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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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ORGANIC LIGHT EMITTING DIODE
DISPLAY INCLUDING SENSORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0071058
filed on Jun. 11, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode Display
Including Sensors,” is incorporated by reference herein in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic light emitting
diode display including sensors.

[0004] 2. Description of the Related Art

[0005] A flat panel display (FPD), such as an organic light
emitting diode display (OLED), a liquid crystal display
(LCD), and an electrophoretic display (EPD), may include a
display panel including a field generating electrode and an
electro-optical active layer. As the electro-optical active layer,
the panels of the OLED, the LCD, and the EPD may respec-
tively include an organic light emitting layer, a liquid crystal
layer, and particles having a charge. The field generating
electrode may be connected to a switching device such as a
thin film transistor to receive a data signal, and the electro-
optical active layer may convert the data signal to an optical
signal to display an image.

[0006] Among them, the organic light emitting diode dis-
play, which has drawn attention in recent years, has a self-
emission characteristic and thus does not require a separate
light source, differently from the liquid crystal display, so that
thickness and weight thereof may be reduced. Further, the
organic light emitting diode display shows high quality char-
acteristics such as low power consumption, high luminance,
and high response speed.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0008] Embodiments are directed to an organic light emit-
ting diode display including sensors.

[0009] The embodiments may be realized by providing an
organic light emitting diode display including a pixel that
includes a light-emitting device and a first thin film transistor
connected to the light-emitting device; and a sensor that
includes a light sensing element, wherein the light sensing
element includes a gate electrode; an active layer on the gate
electrode; a filter layer on the active layer; and source and
drain electrodes on the active layer, the source and drain
electrodes being connected to the active layer, the light sens-
ing element and the first thin film transistor are formed on a
same substrate, and one of the gate electrode and the active
layer of the light sensing element and a gate electrode of the
first thin film transistor are aligned on a same layer.

[0010] The first thin film transistor may include a polycrys-
talline semiconductor layer on the substrate; the gate elec-
trode on the polycrystalline semiconductor layer; and source
and drain electrodes on the gate electrode, the source and
drain electrodes being connected to the polycrystalline semi-
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conductor layer, and the light-emitting device may include a
pixel electrode overlying the source and drain electrodes and
connected to one of the source and drain electrodes; an
organic light emitting layer on the pixel electrode; and a
common electrode on the organic light emitting layer.
[0011] The source and drain electrodes of the light sensing
element may be aligned on a same layer as the pixel electrode
of the light-emitting device, and may be formed of a same
material as the pixel electrode.

[0012] The filter layer and the source and drain electrodes
of the light sensing element may be aligned on a same layer.
[0013] The gate electrode of the light sensing element may
be aligned on a same layer as the gate electrode of the first thin
film transistor, and may be formed of a same material as the
gate electrode of the first thin film transistor.

[0014] Theactive layer of the light sensing element may be
aligned on a same layer as the source and drain electrodes of
the first thin film transistor.

[0015] The gate electrode of the light sensing element may
be aligned on a same layer as the polycrystalline semicon-
ductor layer, and may be formed of a doped polycrystalline
semiconductor.

[0016] Theactive layer of the light sensing element may be
aligned on a same layer as the gate electrode of the first thin
film transistor.

[0017] The light-emitting device may further include an
infrared emitting layer between the pixel electrode and the
organic light emitting layer.

[0018] The sensor may further include a second thin film
transistor that includes source and drain electrodes, and one
of the source and drain electrodes of the second thin film
transistor may be connected to one of the source and drain
electrodes of the light sensing element.

[0019] The sensor may further include a capacitor that
includes a first electrode and a second electrode, the first
electrode of the capacitor may be aligned on a same layer as
the semiconductor layer of the first thin film transistor and is
formed of a doped semiconductor, and the second electrode of
the capacitor may be aligned on a same layer as the gate
electrode of the first thin film transistor and is formed of the
same material as the gate electrode of the first thin film tran-
sistor.

[0020] The filter layer may include a band-pass filter con-
taining one of poly(methyl methacrylate), polycarbonate, and
polyimide.

[0021] The embodiments may be realized by providing an
organic light emitting diode display including a pixel that
includes a light-emitting device and a first thin film transistor
connected to the light-emitting device; and a sensor that
includes a light sensing element, wherein the light sensing
element includes an active layer; a gate electrode on the active
layer; a filter layer on the gate electrode; and source and drain
electrodes on the gate electrode, the source and drain elec-
trodes being connected to the active layer, the light sensing
element and the first thin film transistor are formed on a same
substrate, and the active layer of the light sensing element
underlies an insulating layer, the insulating layer underlying
a semiconductor layer of the first thin film transistor.

[0022] The first thin film transistor may include a polycrys-
talline semiconductor layer on the substrate; the gate elec-
trode on the polycrystalline semiconductor layer; and source
and drain electrodes on the gate electrode, the source and
drain electrodes being connected to the polycrystalline semi-
conductor layer, and the light-emitting device may include a
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pixel electrode on the source and drain electrodes, the pixel
electrode being connected to one of the source and drain
electrodes; an organic light emitting layer on the pixel elec-
trode; and a common electrode on the organic light emitting
layer.

[0023] The source and drain electrodes of the light sensing
element may be aligned on a same layer as the pixel electrode
of the light-emitting device, and may be formed of a same
material as the pixel electrode.

[0024] The gate electrode of the light sensing element may
be aligned on a same layer as the polycrystalline semicon-
ductor layer, and may be formed of a doped polycrystalline
semiconductor.

[0025] The filter layer may include a band-pass filter con-
taining one of poly(methyl methacrylate), polycarbonate, and
polyimide.

[0026] The light-emitting device may further include an
infrared emitting layer between the pixel electrode and the
organic light emitting layer.

[0027] The sensor may further include a second thin film
transistor that includes source and drain electrodes, one of the
source and drain electrodes of the second thin film transistor
may be connected to one of the source and drain electrodes of
the light sensing element.

[0028] The sensor may further include a capacitor that
includes a first electrode and a second electrode, the first
electrode of the capacitor may be aligned on a same layer as
the semiconductor layer of the first thin film transistor and is
formed of a doped semiconductor, and the second electrode of
the capacitor may be aligned on a same layer as the gate
electrode of the first thin film transistor and is formed of the
same material as the gate electrode of the first thin film tran-
sistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0030] FIG. 1 illustrates a layout view of a pixel and a
sensor in an organic light emitting diode display according to
an exemplary embodiment;

[0031] FIG. 2 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to a first embodiment:

[0032] FIG. 3 illustrates a schematic flowchart of a manu-
facturing method according to the first embodiment;

[0033] FIG. 4 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to a second embodiment;

[0034] FIG. 5 illustrates a schematic flowchart of a manu-
facturing method according to the second embodiment;
[0035] FIG. 6 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to a third embodiment;

[0036] FIG. 7 illustrates a schematic flowchart of a manu-
facturing method according to the third embodiment;

[0037] FIG. 8 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to a fourth embodiment;

[0038] FIG. 9 illustrates a schematic flowchart of a manu-
facturing method according to the fourth embodiment;
[0039] FIG. 10 illustrates a circuit diagram of the sensor
according to the first to third embodiments; and
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[0040] FIG. 11 illustrates a circuit diagram of the sensor
according to the fourth embodiment.

