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(54) Organic light-emitting display device and method for fabricating the same

(57) An organic light emitting display device (20) in-
cludes a substrate (200), a thin film transistor having a
gate insulating layer (240) and an inter-insulating layer
(260), an organic light emitting diode (290) electrically

connected with the thin film transistor, and a photo sensor
(230), wherein the gate insulating layer (240) includes a
relief structure (241) positioned above the photo sensor
(230).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to organic light-
emitting display devices. In particular, the present inven-
tion relates to an organic light-emitting display device
having a photo sensor with a relief structure capable of
increasing an amount of light absorbed therein and a
method of fabricating the same.

2. Description of the Related Art

[0002] In general, an organic light-emitting diode is a
flat display device where voltage may be applied to a
plurality of layers interposed between two electrodes, i.e.,
an anode electrode and a cathode electrode, to combine
electrons and holes to form images. In particular, the con-
ventional organic light-emitting display device may in-
clude a hole injecting layer, a hole transporting layer, at
least one organic light emitting layer, an electron injecting
layer and an electron transporting layer between the elec-
trodes. Accordingly, holes may be injected into the hole
injecting layer from the anode electrode, so the injected
holes may be transported to the light emitting layer
through the hole transporting layer. Similarly, electrons
may be injected into the electron injecting layer from the
cathode electrode, so the injected electrons may be
transported to the light emitting layer through the electron
transporting layer. The transported holes and electrons
may combine with one another in the light emitting layer,
to form excitons and, thereby, emit visible light and form
images.
[0003] The conventional organic light emitting layer of
the organic light-emitting display device may deteriorate
over time and, thereby, reduce brightness of light emitted
therefrom and/or modify color coordinates thereof. Re-
duced brightness of light emitted from the organic light
emitting layer may decrease the image quality of the or-
ganic light emitting display device and its overall lifespan.
Attempts have been made to improve the brightness of
the organic light-emitting display device by incorporating
a photo sensor therein. However, the conventional photo
sensor may have a low light receiving rate, thereby pro-
viding a limited brightness control of the organic light-
emitting display device.
[0004] Accordingly, there exists a need for an organic
light-emitting display device with a photo sensor capable
of controlling brightness thereof, while exhibiting an im-
proved light receiving rate.

SUMMARY OF THE INVENTION

[0005] The present invention is directed to an organic-
light emitting display device and a method of fabricating
the same, which substantially overcome one or more of

