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(57) ABSTRACT

An organic light-emitting diode display apparatus includes a
substrate. An organic light-emitting device is disposed on
the substrate and includes a first electrode, a second elec-
trode, and an emission layer disposed between the first
electrode and the second electrode. A reflectance of the first
electrode is greater than a reflectance of the second elec-
trode. A thin-film transistor is disposed between the sub-
strate and the first electrode and is connected to the first
electrode. A first light reflective layer is connected to the
thin-film transistor that is disposed between the substrate
and the first electrode. A photo sensor is disposed in an outer

HOIL 27/32 (2006.01) area of the substrate and is configured to sense light reflected
HOIL 51/52 (2006.01) from the first light reflective layer.
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FIG. 1
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FIG. 3D
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY APPARATUS INCLUDING A
PHOTO SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0096073, filed on Jul. 6, 2015, in
the Korean Intellectual Property Office, the disclosure of
which is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to an organic light-
emitting diode display apparatus, and more particularly, to
an organic light-emitting diode display apparatus including
a photo sensor.

DISCUSSION OF THE RELATED ART

[0003] An organic light-emitting diode (OLED) display
apparatus is a type of display apparatus referred to as a
self-emissive display apparatus as it does not require a
separate light source, such as a backlight, to display an
image. OLED display apparatuses generally includes a hole
injection electrode, an electron injection electrode, and an
emission layer formed between the hole injection electrode
and the electron injection electrode. During operation of the
OLED display apparatus, holes injected from the hole injec-
tion electrode and electrons injected from the electron
injection electrode are re-combined in the emission layer so
that light is emitted therefrom.

SUMMARY

[0004] Exemplary embodiments of the present invention
include an OLED display apparatus having a high aperture
ratio, a high yield rate, and a photo sensor with high
efficiency disposed therein.

[0005] Additional aspects of the present invention will be
set forth in the description which follows and the accom-
panying figures.

[0006] According to one or more exemplary embodiments
of the present invention, an organic light-emitting diode
(OLED) display apparatus includes a substrate. An organic
light-emitting device is disposed on the substrate and
includes a first electrode, a second electrode, and an emis-
sion layer between the first electrode and the second elec-
trode. A reflectance of the first electrode is greater than a
reflectance of the second electrode. A thin-film transistor is
disposed between the substrate and the first electrode and is
connected to the first electrode. A first light reflective layer
is disposed between the substrate and the first electrode and
is connected to the thin-film transistor that is connected to
the first electrode. A photo sensor is disposed in an outer area
of the substrate and is configured to sense light reflected
from the first light reflective layer.

[0007] The first light reflective layer may overlap the first
electrode in a vertical direction with respect to the substrate.
[0008] The first light reflective layer may have an area that
is between about 50% and about 100% of an area of the first
electrode.

[0009] The thin-film transistor may include an active
layer, a gate electrode, a source electrode, and a drain
electrode. The first light reflective layer may be disposed on
a same layer as the gate electrode.
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[0010] The first light reflective layer may include a same
material as the gate electrode.

[0011] An organic insulating layer may be disposed
between the source and drain electrodes and the first elec-
trode, and the first electrode may directly contact one of the
source and drain electrodes though a via hole formed in the
organic insulating layer.

[0012] The thin-film transistor may include an active
layer, a gate electrode, a source electrode, and a drain
electrode. The first light reflective layer may be disposed on
a same layer as the source electrode and the drain electrode.
[0013] The first light reflective layer may include a same
material as each of the source electrode and the drain
electrode.

[0014] An organic insulating layer may be disposed
between the source and drain electrodes and the first elec-
trode and may be disposed between the first light reflective
layer and the first electrode. The first electrode may directly
contact one of the source and drain electrodes through a via
hole formed in the organic insulating layer.

[0015] The organic light-emitting diode display apparatus
may further include a second light reflective layer disposed
between the first light reflective layer and the first electrode.
[0016] The thin-film transistor may include an active
layer, a gate electrode, a source electrode, and a drain
electrode. The first light reflective layer may be disposed on
a same layer as the gate electrode, and the second light
reflective layer may be disposed on a same layer as the
source electrode and the drain electrode.

[0017] The first light reflective layer may include a same
material as the gate electrode, and the second light reflective
layer may include a same material as each of the source
electrode and the drain electrode.

[0018] An organic insulating layer may be disposed
between the source and drain electrodes and the first elec-
trode and may be disposed between the second light reflec-
tive layer and the first electrode. The first electrode may
directly contact one of the source and drain electrodes
though a via hole formed in the organic insulating layer.
[0019] The second light reflective layer may electrically
float with respect to the first electrode and the thin-film
transistor.

[0020] The second light reflective layer may overlap the
first electrode in a vertical direction with respect to the
substrate.

[0021] The second light reflective layer may have an area
that is less than an area of the first light reflective layer.

[0022] The first electrode may include silver (Ag) or a
silver alloy.
[0023] According to one or more exemplary embodiments

of the present invention, an OLED display apparatus
includes a display area on a substrate. The display area
includes a plurality of pixels disposed on the display area.
Each of the plurality of pixels includes a first electrode, a
second electrode having a reflectance less than a reflectance
of the first electrode, and an emission layer between the first
electrode and the second electrode. A driving thin-film
transistor is disposed between the substrate and the first
electrode, and is connected to the first electrode. A first light
reflective layer is connected to the driving thin-film transis-
tor that is disposed between the substrate and the first
electrode and is connected to the first electrode. The organic
light-emitting diode display apparatus further includes a
photo sensor that is disposed in an outer area of the display
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area and is configured to sense light reflected from a
plurality of the first light reflective layers included in the
plurality of pixels.

[0024] Each of the plurality of pixels may emit light of a
different color, and the photo sensor may include a plurality
of photo devices configured to sense the light of the different
color.

[0025] White light may be generated when the respective
lights of different colors emitted from the plurality of pixels
are mixed.

[0026] The photo sensor may be disposed at a side end of
the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with
the accompanying drawings in which:

[0028] FIG. 1 is a plan view illustrating an organic light-
emitting diode display apparatus according to an exemplary
embodiment of the present invention;

[0029] FIG. 2 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of the OLED display
apparatus according to an exemplary embodiment of the
present invention;

[0030] FIGS. 3A through 3G are cross-sectional views
illustrating a method of manufacturing the OLED display
apparatus according to an exemplary embodiment of the
present invention;

[0031] FIG. 4 is a cross-sectional view illustrating an
organic light-emitting diode display apparatus according to
an exemplary example of the present invention;

[0032] FIGS. 5A and 5B are cross-sectional views illus-
trating a thin-film transistor (TFT) array test and a repair
process with respect to the OLED display apparatus accord-
ing to an exemplary example of the present invention;
[0033] FIGS. 6A and 6B are cross-sectional views illus-
trating a TFT array test and a repair process with respect to
the OLED display apparatus according to an exemplary
embodiment of the present invention;

[0034] FIG. 7 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of an OLED display
apparatus according to an exemplary embodiment of the
present invention;

[0035] FIG. 8 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of an OLED display
apparatus according to an exemplary embodiment of the
present invention; and

[0036] FIG. 9 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of an OLED display
apparatus according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

[0037] In describing exemplary embodiments of the pres-
ent disclosure illustrated in the drawings, specific terminol-
ogy is employed for sake of clarity. However, the present
disclosure is not intended to be limited to the specific
terminology so selected, and it is to be understood that each
specific element includes all technical equivalents which
operate in a similar manner.

