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METHOD AND APPARATUS TO DETECT
THREE-DIMENSIONAL PATTERN
INFORMATION OF A TOUCH OBJECT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2016-0107014,
filed on Aug. 23, 2016, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] One or more exemplary embodiments relate to
detection of three-dimensional pattern information, and,
more particularly, to display technology to detect three-
dimensional pattern information of a touch object.

Discussion

[0003] In addition to a function of displaying an image,
various functions may be added to display devices. For
instance, fingerprint sensing elements (or components) and
an associated fingerprint sensing function may be added to
a display device. For instance, a display device having a
fingerprint sensing element may sense fingerprint informa-
tion using an optical sensing technique or a capacitive
sensing technique. The optical sensing technique may, for
example, sense a fingerprint by detecting a difference in
reflected light that varies depending on whether the reflected
light is reflected from a ridge or a valley of the fingerprint.
The capacitive sensing technique may, for instance, sense a
fingerprint by detecting a difference in capacitance that
varies depending on the ridges and valleys of the fingerprint.
Typically, a fingerprint sensing element is assembled as a
component of the display device. As the size of display
devices decrease, spatial limitations may hinder the addition
of such external fingerprint sensors.

[0004] The above information disclosed in this section is
only for enhancement of an understanding of the back-
ground of the inventive concepts, and, therefore, it may
contain information that does not form prior art already
known to a person of ordinary skill in the art.

SUMMARY

[0005] One or more exemplary embodiments provide a
display device to sense three-dimensional pattern informa-
tion of a touch object, such as epidermal ridge information
of an appendage, e.g., fingerprint information of a human
finger.

[0006] One or more exemplary embodiments provide a
display panel to detect three-dimensional pattern informa-
tion of a touch object.

[0007] One or more exemplary embodiments provide an
apparatus to generate information corresponding to a three-
dimensional pattern of a touch object.

[0008] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concepts.

[0009] According to one or more exemplary embodi-
ments, a display device includes a substrate, display ele-
ments, a window, and a photo sensor array. The substrate
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includes a display area and a non-display area. The display
elements overlap the display area. The window is disposed
on the substrate. The photo sensor array is disposed between
the substrate and the window. The photo sensor array is
configured to sense epidermal ridge information of a user via
light reflected from a touch input of the user. One or more
of the display elements is configured to illuminate a contact
area of the touch input with the light.

[0010] According to one or more exemplary embodi-
ments, a display panel includes a display area and a non-
display area. The display area includes pixels to illuminate
a window with light. The non-display area includes a
photosensitive detector to detect at least some of the light
reflected from a three-dimensional pattern on a portion of
the window. The portion of the window overlaps the display
area. The photosensitive detector is communicatively
coupled to at least one processor to generate information
corresponding to the three-dimensional pattern.

[0011] According to one or more exemplary embodiments,
an apparatus includes at least one processor and at least one
memory. The least one memory includes one or more
sequences of one or more instructions that, in response to
being executed by the at least one processor, cause the
apparatus at least to: control pixels of a display panel to
display an image via first illumination; control, in response
to detection of a first interaction of an object with a surface
of'the display panel, at least some of the pixels to illuminate
a portion of the object with second illumination, the second
illumination being different from the first illumination; con-
trol one or more photo sensors of the display panel to sense
third illumination, the third illumination corresponding to at
least some of the second illumination reflected from the
object; and generate, in accordance with the third illumina-
tion, information corresponding to a three-dimensional pat-
tern of the portion of the object.

[0012] According to one or more exemplary embodi-
ments, a display panel includes a patterned layer, an elec-
troluminescent layer, a photosensitive layer, and an encap-
sulation layer. The patterned layer includes a pattern of
openings in a display area. The electroluminescent layer is
disposed in a portion of an opening among the openings. The
photosensitive layer is disposed on the patterned layer
between a pair of openings among the openings. The pho-
tosensitive layer is configured to detect light reflected from
a three-dimensional pattern overlapping a portion of the
display area. The encapsulation layer overlaps the patterned
layer.

[0013] According to one or more exemplary embodi-
ments, a three-dimensional pattern sensor may form a por-
tion of a display. In this manner, spatial limitations associ-
ated with the incorporation of modular sensors in a
conventional display may be reduced. Further, one or more
exemplary embodiments improve detection sensitivity of a
three-dimensional pattern sensor by at least improving light
receiving efficiency of the three-dimensional pattern sensor.
[0014] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-



US 2018/0060641 Al

fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0016] FIG. 1 is a perspective view of a display device,
according to one or more exemplary embodiments.

[0017] FIG. 2 is a plan view of a display panel of the
display device of FIG. 1, according to one or more exem-
plary embodiments.

[0018] FIG. 3 is a plan view of a window of the display
device of FIG. 1, according to one or more exemplary
embodiments.

[0019] FIG. 4 is a cross-sectional view of the display
device of FIG. 1 taken along sectional line I-I', according to
one or more exemplary embodiments.

[0020] FIG. 5 is an enlarged sectional view of portion E1
of FIG. 4, according to one or more exemplary embodi-
ments.

[0021] FIG. 6 is a plan view of the display device of FIG.
5, according to one or more exemplary embodiments.
[0022] FIG. 7A is a cross-sectional view of the display
device of FIG. 6 illustrating a method for sensing a finger-
print, according to one or more exemplary embodiments.
[0023] FIG. 7B is an exploded perspective view of the
display device of FIG. 7A illustrating the method for sensing
a fingerprint, according to one or more exemplary embodi-
ments.

[0024] FIG. 8 provides simulation results illustrating fin-
gerprint information of a user that is sensed through a photo
sensor array of the display device of FIGS. 7A and 7B,
according to one or more exemplary embodiments.

[0025] FIG. 9 is a cross-sectional view of a light emitting
area for photo sensors of a photo sensor array, a fingerprint
contact area, and a photo sensor array area of the display
device of FIG. 5, according to one or more exemplary
embodiments.

[0026] FIG. 10 is a cross-sectional view of a light emitting
area for photo sensors of a photo sensor array, a fingerprint
contact area, and a photo sensor array area of the display
device of FIG. 5, according to one or more exemplary
embodiments.

[0027] FIGS. 11, 12, 13, and 14 are plan views of display
devices, according to various exemplary embodiments.
[0028] FIG. 15 is an enlarged plan view of a portion of a
display device, according to one or more exemplary embodi-
ments.

[0029] FIG. 16 is a cross-sectional view of the display
device of FIG. 15 taken along sectional line II-II', according
to one or more exemplary embodiments.

[0030] FIG. 17 is a cross-sectional view of a display
device taken along sectional line II-1I' of FIG. 15, according
to one or more exemplary embodiments.