DETAILED DESCRIPTION

[0041] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may 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 exemplary implementations to those skilled in the art.
[0042] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0043] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0044] FIG. 1 illustrates a layout view of a pixel and a
sensor in the organic light emitting diode display according to
an embodiment.

[0045] As showninFIG. 1, the organic light emitting diode
display of the present exemplary embodiment may include a
plurality of unit pixels PX and a plurality of sensors SN.
[0046] Each of the unit pixels may include a PX red pixel
PX,, a green pixel PX ;, and a blue pixel PX ;. The unit pixels
PX may be arranged in a matrix shape in row and column
directions.

[0047] The red pixel PX, and the green pixel PX ; may be
positioned to be horizontally adjacent to each other, and the
blue pixel PX; may be located below the red pixel PXj and
the green pixel PX . Widths of the red pixel PX and the
green pixel PX ; may be narrower than that of the blue pixel
PX, and a width of the blue pixel PX; may correspond to a
sum of the widths of the red pixel PXj and the green pixel
PX ; and the distance therebetween. Arrangement and size of
pixels in the unit pixel PX shown in FIG. 1 are merely
examples, and may be varied depending on the exemplary
embodiments.

[0048] One sensor SN may be disposed between adjacent
unit pixels in the organic light emitting diode display accord-
ing to an exemplary embodiment. The sensor SN may include
a light sensing element, a switching device, and a capacitor.
The sensor SN is illustrated to be disposed at each row of the
unit pixels PX in the exemplary embodiment shown in FIG. 1,
but may be disposed at every plural rows of the unit pixels PX
according to another exemplary embodiment. Further, the
light sensing element of the sensor SN may be disposed at a
sensor region between certain adjacent unit pixels, and the
switching device and the capacitor of the sensor SN may be
disposed at a sensor region between other certain adjacent
unit pixels.

[0049] FIG. 2 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to a first embodiment.

[0050] FIG. 2 illustrates a cross-sectional structure of one
pixel (i.e., the green pixel PX ;) and the sensor SN. First, the
structure of the pixel will be described.

[0051] One pixel may include an organic light emitting
layer 300, a pixel electrode 190 positioned below (e.g., under-
lying) the organic light emitting layer 300, and a common
electrode 270 positioned above (e.g., overlying) the organic
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light emitting layer 300. For example, the organic light emit-
ting layer 300 may be between the pixel electrode 190 and the
common electrode 270. In an implementation, the pixel elec-
trode 190 may be separately formed in every pixel, and the
common electrode 270 may be formed as a single unit in all
the pixels. The organic light emitting layer 300 may include
an electro-optical active layer in which electrons and holes
are injected and recombined to generate light, and an image
may be displayed by using combinations of light generated
per pixel.

[0052] An infrared emitting layer 310 may be disposed
between the organic light emitting layer 300 and the pixel
electrode 190. The infrared emitting layer 310 may emit
infrared lays toward a front side (e.g., toward an encapsula-
tion layer 420 in FIG. 2) of a display panel in order to sense
the contact or hover of an object such as a finger or a touch
pen. The infrared rays generated by the infrared emitting
layer 310 may be reflected by an object and back into the light
sensing element S .., of the sensor SN. In an implementation,
the infrared emitting layer 310 may be disposed be disposed
between the organic light emitting layer 300 and the common
electrode 270, or may be disposed between the pixel electrode
190 and the common electrode 270 in such a way so as to not
be overlapped with the organic light emitting layer 300. Vari-
ous other designs are also possible.

[0053] The pixel electrode 190 may be connected to an
output terminal (drain electrode 175a) of a thin film transistor
(such as a driving transistor T, ) to receive an output current
of the driving transistor T,,;. The thin film transistor (e.g.,
driving transistor T,z) may include a semiconductor layer
150a, a gate electrode 124a, a source electrode 1734, and the
drain electrode 175a.

[0054] One pixel may include a pixel capacitor Cpy that is
connected to the source electrode 1734 and the gate electrode
124q of the driving transistor T,z. The pixel capacitor Cpy
may include a lower capacitor electrode 1554 (formed of a
doped polycrystalline semiconductor), an upper capacitor
electrode 1254 (formed at or on, e.g., aligned with, a same
layer as the gate electrode 124a by using the same material as
the gate electrode 124a), and a gate insulating layer GIL
(serving as an insulating layer) disposed therebetween. For
example, the upper capacitor electrode 125a may be substan-
tially coplanar with the gate electrode 1244. In an implemen-
tation, the organic light emitting diode display may include an
interlayer insulating layer 180, and the upper capacitor elec-
trode 1254 and a capacitor electrode (not shown) that are
overlapped with each other with the interlayer insulating
layer 180 being disposed therebetween, or may further
include such a capacitor electrode. In this case, any one
capacitor electrode may be formed at a different layer.
[0055] InFIG. 2, the pixel is illustrated to include one thin
film transistor, but may include at least two thin film transis-
tors. When including the minimum number of thin film tran-
sistors, the pixel may include the driving transistor T,,; and a
switching transistor (not shown). In an implementation, the
pixel may further include a transistor serving to compensate
the driving transistor T ., a transistor serving to adjust a light
emission time of the organic light emitting layer 300, or the
like.

[0056] The layer structure of a pixel area including such
constituent elements will be sequentially described.

[0057] A lower substrate 110 may be a flexible substrate
such as a polymer film. For example, the lower substrate 110
may be made of a plastic such as a thermoplastic semicrys-
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talline polymer such as polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyethylene ether
ketone (PEEK), a thermoplastic amorphous polymer such as
polycarbonate (PC) or polyethylene sulfonate (PES), a poly-
imide (PI) having relatively high thermal resistance, or a
polyarylate (PAR). In an implementation, the lower substrate
110 may be a rigid substrate made of glass.

[0058] A buffer layer 115 may be formed on the lower
substrate 110 to help reduce and/or prevent the penetration of
moisture, oxygen, or the like. The buffer layer 115 may be
formed by depositing an inorganic material as a monolayer or
a multilayer, or as an organic/inorganic hybrid multilayer.
Although not shown, an overcoat layer may be formed on the
buffer layer 115 to help protect the layers. In an implemen-
tation, the buffer layer 115 may be omitted according toa kind
of the substrate or a process condition.