[0038] Hereinafter, one or more exemplary embodiments
of the present invention will be described in more detail with
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reference to the accompanying drawings. Like reference
numerals may represent identical or similar components
within the several drawings.

[0039] It will also be understood that when an element
such as layer, region, or component is referred to as being
“on” another element, it can be directly on the other element,
or intervening elements such as layer, region, or component
may also be interposed therebetween.

[0040] Inthe drawings, for convenience of description, the
sizes of layers and regions may be exaggerated for clarity.

[0041] FIG. 1 is a plan view of an organic light-emitting
diode (OLED) display apparatus 1 according to an exem-
plary embodiment of the present invention. FIG. 2 is a
cross-sectional view illustrating portions of a pixel and a
photo sensor of the OLED display apparatus 1 according to
an exemplary embodiment of the present invention.

[0042] Referring to FIG. 1, a display area DA including a
plurality of pixels P is formed on a substrate 10. A plurality
of photo sensors PS1 through PS6 are disposed in an outer
area of the display area DA. The photo sensors O1 through
P6 sense a portion of light emitted from each pixel P.

[0043] The plurality of photo sensors PS1 through PS6
sense a portion of light emitted from each pixel P. When the
organic light-emitting diode display apparatus 1 is driven for
a long time, an emission layer of each pixel P may deterio-
rate such that spots may occur in the display area DA. The
organic light-emitting diode display apparatus 1 including
the photo sensors PS1 through PS6 may recognize a level of
deterioration of a pixel P based on data about the amount of
light sensed by the photo sensors PS1 through PS6 and may
correct an irregular luminance of the pixel P by using an
appropriate correction system, and thus, the occurrence of
spots may be decreased.

[0044] For convenience of description, FIG. 1 shows 6
photo sensors PS1 through PS6 disposed in the outer area of
the display area DA. However, exemplary embodiments of
the present invention are not limited to this particular
arrangement and more photo sensors than the photo sensors
PS1 through PS6 shown in FIG. 1 may be disposed and
locations of the photo sensors PS1 through PS6 may vary in
the outer area of the display area DA.

[0045] Referring to FIG. 2, a thin-film transistor TFT, a
first light reflective layer 314, and an organic light-emitting
device OLED are disposed on the substrate 10 in the pixel
P, and the photo sensor PS2 is disposed in an outer area of
the substrate 10.

[0046] The substrate 10 may include a glass substrate or a
plastic substrate including polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polyimide, or the like.

[0047] A buffer layer 11 may be further disposed on the
substrate 10 so as to form a planar surface on the substrate
10 and to prevent penetration of foreign substances there-
through. The buffer layer 11 may be formed as a single layer
or multiple layers including a silicon nitride layer and/or a
silicon oxide layer.

[0048] An active layer 212 is disposed on the buffer layer
11. The active layer 212 may be formed of a semiconductor
including amorphous silicon or polysilicon. The active layer
212 may include a channel region 212¢, a source region
212 and a drain region 2125. The source and drain regions
212a and 2126 are disposed at opposite sides of the channel
region 212¢ and are doped with an impurity. A material of
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the active layer 212 is not limited to amorphous silicon or
polysilicon and, for example, may include an oxide semi-
conductor.

[0049] A gate insulating layer 13 is disposed on the active
layer 212. The gate insulating layer 13 may be formed as a
single layer or multiple layers including a silicon nitride
layer and/or a silicon oxide layer.

[0050] A gate electrode 214 is disposed on the gate
insulating layer 13. The gate electrode 214 may be formed
as a single layer or multiple layers including aluminum (Al),
platinum (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), lithium (Li), calcium (Ca), molybdenum (Mo),
titanium (1), tungsten (W), and/or copper (Cu).

[0051] Although not illustrated in FIG. 2, a wiring such as
a scan line may be formed from the same material layer as
the gate electrode 214.

[0052] An interlayer insulating layer 15 is deposited on the
gate electrode 214. The interlayer insulating layer 15 may be
formed as a single layer or multiple layers including a silicon
nitride layer and/or a silicon oxide layer.

[0053] A source electrode 216a and a drain electrode 2165
are disposed on the interlayer insulating laver 15. Each of
the source electrode 2164 and the drain electrode 2165 may
be formed as a single layer or multiple layers including Al,
Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, Cu,
and/or an alloy thereof.

[0054] A first organic insulating layer 17 that covers the
source electrode 216a and the drain electrode 2165 is
disposed on the source electrode 2164 and the drain elec-
trode 2164, The first organic insulating layer 17 may include
an acryl-based polymer, an imide-based polymer, an allyl
ether-based polymer, an amide-based polymer, a fluorine-
based polymer, a p-xylene-based polymer, a vinyl alcohol-
based polymer, polymer derivatives having a phenol group,
or a combination thereof.

[0055] The first organic insulating layer 17 may planarize
a top surface of an insulating layer that covers the source
electrode 216a and the drain electrode 2165. When a first
electrode 120 (described in detail below) is formed on the
planar top surface of the first organic insulating layer 17, it
is possible to prevent luminance irregularity of a display
apparatus which is caused due to an irregular surface of the
pixel electrode 120.

[0056] A via hole C4 is formed in the first organic insu-
lating layer 17, and the first electrode 120 of the organic
light-emitting diode (OLED) device is connected to one of
the source electrode 216a and the drain electrode 2165 of the
thin-film transistor TFT via the via hole C4. As shown in
FIG. 2, the first electrode 120 is connected to the drain
electrode 2165, however the first electrode 120 may alter-
natively

[0057] be connected to the source electrode 216a.

[0058] Although not illustrated in FIG. 2, a data wiring, a
VDD wiring, or the like may be further formed from the
same material layer as the source electrode 2164 and the
drain electrode 2165.