[0031] FIG. 18 is a cross-sectional view of a display
device, according to one or more exemplary embodiments.
[0032] FIG. 19 is a cross-sectional view of a display
device taken along sectional line II-1I' of FIG. 15, according
to one or more exemplary embodiments.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0033] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific

Mar. 1, 2018

details or with one or more equivalent arrangements. In
other instances, is well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0034] As customary in the field, exemplary embodiments
are described and illustrated in the drawings in terms of
functional blocks, units, and/or modules. Those skilled in the
art will appreciate that these blocks, units, and/or modules
are physically implemented by electronic (or optical) cir-
cuits, such as logic circuits, discrete components, micropro-
cessors, hard-wired circuits, memory elements, wiring con-
nections, and the like, which may be formed using
semiconductor-based fabrication techniques or other manu-
facturing technologies. In the case of the blocks, units,
and/or modules being implemented by microprocessors or
other similar hardware, they may be programmed and con-
trolled using software (e.g., microcode) to perform various
functions discussed herein and may optionally be driven by
firmware and/or software. It is also contemplated that each
block, unit, and/or module may be implemented by dedi-
cated hardware, or as a combination of dedicated hardware
to perform some functions and a processor (e.g., one or more
programmed microprocessors and associated circuitry) to
perform other functions. Also, each block, unit, and/or
module of exemplary embodiments may be physically sepa-
rated into two or more interacting and discrete blocks, units,
and/or modules without departing from the spirit and scope
of the inventive concepts. Further, the blocks, units, and/or
modules of exemplary embodiments may be physically
combined into more complex blocks, units, and/or modules
without departing from the spirit and scope of the inventive
concepts.

[0035] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of various exemplary
embodiments. Therefore, unless otherwise specified, the
features, components, modules, layers, films, panels,
regions, and/or aspects of the various illustrations may be
otherwise combined, separated, interchanged, and/or rear-
ranged without departing from the disclosed exemplary
embodiments. Further, in the accompanying figures, the size
and relative sizes of layers, films, panels, regions, etc., may
be exaggerated for clarity and descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.

[0036] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Further, the D1-axis,
the D2-axis, and the D3-axis are not limited to three axes of
a rectangular coordinate system, and may be interpreted in
a broader sense. For example, the D1-axis, the D2-axis, and
the D3-axis may be perpendicular to one another, or may
represent different directions that are not perpendicular to
one another. For the purposes of this disclosure, “at least one
of X, Y, and Z” and “at least one selected from the group
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consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0037] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, components,
regions, layers, and/or sections should not be limited by
these terms. These terms are used to distinguish is one
element, component, region, layer, and/or section from
another element, component, region, layer, and/or section.
Thus, a first element, component, region, layer, and/or
section discussed below could be termed a second element,
component, region, layer, and/or section without departing
from the teachings of the present disclosure.

[0038] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned
over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0039] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups

thereof.

[0040] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. In this
manner, regions illustrated in the drawings are schematic in

2 <

Mar. 1, 2018

nature and shapes of these regions may not illustrate the
actual shapes of regions of a device, and, as such, are not
intended to be limiting.

[0041] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0042] FIG. 1 is a perspective view of a display device,
according to one or more exemplary embodiments. FIG. 2 is
a plan view of a display panel of the display device of FIG.
1, according to one or more exemplary embodiments. FIG.
3 is a plan view of a window of the display device of FIG.
1, according to one or more exemplary embodiments. FIG.
4 is a cross-sectional view of the display device of FIG. 1
taken along sectional line I-I'y according to one or more
exemplary embodiments.

[0043] Referring to FIGS. 1 to 4, the display device may
be provided in various shapes and configurations. For
example, the display device may be provided in a rectan-
gular plate shape having two pairs of parallel sides. When
the display device is provided with the rectangular plate
shape, any pair of sides out of the two pairs of sides may be
longer than the other pair of sides. For convenience, the
display device will be described and illustrated with a
rectangular plate shape having a pair of long sides and a pair
of short sides. The extending direction of the long sides is in
a first direction D1, the extending direction of the short sides
is in a second direction D2, and a thickness of the display
device is in a third direction D3.

[0044] According to one or more exemplary embodi-
ments, the display device includes a display panel 100 in
which display elements (or components) 103 for displaying
an image are provided and a window 200 provided on a
surface (e.g., an upper surface) of the display panel 100. The
display device may include an electronic device (or struc-
ture) that recognizes a touch event of an object, such as an
appendage (e.g., a finger, a palm, a foot, etc.) of a user, a
separate input means (e.g., stylus, pen, informational tag,
etc.) and/or the like, with a surface of the display device,
such as a surface of the window 200. The object may include
a three-dimensional pattern, such as a pattern of epidermal
ridges (e.g., fingerprint, palm print, foot print, etc.) of an
appendage of the user, a three-dimensional bar code of an
informational tag, and/or the like. In this manner, the elec-
tronic device may also sense the three-dimensional pattern,
which may correspond to a fingerprint of the user, the
three-dimensional bar code, etc.

[0045] The display panel 100 includes a base substrate 101
and the display elements 103 provided on the base substrate
101. The base substrate 101 may include a display area DA
in is which an image is displayed and a non-display area
NDA disposed outside the display area DA. For instance, the
non-display area NDA may surround at least one edge of the
display area DA.

[0046] The display area DA of the base substrate 101 is an
area in which the display elements 103 including a plurality
of pixels PXL are provided to display an image. The image
may include arbitrary visual information, e.g., text, videos,
pictures, two-dimensional or three-dimensional images, and
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the like. For instance, the plurality of pixels PXL may be
located in the area defined by a plurality of data lines (not
shown) and a plurality of scan lines (not shown). The
plurality of data lines may be arranged along the second
direction D2, and the plurality of scan lines may be arranged
along the first direction D1. Also, the plurality of scan lines
may provide scan signals to the plurality of pixels PXL so
that the plurality of pixels PXL. may be turned on according
to the scan signals. The scan signals may be provided to the
plurality of pixels PXL sequentially, thereby the plurality of
pixels PXL. may be driven sequentially. In one or more
exemplary embodiments, the display area DA is located at a
central portion of the display panel 100, and may have a
relatively large area compared to the non-display area NDA.
[0047] The base substrate 101 may be made of an insu-
lative material having flexibility; however, exemplary
embodiments are not limited thereto or thereby. The base
substrate 101 may be made of various materials, e.g., glass,
polymer, metal, and the like. For example, the base substrate
101 may be an insulative substrate made of an organic
polymer material. The material of the insulative substrate,
including the organic polymer material may include poly-
styrene, polyvinyl alcohol, polymethyl methacrylate,
polyethersulfone, polyacrylate, polyetherimide, polyethyl-
ene naphthalate, polyethylene terephthalate, polyphenylene
sulfide, polyarylate, polyimide, polycarbonate, triacetate
cellulose, cellulose acetate propionate, and the like. How-
ever, the material constituting the base substrate 101 is not
limited thereto or thereby. For example, the base substrate
101 may be made of fiber glass reinforced plastic (FRP).
[0048] Each of the plurality of pixels PXL may be an
electroluminescent component, such as an organic light
emitting element including an organic layer; however,
exemplary embodiments are not limited thereto or thereby.
For example, the plurality of pixels PXL. may be imple-
mented in various forms including a liquid crystal element,
an electrophoretic element, an electrowetting element, and
the like. The plurality of pixels PXL are provided in the
display area DA of the base substrate 101, and each pixel
PXL. may be provided in plural numbers (e.g., may include
sub-pixels) as a minimum unit for displaying an image. The
pixel PXL. may include an organic light emitting element
that emits white light and/or colored light. The pixel PXL
may emit light of any one color among red, green, blue, and
white; however, exemplary embodiments are not limited
thereto or thereby. For instance, a pixel PXL may emit light
of'a color, such as cyan, magenta, yellow, etc. The pixel PXL
may include a thin film transistor (not shown) connected to
a line, such as the data line, the scan line (not shown), etc.,
and an organic light emitting element (not shown) connected
to the thin film transistor (not shown).

