-
ments or features would then be oriented “upper” the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0034] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0035] Embodiments of the invention are described herein
with reference to cross-section illustrations that are sche-
matic illustrations of idealized embodiments (and interme-
diate structures) of the invention. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

[0036] For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implanta-
tion takes place. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the actual shape of a region of a device and are not
intended to limit the scope of the invention.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0038] All methods described herein can be performed in
a suitable order unless otherwise indicated herein or other-
wise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is



US 2007/0194707 Al

intended merely to better illustrate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention as used herein.
[0039] Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

[0040] A display device according to an exemplary
embodiment of the present invention will now be described
in more detail with reference to the accompanying drawings.
[0041] An exemplary embodiment of an organic light
emitting diode (“OLED”) display according to the present
invention will be described first in more detail with refer-
ence to FIGS. 1 and 2.

[0042] FIG. 1 is a block diagram of an OLED display
according to an exemplary embodiment of the present
invention. FIG. 2 is an equivalent circuit diagram of one
pixel in the OLED display according to an exemplary
embodiment of the present invention.

[0043] As shown in FIG. 1, an exemplary embodiment of
an OLED display according to the present invention
includes a display panel 300, a scanning driver 400, an
image data driver 500 and a luminance detector 800 which
are connected to the display panel 300, a gray voltage
generator 700 which is connected to the image data driver
500, the gray voltage generator 700, the luminance detector
800, and a signal controller 600.

[0044] Referring to FIG. 1 and FIG. 2, the display panel
300 includes a plurality of signal lines G, to G,,,,, D, to D,
P, to P, Ld, and Ln, and a plurality of pixels PX which are
connected to the signal lines and are substantially arranged

in a matrix shape.

[0045] The signal lines G, t0 G,,,;,D, toD,,,andP, 10 P,
include a plurality of scanning signal lines G, to G,,,; which
transmit scanning signals, a plurality of image data lines D,
to D, which transmit an image data voltage, and a plurality
of sensing data lines P, to P,, which transmit a sensing
reference voltage. The scanning signal lines G, to G,,;
substantially extend in a row direction substantially parallel
with one another, and the image data lines D, to D,, and the
sensing data lines P, to P, substantially extend in a column

direction substantially parallel with one another.

[0046] The signal lines Ld and Ln include a driving
voltage line Ld which transmits a driving voltage Vdd and
a control voltage line Ln which transmits a control voltage
Vneg, and extend in a row or column direction.

[0047] Referring to FIG. 2, each pixel PX is connected to
the scanning signal line G, of the i-th pixel row and the
image data line D; of the j-th pixel column includes an

organic light emitting diode (“OLED”) LD, a driving tran-
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sistor Qd, a sensor transistor Qp, first and second capacitors
C1 and C2, and first and second switching transistors Qs1
and Qs2, respectively.

[0048] The driving transistor Qd is a three terminal ele-
ment, such as a thin film transistor. A control terminal of the
driving transistor Qd is connected to the first switching
transistor Qs1 and the first capacitor C1, and an input
terminal and an output terminal thereof are respectively
connected to the driving voltage line Ld and the OLED LD.

[0049] The first switching transistor Qsl is also a three
terminal element. A control terminal and an input terminal of
the first switching transistor Qs1 are respectively connected
to the scanning signal line G; and the image data line D, and
an output terminal thereof is connected to the first capacitor
C1 and the driving transistor Qd.

[0050] Referring to FIGS. 1 and 2, the first capacitor C1 is
connected between the first switching transistor Qs1 and the
driving voltage Vdd. The first capacitor C1 charges the
image data voltage from the first switching transistor Qs1
and holds the image data voltage for a predetermined
amount of time.

[0051] An anode and a cathode of the OLED LD are
respectively connected to the driving transistor Qd and the
common voltage Vecom. The OLED LD emits light with
different intensities according to the magnitude of a current
1, 5 supplied from the driving transistor Qd, so as to display
images. The magnitude of the current I, ,, depends on the
magnitude of a voltage Vgs between the control terminal and
the output terminal of the driving transistor Qd.

[0052] The sensor transistor Qp is also a three terminal
element. A control terminal of the sensor transistor Qp is
connected to the control voltage line Ln, an input terminal
thereof is connected to the second switching transistor Qs2,
and an output terminal thereof is connected to the scanning
signal line G,, , of the (i+1)™ pixel row (hereinafter referred
to as a next scanning signal line). As the organic light
emitting diode (“OLED”) LD emits light, a channel semi-
conductor of the sensor transistor Qp which is disposed
below the OLED LD receives light from the OLED LD so
as to form the photocurrent, and outputs the photocurrent to
the output terminal according to a difference in voltage
between the input terminal and the output terminal of the
sensor transistor Qp.

[0053] The second switching transistor Qs2 is also a three
terminal element. A control terminal and an input terminal of
the second switching transistor Qs2 are respectively con-
nected to the scanning signal line G, and the sensing data line
P, and an output terminal thereof is connected to the sensor
transistor Qp. The second switching transistor Qs2 transmits
the sensing reference voltage from the sensing data line P, to
the second capacitor C2.