[0059] A reflectance of the first electrode 120 may be
greater than a reflectance of a second electrode 122.
[0060] The first electrode 120 may include a material
having a greater reflectance than that of the second electrode
122. For example, the first electrode 120 may include silver
(Ag) or a silver alloy. When the first electrode 120 includes
silver (Ag) or the silver alloy, a first transparent conductive
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oxide layer (not shown) may be further formed between the
first electrode 120 and the first organic insulating layer 17 so
as to increase adhesion between the first organic insulating
layer 17 and the first electrode 120. A second transparent
conductive oxide layer (not shown) may be further formed
between the first electrode 120 and an emission layer 121 so
as to protect the first electrode 120. Each of the first and
second transparent conductive oxide layers may include
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(ZnO), indium oxide (In,0;), indium gallium oxide (IGO),
and/or aluminum zinc oxide (AZ0).

[0061] An opening C5 is formed in a second organic
insulating layer 19 so as to expose a top surface of the first
electrode 120, and the second organic insulating layer 19
covers end portions of the first electrode 120. The second
organic insulating layer 19 may function as a pixel-defining
layer that defines an emission area of a pixel.

[0062] The second organic insulating layer 19 may include
an acryl-based polymer, an imide-based polymer, an allyl
ether-based polymer, an amide-based polymer, a fluorine-
based polymer, a p-xylene-based polymer, a vinyl alcohol-
based polymer, polymer derivatives having a phenol group,
or a combination thereof.

[0063] The emission layer 121 is formed in the opening
CS5 in the second organic insulating layer 19. The emission
layer 121 may include a small molecule organic material or
a polymer organic material.

[0064] If the emission layer 121 includes the small mol-
ecule organic material, a hole transport layer (HTL), a hole
injection layer (HIL), an electron transport layer (ETL), or
an electron injection layer (EIL) may be further included
between the first electrode 120 and the second electrode 122.
In addition to these layers, where desired, various layers
may be further included. For example, various organic
materials including copper phthalocyanine (CuPc), N,N-Di
(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-
hydroxyquinoline aluminum)(Alg3), or the like may be
used.

[0065] If the emission layer 121 includes the polymer
organic material, an HTL may be further included between
the first electrode 120 and the second electrode 122. The
HTL may be formed of poly-(2,4)-ethylene-dihydroxy thio-
phene (PEDOT) or polyaniline (PANI). For example, the
polymer organic material may include poly-phenylene
vinylene (PPV), polyfluorene, or the like.

[0066] An inorganic material may be further included
between the first electrode 120 and the second electrode 122.

[0067] As shown in FIG. 2, the emission layer 121 is
disposed in the opening C5. However, this configuration is
shown only for convenience of description and one or more
exemplary embodiments of the present invention are not
limited to this particular arrangement. For example, the
emission layer 121 may be formed not only in the opening
C5 but may also extend to a top surface of the second
organic insulating layer 19 along an etched surface of the
opening C5.

[0068] The second electrode 122 is disposed on the emis-
sion layer 121. The reflectance of the second electrode 122
may be less than the reflectance of the first electrode 120.
The second electrode 122 may include silver (Ag), magne-
sium (Mg), aluminum (Al), palladium (Pd), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), chromium (Cr),
lithium (Li), calcium (Ca), or a combination thereof.
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[0069] Since the reflectance of the first electrode 120 is
greater than the reflectance of the second electrode 122, a
large portion of light L1 from among the amount of light
emitted from the emission layer 121 is emitted in an opposite
direction of the substrate 10, and only a small portion of light
L2 from among the amount of light emitted from the
emission layer 121 is emitted toward the substrate 10.
[0070] As such, an emission type in which light is emitted
from the emission layer 121 in an opposite direction of the
substrate 10, rather than toward the substrate 10, is referred
to as atop emission type organic light-emitting diode display
apparatus. On the other hand, an emission type in which
light is further emitted from the emission layer 121 toward
the substrate 10 is referred to as a bottom emission type
organic light-emitting diode display apparatus. Since the
bottom emission-type display apparatus might not have
elements such as a thin-film transistor, a capacitor, a wiring,
etc. that block a travel of light between the substrate 10 and
the organic light-emitting diode (OLED) device which is a
light emission path, it is structurally difficult for the bottom
emission-type display apparatus to have an emission area.
However, since the organic light-emitting diode display
apparatus 1 according to exemplary embodiments of the
present invention is the top emission type organic light-
emitting diode display apparatus, various elements may be
disposed between the substrate 10 and the organic light-
emitting device OLED, so that an aperture ratio of the
organic light-emitting diode display apparatus 1 may be
increased compared to that of the bottom emission-type
display apparatus.

[0071] In the organic light-emitting diode display appara-
tus 1 according to an exemplary embodiment of the present
invention, the first electrode 120 is used as an anode and the
second electrode 122 is used as a cathode, but polarities of
the electrodes may be switched.

[0072] The photo sensors PS1 through PS6 (refer to FIG.
1) are disposed in the outer area of the display area DA, and
in this regard, FIG. 2 illustrates the photo sensor PS2 from
among the photo sensors PS1 through PS6. The photo sensor
PS2 senses a portion of light emitted from the pixel P.
[0073] Light emitted from the emission layer 121 is dis-
charged in front, rear-right, and rear-left directions, and a
portion of the light is refracted and/or reflected at interfaces
between insulating layers between the first electrode 120 and
the substrate 10. Accordingly, a path of the light emitted
from the emission layer 121 is changed. An insulating layer,
that satisfies a total-reflection condition and is one of the
insulating layers disposed between the first electrode 120
and the substrate 10, forms a waveguide, and the emitted
light is guided along the waveguide.

[0074] Since a large portion of light is emitted toward the
substrate 10 in a bottom emission-type display apparatus,
the amount of the light guided along the substrate 10 is high
so that the photo sensor PS2 may collect a sufficient amount
of data about the amount of light. However, in the organic
light-emitting diode display apparatus 1, a small amount of
light is emitted toward the substrate 10, and thus, it is
difficult to collect a sufficient amount of light.

[0075] According to exemplary embodiments of the pres-
ent invention, the first light reflective layer 314 is disposed
between the substrate 10 and the first electrode 120.
[0076] The first light reflective layer 314 is formed in such
a manner that a portion of the first light reflective layer 314
overlaps with the first electrode 120 in a vertical direction
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with respect to the substrate 10. An area of the first light
reflective layer 314 may be between about 50% and about
100% of an area of the first electrode 120. If the area of the
first light reflective layer 314 is too small, a signal might not
be detected by a liquid crystal display (LCD) modulator 40
(refer to FIG. 6A) in a TFT array test (described in detail
below), and if the area of the first light reflective layer 314
is too large, a space for elements such as a thin-film
transistor, a capacitor, etc. that are required to configure a
pixel circuit may be insufficient.