[0049] The non-display area NDA of the base substrate
101 is an area in which the pixels PXL are not provided, and
may be a bezel area in which an image is not displayed. The
bezel area may be coupled to an external case (not shown).
A driving unit (not illustrated, such as a data driver or scan
driver, for driving the pixels PXL may be provided in the
non-display area NDA. The non-display area NDA may
include a photo sensor array area PSAA.

[0050] In addition, the display panel 100 further includes
an encapsulation layer 190 disposed over the display ele-
ments 103 to cover the display elements 103. The encapsu-
lation layer 190 may prevent (or at least reduce) moisture,
oxygen, etc., from being introduced into the display ele-
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ments 103. The encapsulation layer 190 may be formed in a
single layer, or may be is formed in multiple layers.
[0051] The window 200 may be an outermost cover mem-
ber disposed on an upper surface of the display panel 100 to
protect a display surface of the display panel 100. The
window 200 may cover a front surface of the display panel
100 and may be coupled to the display panel 100 via an
adhesive layer 400. The adhesive layer 400 may be made of
a resin-based material having optically high transparency,
e.g., an optically clear resin (OCR), but exemplary embodi-
ments are not limited thereto or thereby. The window 200
includes a display area DA corresponding to the display area
DA of the display panel 100 and a non-display area NDA
disposed outside the display area DA, e.g., surrounding the
display area DA. The non-display area NDA of the window
200 may correspond to the non-display area NDA of the
display panel 100.

[0052] A photo sensor array 300 may be disposed to
correspond to the photo sensor array area PSAA of the base
substrate 101, and may be provided on a surface (e.g., a rear
surface) of the window 200. The surface of the window 200
may be a surface opposite the display panel 100. The photo
sensor array 300 may extend along the second direction D2.
The photo sensor array 300 may be disposed at at least one
side of the non-display area NDA of the window 200 to
correspond to the photo sensor array arca PSAA of the
display panel 100. The photo sensor array 300 may include
a plurality of photo sensors (not shown) extending along the
second direction D2 and a readout line (not shown) con-
nected to each of the plurality of photo sensors. For instance,
the plurality of photo sensors may be arranged in the same
direction as the direction (e.g., the second direction D2) in
which the data lines are arranged.

[0053] A fingerprint contact area FCA may be provided on
another surface (e.g., a front surface) opposite to the surface
of the window 200 upon which the photo sensor array 300
is disposed. The fingerprint contact area FCA is an area with
which a finger of the user comes in contact (e.g., direct
contact) with, for instance, the window 200. Fingerprint
information of the user may be sensed through the photo
sensor array 300. The fingerprint contact area FCA may be
disposed in the display area DA of the window 200; how-
ever, exemplary embodiments are not limited thereto or
thereby.

[0054] According to one or more exemplary embodi-
ments, the photo sensor array 300 is disposed in the non-
display area NDA of each of the window 200 and the display
panel 100, but exemplary embodiments are not limited
thereto or thereby. The photo sensor array 300 may be
disposed in the display area DA of each of the window 200
and the display panel 100. In this manner, the fingerprint
contact area FCA may be disposed in the display area DA
adjacent to the photo sensor array 300 of the window 200.
[0055] FIG. 5 is an enlarged sectional view of portion E1
of FIG. 4, according to one or more exemplary embodi-
ments. FIG. 6 is a plan view of the display device of FIG.
5, according to one or more exemplary embodiments. The
“plan view” may be considered a “top-down” view of the
display device of FIG. 5 when viewed in a direction opposite
the third direction D3.

[0056] Referring to FIGS. 4 to 6, the display device
includes a display panel 100 and a window 200 disposed on
the display panel 100. The display device further includes a
photo sensor array 300 provided between the display panel
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100 and the window 200, and an adhesive layer 400 that
couples the display panel 100 and the window 200 to one
another. The display panel 100 includes a base substrate 101,
display elements 103 provided on the base substrate 101,
and an encapsulation layer 190 provided over the display
elements 103.

[0057] The base substrate 101 includes a display area DA
and a non-display area NDA. The display area DA of the
base substrate 101 includes a light emitting area LEA-PS for
photo sensors. A plurality of pixels 103a adjacent to the
photo sensor array 300 among the display elements 103 may
be disposed in the light emitting area LEA-PS. For descrip-
tive convenience, the plurality of pixels 1034 adjacent to the
photo sensor array 300 will be referred to as display ele-
ments 103a for the photo sensor array 300. Although the
light emitting area LEA-PS for the photo sensor array 300 is
shown in FIGS. 5 and 6 as extending to the boundary
between the display area DA and the non-display area NDA,
it is contemplated that the light emitting area LEA-PS for the
photo sensor array 300 may not extend all the way to the
boundary, such as illustrated in FIG. 11.