[0054] The second capacitor C2 is connected between the
control terminal and the input terminal of the sensor tran-
sistor Qp. The second capacitor C2 receives and charges the
sensing reference voltage from the second switching tran-
sistor Qs2, and discharges a predetermined voltage to the
control terminal of the sensor transistor Qp and the control
voltage line Ln, corresponding to the magnitude of the
photocurrent as the sensor transistor Qp flows the photocur-
rent.

[0055] A structure of the organic light emitting diode
(“OLED”) display will now be described in more detail with
reference to FIGS. 3 to 7.
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[0056] FIG. 3 is a plan view showing the pixel arrange-
ment of the OLED display according to the an exemplary
embodiment of the present invention, FIG. 4 is a plan view
layout showing a portion of the OLED display shown in
FIG. 3, and FIGS. 5 to 7 are cross-sectional views of the
OLED display shown in FIG. 3 taken along lines V-V, VI-VI
and VII-VII, respectively.

[0057] Referring to FIG. 3, the OLED display according to
an exemplary embodiment of the present invention has a
plurality of pixels arranged in a matrix shape. The individual
pixels are divided according to types of emitted light. The
individual pixels are divided into four pixels, each emitting
light of one of red R, green G, blue B or white W color. A
basic pixel unit is formed by four pixels arranged in a 2x2
matrix shape. The basic pixel unit is repeatedly disposed in
the row direction and column direction. In the basic pixel
unit, the red pixel R and the blue pixel B diagonally face
each other, and the green pixel G and white pixel W
diagonally face each other. The organic light emitting diode
(“OLED”) display exhibits exceptional color characteristics
when the green pixel G and the white pixel W diagonally
face each other.

[0058] FIG. 4 shows the dotted line region including one
green pixel G and portions of two adjacent blue pixels B,
shown in FIG. 3. Referring to FIG. 4, a plurality of gate
conductors include a plurality of scanning signal lines 121¢
and 1216 each having first and second control terminal
electrodes 124a and 1245, a plurality of third control ter-
minal electrodes 124¢, and a plurality of control voltage
lines 122 having fourth control terminal electrodes 1244 are
formed on an insulation substrate 110, formed of a trans-
parent glass or a plastic. For clarity, a scanning signal line of
a pixel row next to the pixel row in which the scanning
signal line 121e is formed is represented by reference
numeral 1215.

[0059] Still referring to FIG. 4, the scanning signal line
121a and the control voltage line 122 respectively transmit
the scanning signal and the control voltage Vneg, and
substantially extend in a horizontal direction. The first and
second control terminal electrodes 124a and 124b respec-
tively extend downward on the right and the left sides of the
scanning signal line 121a. The third control terminal elec-
trode 124c is separated from the scanning signal line 121«
and the control voltage line 122, substantially extends in a
vertical direction, and has a wide portion. The fourth control
terminal electrode 1244 extends upward from the control
voltage line 122 and has a wide area.

[0060] The gate conductors 121a, 1215, 122 and 124¢ may
be formed of an aluminum-based metal, such as aluminum
(Al) or an aluminum alloy, a silver-based metal, such as
silver (Ag) or a silver alloy, a copper-based metal, such as
copper (Cu) or a copper alloy, a molybdenum-based metal,
such as molybdenum (Mo) or a molybdenum alloy, chro-
mium (Cr), titanium (Ti), or tantalum (Ta). However, the
gate conductors may have a multi-layered structure includ-
ing two conductive layers (not shown) having different
physical properties. Of these layers, one conductive layer is
formed of a metal having low resistivity, such as an alumi-
num-based metal, a silver-based metal, or a copper-based
metal, in order to reduce signal delay or voltage drop. In
contrast, the other conductive layer is formed of a different
material, particularly, a material having excellent physical,
chemical and electrical contact characteristics similar to
indium tin oxide (“ITO”) and indium zinc oxide (“1Z0”), or
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such as, a molybdenum-based metal, chromium, titanium, or
tantalum. Specific examples of the combination include a
combination of a chromium lower layer and an aluminum
(alloy) upper layer, and a combination of an aluminum
(alloy) lower layer and a molybdenum (alloy) upper layer.
Moreover, the gate conductors 121a, 1215, 122 and 124¢
may be formed of various metals or conductors other than
the above disclosed materials.

[0061] Referring to FIGS. 5 to 7, the lateral sides of the
gate conductors 121a, 1215, 122 and 124¢ are inclined with
respect to a surface of the substrate 110, and the inclination
angle is in a range of about 30 degrees to about 80 degrees.
A gate insulating layer 140 formed of silicon nitride
(“SiN.”) or silicon oxide (“SiO,”) is formed on the gate
conductors 121a, 1215, 122 and 124c.

[0062] Referring to FIG. 4 to FIG. 7, a plurality of first to
seventh semiconductor islands 154a, 1545, 154¢, 1544, 155,
156 and 157, formed of hydrogenated amorphous silicon
(*a-S1”) or polycrystalline silicon, are formed on the gate
insulating layer 140. The first to fourth semiconductor
islands 154a to 154d are respectively positioned on the first
to fourth control terminal electrodes 124a to 124d.