[0059] A polycrystalline semiconductor layer 150a and a
lower capacitor electrode 155¢ (formed of a doped polycrys-
talline semiconductor) may be formed on the buffer layer 115.
The polycrystalline semiconductor may be formed, e.g., by
depositing amorphous silicon by a plasma CVD method,
performing dehydrogenation treatment where hydrogen
included in the amorphous silicon is removed, and/or forming
a polysilicon state through laser crystallization such as exci-
mer laser annealing. As a polycrystallization method, as well
as the laser crystallization, a thermal crystallization method
such as solid phase crystallization (SPC), super grain silicon
(SGS) crystallization, metalinduced crystallization (MIC), or
metal induced lateral crystallization (MILC) may be used.
[0060] The polycrystalline semiconductor layer 150a may
include a source region and a drain region in which an impu-
rity is doped on both edges thereof. The doped polycrystalline
semiconductor that is used to form the lower capacitor elec-
trode 155a may have a conductor characteristic rather than a
semiconductor characteristic by high concentration doping.
In a crystallization process for forming a polycrystalline
semiconductor, the buffer layer 115 may also serve to block
penetration of impurities from the lower substrate 110 into the
semiconductor.

[0061] The polycrystalline semiconductor layer 150a, the
lower capacitor electrode 1554, and the exposed buffer layer
115 may be covered by the gate insulating layer 140. The gate
insulating layer 140 may be formed of an inorganic insulating
material, e.g., Si0x, SiNx, SiONx, Al,O;, TiO, Ta,0s, HfO,,
7r0,, BST, or PZT. In an implementation, the gate insulating
layer 140 may be formed material in a monolayer or in a
multilayer, and may include a layer formed of, e.g., SiNx,
Si0x, and/or SiONX.

[0062] The gate electrode 124a and the upper capacitor
electrode 1254 may be formed on the gate insulating layer
140. The gate electrode 124a may be overlapped with or may
overlie a part of the polycrystalline semiconductor layer
1504, and the upper capacitor electrode 1254 may be over-
lapped with or may overlie the lower capacitor electrode
155a. The gate electrode 1244 and the upper capacitor elec-
trode 1254 may be formed of a conductive metal, e.g., Al, Cu,
Mo, W, Cr, or alloys thereof, and/or various conductive mate-
rials including a transparent conductive material, e.g., indium
tin oxide (ITO), indium zinc oxide (IZO), or zinc oxide
(ZnO), or a conductive polymer may be used as well as the
metal material. The gate electrode 124a may have a multi-
layered structure, e.g., a dual-layer structure including a
lower layer formed of a transparent conductive material and
an upper layer formed of a metal.
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[0063] Aninterlayer insulating layer 180 may cover or may
be formed on the gate electrode 124a, the upper capacitor
electrode 1254, and the exposed gate insulating layer 140.
The interlayer insulating layer 180 may be formed of an
organic material and/or an inorganic material.

[0064] The interlayer insulating layer 180 and the gate
insulating layer 140 may include contact holes through which
the source region and the drain region of the polycrystalline
semiconductor layer 150a are exposed. A source electrode
173a and a drain electrode 175a may be formed on the inter-
layer insulating layer 180 and the contact holes. The source
electrode 173a may contact the source region of the polycrys-
talline semiconductor layer 150a, and the drain electrode
175a may contact the drain region of the polycrystalline
semiconductor layer 150a.

[0065] A passivation layer 185 may be formed on the
source electrode 173a, the drain electrode 1754, and the inter-
layer insulating layer 180. The passivation layer 185 may be
formed of an organic material or an inorganic material. A
contact hole for exposing the drain electrode 175a may be
formed in the passivation layer 185. The pixel electrode 190
may be formed on the passivation layer 185 and in the contact
hole. The pixel electrode 190 may be connected to the drain
electrode 175a through the contact hole.

[0066] A pixel defining layer (PDL) 330 may be formed
around the pixel electrode 190, and may include a plurality of
openings corresponding to the pixels. The pixel defining layer
330 may be made of a resin such as a polyacrylate and a
polyimide. The pixel electrode 190 may be exposed at a
portion at which no pixel defining layer 330 is formed, and the
infrared emitting layer 310 may be disposed on the pixel
electrode 190. The infrared emitting layer 310 may generate
infrared rays that are reflected by an object and are introduced
or reflected back into the light sensing element S, of the
sensor SN.

[0067] The organic light emitting layer 300 may be dis-
posed on the infrared emitting layer 310. The organic light
emitting layer 300 may include an emission layer EML, and
may be formed as a multilayer including at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL), to emit different color light according to kinds of the
organic material.

[0068] The common electrode 270 may be formed on the
organic light emitting layer 300 and the pixel defining layer
330.

[0069] The pixel electrode 190, the organic light emitting
layer 300, and the common electrode 270 may constitute a
light emitting device for displaying an image in the organic
light emitting diode display. In this case, the pixel electrode
190 and the common electrode 270 may respectively serve as
an anode and a cathode of the light emitting device. At least
one of the pixel electrode 190 and the common electrode 270
may be formed of a transparent conductive material.

[0070] For example, light emitted from the organic light
emitting layer 300 may be provided to user eyes through the
transparent conductive material. For example, the common
electrode 270 may be formed of a transparent conductive
material such as indium tin oxide (ITO), indium zinc oxide
(120), zinc oxide (ZnO), indium oxide (In,O,), nanowire,
carbon nanotubes (CNT), or grapheme, and the pixel elec-
trode 190 may be formed of a metal such as lithium (L),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
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magnesium (Mg), or gold (Au), or indium tin oxide/silver/
indium tin oxide (ITO/Ag/ITO).

[0071] A capping layer 410 may be formed on the common
electrode 270, and an encapsulation layer 420 may be formed
on the capping layer 410. The capping layer 410 may be
formed of an inorganic material or an organic material. In an
implementation, the capping layer 410 may be omitted. The
encapsulation layer 420 may encapsulate the light emitting
device to help prevent penetration of moisture and/or oxygen
from the outside. The encapsulation layer 420 may include a
plurality of encapsulating thin films (ETFs). For example, the
encapsulation layer 420 may include at least one inorganic
film (not shown) and at least one organic film (not shown), or
may be formed by alternately stacking the inorganic film and
the organic film. The inorganic layer may be the single layer
or the multilayer including a metal oxide or a metal nitride.
For example, the inorganic layer may include one of a silicon
nitride (SiNx), an aluminum oxide (AlOx), a silicon oxide
(810x), and a titanium oxide (TiOx). A highest layer that is
exposed to the outside in the encapsulation layer 420 (e.g., an
outermost layer of the encapsulation layer 420) may be
formed of the inorganic layer in order to help reduce and/or
prevent moisture from permeating into the light emitting
device. The organic layer may be formed of the polymer, and
may be a monolayer or a multilayer formed of, e.g., polyeth-
ylene terephthalate (PET), polyimide (PI), polycarbonate
(PC), epoxy, polyethylene (PE), or polyacrylate (PA).
[0072] A polarization layer (not shown) for reducing
reflection of external light may be attached on the encapsu-
lation layer 420. A window layer (not shown) may be attached
on the polarization layer.