[0058] Each of the display elements 103a for the photo
sensor array 300 includes an organic light emitting element
that emits white light and/or colored light. In this manner,
the display elements 1034 for the photo sensor array 300
may be used as light sources and the photo sensor array 300
may sense fingerprint information of a finger of a user.
[0059] The non-display area NDA of the base substrate
101 includes a photo sensor array area PSAA corresponding
to the photo sensor array 300. According to one or more
exemplary embodiments, the photo sensor array area PSAA
may also overlap a portion of the display area DA, such as
illustrated in FIG. 14. The photo sensor array 300 is pro-
vided on one surface of the window 200. For instance, the
photo sensor array 300 may be provided between the win-
dow 200 and the display panel 100. The photo sensor array
300 may include a plurality of photo sensors disposed along
the same direction as the driving direction of the display
elements 1034 for the photo sensor array 300 and a readout
line (not shown) connected to each of the plurality of photo
sensors. For instance, the plurality of photo sensors may be
arranged in the same direction as the direction (e.g., the
second direction D2) in which the data lines are arranged.
[0060] The window 200 includes a fingerprint contact area
FCA. The fingerprint contact is area FCA may be provided
on the other surface (e.g., upper surface) that is opposite to
the surface of the window 200 on which the photo sensor
array 300 is disposed. The fingerprint contact area FCA is
disposed on the other surface of the window 200 to corre-
spond to a portion of the display area DA of the base
substrate 101. Also, the fingerprint contact area FCA may be
provided between the display area DA and the non-display
area NDA of the base substrate 101 on the other surface of
the window 200. For instance, the fingerprint contact area
FCA may overlap one or more of the display area DA and
the non-display area NDA. For example, one side of the
fingerprint contact area FCA may be disposed adjacent to the
photo sensor array 300 and another side of the fingerprint
contact area FCA may overlap with a portion of the light
emitting area LEA-PS. As another example, one side of the
fingerprint contact area FCA may terminate at a boundary
between the display area DA and the non-display area NDA,
and another side of the fingerprint contact area FCA may
overlap the display area DA, but terminate at a boundary of
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the light emitting area LEA-PS of the photo sensor array
300, such as illustrated in FIG. 12. As yet another example,
one side of the fingerprint contact area FCA may overlap the
display area DA and another side of the fingerprint contact
area FCA may overlap the non-display area NDA, such as
illustrated in FIG. 13.

[0061] When a finger of the user comes in contact with the
fingerprint contact area FCA, the display device may per-
form a function for sensing fingerprint information of the
user. In this manner, the display elements 1034 for the photo
sensor array 300 may be driven to emit white light and/or
colored light along the second direction D2 according to
data signals provided to the display elements 103a for the
photo sensor array 300. The light emitted from each of the
display elements 103 for the photo sensor array 300 may be
reflected by the finger of the user that interacts with the
fingerprint contact area FCA. The reflected light may be
supplied to the photo is sensor array 300. The photo sensor
array 300 may sense fingerprint information of the finger of
the user using the light emitted from the display elements
103a for the photo sensor array 300, such as the reflected
light.

[0062] According to one or more exemplary embodi-
ments, the display elements 103« for the photo sensor array
300 are used as light sources for the photo sensor array 300,
and, as such, a separate light source for sensing the finger-
print information of a finger of the user may not be provided.
In addition, given that the display elements 103a for the
photo sensor array 300 used as light sources of the photo
sensor array 300 may be arranged in an area adjacent to the
photo sensor array 300, the amount of light emitted from the
display elements 103a for the photo sensor array 300 that
reaches the photo sensor array 300 may be sufficient even at
relatively low levels. In this manner, a light receiving
efficiency of the photo sensor array 300 may improve the
sensitivity of sensing the fingerprint information of the
finger of the user may increase.

[0063] In comparison with a conventional display device
including a fingerprint sensing element assembled to an
exterior portion of a display panel (or the exterior portion of
the conventional display device), the photo sensor array 300
is disposed in the non-display area NDA of the base sub-
strate 101. In this manner, one or more exemplary embodi-
ments minimize (or at least reduce) spatial limitations for a
fingerprint sensing element.

[0064] FIG. 7A is a cross-sectional view of the display
device of FIG. 6 illustrating a method for sensing a finger-
print, according to one or more exemplary embodiments.
FIG. 7B is an exploded perspective view of the display
device of FIG. 7A illustrating the method for sensing a
fingerprint, according to one or more exemplary embodi-
ments. FIG. 8 provides simulation results illustrating fin-
gerprint information of a user that is sensed through a photo
sensor array of the display device of FIGS. 7A and 7B,
according to one or more exemplary embodiments.

[0065] Referring to FIGS. 2, 6, 7A, and 7B, the display
device includes a display panel 100, a window 200, and a
photo sensor array 300. Also, the display device may further
include a control unit 102 that controls fingerprint sensing
and/or image display. The control unit 102 may control
fingerprint sensing and/or image display based on one or
more sequences of one or more instructions that may be
stored in one or more memories (not illustrated) and
executed in association with components of the display
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panel 100 and the photo sensor array 300. The one or more
memories may be any medium (e.g., non-volatile media,
volatile media, transmission media, etc.) that participates in
providing the one or more sequences of one or more
instructions (e.g., computer code) to one or more software,
hardware, and/or firmware components. For instance, the
one or more sequences of one or more instructions may be
executable by one or more general purpose and/or special
purpose components of the control unit 102. For example,
the one or more general purpose and/or special purpose
components may include one or more discrete circuits,
digital signal processing chips, integrated circuits, applica-
tion specific integrated circuits, microprocessors, proces-
sors, programmable arrays, field programmable arrays,
instruction set processors, and/or the like.

[0066] According to one or more exemplary embodi-
ments, a finger 10 of a user may come in contact with a
fingerprint contact area FCA of the window 200. As such,
the display elements 103a for the photo sensor array 300
disposed in a light emitting area LEA-PS may be used as
light sources for photo sensors of the photo sensory array
300. In one or more exemplary embodiments, if the finger 10
of the user does not come in contact with the fingerprint
contact area FCA, the light emitting area LEA-PS for the
photo sensors may display an image as a display area DA of
the display panel 100. Additionally, when the finger 10 of the
user does not is come in contact with the fingerprint contact
area FCA, the fingerprint contact area FCA may display the
image as a display area DA of the window 200.

[0067] Inone or more exemplary embodiments, the image
may provide information to the user to inform the user of the
existence and/or position of the fingerprint contact area
FCA. Tt is also contemplated that the image may inform the
user of a function (e.g., fingerprint sensing function) that is
executable in association with the fingerprint contact area
FCA. In one or more exemplary embodiments, the image
may be selectively displayed, such as, in response to the
detection of a hovering (or almost contacting) interaction of
the finger 10 with the display device, the display of an idle
(or home) screen of the display device, such as to unlock an
electronic device including the display device, and/or the
like. Exemplary embodiments, however, are not limited
thereto or thereby. In this manner, when the aforementioned
image is not presented, other display information (normal
display content) may be presented, such as content corre-
sponding to data provided from an image source, such as an
external image source.

[0068] Light emitted from the display elements 103a for
the photo sensor array 300 may reach the finger 10 of the
user and then may be reflected from the finger 10 of the user
and made incident on the photo sensor array 300. The photo
sensor array 300 may sense fingerprint information of the
finger 10 of the user using the incident light. In response to
the fingerprint information of the finger 10 of the user being
sensed by the photo sensor array 300, the fingerprint of the
user may be registered and/or stored as fingerprint informa-
tion. In one or more exemplary embodiments, the control
unit 102 may control the display device to display an image
on the display panel 100, such as an image of the detected
fingerprint information, an image confirming detection of
the fingerprint of the user, and/or the like.