[0063] A plurality of pairs of first ohmic contacts 163a and
1654, second ohmic contacts 1635 and 1655, third ohmic
contacts 163¢ and 165¢, and fourth ohmic contacts 1634 and
1654 are respectively formed on the first to fourth semicon-
ductor islands 154a to 154d. Ohmic contacts 166 and 167
are also formed on the semiconductor islands 155 to 157.
The ohmic contacts 163a to 1634, 1654 to 1654, 166 and
167 are formed in island shapes, and may be formed of a
material, such as n+ hydrogenated amorphous silicon, in
which an n-type impurity is doped with high concentration,
or silicide. The first to fourth ohmic contacts 163a, 1654,
1630, 165b, 163c, 165¢, 163d and 165d are respectively
disposed on the first to fourth semiconductor islands 154a to
1544 in pairs.

[0064] Side surfaces of the semiconductor islands 154a to
1544, 155 to 157 and the ohmic contacts 163a to 1634, 165a
to 1654, 166 and 167 are inclined with respect to the surface
of the substrate 110, and the inclination angle is in a range
of about 30 degrees to about 80 degrees.

[0065] A plurality of data conductors which include a
plurality of image data lines 171, a plurality of driving
voltage lines 172, a plurality of sensing data lines 174, and
a plurality of first to fourth output terminal electrodes 175a,
175b, 175¢ and 1754 are formed on the ohmic contacts 163a
to 163d, 165a to 1654, 166, and 167 and the gate insulating
layer 140.

[0066] Referring to FIG. 4, the image data lines 171 and
the sensing data lines 174 respectively transmit the image
data voltage and the sensing reference voltage, and substan-
tially extend in the vertical direction so as to cross the
scanning signal lines 121« and the control voltage lines 122.
Each of the image data lines 171 and each of the sensing data
lines 174 respectively include a plurality of first and second
input terminal electrodes 173a and 1736 which extend
toward the first and second control terminal electrodes 124a
and 1245, respectively.

[0067] The driving voltage lines 172 transmit the driving
voltage Vdd, and substantially extend in the vertical direc-
tion so as to cross the scanning signal lines 121a and the
control voltage lines 122. Each of the driving voltage lines
172 includes a third input terminal electrode 173¢ which
extends toward the third control terminal electrode 124c, as
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illustrated in FIGS. 4 and 6. The driving voltage lines 172
may overlap and may be connected to the third control
terminal electrodes 124c.

[0068] Referring to FIG. 4 to FIG. 7, the first to the fourth
output terminal electrodes 175a to 175d are separated from
one another, and are also separated from the image data lines
171, the sensing data lines 174 and the driving voltage lines
172. The second output terminal electrodes 1755 each
include a fourth input terminal electrode 173d, and they
extend in the vertical direction, as illustrated in FIG. 4, so as
to overlap the fourth control terminal electrodes 1244 (FIG.
6). The third output terminal electrodes 175¢ substantially
extend in the vertical direction along the driving voltage
lines 172, as illustrated in FIG. 4, so as to overlap the third
control terminal electrodes 124¢ (FIG. 6). The fourth output
terminal electrodes 1754 extend downward above the fourth
control terminal electrodes 1244 and reach the scanning
signal lines 1215.

[0069] Referring to FIGS. 5 and 6, the first input terminal
electrodes 173¢ and the first output terminal electrodes 175¢
face each other with the first control terminal electrodes
124 as a center, and the second input terminal electrodes
1736 and the second output terminal electrodes 1755 face
each other with the second control terminal electrodes 1245
as a center. Further, the third input terminal electrodes 173¢
and the third output terminal electrodes 175¢ face each other
with the third control terminal electrodes 124¢ as a center,
and the fourth input terminal electrodes 1734 and the fourth
output terminal electrodes 1754 face each other with the
fourth control terminal electrodes 124d as a center, as
illustrated in FIG. 6.

[0070] In exemplary embodiments, the data conductors
171,172, 174, and 175a to 175d are formed of a refractory
metal, such as molybdenum, chromium, tantalum, or tita-
nium, or an alloy thereof. The data conductors may have a
multi-layered structure of a refractory metal layer (not
shown) and a low-resistance conductive layer (not shown).
Examples of the multi-layered structure include a double-
layered structure of a chromium or molybdenum (alloy)
lower layer and an aluminum (alloy) upper layer, and a
triple-layered structure of a molybdenum (alloy) lower layer,
an aluminum (alloy) intermediate layer, and a molybdenum
(alloy) upper layer. However, the data conductors 171, 172,
174, and 175a to 175d may be formed of various metals or
conductors other than the above disclosed materials.

[0071] Like the gate conductors 121a, 1215, 122 and
124c, the lateral sides of the data conductors 171, 172, 174,
and 175a-175d are also inclined with respect to the surface
of the substrate 110 at an angle of about 30 degrees to about
80 degrees, as illustrated in FIGS. 5. to 7.