[0073] Next, the structure of the sensor SN will be
described. Similar to the pixels, the sensor SN may be formed
on the lower substrate 110.

[0074] The sensor SN may include the light sensing ele-
ment S, for sensing infrared rays. The light sensing element
Sy may include a gate electrode 124c, an active layer 150c,
asourceelectrode 173¢ and a drain electrode 175¢, and afilter
layer 187. In an implementation, the light sensing element
Sy may be configured to sense light having wavelengths
other than those of the infrared rays.

[0075] The buffer layer 115 may be formed on the lower
substrate 110, and the gate insulating layer 140 may be
formed on the buffer layer 115. The gate electrode 124¢ of the
light sensing element S ., may be formed on the gate insulat-
ing layer 140. The gate electrode 124¢ of the light sensing
element S ,,, may be formed at or on a same layer as the gate
electrode 124a of a thin film transistor of one pixel by using
the same material as the gate electrode 124a. For example, the
gate electrode 124¢ of the light sensing member S, may be
substantially coplanar with the gate electrode 124a of a thin
film transistor of one pixel.

[0076] The gate electrode 124¢ may be covered by the
interlayer insulating layer 180. The active layer 150¢ may be
formed on the interlayer insulating layer 180 to be overlapped
with or overlie the gate electrode 124¢. The light sensing
element may have a bottom-gate structure that is from the thin
film transistor of one pixel having a top-gate structure in
which a gate electrode is disposed above a semiconductor
layer. For example, the gate electrode 124¢ may be disposed
below or may underlie the active layer 150c. The active layer
150¢ may be formed of a silicon compound such as silicon
germanium (SiGe) or an oxide semiconductor such as zinc
oxynitride (ZnON). In an implementation, the active layer
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150c may be formed of amorphous silicon, amorphous ger-
manium, amorphous silicon germanium, microcrystalline
silicon, or the like. In an implementation, the active layer
150c may include a material that enables the active layer 150¢
to serve as a photo sensor.

[0077] The passivation layer 185 may be formed on the
active layer 150¢. Contact holes may be formed in the passi-
vation layer 185 to expose opposite edges of the active layer
150c. The filter layer 187 may be formed on the passivation
layer 185 to be overlapped with the active layer 150c. In an
implementation, the source electrode 173¢ and the drain elec-
trode 175¢ may be formed on the passivation layer 185, and
may respectively contact the opposite edges of the active
layer 150¢ through the contact holes.

[0078] For example, the filter layer 187 may be an infrared
band-pass filter (IR BPF) that permits infrared rays to exclu-
sively pass therethrough. When the light sensing element is an
infrared sensor, the infrared sensor could react with not only
infrared rays but also visible rays, and thus the visible rays
introduced into the infrared sensor could cause malfunction-
ing of the sensor. Accordingly, it is possible to optimize
sensitivity of the active layer 150¢ by forming the band-pass
filter that exclusively permits infrared rays (having a wave-
length region of about 800 nm or more) to be introduced into
the active layer 150¢, and blocks introduction of visual rays
(having wavelengths ranging from about 300 nm to about 800
nm) on or from the active layer 150c¢.

[0079] Thefilter layer 187 may include an organic material,
e.g., poly(methylmethacrylate) (PMMA), polycarbonate
(PC), or polyimide (PI). The filter layer 187 may include an
organic material containing a block pigment, amorphous sili-
con, amorphous germanium, an amorphous germanium com-
pound, amorphous silicon germanium, and microcrystalline
silicon. In an implementation, the filter layer 187 may include
a suitable material that has characteristics of the infrared
band-pass filter.

[0080] The source and drain electrodes 173¢ and 175¢ may
be disposed at or on, e.g., aligned with, a same layer as the
pixel electrode 190 of the light-emitting device by using the
same material of the pixel electrode 190. For example, the
source and drain electrodes 173¢ and 175¢ may be substan-
tially coplanar with the pixel electrode 190 (e.g., horizontally
planar portions of the source and drain electrodes 173¢ and
175¢ may be substantially coplanar with horizontally planar
portions the pixel electrode 190, as shown in FIG. 2).

[0081] Thepixel defining layer330 may cover or may be on
the source and drain electrodes 173¢ and 175¢ and the filter
layer 187, and the common electrode 270 of the light-emitting
device may be formed on the pixel defining layer 330 to
extend therealong. The capping layer 410 may be formed on
the common electrode 270, and the encapsulation layer 420
may be formed on the capping layer 410. In an implementa-
tion, similar to the pixel area, a polarization layer and a
window layer may be attached thereon.

[0082] The sensor SN may further include the switching
transistor Ty that is connected to the light sensing element
Spz to transfer a signal from the light sensing element Sy,
The switching transistor T may include a polycrystalline
semiconductor layer 1505, a gate electrode 1245, and the
source and drain electrodes 1736 and 175b. The switching
transistor Ty may be adjacent to the light sensing element
Sppp 0r may be disposed separately therefrom to be connected
thereto by using a wire.
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[0083] The switching transistor T may have the same
structure as the driving transistor T,y of one pixel. For
example, the polycrystalline semiconductor layer 150 may be
formed on the buffer layer 115 that is formed on the lower
substrate 110. The gate electrode 1245 may be formed on the
gate insulating layer 140 that is formed on the polycrystalline
semiconductor layer 1505. The source and drain electrodes
1735 and 1755 may be formed on the interlayer insulating
layer 180 and may respectively contact the source region and
the drain region of the polycrystalline semiconductor layer
1505 through the contact holes formed in the interlayer insu-
lating layer 180 and the gate insulating layer 140. The switch-
ing transistor T, having this structure may be simulta-
neously formed when the driving transistor T, of one pixel
is formed.

[0084] In the meantime, the drain electrode 175¢ of the
light sensing element S,,, may be connected to the source
electrode 1735 of the switching transistor Ty through the
contact hole formed in the passivation layer 185. In an imple-
mentation, the drain electrode 175¢ of the light sensing ele-
ment S,,, may be electrically connected to the source elec-
trode 1735 of the switching transistor Tgy by using an
additional connection wire.

[0085] The sensor SN may further include a capacitor Cy.
The capacitor Cg,, of the sensor SN may be formed by the
lower capacitor electrode 155a as the doped polycrystalline
semiconductor, the upper capacitor electrode 125a (formed at
the same layer as the gate electrode 124¢ by using the same
material as the gate electrode 124c¢), and the gate insulating
layer 140 interposed therebetween. One electrode of the
capacitor Cg,, may be electrically connected to the source
electrode 173¢ of the light sensing element, and the other
electrode thereof may be electrically connected to the drain
electrode 175¢ of the light sensing element and the source
electrode 173b of the switching device. The capacitor C,, of
the sensor SN may be simultaneously formed when the
capacitor Cp, of one pixel.