[0069] The display elements 103a for the photo sensor
array 300 may be arranged in a matrix formation including
one or more rows and columns of display elements 1034 in
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the light emitting area LEA-PS for the photo sensor array
300. As such, when the finger 10 of the user comes in contact
with the fingerprint contact area FCA, the display elements
103a for the photo sensor array 300 may be used as a light
source that may be driven (e.g., sequentially driven) in the
second direction D2. The photo sensor array 300 may
include a plurality of photo sensors (not shown) arranged
(e.g., spaced apart from one another) along the second
direction D2 on the rear surface of the window 200. For
instance, each of the plurality of photo sensors may be
disposed in the same line as the display elements 103a (or
in correspondence with respective display elements 103a)
for the photo sensor array 300. Exemplary embodiments,
however, are not limited thereto or thereby.

[0070] According to one or more exemplary embodi-
ments, when the finger 10 of a user comes in contact with a
portion of the fingerprint contact area FCA, the display
elements 103a arranged in the light emitting area LEA-PS
for the photo sensor array 300 under the area that the finger
10 of the user comes in contact may be used as a light source
driven (e.g., sequentially driven) along the second direction
D2, thereby emitting light. Light emitted from the display
elements 1034 may be reflected by the finger 10 of the user
and provided to a photo sensor disposed on the same line as
the display element 103a that emitted the light that was
reflected and detected by the photo sensor. The photo sensor
and/or the control unit 102 may sense fingerprint informa-
tion of the finger 10 of the user that contacted the fingerprint
contact area FCA using the incident light. As such, when the
arrangement direction of the display elements 103a for the
photo sensor array 300 that area sequentially driven along
the second direction D2 and the arrangement direction of the
plurality of photo sensors of the photo sensor array 300 are
equal to one another, the fingerprint information of the finger
10 of the user, as shown in FIG. 8, is may be sequentially
sensed along the second direction D2.

[0071] Although the display elements 103a for the photo
sensor array 300 have been described as being sequentially
driven in the second direction D2, exemplary embodiments
are not limited thereto or thereby. For example, the display
elements 103a for the photo sensor array 300 may be
sequentially driven in the first direction D1 or in any other
suitable fashion.

[0072] FIG. 9 is a cross-sectional view of a light emitting
area for photo sensors of a photo sensor array, a fingerprint
contact area, and a photo sensor array area of the display
device of FIG. 5, according to one or more exemplary
embodiments.

[0073] Although a plurality of display elements 103a are
arranged in the light emitting area LEA-PS of the photo
sensor array 300, FIG. 9 merely illustrates one display
element 103a for illustrative and descriptive convenience.
Also, the display device may include a touch array, such as
a touch detection layer including detection electrodes, but
the illustration of the touch array is omitted in FIG. 9 to
avoid obscuring exemplary embodiments. It is noted, how-
ever, that the touch array may form a portion (e.g., one or
more layers) of display panel 100 or may be coupled to
display panel 100. For instance, the touch array may be
disposed between window 200 and display panel 100,
between adhesive layer 400 and encapsulation layer 190,
between encapsulation layer 190 and substrate 101, etc.
[0074] Referring to FIGS. 5 and 9, the display device
includes a display panel 100, a window 200 disposed on a



US 2018/0060641 Al

surface (e.g., upper surface) of the display panel 100, and a
photo sensor array 300 disposed between the display panel
100 and the window 200. The display panel 100 includes a
base substrate 101 including a display area DA and a
non-display area NDA. The display area DA of the base
substrate 101 may include a light emitting area LEA-PS for
a photo sensor array 300, and the non-display area NDA of
the base substrate 101 may include a photo sensor array area
PSAA in which the photo sensor array 300 is disposed. The
window 200 includes a fingerprint contact area FCA with
which a finger 10 of a user comes in contact.

[0075] A thin film transistor TFT, an organic light emitting
element OLED connected to the thin film transistor TFT, and
an encapsulation layer 190 covering the organic light emit-
ting element OLED may be provided in the light emitting
area LEA-PS for the photo sensor array 300 of the base
substrate 101. The thin film transistor TFT and the organic
light emitting element OLED may constitute display ele-
ments for a first photo sensor array among display elements
103a for the photo sensor array 300. The display elements
103a are arranged in the light emitting area LEA-PS for the
photo sensor array 300.

[0076] The base substrate 101 includes a transparent insu-
lating material to enable light to be transmitted therethrough.
The base substrate 101 may be a rigid substrate. For
example, the base substrate 101 may be one of a glass base
substrate, a quartz base substrate, a glass ceramic base
substrate, and a crystalline glass base substrate. It is also
contemplated that the base substrate 101 may be a flexible
substrate. In this manner, the base substrate 101 may be one
of a film base substrate including an organic polymer
material and a plastic base substrate. For example, the base
substrate 101 may include one of polystyrene, polyvinyl
alcohol, polymethyl methacrylate, polyethersulfone, poly-
acrylate, polyetherimide, polyethylene naphthalate, polyeth-
ylene terephthalate, polyphenylene sulfide, polyarylate,
polyimide, polycarbonate, triacetate cellulose, and cellulose
acetate propionate. In addition, the base substrate 101 may
include a fiber glass reinforced plastic (FRP). Exemplary
embodiments are not limited thereto or thereby. To this end,
the material of the base substrate 101 has resistance (e.g.,
heat resistance) against high processing temperature(s) in a
fabricating process of the display device.

[0077] The thin film transistor TFT includes a first active
pattern 120, a first gate is electrode 130, a first source
electrode 140, and a first drain electrode 150. The first active
pattern 120 may be disposed on the base substrate 101. The
first active pattern 120 may include any one of amorphous
silicon (a-Si), polycrystalline silicon (p-Si), oxide semicon-
ductor, and organic semiconductor. The oxide semiconduc-
tor may include at least one of zinc (Zn), indium (In),
gallium (Ga), tin (Sn), and mixtures thereof. For example,
the oxide semiconductor may include indium-gallium-zinc
oxide (1GZO).

[0078] The active pattern 120 includes a source region
connected to the first source electrode 140, a drain region
connected to the first drain electrode 150, and a channel
region provided between the source region and the drain
region. The source region and the drain region may be
regions in which impurities are doped or injected. Although
not shown in FIG. 9, when the first active pattern 120
includes the oxide semiconductor, a light blocking layer may
be provided on each of the top and bottom surfaces of the
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first active pattern 120. The light blocking layer may block
light introduced to the first active pattern 120.