[0072] Referring to FIGS. 5 to 7, the ohmic contacts 163¢
to 163d, 165a to 1654, 166 and 167 are provided only
between the underlying semiconductor islands 154a to 1544
and 155 to 157 and the overlying data conductors 171, 172,
174 and 175a to 175d, so as to reduce contact resistance
there between. The semiconductor islands 154a and 155 to
157 which are disposed on the scanning signal lines 121a/
1215 and the control voltage lines 122 have a smooth surface
profile to prevent disconnection of the data conductors 171,
172, 174 and 175d The semiconductor islands 154a to 1544
have exposed portions which are not covered with the input
terminal electrodes 173a to 1734 and the output terminal
electrodes 175a to 1754.
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[0073] A passivation layer 180p is formed on the data
conductors 171, 172, 174, and 175¢ to 1754, the exposed
portions of the semiconductor islands 154a to 1544, and the
gate insulating layer 140. The passivation layer 180p is
formed of an inorganic insulator, such as silicon nitride or
silicon oxide, an organic insulator, or an insulator having a
low dielectric constant. The organic insulator and the insu-
lator having a low dielectric constant preferably have a
dielectric constant of 4.0 or less. Examples of the organic
insulators may include a-Si:C:O and a-Si:O:F, which are
formed by a plasma enhanced chemical vapor deposition
(“PECVD”) method. The passivation layer 180p may be
formed of an organic insulator which is photosensitive and
the surface of the passivation layer 180p may be planarized.
The passivation layer 180p may have a double-layered
structure of a lower inorganic layer and an upper organic
layer so as to use the exceptional insulative characteristics of
an organic layer and to prevent the exposed portions of the
semiconductor islands 154a to 154d from being damaged.

[0074] Referring to FIGS. 4 to 7, a plurality of contact
holes 186, 185 and 1884/1884 are formed in the passivation
layer 180p so as to respectively expose the first, the third and
the fourth output terminal electrodes 175a, 175¢ and 175d,
and a plurality of contact holes 187, 189a and 1895 are
formed in the passivation layer 180p and the gate insulating
layer 140, so as to respectively expose the third input
terminal electrode 124¢ and the scanning signal lines 121a
and 1215.

[0075] A plurality of color filters 230 are formed on the
passivation layer 180p. The color filters 230 extend in a
longitudinal direction, as illustrated in FIG. 4, along a
column of pixel electrodes 191 in strip shapes, and two
adjacent color filters 230 overlap each other above the image
data lines 171, as illustrated in FIG. 5. The overlapping color
filters 230 are formed of organic layers, so as to insulate the
pixel electrodes 191 from the image data lines 171. Further,
the overlapping color filters 230 may function as a light
blocking member for preventing light from leaking between
the pixel electrodes 191. In this case, a light blocking
member on the common electrode panel may be omitted,
and thus a manufacturing process can be simplified.

[0076] As illustrated in FIG. 5 and FIG. 7, through holes
235, 236, 237, 238 and 239, through which the contact holes
185, 186, 187, 188a, 188H, 189a and 1895, respectively,
pass, are formed in the color filters 230, and the through
holes 235, 236, 237, 238 and 239 are larger than the contact
holes 185, 186, 187, 1884, 1885, 1894 and 1895. The color
filters 230 do not exist in a peripheral area where end
portions (not shown) of the scanning signal lines 121 and
end portions (not shown) of the image data lines 171 are
positioned.

[0077] Each of the color filters 230 may display one of
three primary colors, such as red, green, and blue. That is, in
FIG. 3, a color filter which represents red is provided in the
red pixel R, a color filter 230G which represents green is
provided in the green pixel G, and a color filter 230B which
represents blue is provided in the blue pixel B. Meanwhile,
no color filter is provided in the white pixel W.

[0078] An overcoat 180q¢ is formed on the color filters 230,
as illustrated in FIG. 7. The overcoat 180¢, which may
provide a planarized surface, may be formed of an organic
insulator, and prevents the color filters 230 from being
exposed. The overcoat 180¢ may be omitted.
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[0079] Referring to FIGS. 4 to 7, a plurality of pixel
electrodes 191 and a plurality of connecting members 193,
1954, and 1955 are formed on the overcoat 180g. The pixel
electrodes 191 may be formed of a transparent material, such
as ITO or IZ0, or a reflective metal, such as aluminum,
silver, or an alloy thereof.

[0080] The pixel electrodes 191 are physically and elec-
trically connected to the third output terminal electrodes
175¢ through the contact holes 185. The connecting mem-
bers 193 are connected to the first output terminal electrodes
175¢ and the third control terminal electrodes 124¢ through
the contact holes 186 and 187, and the connecting members
195¢ are connected to the fourth output terminal electrodes
175d and the scanning signal lines 121a of the previous pixel
row, through the contact holes 188¢ and 189a. Further, the
connecting members 1955 are connected to the fourth output
terminal electrodes 1754 and the next scanning signal lines
1215 through the contact holes 1885 and 1895.

[0081] A partition 361 is formed on the passivation layer
1804. The partition 361 surrounds an edge of the pixel
electrodes 191 in a bank shape so as to define openings 365
and is formed of an organic insulator or an inorganic
insulator. The partition 361 may also be formed of photo-
resist, which may include a black pigment. In this case, the
partition 361, formed by a simple process, functions as a
light blocking member.