[0086] Next, a manufacturing method of main parts of the
organic light emitting diode display including sensors will be
described with reference to FIG. 2 and FIG. 3.

[0087] FIG. 3 illustrates a schematic flowchart of a manu-
facturing method according to the first embodiment.

[0088] First, the buffer layer 115 may be formed on the
lower substrate 110. Then, the polycrystalline semiconductor
layers 150a and 1505 of the driving transistor T,z and the
switching transistor T g;;, and the lower capacitor electrodes
155a and 1555 of the capacitors Cpy and C,, may be formed
by forming an amorphous silicon layer and then performing a
dehydrogenation process, a crystallization process, and a
photolithography process.

[0089] After the gate insulating layer 140 is formed, the
gate electrodes 124a and 1245 of the driving transistor T g
and the switching transistor T, the gate electrode 124¢ of
the light sensing element Sy, and the upper capacitor elec-
trode 1254 and 125b of the capacitors Cpy and Cg,, may be
formed on the gate insulating layer 140. Then, the source
region and the drain region of the polycrystalline semicon-
ductor layers 150a and 1505 of the driving transistor T, and
the switching transistor Ty, and the lower capacitor elec-
trodes 155a and 1556 of the capacitors Cpy and Cg, may be
doped with impurities. In an implementation, the doping of
the lower capacitor electrodes 155a and 155b may be per-
formed before the upper capacitor electrodes 125a and 1255
are formed.
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[0090] After the interlayer insulating layer 180 is formed
and contact holes are formed in the interlayer insulating layer
180, the source electrodes 173a and 1736 and the drain elec-
trodes 175a and 1756 (which respectively contact the source
region and the drain region of the polycrystalline semicon-
ductor layers 150a and 1505 of the driving transistor T, and
the switching transistor T,;,) may be formed. Next, the active
layer 150¢ of the light sensing element S 5, may be formed.
[0091] Then, the passivation layer 185 may be formed, and
the filter layer 187 may be formed. Next, the drain electrode
175a of the driving transistor T,,,, opposite edges of the
active layer 150¢ of the light sensing element, and the contact
hole for exposing the source electrode 1736 of the switching
transistor Tg;- may be formed, and the pixel electrode 190 of
the driving transistor T 5 and the source and drain electrodes
173¢ and 175¢ of the light sensing element may be formed on
the passivation layer 185. In this case, the drain electrode
175¢ of the light sensing element may be connected to the
source electrode 1735 of the switching transistor Ty,
[0092] In an implementation, the filter layer 187 and the
passivation layer 185 may be formed of the same group of
organic material (e.g., polyimide), and the patterning of the
filter layer 187 and formation of the contact hole in the pas-
sivation layer 185 may be performed by using one mask.
[0093] The pixel defining layer 330 (for exposing the pixel
electrode 190) may be formed, and the infrared emitting layer
310 and the organic light emitting layer 300 may be formed
on the pixel electrode 190. Next, the common electrode 270
(by which the organic light emitting layer 300 and the pixel
defining layer 330 are covered) may be formed.

[0094] Next, the capping layer 410, the encapsulation layer
420, the polarization layer, or the like may be formed.
[0095] According to the present embodiment, the active
layer 150¢ of the light sensing element S ,,, may be formed
after the polycrystalline semiconductor layers 1504 and 1505
of the thin film transistors are formed, and thus the active
layer 150¢ may hardly be affected by the dehydrogenation
process and the crystallization process for forming the poly-
crystalline semiconductor. As a result, it is possible to prevent
degradation of the active layer of the light sensing element
due to the high temperature processes.

[0096] A second embodiment will be described with refer-
ence to FIG. 4 and FIG. 5.

[0097] FIG. 4 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to the second embodiment, and FIG. 5
illustrates a schematic flowchart of a manufacturing method
according to the second embodiment.

[0098] A structure of one pixel according to the second
embodiment may be the same as that of the first embodiment.
The switching transistor T, of the sensor SN according to
the second embodiment may also be the same as that of the
first embodiment. However, the light sensing element S,,,
according to the second embodiment is different from that of
the first embodiment in the positions of the gate electrode and
the active layer and the formation material of the gate elec-
trode. Hereinafter, the second embodiment will be described
based on the difference from the first embodiment, and ele-
ments of the second embodiment that are not mentioned
herein may be the same as those of the first embodiment.
[0099] For the light sensing element S,,, a gate electrode
124d may be formed on the buffer layer that is formed on the
lower substrate 110. The gate electrode 1244 may be disposed
at or on a same layer as the lower capacitor electrodes 155a
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and 1556 and the polycrystalline semiconductor layers 150a
and 1505 of the driving and switching transistors T,z and
T, and may be formed of a doped polycrystalline semicon-
ductor to have the conductor characteristic like the lower
capacitor electrodes 155a and 1555. For example, the gate
electrode 1244 may be substantially coplanar with the lower
capacitor electrodes 1554 and 1556 and the polycrystalline
semiconductor layers 150a and 1505 of the driving and
switching transistors T, and T

[0100] The gate insulating layer 140 may be formed on the
gate electrode 1244. and an active layer 1504 that is over-
lapped with or that overlies the gate electrode 124d may be
formed on the gate insulating layer 140. As a result, the active
layer 1504 may be disposed at or on a same layer as the upper
capacitor electrode 1254 and 1255 and the gate electrode
124a and 1246 of the driving and switching transistors Ty
and T, For example, the active layer 1504 may be substan-
tially coplanar with the upper capacitor electrode 125a and
1255 and the gate electrode 124a and 124b of the driving and
switching transistors Tp, and Tgy. As in the first embodi-
ment, the active layer 1504 may be formed of 'silicon, a silicon
compound, an oxide semiconductor, or the like.

[0101] The interlayer insulating layer 180 may be formed
on the active layer 1504, and the passivation layer 185 may be
formed on the interlayer insulating layer 180. Contact holes
(for exposing opposite edges of the active layer 1504) may be
formed in the passivation layer 185 and the interlayer insu-
lating layer 180. The filter layer 187 may be formed on the
passivation layer 185 to be overlapped with or overlie the
active layer 150d. The filter layer 187 may be an infrared
band-pass filter having characteristics that block introduction
of visual rays and permit infrared rays to exclusively pass
therethrough.