[0079] A buffer layer 110 may be disposed between the
base substrate 101 and the first active pattern 120. The buffer
layer 110 may include at least one of silicon oxide (SiO,)
and silicon nitride (SiN,). For example, the buffer layer 110
may include a first layer including silicon oxide, and a
second layer disposed on the first layer, the second layer
including silicon nitride. Also, the buffer layer 110 may
include silicon oxynitride (SiION). The buffer layer 110 may
be an organic insulating layer including an organic material.
In one or more exemplary embodiments, the buffer layer 110
prevents (or at least reduces) impurities from being diffused
and penetrated into the thin film transistor TFT from the base
substrate 101, thereby preventing (or reducing) deterioration
of electrical characteristics of the thin film transistor TFT.
[0080] A gate insulating layer 125 may be provided over
the first active pattern 120. The is gate insulating layer 125
may insulate the first active pattern 120 and the first gate
electrode 130 from each other. The gate insulating layer 125
may include at least one of silicon oxide (SiO,) and silicon
nitride (SiN).

[0081] The first gate electrode 130 may be disposed on the
gate insulating layer 125 to cover a region corresponding to
the channel region of the first active pattern 120. The first
gate electrode 130 may be made of at least one metal, such
as gold (Au), silver (Ag), aluminum (Al), molybdenum
(Mo), chromium (Cr), titanium (T1), nickel (Ni), neodymium
(Nd) and copper (Cu), or alloys thereof. The first gate
electrode 130 may be formed in a single layer; however,
exemplary embodiments are not limited thereto or thereby.
For instance, the first gate electrode 130 may be formed in
a multi-layered structure in which at least two materials
among the metals and the alloys are stacked.

[0082] An interlayer insulating layer 135 may be provided
over the first gate electrode 130. The interlayer insulating
layer 135 may be an inorganic insulating layer made of an
inorganic material. The inorganic material may include at
least once of silicon oxide, silicon nitride, silicon oxynitride,
and the like.

[0083] The first source electrode 140 and the first drain
electrode 150 may be provided on the interlayer insulating
layer 135. The first source electrode 140 and the first drain
electrode 150 may be insulated from the first gate electrode
130 by the interlayer insulating layer 135. The first source
electrode 140 is connected to the source region through an
opening passing through the gate insulating layer 125 and
the interlayer insulating layer 135, and the first drain elec-
trode 150 is connected to the drain region through an
opening passing through the gate insulating layer 125 and
the interlayer insulating layer 135.

[0084] The first source electrode 140 and the first drain
electrode 150 may be made of a metal. For example, the first
source electrode 140 and the first drain electrode 150 may be
made of at least one metal, such as gold (Au), silver (Ag),
aluminum (Al), molybdenum (Mo), chromium (Cr), tita-
nium (Ti), nickel (Ni), neodymium (Nd) and copper (Cu), or
alloys thereof. In addition, each of the first source electrode
140 and the first drain electrode 150 may be formed in a
single layer; however, exemplary embodiments are not
limited thereto or thereby. For instance, the first source
electrode 140 and the first drain electrode 150 may be
formed in a multi-layered structure with at least two mate-
rials among the metals and the alloys being stacked.
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[0085] Although the thin film transistor TFT has been
described as including a top gate structure, exemplary
embodiments are not limited thereto or thereby. For
example, the thin film transistor TFT may include a bottom
gate structure, a multi-gate structure, etc.

[0086] A first protective layer 145 may be disposed over
the thin film transistor TFT. The first protective layer 145
covers the thin film transistor TFT, and may include at least
one layer. The first protective layer 145 reduces bending of
a lower structure and planarizes a surface of the underlying
structure. The first protective layer 145 includes a contact
hole through which a portion of the first drain electrode 150
is exposed. The first protective layer 145 may be an organic
insulating layer made of an organic material. The organic
material may include fluorine-based carbon compounds,
such as polyacryl, polyimide, and Teflon, and organic insu-
lating materials, such as polyepoxy and benzocyclobutene.
[0087] The organic light emitting element OLED, which is
connected to the first drain electrode 150, may be disposed
on the first protective layer 145. The organic light emitting
element OLED may include a first electrode 160 connected
to the first drain electrode 150, an organic layer 170 disposed
on the first electrode 160, and a second electrode 180
disposed on the organic layer 170. One of the first electrode
160 and the second electrode 180 may be an anode is
electrode, and the other of the first electrode 160 and the
second electrode 180 may be a cathode electrode. For
example, the first electrode 160 may be an anode electrode,
and the second electrode 180 may be a cathode electrode.

[0088] According to one or more exemplary embodi-
ments, at least one of the first electrode 160 and the second
electrode 180 may be a transmissive electrode. For example,
when the organic light emitting element OLED is a bottom
emission type organic light emitting element, the first elec-
trode 160 may be a transmissive electrode, and the second
electrode 180 may be a reflective electrode. When the
organic light emitting element OLED is a top emission type
organic light emitting element, the first electrode 160 may be
a reflective electrode, and the second electrode 180 may be
a transmissive electrode. When the organic light emitting
element OLED is a double-sided emission type organic light
emitting element, both the first electrode 160 and the second
electrode 180 may be transmissive electrodes. For conve-
nience, exemplary embodiments will be described including
the first electrode 160 as an anode electrode and the organic
light emitting element OLED as a top emission type organic
light emitting element.

[0089] The first electrode 160 may be disposed on the first
protective layer 145. The first electrode 160 may include a
reflective layer (not shown) capable of reflecting light and a
transparent conductive layer (not shown) disposed on the top
or bottom of the reflective layer. At least one of the reflective
layer and the transparent conductive layer may be connected
to the first drain electrode 150 of the thin film transistor TFT.
The reflective layer may include a material capable of
reflecting light. For example, the reflective layer may
include at least one of aluminum (Al), silver (Ag), chro-
mium (Cr), molybdenum (Mo), platinum (Pt), nickel (Ni),
and alloys thereof. Exemplary embodiments, however, are
not limited thereto or thereby. The transparent conductive
layer may include a transparent conductive oxide. For
example, the transparent conductive layer may include at
least one transparent conductive oxide among indium tin
oxide (ITO), indium zinc oxide (IZO), aluminum zinc oxide
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(AZ0O), gallium doped zinc oxide (GZO), zinc tin oxide
(ZT0), gallium tin oxide (GTO), and fluorine doped tin
oxide (FTO). Exemplary embodiments, however, are not
limited thereto or thereby.

[0090] A pixel defining layer 165 may be disposed on the
first electrode 160 and the first protective layer 145. The
pixel defining layer 165 may expose a portion of the first
electrode 160 therethrough. For example, the pixel defining
layer 165 may have a shape covering an edge of the first
electrode 160 and the protective layer 145.