[0082] Organic light emitting members 370 are formed in
the openings 365 on the pixel electrodes 191, which is
defined by the partition 361 and by all or a part of the
partition 361, as illustrated in FIG. 7. The organic light
emitting members 370 may emit white light. The organic
light emitting members 370 include a first layer 370p, a
second layer 3704, and a third layer 3707, formed of organic
materials uniquely emitting light of different colors. Each of
the first to third layers 370p to 370r may be formed of an
organic material uniquely emitting light of one of three
primary colors, such as red, green, and blue. In one embodi-
ment, the first layer 370p emits blue light, the second layer
370¢ emits green light, and the third layer 3707 emits red
light.

[0083] In an embodiment, the organic light emitting mem-
bers 370 may be formed only in the openings 365 on the
pixel electrodes 191 defined by the partition 361.

[0084] Each entire organic light emitting member 370,
having the first to third layers 370p to 370r, synthesizes the
light of three colors so as to emit white light. Accordingly,
the pixel R having the red color filter represents red, the
pixel G having the green color filter 230G represents green,
and the pixel B having the blue color filter 230B represents
blue. The pixel W having no color filter represents white.
Consequently, the organic light emitting diode (“OLED”)
display displays desired images by a spatial sum of color
light of primary colors emitted from the color filters 230 and
the organic light emitting members 370.

[0085] However, the present invention is not limited to
this exemplary embodiment. In exemplary embodiments,
the organic light emitting members 370 may have two layers
emitting light of orange and sky blue or may have one layer
formed of a material emitting white light. In further exem-
plary embodiments, the layers 370p to 3707 of the organic
light emitting members 370 may be horizontally laminated,
with reference to FIGS. 5 to 7.

[0086] In exemplary embodiments, the organic light emit-
ting members 370 may have a multi-layered structure
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including an auxiliary layer (not shown) for improving
light-emission efficiency of the light-emitting layer, in addi-
tion to the light emitting layer (not shown) emitting light.
The auxiliary layer may include an electron transport layer
(not shown), a hole transport layer (now shown) for balanc-
ing electrons and holes, an electron injection layer (not
shown), and a hole injection layer (not shown) for reinforc-
ing the injection of the electrons and holes.

[0087] A common electrode 270, to which a common
voltage Vcom is applied, is formed on the partition 361 and
on the organic light emitting members 370, as illustrated in
FIG. 7. The common electrode 270 is formed of a reflective
metal, such as calcium (Ca), barium (Ba), magnesium (Mg),
aluminum (Al), or silver (Ag), or a transparent conductive
material, such as ITO or IZO.

[0088] As described above, since the color filters 230 or
the overcoat 180q are formed on the passivation layer 180p,
it is possible to prevent a short circuit between the pixel
electrodes 191 and the common electrode 270 due to the
fourth input terminal electrodes 173d, the fourth output
terminal electrodes 1754, the fourth semiconductor islands
1544, and the fourth control terminal electrodes 124d, which
are formed below the passivation layer 180p, as illustrated
in FIG. 7. Therefore, short circuits between the pixel elec-
trodes 191 and the common electrode 270 is reduced, or
effectively prevented by the structure below the passivation
layer 180p. The common electrode 270 serves as a cathode.
Alternatively, the pixel electrodes 191 may serve as a
cathode, and the common electrode 270 may serve as an
anode. The third control terminal electrodes 124c, the driv-
ing voltage lines 172, and the third output terminal elec-
trodes 175¢, which overlap one another, form the first
capacitors C1, and the fourth control terminal electrodes
1244, the second output terminal electrodes 17556, and the
fourth input terminal electrodes 1734 which overlap one
another, form the second capacitors C2, as illustrated in FIG.
5.

[0089] The organic light emitting diode (“OLED”) display
displays images by emitting light above or below the sub-
strate 110. Non-transparent pixel electrodes 191 and a trans-
parent common electrode 270 are applied to a top emission
type OLED display which displays images above the sub-
strate 110, as illustrated in FIG. 7) Meanwhile, transparent
pixel electrodes 191 and a non-transparent common elec-
trode 270 are applied to a bottom emission type OLED
display which displays images below the substrate 110.

[0090] At least a part of the fourth semiconductor islands
1544 overlaps the organic light emitting members 370 and
is exposed to light emitted from the organic light emitting
members 370. However, the first to third semiconductor
islands 154a to 154c¢ are covered with the partition 361 and
are blocked from light emitted from the organic light emit-
ting members 370, as illustrated in FIG. 7.