[0077] A portion of light that is discharged from the
emission layer 121 and is emitted toward the substrate 10 is
reflected from the first light reflective layer 314, and a
portion of reflected light is emitted toward the first electrode
120. The light emitted toward the first electrode 120 is
reflected from the first electrode 120 and thus is emitted
again toward the substrate 10. Light L3 that is emitted
toward the substrate 10 and satisfies a total-reflection con-
dition may be guided along the substrate 10 and may reach
the photo sensor PS2. In this regard, not only the substrate
10 but also insulating layers such as the buffer layer 11, the
gate insulating layer 13, the interlayer insulating layer 15,
and the first organic insulating layer 17 that are disposed
between the substrate 10 and the first electrode 120 may
function as waveguides, and light guided along the insulat-
ing layers may reach the photo sensor PS2 therethrough.
[0078] Therefore, since the organic light-emitting diode
display apparatus 1, according to exemplary embodiments
of the present invention, includes the first light reflective
layer 314, although the organic light-emitting diode display
apparatus 1 is a top emission-type display apparatus, the
amount of light that reaches the photo sensor PS2 is
increased in the organic light-emitting diode display appa-
ratus 1. The photo sensor PS2 may recognize a level of
deterioration of the pixel P based on the collected data about
the amount of light received, may correct an irregular
luminance of the pixel P by using an appropriate correction
system, and thus, the occurrence of spots may be decreased.
Therefore, a display quality of the organic light-emitting
diode display apparatus 1 may be increased.

[0079] According to exemplary embodiments of the pres-
ent invention, the first light reflective layer 314 may be
formed from the same material layer as the gate electrode
214. Therefore, the first light reflective layer 314 may be
formed without an additional mask process.

[0080] According to exemplary embodiments of the pres-
ent invention, the first light reflective layer 314 is electrically
connected to the drain electrode 2165 of the thin-film
transistor TFT. The first light reflective layer 314 may
function not only as the waveguide but may also facilitate a
TFT array test and a repair with respect to a display
apparatus (for example, the organic light-emitting diode
display apparatus 1. Detailed descriptions thereof are pro-
vided below.

[0081] Although not illustrated in FIG. 2, the organic
light-emitting diode display apparatus 1 according to an
exemplary embodiment of the present invention may further
include a switching transistor, a compensating transistor, or
the like, as well as a driving transistor.

[0082] The organic light-emitting diode display apparatus
1 according to exemplary embodiments of the present inven-
tion may further include at least one capacitor (not shown).
An electrode of the capacitor may be formed from the same
material layer as the gate electrode 214, and another elec-
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trode of the capacitor may be formed from the same material
layer as the source electrode 2164 and the drain electrode
216b.

[0083] The organic light-emitting diode display apparatus
1 according to an exemplary embodiment of the present
invention may further include an encapsulation member (not
shown) that encapsulates the display area DA. The encap-
sulation member may be formed as a substrate including a
glass material, a metal film, or an encapsulation thin film
formed of an organic insulating film and an inorganic
insulating film that are alternately stacked.

[0084] Hereinafter, a method of manufacturing an organic
light-emitting diode display apparatus 1 will be described
with reference to FIGS. 3A through 3G.

[0085] FIGS. 3A through 3G are cross-sectional views
illustrating a method of manufacturing the organic light-
emitting diode display apparatus 1 according to an exem-
plary embodiment of the present invention.

[0086] FIG. 3Ais a cross-sectional view illustrating a first
process for the organic light-emitting diode display appara-
tus 1, according to an exemplary embodiment of the present
invention.

[0087] Referring to FIG. 3A, the buffer layer 11 is formed
on the substrate 10, and a semiconductor layer (not shown)
is formed on the buffer layer 11 and is then patterned so as
to form the active layer 212 of the thin-film transistor.
[0088] Although not illustrated, after photoresist (not
shown) is coated on the semiconductor layer, the semicon-
ductor layer is patterned via a photolithography process
using a first photomask (not shown), so that the active layer
212 is formed. The first process using the photolithography
process is processed via an exposure process, a developing
process, an etching process, and a stripping or ashing
process that are sequentially performed.

[0089] The semiconductor layer may be formed of amor-
phous silicon or poly silicon. Here, the poly silicon may be
formed by crystallizing the amorphous silicon. The crystal-
lization of the amorphous silicon may be performed by using
various methods including a rapid thermal annealing (RTA)
method, a solid phase crystallization (SPC) method, an
excimer laser annealing (ELA) method, a metal induced
crystallization (MIC) method, a metal induced lateral crys-
tallization (MILC) method, a sequential lateral solidification
(SLS) method, and the like. However, a method for the
semiconductor layer is not limited to the amorphous silicon
or the poly silicon and may include an oxide semiconductor.
[0090] FIG. 3B illustrates a cross-sectional view illustrat-
ing a second process for the organic light-emitting diode
display apparatus 1, according to an exemplary embodiment
of the present invention.

[0091] Referring to FIG. 3B, the gate insulating layer 13
is formed on the resultant of the first process shown in FIG.
3A, and a first metal layer (not shown) is formed on the gate
insulating layer 13 and is thereafter patterned. The first metal
layer is stacked on the gate insulating layer 13 and is
thereafter patterned. The first metal layer may be formed as
a single layer or multiple layers including at least one metal
material including Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, L4,
Ca, Mo, Ti, W, and/or Cu.

[0092] As a patterning result, the gate electrode 214 and
the first light reflective layer 314 are formed on the gate
insulating layer 13. Therefore, the first light reflective layer
314 may be formed without an additional mask process.
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[0093] An ion impurity is doped on the aforementioned
structure. The jon impurity including b-type ion or p-type
ion may be doped, and in more detail, the ion impurity with
a density of at least 1x10"° atoms/cm? is doped while
targeting the active layer 212 of the thin-film transistor.
[0094] The active layer 212 is doped with the ion impurity
by using the gate electrode 214 as a self-align mask, so that
the active layer 212 has the source region 212a and the drain
region 212b, and the channel region 212¢ between the
source region 2124 and the drain region 2125 that are doped
with the ion impurity.

[0095] FIG. 3C illustrates a cross-sectional view illustrat-
ing a third process for the organic light-emitting diode
display apparatus 1, according to exemplary embodiments
of the present invention.

[0096] Referring to FIG. 3C, the interlayer insulating layer
15 is formed on the resultant of the second process shown in
FIG. 3B, and is patterned, so that openings C2 and C3 are
formed so as to expose the source region 212a and the drain
region 2125 of the active layer 212. Also, an opening C1 is
formed to expose a portion of the first light reflective layer
314.

[0097] The interlayer insulating layer 15 may be formed as
a single layer or multiple layers including silicon nitride
and/or silicon oxide.

[0098] FIG. 3D illustrates a cross-sectional view illustrat-
ing a fourth process for the organic light-emitting diode
display apparatus 1, according to an exemplary embodiment
of the present invention.