[0091] The organic layer 170 may have a multi-layered
thin film structure at least including an emitting layer
(EML). For example, the organic layer 170 may include a
hole injection layer (HIL) for injecting holes, a hole trans-
port layer (HTL) having a relatively excellent hole trans-
porting property (the HTL may increase opportunity for
holes and electrons to be re-combined by suppressing move-
ment of electrons that fail to be combined in the EML and
the EML may emit light through the re-combination of
injected electrons and holes), an electron transport layer
(ETL) providing relatively smooth transportation of elec-
trons to the EML, and an electron transport layer (EIL) for
injecting electrons. The color of light generated in the EML
may be one of red, green, blue, and white, but exemplary
embodiments are not limited thereto or thereby. For
example, the color of light generated in the EML of the
organic layer 170 may be one of magenta, cyan, yellow, etc.
[0092] The second electrode 180 may be disposed on the
organic layer 170. The second electrode 180 may include a
material having a relatively low work function as compared
with the first electrode 160. For example, the second elec-
trode 180 may include at least one of tungsten (W), molyb-
denum (Mo), silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Jr), chromium (Cr), lithium (Li),
calcium (Ca), and alloys thereof. Exemplary embodiments,
however, are not limited thereto or thereby.

[0093] The encapsulation layer 190 may isolate the
organic light emitting element OLED from an external
environment. For instance, the encapsulation layer 190 may
hermetically seal the organic light emitting element OLED
from an ambient environment. In this manner, the encapsu-
lation layer 190 may be disposed on the second electrode
180 to prevent (or at least reduce) moisture and oxygen from
penetrating into the organic light emitting element OLED.
[0094] Inone or more exemplary embodiments, the encap-
sulation layer 190 may be a thin film encapsulation layer
including a plurality of inorganic layers (not shown) and a
plurality of organic layers (not shown), which cover the
organic light emitting element OLED. For example, the
encapsulation layer 190 may have a structure in which the
inorganic layers and the organic layers are alternately
stacked with one another. In addition, the lowermost and
uppermost layers of the encapsulation layer 190 may be
inorganic layers. The inorganic layer may include at least
one of silicon oxide (SiO,), silicon nitride (SiN,), silicon
oxynitride (SiON), aluminum oxide (Al,O,), titanium oxide
(Ti0,), zirconium oxide (ZrOx), and tin oxide (ZnO).
[0095] The display element for the first photo sensor array
includes the thin film transistor TFT and the organic light
emitting element OLED. The display element generates
light to be used as a light source for the photo sensor array
300 when the finger 10 of the user comes in contact with the
fingerprint contact area FCA. For instance, the control unit
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102 may detect contact of the finger 10 with window 200,
and, thereby, control the display element to illuminate a
portion of the finger 10 with illumination. It is noted that the
illumination utilized to illuminate the portion of the finger
10 may be different that illumination utilized to form an
image via the display device. At least some of the light
generated in the display element for the first photo sensor
array may be reflected by the finger 10 of the user to advance
toward the photo sensor array 300.

[0096] The photo sensor array 300 may be provided on the
encapsulation layer 190. The photo sensor array 300 may
include a photo sensor PS and a readout line 360 connected
to the photo sensor PS. The photo sensor PS may be an
optical detection thin film transistor. For instance, the photo
sensor PS may include a second active pattern 320, a second
gate electrode 330, a second source electrode 340, and a
second drain electrode 350.

[0097] The second active pattern 320 may be disposed on
the encapsulation layer 190. The second active pattern 320
includes a source region connected to the second source
electrode 340, a drain region connected to the second drain
electrode 350, and a channel region provided between the
source region and the drain region. The source region and
the drain region may be regions in which impurities are
doped or injected.

[0098] A first photo sensor insulating layer 325 may be
provided over the second active layer 320. The first photo
sensor insulating layer 325 may insulate the second active
pattern 320 and the second gate electrode 330 from each
other. The first photo sensor insulating layer 325 may
include at least one of silicon oxide (SiO,) and silicon nitride
(SiN,). The second gate electrode 330 may be disposed on
the first photo sensor insulating layer 325 to cover a region
corresponding to the channel region of the second active
pattern 320.

[0099] A second photo sensor insulating layer 335 may be
provided over the second gate electrode 330. The second
photo sensor insulating layer 335 may be an inorganic
insulating layer made of an inorganic material. The inor-
ganic material may include silicon nitride (SiN,), silicon
oxide (Si0,), silicon oxynitride (SiON), and the like.

[0100] The second source electrode 340 and the second
drain electrode 350 may be provided on the second photo
sensor insulating layer 335. The second source electrode 340
and the second drain electrode 350 may be insulated from
the second gate electrode 330 by the second photo sensor
insulating layer 335. The second source electrode 340 is
connected to the source region through a first opening
passing through the first and second photo sensor insulating
layers 325 and 335, and the second drain electrode 350 is
connected to the drain region through a second opening
passing through the first and second photo sensor insulating
layers 325 and 335.

[0101] A second protective layer 345 may be disposed
over the photo sensor PS. The second protective layer 345
includes a contact hole through which a portion of the
second drain electrode 350 is exposed. The second protec-
tive layer 345 may be an organic insulating layer made of an
organic material. The readout line 360 may be disposed on
the second protective layer 345. The readout line 360 may be
connected to an external driving unit (not shown), to provide
fingerprint information of the finger 10 of the user, sensed by
the photo sensor PS.
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[0102] The photo sensor PS senses fingerprint information
of the finger 10 of the user using light that is emitted from
the display element for the first photo sensor array and then
reflected by the finger 10 of the user to be incident into the
photo sensor PS. In one or more exemplary embodiments,
the photo sensor PS may sense three-dimensional pattern
information corresponding to a three-dimensional pattern on
an object interacting with the fingerprint detection area
FCA. For instance, the three-dimensional pattern may cor-
respond to a epidermal ridges of a human appendage,
protrusions of a three-dimensional bar code, etc.

[0103] According to one or more exemplary embodi-
ments, the photo sensor array 300 is disposed on the top of
the display element for the first photo sensor array; however,
exemplary embodiments are not limited thereto or thereby.
For example, the photo sensor array 300 may be provided in
the same layer as the display element for the first photo
sensor array. This will be described in more detail with
reference to FIG. 10.

[0104] FIG. 10 is a cross-sectional view of a light emitting
area for photo sensors of a photo sensor array, a fingerprint
contact area, and a photo sensor array area of the display
device of FIG. 5, according to one or more exemplary
embodiments. The display device of FIG. 10 may be similar
to the display device of FIG. 9, and, as such, differences
from the display device of FIG. 9 will mainly be described
to avoid redundancy. Portions not described in association
with FIG. 10 may correspond to portions described in
association with FIG. 9. As such, identical reference numer-
als designate identical components, and similar reference
numerals designate similar components.