the disadvantages of the related art.
[0006] It is a feature of the present invention to provide
an organic light-emitting display device having a photo
sensor with a relief structure thereabove, such that the
photo sensor is capable of receiving an enhanced
amount of internal light from an organic light-emitting di-
ode.
[0007] It is another feature of the present invention to
provide a method of fabricating an organic light-emitting
display device having a photo sensor with a relief struc-
ture formed in a gate insulating layer thereabove and
capable of enhancing an amount of light received from
an organic light-emitting diode.
[0008] At least one of the above and other features
and advantages of the present invention may be realized
by providing an organic light-emitting display device in-
cluding, a substrate, a thin film transistor having a gate
insulating layer with a first relief structure and an inter-
insulating layer, an organic light-emitting diode electri-
cally connected with the thin film transistor, and a photo
sensor between the substrate and the first relief structure.
[0009] A portion of the gate insulating layer may be
positioned on the substrate between the thin film transis-
tor and the photo sensor. Additionally, the gate insulating
layer may include silicon oxide or silicon nitride.
[0010] The first relief structure may be positioned di-
rectly above the photo sensor. The first relief structure
may be a convex structure. Alternatively, the first relief
structure may be a concave structure. According to yet
another alternative, the first relief structure may have a
tooth-type pattern.
[0011] The photo sensor may be capable of absorbing
light emitted from the organic light-emitting diode and
converting the absorbed light into electrical signals. The
electrical signals may be capable of controlling bright-
ness of the light emitted from the organic light-emitting
diode.
[0012] The inter-insulting layer may include a second
relief structure. The second relief structure may be posi-
tioned directly above the first relief structure.
[0013] Additionally, the second relief structure may
have a concave structure, a convex structure, a tooth-
type pattern, and so forth.
[0014] The organic light-emitting diode may be a rear-
type organic light-emitting diode. Additionally, the organ-
ic light-emitting display device may include a buffer layer
on the substrate.
[0015] According to another aspect of the present in-
vention, there is provided a method for fabricating an
organic light-emitting display device including forming a
semiconductor layer on a substrate, forming a photo sen-
sor on the substrate, such that the photo sensor is sep-
arated from the semiconductor layer, forming a gate in-
sulating layer over the semiconductor layer and the photo
sensor, patterning a surface of the gate insulating layer
above the photo sensor to form a first relief structure,
forming a gate electrode and a source/drain electrode on
the semiconductor layer, and forming an organic light-
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emitting in electric communication with the source/drain
electrode.
[0016] Patterning the surface of the gate insulating lay-
er may include etching. The method for fabricating the
organic light-emitting display device may further include
forming an inter-insulating layer on the gate electrode.
Additionally, the method for fabricating the organic light-
emitting display device may include patterning the sur-
face of the inter-insulating layer above the photo sensor
to form a second relief structure.
[0017] In yet another aspect of the present invention,
there is provided a portable electronic apparatus, includ-
ing an organic light-emitting display device having a sub-
strate, a thin film transistor with a gate insulting layer, an
organic light-emitting diode electrically connected with
the thin film transistor, and a photo sensor, wherein the
gate insulting layer may include a relief structure above
the photo sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other features and advantages
of the present invention will become more apparent to
those of ordinary skill in the art from the following de-
scription of embodiments thereof which is given with ref-
erence to the attached drawings, in which:
[0019] FIG. 1 is a cross-sectional view of an organic
light-emitting display device according to an embodiment
of the present invention;
[0020] FIG. 2 is a cross-sectional view of an organic
light-emitting display device according to another em-
bodiment of the present invention;
[0021] FIGS. 3A-3E illustrate sequential steps in a
process for fabricating the organic light-emitting display
device illustrated in FIG. 1; and
[0022] FIGS. 4-5 are views of exemplary portable elec-
tronic devices having an organic light-emitting display
device according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplary embodiments of the
invention are illustrated. The invention may, however, be
embodied in different forms and should not be construed
as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.
[0024] In the figures, the dimensions of layers and re-
gions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or an element is
referred to as being "on" another layer, element or sub-
strate, it can be directly on the other layer, element or
substrate, or intervening layers or elements may also be
present. Further, it will be understood that when a layer

or an element is referred to as being "under" another
layer or element, it can be directly under, or one or more
intervening layers or elements may also be present. In
addition, it will also be understood that when a layer or
an element is referred to as being "between" two layers
or elements, it can be the only layer or element between
the two layers or elements, or one or more intervening
layers or elements may also be present. Like reference
numerals refer to like elements throughout.
[0025] Hereinafter, an embodiment of an organic light-
emitting display device according to the present invention
will be described in more detail below with reference to
FIG. 1. As illustrated in FIG. 1, an organic light-emitting
display device 20 according to an embodiment of the
present invention includes a substrate 200; a buffer layer
210; a photo sensor 230 on the buffer layer 210; a thin
film transistor having a semiconductor layer 220, a gate
insulating layer 240, a gate electrode 250 and a source/
drain electrode 270; and an organic light-emitting diode
290 electrically connected with the thin film transistor.
[0026] The substrate 200 of the organic light-emitting
display device 20 may be made of any insulating material,
e.g., glass, plastic, silicon, synthetic resin, and so forth,
as determined by one of ordinary skill in the art. Prefer-
ably, the substrate 200 is transparent, e.g., a glass sub-
strate.
[0027] The substrate 200 is formed to have a pixel re-
gion A and a non-pixel region B therein, as illustrated in
FIG. 1, such that the pixel region A includes a region of
the substrate 200 that is capable of displaying images,
e.g., an area including the organic light emitting diode
290, and the non-pixel region B includes all regions of
the substrate 200 that are not capable of displaying im-
ages, i.e., regions other than the pixel region A. For ex-
ample, the thin film transistor is formed in the non-pixel
region B.
[0028] The buffer layer 210 of the organic light-emitting
display device 20 is selectively formed on the substrate
200 of silicon nitride (SiNx) or silicon oxide (SiO2). The
buffer layer 210 serves to minimize diffusion of impurities
into the semiconductor layer 220 or the photo sensor 230
during post-processing thereof.
[0029] The photo sensor 230 of the light-emitting dis-
play device 20 may be any suitable optical sensor capa-
ble of receiving a light signal and converting the light sig-
nal into an electrical signal, e.g., current or voltage. For
example, the photo sensor 230 may be a semiconductor
device having a light detecting function, such as a diode
with a light detecting function at a junction thereof, i.e.,
a photo diode. In other words, because electrons or holes
are generated by means of absorption of photons, and
a conductivity of a diode is modulated with respect to a
light signal detected therein, a diode functioning as the
photo sensor 240 can convert light signals into electrical
signals by modifying a current flow with respect to de-
tected optical changes, i.e., absorbed photons.
[0030] The photo sensor 230 is formed on the buffer
layer 210. In particular, the photo sensor 230 is formed