[0102] Inanimplementation, the source electrode 173dand
the drain electrode 175d may be formed on the passivation
layer 185, and may respectively contact the opposite edges of
the active layer 1504 through the contact holes. The drain
electrode 1754 may be connected to the source electrode
1736 of the switching transistor T ¢ through the contact holes
formed in the passivation layer 185. The source electrode
173d and the drain electrode 1754 may be disposed at or on a
same layer as the pixel electrode 190 by using the same
material as the pixel electrode 190. For example, the source
electrode 1734 and the drain electrode 1754 may be substan-
tially coplanar with the pixel electrode 190.

[0103] The organic light emitting diode display according
to the second embodiment may be different from that of the
first embodiment in the active layer 1504 and the gate elec-
trode 1244 of the light sensing element S, and thus the
second embodiment may also be slightly different from the
first embodiment in the manufacturing method. For example,
the gate electrode 124d may be formed when the polycrys-
talline semiconductor layers 150a and 1506 and the lower
capacitor electrodes 155a and 1555 are formed, after the
buffer layer 115 is formed on the lower substrate 110. The
active layer 1504 may be formed after the gate electrodes
1244 and 1245 and the upper capacitor electrodes 125a and
1255 are formed on the gate insulating layer 140, and before
the interlayer insulating layer 180 is formed. In an implemen-
tation, the active layer 1504 may be formed after the gate
insulating layer 140 is formed, and before the gate electrodes
124a and 1245 and the upper capacitor electrodes 125a¢ and
1250 are formed. The interlayer insulating layer 180 and the
passivation layer 185 may be formed on the active layer 1504,
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and it may be required to form contact holes that extend
through both the interlayer insulating layer 180 and the pas-
sivation layer 185 in order to bring the source and drain
electrodes 1734 and 1754 into contact with the active layer
1504.

[0104] Similar to the first embodiment, the active layer
1504 of the light sensing element S ,,; may be formed after the
polycrystalline semiconductor layers 150a and 1505 of the
thin film transistor are formed. Accordingly, the active layer
150¢ may hardly be affected by the dehydrogenation process
and the crystallization process for forming the polycrystalline
semiconductor.

[0105] A third embodiment will be described with refer-
ence to FIG. 6 and FIG. 7.

[0106] FIG. 6 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to the third embodiment, and FIG. 7
illustrates a schematic flowchart of a manufacturing method
according to the third embodiment.

[0107] A structure of one pixel according to the third
embodiment may be the same as that of the first embodiment,
and the switching transistor T g;;-and the capacitor Cg,, of the
sensor SN according to the third embodiment may be the
same as those of the first embodiment. According to the third
embodiment, a sensor insulating layer (SIL) 130 may be
further formed on the buffer layer 115 and the gate insulating
layer 140. The sensor insulating layer 130 may be formed of
an inorganic material, and may be formed as a monolayer or
a multilayer.

[0108] The light sensing element S, according to the
present embodiment may be different from that of the first
embodiment in the position of the active layer and the forma-
tion material of the gate electrode. The third embodiment will
be described based on the difference from the first embodi-
ment, and elements of the second embodiment that are not
mentioned herein may be the same as those of the first
embodiment.

[0109] The buffer layer 115 may be formed on the lower
substrate 110, and an active layer 150e of the light sensing
element S, may be formed on the buffer layer 115. The
sensor insulating layer 130 may be formed on the active layer
150e, and the gate electrode 124e (of the light sensing ele-
ment Sp;;), the polycrystalline semiconductor layers 150a
and 1505 (of the driving and switching transistor T,z and
Ts5), and the lower capacitor electrodes 1554 and 1555 may
be formed at or on a same layer on the sensor insulating layer
130. For example, the gate electrode 124e¢ may be substan-
tially coplanar with the polycrystalline semiconductor layers
150a and 1505 (of the driving and switching transistor T,
and T;;) and the lower capacitor electrodes 155a and 1555.
The gate electrode 124e and the lower capacitor electrodes
1554 and 1556 may be formed of a doped polycrystalline
semiconductor to have the conductor characteristic.

[0110] The gate insulating layer 140, the interlayer insulat-
ing layer 180, and the passivation layer 185 may be sequen-
tially formed on the gate electrode 124e, and the filter layer
187 may be formed on the passivation layer 185 to be over-
lapped with or overlie the gate electrode 124e and the active
layer 150e. Contact holes (for exposing opposite edges of the
active layer 150¢) may be formed in the passivation layer 185,
the interlayer insulating layer 180, the gate insulating layer
140, and the sensor insulating layer 130. Source and drain
electrodes 173¢ and 175¢ may be formed on the passivation
layer 185, and may respectively contact the opposite edges of
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the active layer 150e through the contact holes. The drain
electrode 175¢ may be connected to the source electrode 1735
of the switching transistor T, through the contact holes
formed in the passivation layer 185. The source electrode
173e and the drain electrode 175e may be disposed at or on a
same layer as the pixel electrode 190 by using the same
material as the pixel electrode 190. For example, the source
electrode 173e and the drain electrode 175¢ may be substan-
tially coplanar with the pixel electrode 190 (e.g., horizontally
planar portions of source electrode 173¢ and the drain elec-
trode 175¢ may be substantially coplanar with horizontally
planar portions of the pixel electrode 190, as shown in FIG. 6)
[0111] The light sensing element according to the third
embodiment may have a top-gate structure in which a gate
electrode 124e is disposed above or overlies the active layer
150e. However, the gate electrode 124e may be optically
transparently formed by using a doped semiconductor, and
light passing through the filter layer 187 may be introduced
into the active layer 150e through the gate electrode 124e.
[0112] A manufacturing method according to the present
embodiment will be described. A step for forming the active
layer 150e of the light sensing element S »,; may be executed
after the buffer layer 115 is formed on the lower substrate 110.
Then, the sensor insulating layer 130 may be formed to insu-
late the active layer 150e from the gate electrode 124e that is
overlapped with or that overlies the active layer 150e. Next,
the polycrystalline semiconductor layers 150a and 1505, the
lower capacitor electrodes 155a and 1555, and the gate elec-
trode 124e may be formed.

[0113] Next, the gate insulating layer 140 may be formed,
and then the gate electrodes 1244 and 1245 of the driving and
switching transistors T, and T and the upper electrodes
1254 and 1255 of the capacitors C,,-and C,,may be formed.
Next, the interlayer insulating layer 180 and the contact holes
may be formed, and then the source electrodes 173a and 1735
and the drain electrodes 175a and 1755 of the driving and
switching transistors T, and T, may be formed. The fol-
lowing steps according to the present embodiment may be the
same as those of the first embodiment. However, the active
layer 150e may be disposed below the sensor insulating layer
130, and contact holes for bringing the source and drain
electrode 173¢ and 175¢ into contact with the active layer
150e may be formed to extend through the passivation layer
185, the interlayer insulating layer 180, the gate insulating
layer 140, and the sensor insulating layer 130.

[0114] A fourth embodiment will be described with refer-
ence to FIG. 8 and FIG. 9.