[0099] Referring to FIG. 3D, a second metal layer (not
shown) is formed on the resultant of the third process shown
in FIG. 3C and is thereafter patterned. The second metal
layer may be formed as a single layer or multiple layers
including Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo,
Ti, W, and/or Cu.

[0100] As a patterning result, the source electrode 2164
and the drain electrode 2165 that are connected respectively
to the source region 2124 and the drain region 2125 in the
gate insulating layer 13 are formed.

[0101] The drain electrode 2165 is directly connected to
the first light reflective layer 314 via the opening C1 formed
in the interlayer insulating layer 15. Since the first light
reflective layer 314 is directly and electrically connected to
a thin-film transistor TFT instead of the first electrode 120,
the first light reflective layer 314 is electrically connected to
the thin-film transistor TFT and thus forms a complete pixel
circuit. Here the TFT is the driving transistor and is directly
connected to the first electrode.

[0102] FIG. 3E is a cross-sectional view illustrating a fifth
process for the organic light-emitting diode display appara-
tus 1, according to an exemplary embodiment of the present
invention.

[0103] Referring to FIG. 3E, the first organic insulating
layer 17 is formed on the resultant of the fourth process
shown in FIG. 3D, and is patterned thereafter, so that a via
hole C4 is formed. The via hole C4 exposes a top surface of
the drain electrode 2165 that electrically connects the first
light reflective layer 314 with the thin-film transistor TFT.
[0104] FIG. 3F is a cross-sectional view illustrating a sixth
process for the organic light-emitting diode display appara-
tus 1, according to an exemplary embodiment of the present
invention.

[0105] Referring to FIG. 3F, a third metal layer (not
shown) is formed on the resultant of the fifth process shown
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in FIG. 3E, and is patterned thereafter, so that the first
electrode 120 is formed. The first electrode 120 is connected
to the drain electrode 2165 through the via hole C4 (refer to
FIG. 2) formed in the first organic insulating layer 17.
[0106] Since the first electrode 120 functioning as anode is
directly and electrically connected to the thin-film transistor
TFT that is the driving transistor, in general, when the first
electrode 120 is formed, it is possible to perform a TFT array
test so as to examine whether a pixel circuit is defective.
[0107] FIG. 3G is a cross-sectional view illustrating a
seventh process for the organic light-emitting diode display
apparatus 1, according to an exemplary embodiment of the
present invention.

[0108] Referring to FIG. 3G, the second organic insulating
layer 19 is formed on the resultant of the sixth process
shown in FIG. 3F, and is patterned thereafter, so that an
opening C5 is formed. The opening C5 exposes a top surface
of the first electrode 120. Afterward, the second organic
insulating layer 19 covers end portions of the first electrode
120 and thus functions as a pixel-defining layer that defines
an emission area of a pixel.

[0109] The second organic insulating layer 19 may be
formed of a material including an acryl-based polymer, an
imide-based polymer, an allyl ether-based polymer, an
amide-based polymer, a fluorine-based polymer, a p-xylene-
based polymer, a vinyl alcohol-based polymer, polymer
derivatives having a phenol group, or a combination thereof.
[0110] The emission layer 121 (refer to FIG. 2) is formed
on the resultant of the seventh process shown in FIG. 3G,
and the second electrode 122 is formed on the emission layer
121.

[0111] FIG. 4 is a cross-sectional view illustrating an
organic light-emitting diode display apparatus 2 according
to an exemplary embodiment of the present invention. FIGS.
5A and 5B are cross-sectional views illustrating a TFT array
test and a repair process with respect 1o the organic light-
emitting diode display apparatus 2 shown in FIG. 4.
[0112] Referring to FIG. 4, the organic light-emitting
diode display apparatus 2 according to an exemplary
embodiment of the present invention may be substantially
the same as the organic light-emitting diode display appa-
ratus 1 previously described, except that the organic light-
emitting diode display apparatus 2 need not include the first
light reflective layer 314 (refer to FIG. 2). For example, a
thin-film transistor TFT is disposed on a substrate 10, and a
first electrode 120 formed on a first organic insulating layer
17 is electrically connected to the thin-film transistor TFT
through a via hole C4.

[0113] Referring to FIG. 5A, when the first electrode 120
is formed, the TFT array test is performed by using an LCD
modulator 40.

[0114] The LCD modulator 40 includes a liquid crystal
layer 41 including liquid crystals, and a common electrode
42.

[0115] When an electrical voltage is applied to the first
electrode 120 via the thin-film transistor TFT, if the LCD
modulator 40 approaches the first electrode 120 at a preset
distance therebetween, an electric field is generated between
the first electrode 120 and the common electrode 42. When
the electric field is generated, a texture of the liquid crystals
in the liquid crystal layer 41 is changed according to a value
of the electric field. The LCD modulator 40 thereby mea-
sures a voltage between the first electrode 120 and the
common electrode 42, according to the changed texture. If
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the LCD modulator 40 detects a voltage value that exceeds
a normal range that was previously input to the LCD
modulator 40, the LCD modulator 40 may recognize that the
thin-film transistor TFT is a defective device.

[0116] As described above, when the TFT array test is
performed by using the LCD modulator 40 after the first
electrode 120 is formed, a defect may be detected before
subsequent processing steps are performed. However, even
if the organic light-emitting diode display apparatus 2 illus-
trated in FIG. 4 detects that the thin-film transistor TFT is
defective, it may be difficult to repair a defect of the thin-film
transistor TFT.

[0117] FIG. 5B illustrates a repair process with respect to
the organic light-emitting diode display apparatus 2 accord-
ing to an exemplary embodiment of the present invention.
[0118] Referring to FIG. 5B, even if the defect of the
thin-film transistor TFT is detected by performing the TFT
array test, since the first organic insulating layer 17 includ-
ing an organic insulating material is formed on the thin-film
transistor TFT, it may be difficult to perform the repair
process using a laser.

[0119] FIGS. 6A and 6B are cross-sectional views illus-
trating a TFT array test and a repair process with respect to
the organic light-emitting diode display apparatus 1 accord-
ing to an exemplary embodiment of the present invention.
[0120] Referring to FIG. 6A, according to an exemplary
embodiment of the present invention, in the fourth process
(refer to FIG. 3D) in which the source electrode 2164 and the
drain electrode 2165 are formed, the TFT array test may be
performed by using an LCD modulator 40.

[0121] Before the fourth process, instead of the first elec-
trode 120, the first light reflective layer 314 may already be
directly and electrically connected to the thin-film transistor
TFT that is the driving transistor, so that a complete pixel
circuit is formed. Therefore, a process of forming the first
electrode 120 is performed in a different manner from the
organic light-emitting diode display apparatus 2 illustrated
in FIG. 4, and thus, the TFT array test may be performed by
using the LCD modulator 40.