[0091] Meanwhile, when each of the semiconductor
islands 154a to 1544 and 155 to 157 is formed of polysili-
con, it includes an intrinsic region (not shown) facing a
corresponding region of the control terminal electrodes 124a
to 124d and extrinsic regions (not shown) positioned on both
sides of the intrinsic region. The extrinsic regions may be
electrically connected to a corresponding region of the input
terminal electrodes 173a to 1734 and a corresponding region
of the output terminal electrodes 175a to 175d. The ohmic
contacts 163a to 1634 and 1654 to 1654 may be omitted.
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[0092] The control terminal electrodes 124a to 124d may
be disposed on the semiconductor islands 154a to 1544,
respectively. In this case, the gate insulating layer 140 is also
positioned between the semiconductor islands 154a to 1544
and the control terminal electrodes 124a to 124d. At this
time, the data conductors 171, 172, 174 and 175a to 1754
may be positioned on the gate insulating layer 140 and may
be electrically connected to the semiconductor islands 154«
to 1544 through the contact holes (not shown) formed in the
gate insulating layer 140. In contrast, the data conductors
171,172, 174 and 175a to 175b may be positioned below the
semiconductor islands 154a to 1544 and may be electrically
connected to the overlying semiconductor islands 154a to
154d.

[0093] Referring to FIG. 1, the gray voltage generator 700
generates a gray voltage set (e.g. a reference gray voltage
set) related to luminance of the pixels PX on the basis of
gamma control data (“GCD”) from the signal controller 600.
The GCD is a digital value corresponding to an image data
voltage (hereinafter referred to as the maximum image data
voltage) for the maximum gray level. In contrast, the GCD
may have a plurality of digital values corresponding to the
gray voltage, and the digital values may be stored in a
lookup table (not shown). In addition, the gray voltage
generator 700 may independently generate a gray voltage on
the basis of a separate gamma curve for every primary color.
In this case, GCD may also be defined for every primary
color.

[0094] Referring to FIG. 1, the scanning driver 400 is
connected to the scanning signal lines G, to G,,,, of the
display panel 300 and applies scanning signals which are
obtained by combining a gate-on voltage Von and a gate-off
voltage Voff for turning on and off the first and the second
switching transistors Qs1 and Qs2 to the scanning signal
lines G, t0 G, ;.

[0095] Referring to FIG. 1, the image data driver 500 is
connected to the image data lines D, to D, of the display
panel 300. The image data driver 500 selects a gray voltage
from the gray voltage generator 700 and applies the selected
gray voltage to the image data lines D, to D,, as the image
data voltage. When the gray voltage generator 700 does not
supply voltages for all gray levels but instead supplies only
a predetermined number of reference gray voltages, the
image data driver 500 divides the reference gray voltages,
generates gray voltages for all the gray levels, and selects the
image data voltage among them.

[0096] Referring to FIG. 1, the luminance detector 800 is
connected to the sensing data lines P, to P,, of the display
panel 300 and applies the sensing reference voltage to the
sensing data lines P, to P, . The sensing reference voltage is
applied to the second capacitor C2 through the second
switching transistor Qs2, and the second capacitor C2 which
1s discharged to a predetermined voltage is re-charged with
the sensing reference voltage. The luminance detector 800
detects a voltage charged in the second capacitor C2 (e.g., a
differential voltage between the sensing reference voltage
and the predetermined voltage), performs a predetermined
signal processing on the detected voltage so as to generate
digital luminance information (“DSN”), and then transmits
the digital luminance information to the signal controller
600. Here, the detected voltage corresponds to luminance
represented by the organic light emitting diode (“OLED”)
LD. The luminance detector 800 may detect a current
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flowing into or the amount of charges accumulated in the
second capacitor C2, so as to obtain the luminance infor-
mation.

[0097] The signal controller 600 controls the scanning
driver 400, the image data driver 500, the luminance detec-
tor 800, and the like.

[0098] The driving devices 400, 500, 600, 700 and 800
may be directly mounted on the display panel 300 as at least
one IC chip or may be mounted on a flexible printed circuit
film (not shown) and attached to the display panel 300 as a
tape carrier package (“TCP”). Further, each driving device
may be mounted on a separate printed circuit board (not
shown). Further, each of the driving devices 400, 500, 600,
700 and 800 may be integrated with the display panel 300,
together with the signal lines G, to G,,, and D, to D, the
thin film transistors Qs1, Qs2. Qd and Qp, and the like. In
addition, the driving devices 400, 500, 600, 700 and 800
may be integrated into a single chip. In this case, at least one
of the driving devices or at least one circuit element of the
driving devices may be provided outside the single chip.
[0099] The operation of the organic light emitting diode
(“OLED”) display will now be described in more detail.
[0100] The signal controller 600 receives input image
signals R, G, and B and input control signals for controlling
display thereof from an external graphic controller (not
shown). The input image signals R, G, and B have lumi-
nance information of each pixel PX and the luminance has
a predetermined number of gray levels (e.g. 1024(=2'7),
256(=2%) or 64(=2°)). Examples of the input control signals
may include a vertical synchronizing signal Vsync, a hori-
zontal synchronizing signal Hsync, a main clock MCLK and
a data enable signal DE.

[0101] The signal controller 600 appropriately processes
the input image signals R, G and B on the basis of the input
image signals R, G and B and the input control signals
according to the operation conditions of the display panel
300 and the image data driver 500. The signal controller 600
also generates a scanning control signal CONT1, an image
data control signal CONT2, a luminance sensing control
signal CONT3, and the gamma control data GCD. Then, the
signal controller 600 outputs the scanning control signal
CONT1 to the scanning driver 400, and outputs the image
data control signal CONT2 and a processed image signal
DAT to the image data driver 500. The output image signal
DAT is a digital signal and has a predetermined number of
values (or gray levels). Further, the signal controller 600
outputs the luminance sensing control signal CONT3 to the
luminance detector 800, and outputs the GCD to the gray
voltage generator 700.