[0115] FIG. 8 illustrates a cross-sectional view of the
organic light emitting diode display taken along the line A-A
of FIG. 1 according to the fourth embodiment, and FIG. 9
illustrates a schematic flowchart of a manufacturing method
according to the fourth embodiment.

[0116] A structure of one pixel according to the fourth
embodiment may be the same as that of the first embodiment,
and the switching transistor T g;-and the capacitor Cg,,0f the
sensor SN according to the fourth embodiment may be the
same as those of the first embodiment. However, the light
sensing element S, of the organic light emitting diode dis-
play according to the first embodiment has a transistor struc-
ture, while the light sensing element S ., of the organic light
emitting diode display according to the fourth embodiment
has a diode structure. Accordingly, the light sensing element
Sy of the present embodiment may not include gate elec-
trode, and opposite edges of the active layer 150f may be
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respectively doped with an n-type and a p-type. As a result, an
active layer 150f may include an intrinsic semiconductor
region, and an n-type semiconductor region and a p-type
semiconductor region that are respectively disposed at oppo-
site ends thereof. The active layer 150f' may be formed of
silicon, a silicon compound, an oxide semiconductor, or the
like.

[0117] A first electrode 173/ and a second electrode 175/
(that are formed at or on a same layer on the passivation layer
185) may be respectively connected to the n-type semicon-
ductor region and the n-type semiconductor region through
the contact holes that are formed to extend through the pas-
sivation layer 185, the interlayer insulating layer 145, and the
gate insulating layer 140. The second electrode 175/ may be
connected to the source electrode 1735 of the switching
device through the contact hole formed on the passivation
layer 185.

[0118] In a manufacturing method of the present embodi-
ment, the active layer 1501 of the light sensing element S,
may be formed when the polycrystalline semiconductor lay-
ers 150a and 1505 of the driving and switching transistors
Tpzr and Ty and the lower capacitor electrodes 155a and
15556 of the capacitors Cp,-and Cg, are formed after the buffer
layer 115 is formed on the lower substrate 110. However, the
opposite edges of the active layer 150/ may be respectively
doped with different types of impurities, and an ion doping
process may be performed two times.

[0119] Hereinafter, a circuit of the sensor including the
light sensing element S, the switching transistor T, and
the capacitor Cg,, and an operation thereof will be described
with reference to FIG. 10 and FIG. 11.

[0120] FIG. 10 illustrates a circuit diagram of the sensor
according to the first to third embodiments, and FIG. 11
illustrates a circuit diagram of the sensor according to the
fourth embodiment.

[0121] Referring to FIG. 10, the gate electrode of the
switching transistor T - may be connected to a scan line Si,
and the drain electrode thereof may be connected to a read-out
line Rj. At a node “A,” the source electrode of the switching
transistor Tg,- may be connected to the drain electrode of the
light sensing element S ., and the first electrode of the capaci-
tor Cgy. The source electrode of the light sensing element S,
may be connected to the second electrode of the capacitor
Csn» and a bias voltage V; may be applied to the gate elec-
trode. In an implementation, the bias voltage V, that is
applied to the gate electrode of the light sensing element S,
may be applied to the second electrode of the capacitor Cg,,
and the source electrode of the light sensing element S, or
a bias having different magnitude may be applied thereto.
[0122] When light (such as infrared rays) is introduced into
the active layer through the filter layer of the light sensing
element Sy, a current may be generated. The generated
current may be used to charge the capacitor Cg,. When the
switching transistor Ty is turned on according to a control
signal that is inputted through a scan line Si, a signal that is
varied depending on a charge amount charged for the capaci-
tor Cg,, may be transmitted to a signal processor (not shown)
through the switching transistor T;;and the read-out line Rj
that is connected thereto. Then, the signal processor may
determine whether an object is touched, at which position the
touch is performed, and the like based on the received signal.
In an implementation, determination of whether an object is
touched, at which position the touch is performed, and the like
may be performed by charging the capacitor Cg,, with a ref-

Dec. 17,2015

erence voltage at the node A and then reading out the voltage
of the node A that is varied depending on the charge amount
discharged through the light sensing element S,,, according
to the intensity of light introduced into the light sensing
element S,,,. In the meantime, it is possible to control an
appropriate leakage level by applying the bias voltage V to
the gate electrode of the light sensing element S ..

[0123] Referring to FIG. 11, the gate electrode of the
switching transistor T ;. may be connected to the scan line Si,
and the drain electrode thereof may be connected to the read-
out line Rj. At anode “A,” the source electrode of the switch-
ing transistor Ty may be connected to the anode electrode of
the light sensing element S,,; and the first electrode of the
capacitor Cg,. The cathode of the light sensing element S,
may be connected to the second electrode of the capacitor
Cgp- The connection direction of the anode and cathode elec-
trodes of light sensing element S, may be changed.

[0124] An operation of one sensor according to fourth
embodiment may be formed to be substantially the same as
described above. However, no gate electrode may be pro-
vided, and no gate biasing may be performed. Accordingly,
the operation of the sensor may be affected by an external
field.

[0125] By way of summation and review, the organic light
emitting diode display may be bendably manufactured by
using a plastic substrate, and may include a touch function for
sensing a touch. For example, in a flexible organic light emit-
ting diode display, a thin film encapsulation layer may be
stacked to protect internal elements, instead of an encapsula-
tion layer made of a material such as glass. This may present
difficulties in forming a sensor for sensing a touch or the like.
A photo sensor for sensing infrared rays or the like may be
used as a sensor for sensing object presence, touch, position,
shape, or the like.

[0126] The organic light emitting diode display according
to an embodiment may include sensors. For example, ele-
ments of the sensor may be formed on the lower substrate on
which the thin film transistor of the pixel is formed. For
example, it may be useful to form the elements of the sensor
on the lower substrate in a flexible organic light emitting
diode display (in which it may be difficult to include an
additional upper substrate). Further, such an embedded sen-
sor may be formed by merely adding one sheet of mask for an
active layer of the light sensing element to a manufacturing
process of a typical organic light emitting diode display.
[0127] In an implementation, the active layer of the light
sensing element may be formed after the polycrystalline
semiconductor layer of the thin film transistor, and the active
layer may not be affected by a high-temperature process such
as a dehydrogenation process and a crystallization process,
thereby preventing degradation of the active layer in the
manufacturing process.

[0128] Further, the organic light emitting diode display
may be a self-emitting type of display device, and it may not
be necessary to form a layer for blocking light emitted from a
rear surface of the display panel below the light sensing
element, unlike a liquid crystal display.

[0129] Example embodiments have 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. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
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may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

DESCRIPTION OF SYMBOLS
[0130]
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are aligned on a same layer as the pixel electrode of the

light-emitting device, and

are formed of a same material as the pixel electrode.