[0122] When an electrical voltage is applied to the first
light reflective layer 314 via a thin-film transistor TFT, if the
LCD modulator 40 approaches the first light reflective layer
314 at a preset distance therebetween, an electric field is
generated between the first light reflective layer 314 and a
common electrode 42. When the electric field is generated,
a texture of liquid crystals included in a liquid crystal layer
41 is changed according to a value of the electric field. The
LCD modulator 40 measures a voltage between the first light
reflective layer 314 and the common electrode 42, according
to the changed texture. If the LCD modulator 40 detects a
voltage value that exceeds a normal range that was previ-
ously input to the LCD modulator 40, the LCD modulator 40
may recognize that the thin-film transistor TFT is a defective
device.

[0123] Referring to FIG. 6B, after the source electrode
216a and the drain electrode 2165 are formed and the TFT
array test is performed, a repair with respect to the thin-film
transistor TFT may also be performed.

[0124] In the fourth process, the first organic insulating
layer 17 is not yet formed, thus, a repair with respect to a
defective device may be more easily performed. In particu-
lar, a repair with respect to the source electrode 216a and the
drain electrode 2165 may be more easily performed. Also,
when the source electrode 216a and the drain electrode 2165
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are formed, an on/off error test with respect to the source
electrode 2164 and the drain electrode 2165 may also be
performed. During the test, the repair with respect to the
source electrode 216a and the drain electrode 2165 may be
more easily performed. Therefore, a defect rate of the
organic light-emitting diode display apparatus 1 may be
significantly reduced.

[0125] FIG. 7 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of an organic light-
emitting diode display apparatus 3 according to an exem-
plary embodiment of the present invention.

[0126] Hereinafter, the organic light-emitting dipde dis-
play apparatus 3 according to an exemplary embodiment of
the present invention is described with reference to differ-
ences from the organic light-emitting diode display appara-
tus 1 previously described.

[0127] In the organic light-emitting diode display appara-
tus 3 according to an exemplary embodiment of the present
invention, a thin-film transistor TFT, a first light reflective
layer 316, and an organic light-emitting device OLED are
disposed on a substrate 10, and a photo sensor PS2 is
disposed in an outer area of the substrate 10.

[0128] Unlike the configuration previously described, the
first light reflective layer 316 is formed from the same
material layer as a source electrode 216a and a drain
electrode 2164. Therefore, the first light reflective layer 316
may be formed without an additional mask process.

[0129] The first light reflective layer 316 is formed in such
a manner that a portion of the first light reflective layer 316
overlaps with a first electrode 120 in a vertical direction with
respect to the substrate 10. An area of the first light reflective
layer 316 may be between about 50% and about 100% of an
area of the first electrode 120.

[0130] The first light reflective layer 316 and the electrode
216 are formed on the same layer and thus are directly
connected to each other. Also, the first light reflective layer
316 is directly and electrically connected to the thin-film
transistor TFT that is a driving transistor, so that a complete
pixel circuit is formed. Therefore, as in the previously-
described organic light-emitting diode display apparatus 1,
before a process of forming the first electrode 120 is
performed, e.g., after the source electrode 2164 and the drain
electrode 2165 are formed and the TFT array test is per-
formed, a repair with respect to the thin-film transistor TET
may also be performed. Therefore, a defect rate of the
organic light-emitting diode display apparatus 3 may be
significantly reduced.

[0131] As the organic light-emitting diose display appa-
ratus 1, as previously described, the organic light-emitting
diode display apparatus 3 according to an exemplary
embodiment of the present invention is a top emission-type
display apparatus in which a reflectance of the first electrode
120 is greater than a reflectance of a second electrode 122,
so that various elements may be disposed between the
substrate 10 and the organic light-emitting diode OLED
device. Therefore, an aperture ratio of the organic light-
emitting diode display apparatus 3 may be increased com-
pared to that of a bottom emission-type display apparatus.
[0132] A portion of light 1.2 that is discharged from an
emission layer 121 and is emitted toward the substrate 10 is
reflected from the first light reflective layer 316, and a
portion of reflected light is emitted toward the first electrode
120. The light emitted toward the first electrode 120 is
reflected from the first electrode 120 and thus is reflected
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toward the substrate 10. Light 1.3 that is a portion of the light
reflected toward the substrate 10 and satisfies a total-reflec-
tion condition may be guided along the substrate 10 and may
reach the photo sensor PS2. In this regard, not only the
substrate 10 but also insulating layers such as a buffer layer
11, a gate insulating layer 13, an interlayer insulating layer
15, and the first organic insulating layer 17 that are disposed
between the substrate 10 and the first electrode 120 may
function as waveguides, and light guided along the insulat-
ing layers may reach the photo sensor PS2 therethrough.
[0133] Since the organic light-emitting diode display
apparatus 3 according to an exemplary embodiment of the
present invention includes the first light reflective layer 316,
although the organic light-emitting diode display apparatus
3 is the top emission-type display apparatus, the amount of
light that reaches the photo sensor PS2 is increased in the
organic light-emitting diode display apparatus 3. Therefore,
irregular luminance of a pixel P may be corrected, and
occurrence of spots may be decreased.

[0134] FIG. 8 is a cross-sectional view illustrating por-
tions of a pixel and a photo sensor of an organic light-
emitting diode display apparatus 4 according to an exem-
plary embodiment of the present invention.

[0135] Hereinafter, the organic light-emitting diode dis-
play apparatus 4 according to an exemplary embodiment of
the present invention is described with reference to differ-
ences from the previously described organic light-emitting
diode display apparatus 1.

[0136] In the organic light-emitting diode display appara-
tus 4 according to exemplary embodiments of the present
invention, a thin-film transistor TFT, a first light reflective
layer 314, a second light reflective layer 416, and an organic
light-emitting diode device OLED are disposed on a sub-
strate 10, and a photo sensor PS2 is disposed in an outer area
of the substrate 10.

[0137] As described above, the first light reflective layer
314 is formed from the same material layer as a gate
electrode 214. Therefore, the first light reflective layer 314
may be formed without an additional mask process.

[0138] However, unlike the approach described above, the
organic light-emitting diode display apparatus 4 according
to an exemplary embodiment of the present invention
includes the second light reflective layer 416 disposed
between the first light reflective layer 314 and a first elec-
trode 120.

[0139] The second light reflective layer 416 is formed
from the same material layer as a source electrode 216a and
a drain electrode 216b. Therefore, the second light reflective
layer 416 may be formed without an additional mask pro-
cess.

[0140] The first light reflective layer 314 is directly and
electrically connected to the thin-film transistor TFT that is
a driving transistor. The second light reflective layer 416
may electrically float with respect to the first electrode 120
and the thin-film transistor TFT.