3 4 



EP 1 865 559 A2

4

5

10

15

20

25

30

35

40

45

50

55

above the pixel region A of the substrate 200 of amor-
phous silicon. More specifically, the photo sensor 230
includes a N-type doping region 231, a P-type doping
region 232, and an intrinsic region therebetween (not
shown), and is positioned on the buffer layer 210, i.e.,
between the substrate 200 and the organic light emitting
diode 290, such that vertical rays of light emitted from
the organic light-emitting diode 290 can reach the photo
sensor 230.
[0031] If an anode voltage is applied to the P-type dop-
ing region 232 and a cathode voltage is applied to the N-
type doping region 231, the intrinsic region between the
N-type doping region 231 and the P-type doping region
232 can become fully depleted, thereby generating and
accumulating charges by absorbing light emitted from
the organic light-emitting diode 290 and converting them
into electrical signals. The electrical signals generated
by the photo sensor 230 in response to the absorbed
light signals then represent actual brightness values of
the organic light-emitting diode 290 and can be compared
to a predetermined brightness reference value. Any de-
viation of the actual brightness values from the predeter-
mined brightness reference value can be controlled by
the photo sensor 230, thereby facilitating constant bright-
ness output from the organic light-emitting diode 290,
i.e., light generated by the light emitting layer 292.
[0032] More specifically, for example, electric signals
generated by the photo sensor 230, i.e., signals repre-
senting actual brightness values, can be supplied to a
signal processing part and, subsequently, to a gamma
compensating part in order to perform a predetermined
gamma revision and to generate a standard voltage cor-
responding to each gradation level. The standard voltage
corresponding to each gradation level can be applied to
a data signal generator to generate a data signal based
on the standard voltage and to be applied to respective
data lines. Alternatively, electric signals generated by the
photo sensor 240 can be supplied to a controller, so that
the controller can output a respective control signal for
controlling the brightness of the light emitting layer 292
with respect to the internal light thereof.
[0033] The semiconductor layer 220 of the thin film
transistor is formed to have a predetermined pattern in
the non-pixel region B on the buffer layer 210. In partic-
ular, the semiconductor layer 220 is formed by crystal-
lizing an amorphous silicon layer into a low temperature
polysilicon (LTPS) via, for example, laser irradiation.
[0034] The gate insulating layer 240 of the thin film
transistor is formed on the semiconductor layer 220 and
the photo sensor 230 of silicon nitride (SiNx), silicon oxide
(SiO2), and so forth. In particular, the gate insulating layer
240 is disposed between the semiconductor layer 220
and the gate electrode 250, as illustrated in FIG. 1, and
a surface portion of the gate insulating layer 240 above
the photo sensor 230 and in communication with the inter-
insulating layer 260 is formed to include a relief structure
241, e.g., a convex structure having a plurality of u-
shaped indents, a concave structure having a plurality of