[0102] The scanning control signal CONT1 includes a
scanning start signal STV for instructing to start scanning
and at least one clock signal for controlling an output cycle
of the gate-on voltage Von. The scanning control signal
CONT1 may further include an output enable signal OE for
defining the duration of the gate-on voltage Von.

[0103] The image data control signal CONT2 includes a
horizontal synchronization start signal STH for informing
the start of transmission of the image signals DAT for one
row of pixels PX, a load signal LOAD for instructing to
apply the image data voltages to the image data lines D, to
Dm, and a data clock signal HCLK.

[0104] The image data driver 500 receives the image
signals DAT for one row of pixels PX according to the image
data control signal CONT2 from the signal controller 600,
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and selects the gray voltages corresponding to the image
signals DAT. Then, the data driver 500 converts the image
signals DAT into the analog data voltages, and applies the
converted analog data voltages to the image data lines D, to
D,,. In contrast, the image data driver 500 may divide the
reference gray voltages from the gray voltage generator 700,
generate the gray voltages by itself, and apply the generated
gray voltages to the image data lines D, to D,, as the image
data voltages.

[0105] The scanning driver 400 applies the gate-on volt-
age Von to the scanning signal lines G, to G, ,; according to
the scanning control signal CONT1 from the signal control-
ler 600 and turns on the first switching elements Qs1 which
are respectively connected to the scanning signal lines G, to
G, Then, the image data voltage applied to each of the
image data lines D, to D, is applied to the control terminal
of the corresponding driving transistor Qd and the first
capacitor C1 through the turned-on first switching transistor
Qsl, and the first capacitor C1 charges the image data
voltage. The voltage charged in the first capacitor C1 is
maintained for one frame even though the scanning signal
becomes the gate-off voltage Voff and the first switching
transistor Qsl is turned off. Accordingly, the voltage of the
control terminal of the driving transistor Qd is kept constant.
[0106] The driving transistor Qd outputs the output current
1, p, the magnitude of which is controlled according to the
image data voltage, to the organic light emitting diode
(“OLED”) LD. The OLED LD emits light with a different
intensity according to the magnitude of the current I, ,,, so as
to display a corresponding image.

[0107] This process is repeated for every one horizontal
period, which is also referred to as “1H” and is equal to one
cycle of the horizontal synchronizing signal Hsync and the
data enable signal DE. Then, the gate-on voltage Von is
sequentially applied to all the scanning signal lines G, to
G,,,, and the image data voltages are applied to all the
pixels PX, such that the images for one frame are displayed.
[0108] Here, the scanning signal line G,,,, is connected to
the sensor transistor Qp of the last pixel row but is not
connected to the switching transistors Qs1 and Qs2. Accord-
ingly, the gate-on voltage Von may not be applied to the
scanning signal line G,,, ;. However, in order to put the last
pixel row in the same condition as the other pixel rows, the
gate-on voltage Von may be applied.

[0109] Meanwhile, the luminance detector 800 applies the
sensing reference voltage to the sensing data lines P, to P,
according to the luminance sensing control signal CONT3
from the signal controller 600, as illustrated in FIG. 1.
[0110] When the scanning signal applied to one scanning
signal line G1 becomes the gate-on voltage Von, both the
first switching transistor Qsl and the second switching
transistor Qs2 of the corresponding pixel row are turned on.
The sensing reference voltage applied to the sensing data
lines P, to P,, is applied to the input terminal of the
corresponding sensor transistor Qp and the second capacitor
C2 through the turned-on second switching transistor Qs2,
and the second capacitor C2 charges the sensing reference
voltage.

[0111] After one horizontal period (“IH”), the scanning
signal applied to the scanning signal line G1 becomes the
gate-off voltage Voff, and the scanning signal applied to the
scanning signal line G,,; becomes the gate-on voltage Von.
Then, since the second switching transistor Qs2 is turned off,
the second capacitor C2 and the input terminal of the sensor
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transistor Qp are in a floating state, and the gate-on voltage
Von is applied to the output terminal of the sensor transistor
Qp.

[0112] After the next one horizontal period (“1H”), when
the scanning signal applied to the scanning signal line G, ,
becomes the gate-off voltage Voff, the voltage of the output
terminal of the sensor transistor Qp becomes the gate-off
voltage Voff. Then, the photocurrent of the sensor transistor
Qp which is formed according to light emission of the
OLED LD flows from the input terminal of the sensor
transistor Qp to the output terminal, and the sensing refer-
ence voltage charged in the second capacitor C2 starts to be
discharged. Then, in the next frame, the discharge continues
until the gate-on voltage Von is applied to the scanning
signal line G1 again. At this time, the discharged voltage
corresponds to the luminance represented by the OLED LD.
When the scanning signal becomes the gate-on voltage Von,
the sensing reference voltage applied to the sensing data
lines P, to P, is re-charged in the second capacitor C2. Next,
the luminance detector 800 detects the magnitude of a
differential voltage between the voltage charged in the
second capacitor C2, which is the remaining voltage after
discharge according to the photocurrent and the sensing
reference voltage. generates the digital luminance informa-
tion DSN corresponding to the luminance represented by the
OLED LD, and transmits the generated digital luminance
information to the signal controller 600.