[0141] The first light reflective layer 314 is formed such
that a portion of the first light reflective layer 314 overlaps
with the first electrode 120 in a vertical direction with
respect to the substrate 10. An area of the first light reflective
layer 314 may be between about 50% and about 100% of an
area of the first electrode 120.

[0142] The second light reflective layer 416 is formed
such that a portion of the second light reflective layer 416
overlaps with the first electrode 120 in a vertical direction
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with respect to the substrate 10. However, an area of the
second light reflective layer 416 may be less than the area of
the first light reflective layer 314.

[0143] The first light reflective layer 314 that is directly
connected to the drain electrode 2165 through a via hole C4
formed in an interlayer insulating layer 17 is directly and
electrically connected to the thin-film transistor TFT that is
the driving transistor. Accordingly, a complete pixel circuit
is formed. As in the previously-described organic light-
emitting diode display apparatus 1, before a process of
forming the first electrode 120 is performed, e.g., after the
source electrode 2164 and the drain electrode 2165 are
formed and the TFT array test is performed, a repair with
respect to the thin-film transistor TFT may also be per-
formed. Therefore, a defect rate of the organic light-emitting
diode display apparatus 4 may be significantly reduced.
[0144] As the previously-described organic light-emitting
diode display apparatus 1 is a top emission-type display
apparatus in which a reflectance of the first electrode 120 is
greater than a reflectance of a second electrode 122, that
various elements may be disposed between the substrate 10
and the organic light-emitting diose device OLED. There-
fore, an aperture ratio of the organic light-emitting diode
display apparatus 4 may be increased compared to that of a
bottom emission-type display apparatus.

[0145] In addition, the organic light-emitting diode dis-
play apparatus 4 according to an exemplary embodiment of
the present invention further includes the second light reflec-
tive layer 416, so that the amount of light that reaches the
photo sensor PS2 may be further increased.

[0146] A portion of light that is discharged from an
emission layer 121 and is emitted toward the substrate 10 is
reflected from the first light reflective layer 314. A portion of
reflected light is reflected toward the first electrode 120 and
light L3 that is a portion of the reflected light is reflected
toward the second light reflective layer 416.

[0147] Thelight L3 emitted toward the second light reflec-
tive layer 416 is reflected from the second light reflective
layer 416 and thus is reflected again toward the substrate 10.
The light L3 that is reflected toward the substrate 10 and
satisfies a total-reflection condition may be guided along the
substrate 10 and may reach the photo sensor PS2. As
described above, the light that is reflected from the first light
reflective layer 314 and then is reflected toward the first
electrode 120 is reflected from the first electrode 120 and
thus is reflected again toward the substrate 10. Therefore,
compared to the previously described approach, a greater
amount of light may reach the photo sensor PS2.

[0148] FIG. 9illustrates a cross-sectional view illustrating
portions of a pixel and a photo sensor of an organic
light-emitting diode display apparatus 5 according to an
exemplary embodiment of the present invention.

[0149] Hereinafter, the organic light-emitting diode dis-
play apparatus 5 according to an exemplary embodiment of
the present invention is described with reference to differ-
ences from the organic light-emitting diode display appara-
tus 4.

[0150] The organic light-emitting diode display apparatus
5 includes a plurality of first through third pixels P(R), P(G),
and P(B) disposed on a substrate 10.

[0151] The first through third pixels P(R), P(G), and P(B)
may emit light of different colors. For example, the first
pixel P(R) may emit red light, the second pixel P(G) may
emit green light, and the third pixel P(B) may emit blue

Jan. 12,2017

light. When lights emitted from the first through third pixels
P(R), P(G), and P(B) are mixed, white light is generated.
Bach of the first through third pixels P(R), P(G), and P(B)
may be a sub-pixel that is part of a unit pixel.

[0152] A photo sensor PS2 is disposed in an outer area of
the first through third pixels P(R), P(G), and P(B). The photo
sensor PS2 may include a plurality of sensing devices (not
shown) capable of sensing lights having different colors,
respectively.

[0153] The first pixel P(R) may include a thin-film tran-
sistor TFT, a first light reflective layer 314R, a second light
reflective layer 416R, and an organic light-emitting diode
device OLED, the second pixel P(G) may include a thin-film
transistor TFT, a first light reflective layer 314G, a second
light reflective layer 416G, and an organic light-emitting
diode device OLED, and the third pixel P(B) may include a
thin-film transistor TFT, a first light reflective layer 314B, a
second light reflective layer 416B, and an organic light-
emitting diode (OLED) display device.

[0154] The first light reflective layers 314R, 314G, and
314B of the first through third pixels P(R), P(G), and P(B)
are respectively, directly and electrically connected to the
thin-film transistors TFT, which are driving transistors. The
second light reflective layer 416R, 416G, and 416B electri-
cally float with respect to first electrodes 120 and the
thin-film transistors TFT of the first through third pixels
P(R), P(G), and P(B).

[0155] A portion of light emitted from the first pixel P(R)
is reflected from the first light reflective layer 314R, and a
portion LR of reflected light is reflected toward the second
light reflective layer 416R. The light LR reflected toward the
second light reflective layer 416R is reflected from the
second light reflective layer 416R and thus is reflected again
to the substrate 10. The light LR that is reflected toward the
substrate 10 and satisfies a total-reflection condition may be
guided along the substrate 10 and may reach the photo
sensor PS2. A first photo sensor (not shown) included in the
photo sensor PS2 senses red light emitted from the first pixel
P(R).

[0156] A portion of light emitted from the second pixel
P(G) is reflected from the first light reflective layer 314G,
and a portion LG of reflected light is reflected toward the
second light reflective layer 416G. The light LG reflected
toward the second light reflective layer 416G is reflected
from the second light reflective layer 416G and thus is
reflected again to the substrate 10. The light LG that is
reflected toward the substrate 10 and satisfies a total-reflec-
tion condition may be guided along the substrate 10 and may
reach the photo sensor PS2. A second photo sensor (not
shown) included in the photo sensor PS2 senses green light
emitted from the second pixel P(G).

[0157] A portion of light emitted from the third pixel P(B)
is reflected from the first light reflective layer 314B, and a
portion LB of reflected light is reflected toward the second
light reflective layer 416B. The light LB reflected toward the
second light reflective layer 416B is reflected from the
second light reflective layer 416B and thus is reflected again
to the substrate 10. The light LB that is reflected toward the
substrate 10 and satisfies a total-reflection condition may be
guided along the substrate 10 and may reach the photo
sensor PS2. A third photo sensor (not shown) included in the
photo sensor PS2 senses blue light emitted from the third
pixel P(B).
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[0158] Since the organic light-emitting diode display
apparatus 5 according to an exemplary embodiment of the
present invention includes the plurality of sensing devices
(not shown) capable of sensing lights having different col-
ors, respectively, irregular luminance of a pixel of the
organic light-emitting diode display apparatus 5 that is a full
color organic light-emitting diode display apparatus may be
corrected, and thus occurrence of spots may be decreased.
[0159] The organic light-emitting diode display apparatus
according to exemplary embodiments of the present inven-
tion is a top emission-type display apparatus, and thus may
have a greater aperture ratio than that of a bottom emission-
type display apparatus.