inverted u-shaped projections, a tooth structure having
a plurality of rectangular teeth, and so forth. Without in-
tending to be bound by theory, it is believed that formation
of the relief structure 241 above the photo sensor 230
increases the condensing efficiency of the light incident
from the organic light-emitting diode 290 to the photo
sensor 230 due to increased surface area of the gate
insulating layer 240 above the photo sensor 230. In other
words, formation of the relief structure 241 in the gate
insulating layer 240 above the photo sensor 230 increas-
es the surface area per unit area of the gate insulating
layer 240 and decreases the light incidence angle ther-
eon, thereby maximizing incident light efficiency, i.e., pro-
viding larger incidence area for a same amount of light
to increase the amount and rate of light received by the
photo sensor 230.
[0035] The gate electrode 250 of the thin film transistor
is disposed in a predetermined pattern on the gate insu-
lating layer 240 in the non-pixel region B. An inter-insu-
lating layer 260 is disposed on the gate electrode 250
and on the gate insulting layer 240. In particular, the inter-
insulating layer 260 is positioned between the gate in-
sulting layer 240 and the organic light-emitting diode 290
in the non-pixel area B and be in communication with the
gate insulating layer 240, as illustrated in FIG. 1.
[0036] The source/drain electrode 270 of the thin film
transistor is disposed over the inter-insulating layer 260
and electrically connected with both sides of the semi-
conductor layer 220 via a contact hole formed through
the gate insulating layer 240 and the inter-insulating layer
260.
[0037] The organic light-emitting diode 290 of the light-
emitting display device 20 is formed on the substrate 200
and includes a first electrode layer 291, a second elec-
trode layer 293, and a light emitting layer 292 therebe-
tween. The organic light-emitting diode 290 is electrically
connected to the thin film transistor, i.e., any one of the
source and drain electrodes 270, via a hole.
[0038] The first electrode layer 291 of the organic light
emitting diode 290 is made of any suitable transparent
conductor, e.g., indium-tin-oxide (ITO), indium-zinc-ox-
ide (IZO), zinc oxide (ZnO), and so forth. The second
electrode layer 293 of the organic light-emitting diode
290 is formed on the first electrode layer 291. At least
one layer of the second electrode layer 293 is made of
a reflective metal film as a bottom emission type. The
light emitting layer 292 of the organic light-emitting diode
290 is formed between the first and second electrode
layers 291 and 293, respectively. In particular, the light
emitting layer 292 is formed to partially expose the first
electrode layer 291. Further, the light emitting layer 292
includes a hole injecting layer, a hole transporting layer,
an electron transporting layer and an electron injecting
layer. Accordingly, the light emitting layer 292 generates
light when holes and electron injected from the first and
second electrode layers 291 and 293, respectively, are
coupled therein. Further, the light emitted from the light
emitting layer 292 is emitted to the substrate 200 through
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the transparent first electrode layer 291 due to the reflec-
tive metal film employed in the second electrode layer
293.
[0039] The light-emitting display device 20 according
to the present invention also includes a planarization lay-
er 280. The planarization layer 280 is formed on the inter-
insulating layer 260 and the source/drain electrode 270
by depositing a layer of an oxide film, e.g., SiO2 a nitride
film, e.g., (SiNx), and so forth. In particular, the planari-
zation layer 280 is positioned between the thin film tran-
sistor and the organic light emitting diode 290, and a por-
tion of the planarization layer 280 is etched to expose
one of the source and drain electrodes 270 of the thin
film transistor in order to provide a connection between
the thin film transistor and the organic light emitting diode
290.
[0040] The light-emitting display device 20 according
to the present invention also includes a pixel defining film
295. The pixel defining film is formed on the planarization
layer 280, such that the pixel defining film 295 includes
an opening part (not shown) to at least partially expose
the first electrode layer 291 of the organic light emitting
diode 290. In particular, portions of the pixel defining film
295 are positioned between the first and second elec-
trode layers 291 and 293 of the organic light emitting
diode 290. The pixel defining film 295 is made of an or-
ganic insulation material, e.g., acrylic organic com-
pounds, polyamides, polyimides, and so forth.
[0041] In another embodiment of the present inven-
tion, illustrated in FIG. 2, an organic light-emitting display
device 30 includes a substrate 300, a buffer layer 310; a
photo sensor 330 on the buffer layer 310; a thin film tran-
sistor having a semiconductor layer 320, a gate insulating
layer 340, a gate electrode 350 an inter-insulating layer
360, and a source/drain electrode 370; and an organic
light-emitting diode 390 electrically connected with the
thin film transistor. Additionally, the organic light-emitting
display device 30 includes first and second relief struc-
tures 341 and 361 on upper surfaces of the gate insulat-
ing layer 340 and the inter-insulating layer 360, respec-
tively. It should be noted, however, that some elements
of the organic light-emitting display device 30 are similar
to elements of the organic light-emitting display device
20 described previously with respect to FIG. 1 and, ac-
cordingly, detailed descriptions of similar elements will
not be repeated hereinafter.
[0042] The first relief structure 341 is formed similarly
to the relief structure 241 previously described with re-
spect to FIG. 1. The second relief structure 361 is formed
on the upper surface of the inter-insulating layer 360 by
a similar method and in a similar shape as the first relief
structure 341. In particular, the first and second relief
structures 341 and 361 are formed to have a convex pat-
tern or a concave pattern in order to increase the con-
densing efficiency of the light incident from the organic
light-emitting diode 390 to the photo sensor 330. Without
intending to be bound by theory, it is believed that for-
mation of the second relief structure 361 above the photo