[0113] As illustrated in FIG. 1, the signal controller 600
generates the gamma control data GCD on the basis of a
difference between target luminance and the measured lumi-
nance and outputs the GCD to the gray voltage generator
700. The GCD, on the basis of the difference between the
target luminance and the measured luminance, may be
stored in a lookup table (not shown) or the like and the
measured luminance may be extracted from the digital
luminance information DSN. In one exemplary embodi-
ment, the maximum image data voltage may be set in a range
of about 10V to about 15 V. As the luminance decreases, the
gray voltage increases by increasing the maximum image
data voltage, thereby compensating the luminance. Further,
the luminance may be compensated by changing the gray
voltage itself. In addition, the luminance for each primary
color may be separately compensated by separately measur-
ing the luminance for each primaty color.

[0114] As such, even though the change in threshold
voltage is accompanied by a decrease in the luminance, the
luminance may be compensated by measuring the luminance
using the sensor transistor Qp or the like and changing the
gray voltage.

[0115] Since the change in threshold voltage progresses
for a long time, luminance detection and luminance com-
pensation do not need to be performed for every frame. In
exemplary embodiments, luminance detection and lumi-
nance compensation may be performed for every predeter-
mined amount of time. Further, the luminance does not need
to be detected for all of the pixels PX of the display panel
300. In exemplary embodiments, a sample pixel may be set,
the luminance may be detected from the sample pixel, and
subsequently the gamma control data GCD may be gener-
ated based on the detected luminance.

[0116] In exemplary embodiments, the second capacitor
C2 is designed such that the second capacitor C2 may
completely charge the sensing reference voltage for one
horizontal period. Further, the sensor transistor Qp and the
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second capacitor C2 are preferably designed such that the
voltage discharged according to the photocurrent is smaller
than the sensing reference voltage. The sensing reference
voltage and the gate-off voltage Voff are set such that the
photocurrent flows from the input terminal of the sensor
transistor Qp to the output terminal. In one exemplary
embodiment, the sensing reference voltage may be set to
approximately 5 V, and the gate-off voltage Voff may be set
to approximately -8 V.

[0117] According to an exemplary embodiment of the
present invertion, an organic light emitting diode (“OLED”)
display which includes a photo sensing part is used as a
device for compensating a change in the threshold voltage,
so as to prevent a short circuit between the pixel electrodes
and the common electrode. That is, a change in threshold
voltage of an amorphous silicon thin film transistor can be
compensated, and thus a structure for preventing degrada-
tion of image quality can be stably implemented.

[0118] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the present
invention is not limited to the disclosed exemplary embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:

1. A display device comprising:

a plurality of light emitting elements which emit light
when supplied a with driving current, each light emit-
ting element having an organic light emitting layer
emitting white light;

a plurality of driving transistors which supply the driving
current to the light emitting elements;

a plurality of photo sensing parts which sense light
amounts according to emission of the light from the
light emitting elements and output sense signals
according to the sensed light amounts; and

a plurality of color filters which are formed on the
plurality of driving transistors and the plurality of photo
sensing parts.

2. The display device of claim 1, further comprising an

overcoat which 1s formed on the plurality of color filters.

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

emitting layer comprises a first layer, a second layer and a
third layer which emit light of different colors from each
other.
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4. The display device of claim 3, wherein the first layer,
the second layer or the third layer emit light of one of red,
blue and green.

5. The display device of claim 4, wherein the first layer
emits blue light, the second layer emits green light and the
third layer emits red light.

6. The display device of claim 1, wherein each of the
photo sensing parts comprises a sensor transistor which
forms a photocurrent according to the emission of the light
from the corresponding light emitting element.

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

a plurality of first capacitors which charge an image data
voltage corresponding to the driving current; and

a plurality of second capacitors which charge a sensing
reference voltage and discharge a predetermined volt-
age corresponding to the photocurrent.

8. The display device of claim 7, further comprising:

a plurality of first switching transistors which transmit the
image data voltage to the first capacitors and the
driving transistors according to scanning signals; and

a plurality of second switching transistors which transmit
the sensing reference voltage to the second capacitors
and the sensor transistors according to the scanning
signal.

9. The display device of claim 8, further comprising:

a plurality of scanning signal lines which are respectively
connected to the first and second switching transistors
and transmit the scanning signals;

a plurality of image data lines which are respectively
connected to the first switching transistors and transmit
the image data voltage; and

a plurality of sensing data lines which are respectively
connected to the second switching transistors and trans-
mit the sensing reference voltage.

10. The display device of claim 9, further comprising a
luminance detector which is connected to the sensing data
lines so as to supply the sensing reference voltage to the
sensing data lines, and detects the magnitude of a voltage
charged in each of the second capacitors so as to generate
luminance information about the light emitting element.
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