4. The organic light emitting diode display as claimed in
claim 3, wherein the filter layer and the source and drain
electrodes of the light sensing element are aligned on a same
layer.

5. The organic light emitting diode display as claimed in
claim 2, wherein the gate electrode of the light sensing ele-
ment:

110: lower substrate 115: buffer layer

124a, 124b, 124¢, 124d, 124e: gate electrode

125a, 125b: upper capacitor electrode  130: sensor insulating layer
140: gate insulating layer 145: interlayer insulating layer
150a, 150b: polycrystalline semiconductor layer

150¢, 150d, 150e, 150f: active layer

155a, 155b: lower capacitor electrode  173a, 173b, 173¢, 173d, 173e: source electrode

173f: first electrode

175f: second electrode

185: passivation layer

190: pixel electrode

300: organic light emitting layer
330: pixel defining layer 410: capping layer

420: encapsulation layer Cpyt pixel capacitor
Cgp: sensor capacitor Spzr light sensing element
Tpg: driving transistor T switching transistor

180: interlayer insulating layer
187: filter layer
270: common electrode

310: infrared emitting layer

175a, 175b, 175¢, 175d, 175e: drain electrode

What is claimed is:

1. An organic light emitting diode display, comprising:

apixel that includes a light-emitting device and a first thin
film transistor connected to the light-emitting device;
and

a sensor that includes a light sensing element,

wherein:

the light sensing element includes:

a gate electrode;

an active layer on the gate electrode;

a filter layer on the active layer; and

source and drain electrodes on the active layer, the
source and drain electrodes being connected to the
active layer,

the light sensing element and the first thin film transistor
are formed on a same substrate, and

one of the gate electrode and the active layer of the light
sensing element and a gate electrode of the first thin film
transistor are aligned on a same layer.

2. The organic light emitting diode display as claimed in

claim 1, wherein:

the first thin film transistor includes:

a polycrystalline semiconductor layer on the substrate;

the gate electrode on the polycrystalline semiconductor
layer; and

source and drain electrodes on the gate electrode, the
source and drain electrodes being connected to the
polycrystalline semiconductor layer, and

the light-emitting device includes:

a pixel electrode overlying the source and drain elec-
trodes and connected to one of the source and drain
electrodes;

an organic light emitting layer on the pixel electrode;
and

a common electrode on the organic light emitting layer.

3. The organic light emitting diode display as claimed in
claim 2, wherein the source and drain electrodes of the light
sensing element:

1s aligned on a same layer as the gate electrode of the first

thin film transistor, and

1s formed of a same material as the gate electrode of the first

thin film transistor.

6. The organic light emitting diode display as claimed in
claim 5, wherein the active layer of the light sensing element
1s aligned on a same layer as the source and drain electrodes
of the first thin film transistor.

7. The organic light emitting diode display as claimed in
claim 2, wherein the gate electrode of the light sensing ele-
ment:

is aligned on a same layer as the polycrystalline semicon-

ductor layer, and

is formed of a doped polycrystalline semiconductor.

8. The organic light emitting diode display as claimed in
claim 7, wherein the active layer of the light sensing element
is aligned on a same layer as the gate electrode of the first thin
film transistor.

9. The organic light emitting diode display as claimed in
claim 2, wherein the light-emitting device further includes an
infrared emitting layer between the pixel electrode and the
organic light emitting layer.

10. The organic light emitting diode display as claimed in
claim 2, wherein:

the sensor further includes a second thin film transistor that

includes source and drain electrodes, and

one of the source and drain electrodes of the second thin

film transistor is connected to one of the source and drain
electrodes of the light sensing element.

11. The organic light emitting diode display as claimed in
claim 2, wherein:

the sensor further includes a capacitor that includes a first

electrode and a second electrode,

the first electrode of the capacitor is aligned on a same layer

as the semiconductor layer of the first thin film transistor
and is formed of a doped semiconductor, and

the second electrode of the capacitor is aligned on a same

layer as the gate electrode of the first thin film transistor
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and is formed of the same material as the gate electrode

of the first thin film transistor.

12. The organic light emitting diode display as claimed in
claim 1, wherein the filter layer includes a band-pass filter
containing one of poly(methyl methacrylate), polycarbonate,
and polyimide.

13. An organic light emitting diode display, comprising:

apixel that includes a light-emitting device and a first thin

film transistor connected to the light-emitting device;
and

a sensor that includes a light sensing element,

wherein:

the light sensing element includes:

an active layer;

a gate electrode on the active layer;

a filter layer on the gate electrode; and

source and drain electrodes on the gate electrode, the
source and drain electrodes being connected to the
active layer,

the light sensing element and the first thin film transistor

are formed on a same substrate, and

the active layer of the light sensing element underlies an

insulating layer, the insulating layer underlying a semi-

conductor layer of the first thin film transistor.

14. The organic light emitting diode display as claimed in
claim 13, wherein:

the first thin film transistor includes:

a polycrystalline semiconductor layer on the substrate;

the gate electrode on the polycrystalline semiconductor
layer; and

source and drain electrodes on the gate electrode, the
source and drain electrodes being connected to the
polycrystalline semiconductor layer, and

the light-emitting device includes:

a pixel electrode on the source and drain electrodes, the
pixel electrode being connected to one of the source
and drain electrodes;

an organic light emitting layer on the pixel electrode;
and

a common electrode on the organic light emitting layer.
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15. The organic light emitting diode display as claimed in
claim 14, wherein the source and drain electrodes of the light
sensing element:

are aligned on a same layer as the pixel electrode of the

light-emitting device, and

are formed of a same material as the pixel electrode.

16. The organic light emitting diode display as claimed in
claim 14, wherein the gate electrode of the light sensing
element:

is aligned on a same layer as the polycrystalline semicon-

ductor layer, and

1s formed of a doped polycrystalline semiconductor.

17. The organic light emitting diode display as claimed in
claim 13, wherein the filter layer includes a band-pass filter
containing one of poly(methyl methacrylate), polycarbonate,
and polyimide.

18. The organic light emitting diode display as claimed in
claim 13, wherein the light-emitting device further includes
an infrared emitting layer between the pixel electrode and the
organic light emitting layer.

19. The organic light emitting diode display as claimed in
claim 13, wherein:

the sensor further includes a second thin film transistor that

includes source and drain electrodes,

one of the source and drain electrodes of the second thin

film transistor is connected to one of the source and drain
electrodes of the light sensing element.

20. The organic light emitting diode display as claimed in
claim 13, wherein:

the sensor further includes a capacitor that includes a first

electrode and a second electrode,

the first electrode of the capacitor is aligned on a same layer

as the semiconductor layer of the first thin film transistor
and is formed of a doped semiconductor, and

the second electrode of the capacitor is aligned on a same

layer as the gate electrode of the first thin film transistor
and is formed of the same material as the gate electrode
of the first thin film transistor.
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