sensor 330, in addition to the first relief structure 341,
condenses efficiency of the light incident from the organic
light-emitting diode 390 toward the photo sensor 330
even further. Accordingly, more electrons or holes are
generated in the photo sensor 330 to improve brightness
control of the organic light-emitting diode 390.
[0043] In this respect, it should be noted that even
though the first and second relief structures 341 and 361
are illustrated in FIG. 2 as convex patterns directly above
the photo sensor 330, other patterns of relief structures
are not excluded from the scope of the present invention.
For example, any structure capable of improving the light
receiving rate of the photo sensor 330 by increasing the
surface area for incident light thereon, e.g., a tooth-type
pattern on an entire surface of the gate insulating layer
340 or the inter-insulating layer 360, may be employed.
[0044] According to another aspect of the present in-
vention illustrated with reference to FIGS. 3A- 3E, a meth-
od for fabricating the organic light-emitting display device
previously described with respect to FIG. 1 will be de-
scribed in detail below.
[0045] As illustrated in FIG. 3A, a buffer layer 210 is
formed on an upper surface of a substrate 200. In par-
ticular, the buffer layer 210 is formed of silicon nitride
(SiNx) or silicon oxide (SiO2) to a thickness of from about
3000 angstroms by any method known in the art, e.g.,
plasma enhanced chemical vapor deposition (PECVD).
[0046] The semiconductor layer 220 is formed on the
non-pixel region B of the substrate 200 of silicon and
organic material. In particular, the semiconductor layer
220 is deposited on the buffer layer 210 to a thickness
of about 300 angstroms to about 2000 angstroms by
chemical vapor deposition (CVD). Once the semiconduc-
tor layer 220 is deposited, it is patterned into a predeter-
mined shape, e.g., an island shape.
[0047] The photo sensor 230 is formed on the pixel
region A of the substrate 200. For example, the photo
sensor 230 is formed on the buffer layer 210 at a prede-
termined distance from the semiconductor layer 220. In
other words, even though both the photo sensor 230 and
the semiconductor layer 220 are formed on the buffer
layer 210, there may be a distance therebetween. For
example, a portion of a gate insulating layer 240 may be
placed therebetween, as will be discussed in more detail
below. It should further be noted that the photo sensor
230 may be formed anywhere in the pixel region A, i.e.,
anywhere between the first buffer layer 210 and the first
electrode 291, as long as vertical rays of light emitted
from the light emitting layer 292 of the organic light-emit-
ting diode 290 can be incident thereon. Accordingly, the
location of the photo sensor 230 should not be limited to
the illustrations in FIGS. 3A-3E.
[0048] The photo sensor 230 is formed by depositing
an amorphous silicon layer and, subsequently, crystal-
lizing the amorphous silicon layer by a predetermined
heat treatment to form a polycrystalline silicon layer. The
polycrystalline silicon layer is patterned and injected with
high concentrations of N and P types impurities to form
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the N-type doping region 231 and P-type doping region
232 in first and second regions of the polycrystalline sil-
icon, respectively. The N-type doping region 231 and the
P-type doping region 232 are formed in both edges of
the polycrystalline silicon layer.
[0049] Next, as illustrated in FIG. 3B, the gate insulat-
ing layer 240 is deposited over the semiconductor layer
220 and the photo sensor 230. In particular, the gate
insulating layer 240 is formed of silicon nitride (SiNx) or
silicon oxide (SiO2) at a thickness of about 700 angstroms
to about 1500 angstroms by PECVD. Subsequently, a
photo mask 242 having a pattern corresponding to a relief
structure is applied to the gate insulating layer 240, such
that the relief pattern can be positioned on the gate in-
sulating layer 240 above a location of the photo sensor
230. Consequently, an exposure process and a devel-
opment process are performed on the gate insulating lay-
er 240. In this respect, it should be noted that the pattern
of the photo mask 242 can be controlled in terms of hem-
isphere length, i.e., diameter, height, angle, pattern in-
tervals/overlaps, and so forth in order to maximize the
condensing efficiency of the relief structure 241 upon for-
mation thereof. As illustrated in FIG. 3C, portions from
the upper surface, i.e., a surface in contact with the photo
mask 242, of the gate insulating layer 240 are removed
during the exposure and development processes, such
that the pattern of the photo mask 242 is imparted onto
the gate insulating layer 240 to form the relief structure
241 above the photo sensor 230. In other words, portions
of the gate insulating layer 240 are removed to form, for
example, a tooth-type pattern thereon. The tooth-type
pattern may be hardened by any convenient heat treat-
ment as determined by one of ordinary skill in the art to
form a relief structure 241 having a convex structure or
a concave structure.
[0050] In general, the relief structure 241 is formed to
have a plurality of sequential elliptical spheres or hemi-
spheres having a diameter of about several Pm to about
several tens of Pm, and maintain an angle of about 5° to
about 30° with respect to the horizontal surface of the
photo sensor 230. For example, if the diameter of the
plurality of hemispheres has a length of about several
Pm, the maximum light receiving rate, i.e., incident light
emitted from the organic light emitting diode 290, may
be at an angle of about (-30)° with respect to the hori-
zontal surface of the photo sensor 230.
[0051] Next, as illustrated in FIG. 3D, a gate electrode
250 is disposed on the semiconductor layer 220, such
that the gate insulating layer 240 is positioned therebe-
tween. The gate electrode 250 is formed by sputtering a
conductive metal, e.g., aluminum (Al) or aluminum alloy,
molybdenum tungsten (MoW), molybdenum (Mo), cop-
per (Cu), silver (Ag) or silver alloy, indium tin oxide (ITO),
indium zinc oxide (IZO), a translucent metal, and so forth,
on the gate insulating layer 240 to a thickness of about
2000 angstroms to about 3000 angstroms, and subse-
quently, patterning the deposited conductive metal into
a predetermined shape. An inter-insulating layer 260 is