[0160] When the TFT array test with respect to the organic
light-emitting diode display apparatus according to exem-
plary embodiments of the present invention is performed, a
repair with respect to the thin-film transistor may also be
performed, thus, a defect of the organic light-emitting diode
display apparatus may be significantly reduced.

[0161] In the organic light-emitting diode display appara-
tus according to exemplary embodiments of the present
invention, at least one photo sensor is disposed in an outer
area of a display area, and a light reflective layer is formed
between a pixel electrode and a substrate. Therefore,
although the organic light-emitting diode display apparatus
is a top emission-type display apparatus, the amount of light
that reaches the photo sensor is increased so that the effi-
ciency of the photo sensor may be increased.

[0162] It should be understood that exemplary embodi-
ments of the present invention described herein should be
considered in a descriptive sense only and not for purposes
of limitation. Descriptions of features or aspects within each
exemplary embodiment should typically be considered as
available for other similar features or aspects in other
exemplary embodiments.

[0163] While one or more exemplary embodiments have
been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention.

What is claimed is:

1. An organic light-emitting diode display apparatus com-
prising:

a substrate;

an organic light-emitting device disposed on the substrate
and comprising a first electrode, a second electrode,
and an emission layer disposed between the first elec-
trode and the second electrode, wherein a reflectance of
the first electrode is greater than a reflectance of the
second electrode;

a thin-film transistor disposed between the substrate and
the first electrode, the thin-film transistor being con-
nected to the first electrode;

a first light reflective layer disposed between the substrate
and the first electrode, the first light reflective layer
being connected to the thin-film transistor; and

a photo sensor disposed in an outer area of the substrate
and configured to sense light reflected from the first
light reflective layer.

2. The organic light-emitting diode display apparatus of
claim 1, wherein the first light reflective layer overlaps the
first electrode in a vertical direction with respect to the
substrate.
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3. The organic light-emitting diode display apparatus of
claim 1, wherein an area of the first light reflective layer is
between about 50% and about 100% of an area of the first
electrode.

4. The organic light-emitting diode display apparatus of
claim 1, wherein

the thin-film transistor comprises an active layer, a gate

electrode, a source electrode, and a drain electrode, and
the first light reflective layer is disposed on a same layer
as the gate electrode.
5. The organic light-emitting diode display apparatus of
claim 4, wherein the first light reflective layer comprises a
same material as the gate electrode.
6. The organic light-emitting diode display apparatus of
claim 4, wherein
an organic insulating layer is disposed between the source
electrode and the first electrode and is disposed
between the drain electrode and the first electrode, and

the first electrode directly contacts either the source
electrode or the drain electrode through a via hole
formed in the organic insulating layer.

7. The organic light-emitting diode display apparatus of
claim 1, wherein

the thin-film transistor comprises an active layer, a gate

electrode, a source electrode, and a drain electrode, and
the first light reflective layer is disposed on a same layer
as the source electrode and the drain electrode.

8. The organic light-emitting diode display apparatus of
claim 7, wherein the first light reflective layer comprises a
same material as each of the source electrode and the drain
electrode.

9. The organic light-emitting diode display apparatus of
claim 7, wherein

an organic insulating layer is disposed between the source

electrode and the first electrode, between the drain
electrode and the first electrode, and between the first
light reflective layer and the first electrode, and

the first electrode directly contacts the source electrode or

the drain electrode through a via hole formed in the
organic insulating layer.

10. The organic light-emitting diode display apparatus of
claim 1, further comprising a second light reflective layer
disposed between the first light reflective layer and the first
electrode.

11. The organic light-emitting diode display apparatus of
claim 10, wherein

the thin-film transistor comprises an active layer, a gate

electrode, a source electrode, and a drain electrode,
the first light reflective layer is disposed on a same layer
as the gate electrode, and

the second light reflective layer is disposed on a same

layer as the source electrode and the drain electrode.

12. The organic light-emitting diode display apparatus of
claim 10, wherein

the first light reflective layer comprises a same material as

the gate electrode, and

the second light reflective layer comprises a same material

as each of the source electrode and the drain electrode.

13. The organic light-emitting diode display apparatus of
claim 10, wherein

an organic insulating layer is disposed between the source

electrode and the first electrode, between the drain
electrode and the first electrode, and between the sec-
ond light reflective layer and the first electrode, and
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the first electrode directly contacts the source electrode or
the drain electrode thorough a via hole formed in the
organic insulating layer.

14. The organic light-emitting diode display apparatus of
claim 10, wherein the second light reflective layer electri-
cally floats with respect to the first electrode and the thin-
film transistor.

15. The organic light-emitting diode display apparatus of
claim 10, wherein the second light reflective layer overlaps
the first electrode in a vertical direction with respect to the
substrate.

16. The organic light-emitting diode display apparatus of
claim 15, wherein an area of the second light reflective layer
is less than an area of the first light reflective layer.

17. The organic light-emitting diode display apparatus of
claim 1, wherein the first electrode comprises silver (Ag) or
a silver alloy.

18. An organic light-emitting diode display apparatus
comprising a display area disposed on a substrate, the
organic light-emitting diode display apparatus comprising:

a plurality of pixels disposed on the display area,

wherein each of the plurality of pixels comprises:

a first electrode, a second electrode having a reflectance
less than a reflectance of the first electrode, and an
emission layer between the first electrode and the
second electrode;
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a driving thin-film transistor disposed between the sub-
strate and the first electrode, and connected to the first
electrode; and

a first light reflective layer connected to the driving
thin-film transistor, the thin-film transistor being dis-
posed between the substrate and the first electrode and
connected to the first electrode, and

wherein the organic light-emitting diode display appara-
tus further comprises a photo sensor that is disposed in
an outer area of the display area and is configured to
sense light reflected from a plurality of the first light
reflective layers disposed in the plurality of pixels.

19. The organic light-emitting diode display apparatus of

claim 18, wherein

each of the plurality of pixels emits light of a different
color, and

the photo sensor comprises a plurality of photo devices
configured to sense the light of the different colors.

20. The organic light-emitting diode display apparatus of

claim 19, wherein, white light is generated when the respec-
tive light of different colors emitted from the plurality of
pixels are mixed.

21. The organic light-emitting diode display apparatus of

claim 18, wherein the photo sensor is disposed at a side end
of the substrate.
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