disposed on the gate insulating layer 240 and the gate
electrode 250 by the same method as previously de-
scribed with respect to the gate insulating layer 240.
[0052] Next, a source/drain electrode 270 is formed on
the inter-insulating layer 260 above the gate electrode
250 and electrically connected with the semiconductor
layer 220 to complete formation of the thin film transistor.
In other words, at least one contact hole is formed through
the gate insulating layer 240 and the inter-insulating layer
260, such that each side of the source/drain electrode
270 is in electrical communication with the semiconduc-
tor layer 220. A planarization layer 280 is formed on the
inter-insulating layer 260, such that the source/drain elec-
trode 270 is positioned therebetween.
[0053] The organic light-emitting diode 290 is posi-
tioned on the planarization layer 280 and electrically con-
nected to any one of the source/drain electrodes 270. In
particular, as illustrated in FIG. 3E, the first electrode lay-
er 291 of the organic light-emitting diode 290 is electri-
cally connected with the source or drain electrode 270
via a hole formed by etching through the planarization
layer 280. A second electrode layer 293 is formed to have
at least one reflective metal film, and the second elec-
trode layer 293 is disposed on the first electrode layer
291, having a light emitting layer 292 formed therebe-
tween. The light emitting layer 292 includes a hole inject-
ing layer, a hole transporting layer, an electron transport-
ing layer and an electron injecting layer. The pixel defin-
ing layer 295 is formed between the light emitting layer
292 and the first electrode layer 291. In particular, the
pixel defining layer 295 is formed by applying an organic
insulation material, e.g., acrylic organic compounds,
polyamides, and so forth, on the planarization layer 280,
such that portions of the pixel defining layer 295 are po-
sitioned between the light emitting layer 292 and the first
electrode layer 291. The pixel defining layer 295 includes
an opening part to at least partially expose the first elec-
trode layer 291.
[0054] As illustrated in FIGS. 5-6, the organic light-
emitting display devices according to embodiments pre-
viously described with respect to FIGS. 1-4 can be em-
ployed in any portable electronic apparatus, e.g., a cel-
lular phone, a lap-top type computer, a digital camera, a
personal multimedia player (PMP), and so forth, as de-
scribed be one of ordinary skill in the art.
[0055] As described above, the present invention is
advantageous in providing an organic light-emitting dis-
play device having a photo sensor capable of absorbing
an increased amount of internal light from the organic
light emitting diode due to increased light incidence sur-
face area above the photo sensor, thereby providing en-
hanced brightness control of the organic light-emitting
display device. As such, the present invention may ad-
vantageously minimize brightness and image quality
wear due to organic layer deterioration, thereby enhanc-
ing current flow into pixels and improving overall quality
and lifespan of the organic light-emitting display device.
[0056] Embodiments of the present invention have
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been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose
of limitation. Accordingly, it will be understood by those
of ordinary skill in the art that various changes in form
and details may be made without departing from the
scope of the present invention as set forth in the following
claims.

Claims

1. An organic light-emitting display device, comprising:

a substrate;
a thin film transistor having a gate insulating lay-
er and an inter-insulating layer on the substrate,
the gate insulating layer including a first relief
structure;
an organic light-emitting diode electrically con-
nected with the thin film transistor; and
a photo sensor between the substrate and the
first relief structure.

2. An organic light-emitting display device as claimed
in claim 1, wherein a portion of the gate insulating
layer is positioned on the substrate between the thin
film transistor and the photo sensor .

3. An organic light-emitting display device as claimed
in claim 1 or 2, wherein the first relief structure has
a convex structure.

4. An organic light-emitting display device as claimed
in claim 1 or 2, wherein the first relief structure has
a concave structure.

5. An organic light-emitting display device as claimed
in any preceding claim, wherein the first relief struc-
ture has a tooth-type pattern.

6. An organic light-emitting display device as claimed
in any preceding claim, wherein the first relief struc-
ture is directly above the photo sensor.

7. An organic light-emitting display device as claimed
in any preceding claim, wherein the gate insulating
layer includes silicon oxide or silicon nitride.

8. An organic light-emitting display device as claimed
in any preceding claim, wherein the photo sensor is
capable of absorbing light emitted from the organic
light-emitting diode and converting the absorbed
light into electrical signals.

9. An organic light-emitting display device as claimed
in claim 8, wherein the electrical signals are capable
of controlling brightness of the light emitted from the

organic light-emitting diode.

10. An organic light-emitting display device as claimed
in any preceding claim, wherein the organic light-
emitting diode is a rear-type organic light-emitting
diode.

11. An organic light-emitting display device as claimed
in any preceding claim, wherein the inter-insulating
layer includes a second relief structure.

12. An organic light-emitting display device as claimed
in claim 11, wherein the second relief structure is
directly above the first relief structure.

13. An organic light-emitting display device as claimed
in claim 11, wherein the second relief structure has
a convex structure, a concave structure, or a tooth-
type pattern.

14. An organic light-emitting display device as claimed
in any preceding claim, further comprising a buffer
layer on the substrate.

15. A method for fabricating an organic light-emitting dis-
play device, comprising:

forming a semiconductor layer on a substrate;
forming a photo sensor on the substrate, such
that the photo sensor is separated from the sem-
iconductor layer;
forming a gate insulating layer over the semi-
conductor layer and the photo sensor;
patterning a surface of the gate insulating layer
above the photo sensor to form a first relief struc-
ture;
forming a gate electrode and a source/drain
electrode on the semiconductor layer; and
forming an organic light-emitting diode in electric
communication with the source/drain electrode.

16. A method for fabricating an organic light-emitting dis-
play device as claimed in claim 15, wherein pattern-
ing the surface of the gate insulating layer includes
etching.

17. A method for fabricating an organic light-emitting dis-
play device as claimed in claim 15 or 16, further com-
prising forming an inter-insulating layer on the gate
electrode.

18. A method for fabricating an organic light-emitting dis-
play device as claimed in claim 16, further compris-
ing patterning a surface of the inter-insulating layer
above the photo sensor to form a second relief struc-
ture.

19. A portable electronic apparatus, comprising an or-

11 12 



EP 1 865 559 A2

8

5

10

15

20

25

30

35

40

45

50

55

ganic light-emitting displayas set out in one of Claims
1 to 14.
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