[0105] Referring to FIG. 10, the display device includes a
display panel 100', a window 200 disposed on a surface (e.g.,
upper surface) of the display panel 100", and a photo sensor
array 300' disposed between a base substrate 101 of the
display panel 100" and the window 200. The base substrate
101 includes a display area DA and a non-display area NDA.
The display area DA of the base substrate 101 may include
a light emitting area LEA-PS for the photo sensor array 300",
and the non-display area NDA of the base substrate 101 may
include a photo sensor array area PSAA over which the
photo sensor array 300' is disposed. The adhesive layer 400'
may couple the window 200 with the display panel 100',
and, as such, may be disposed between an encapsulation
layer 190' of the display panel 100' and the window 200.
[0106] A thin film transistor TFT, an organic light emitting
element OLED connected to the thin film transistor TF T, and
an encapsulation layer 190' covering the organic light emit-
ting element OLED may be provided in the light emitting
area LEA-PS for the photo sensor array 300 of the base
substrate 101. It is noted that the encapsulation layer 190’
may also cover the photo sensor array 300'. The thin film
transistor TFT and the organic light emitting element OLED
may constitute a display element for a first photo sensor
array among display elements 103a for the photo sensor
array 300'. The display elements 103a are arranged in the
light emitting area LEA-PS for the photo sensor array 300'.
[0107] The window 200 includes a fingerprint contact area
FCA with which a finger 10 of a user comes in contact. The
photo sensor array 300' includes a photo sensor PS' and a
readout line 360" connected to the photo sensor PS'. The
photo sensor PS' may include a second active pattern 320",
a second gate electrode 330", a second source electrode 340",
and a second drain electrode 350'". The second active pattern
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320" of the photo sensor PS' may be disposed in the same
layer and formed through the same process as a first active
pattern 120 of the display element for the first photo sensor
array.

[0108] The second gate electrode 330' of the photo sensor
PS' may be disposed in the same layer and formed through
the same process of a first gate electrode 130 of the display
element for the first photo sensor array. The second source
electrode 340" and the second drain electrode 350" of the
photo sensor PS' may be disposed in the same layer and
formed through the same process as a first source electrode
140 and a first drain electrode 150 of the display element for
the first photo sensor array.

[0109] A protective layer 145' may be disposed over the
photo sensor PS'. The protective layer 145" includes open-
ings that respectively expose a portion of the first drain
electrode 150 of the display element for the first photo
sensor array and a portion of the second drain electrode 350"
of the photo sensor PS' therethrough. The first drain elec-
trode 150 is electrically connected to the organic light
emitting element OLED through the opening of the protec-
tive layer 145, and the second drain electrode 350' is
electrically connected to the readout line 360" through the
opening of the protective layer 145'.

[0110] The photo sensor PS’ senses fingerprint informa-
tion of the finger 10 of the user using light that is emitted
from the display element for the first photo sensor array and
then reflected by the finger 10 of the user to be incident with
the photo sensor PS'.

[0111] According to one or more exemplary embodiments,
a photo sensor array (or matrix) to detect three dimensional
pattern (e.g., epidermal ridge) information may be arranged
in a display area DA of a display device, as will become
more apparent below in association with

[0112] FIGS. 15-19. In this manner, a photo sensor array
area and a fingerprint contact area may also be disposed in
the display area DA.

[0113] FIG. 15 is an enlarged plan view of a portion of a
display device, according to one or more exemplary embodi-
ments. FIG. 16 is a cross-sectional view of the display
device of FIG. 15 taken along sectional line II-II', according
to one or more exemplary embodiments. The display panel
100" (and, thereby, the display device) of FIGS. 15 and 16
may be similar to the display panels and display devices of
FIGS. 9 and 10, and, as such, differences from the display
panels and display devices of FIGS. 9 and 10 will mainly be
described to avoid redundancy. To this end, portions not
described in association with FIGS. 15 and 16 may corre-
spond to portions described with respect to at least one of
FIGS. 9 and 10. Identical reference numerals designate
identical components, and similar reference numerals des-
ignate similar components.

[0114] Referring to FIGS. 15 and 16, the display device
includes a display panel 100", a window 200 disposed on a
surface (e.g., upper surface) of the display panel 100", and
a photo sensor array. The display panel 100" includes a base
substrate 101 including a display area DA and a non-display
area NDA. The display area DA of the base substrate 101
may include (or be coincident with) a light emitting area
LEA-PS for the photo sensor array and a photo sensor array
area PSAA'. The non-display area NDA of the base substrate
101 may be disposed outside the is display area DA. The
photo sensor array includes a plurality of photo sensors PS"
arranged in the display area DA between adjacent pixels
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PXL.'. The window 200 includes a fingerprint contact area
FCA with which a finger 10 of a user comes in contact. The
adhesive layer 400" may couple the window 200 with the
display panel 100", and, as such, may be disposed between
an encapsulation layer 190 of the display panel 100" and the
window 200.

[0115] A thin film transistor TFT, an organic light emitting
element OLED connected to the thin film transistor TF T, and
an encapsulation layer 190 covering the organic light emit-
ting element OLED may be provided in the light emitting
area LEA-PS for the photo sensor array of the base substrate
101. The encapsulation layer 190 covers the photo sensor
array, which may be disposed between a buffer layer 110 of
the display panel 100" and a pixel definition layer 165 of the
display panel 100", such as between the buffer layer 110 and
a first protection layer 145" of the display panel 100". The
thin film transistor TFT and the organic light emitting
element OLED may constitute a display element for the
photo sensor PS" among display elements for the photo
sensor array. In this manner, the display elements are not
only arranged in the display area DA, but also in the light
emitting area LEA-PS for the photo sensor array.

[0116] The photo sensor array includes a photo sensor PS"
and a readout line 360" connected to the photo sensor PS".
The photo sensor PS" may include a second active pattern
320", a second gate electrode 330", a second source electrode
340", and a second drain electrode 350". The readout line
360" may be connected to (e.g., extend from) the second
drain electrode 350" of the photo sensor PS". The second
active pattern 320' of the photo sensor PS" may be disposed
in the same layer and formed through the same process as a
first active pattern 120 of the display element for the photo
sensor PS". A longitudinal dimension of the photo sensor
PS" (e.g., a longitudinal dimension of the second active
pattern 320') may be at least 4um, however, is exemplary
embodiments are not limited thereto or thereby.

[0117] The second gate electrode 330" of the photo sensor
PS" may be disposed in the same layer and formed through
the same process as a first gate electrode 130 of the display
element for the photo sensor PS". In one or more exemplary
embodiments, the second gate electrode 330" may be con-
nected to a gate line (not shown) of the pixel PXL' (or
another pixel adjacent to the pixel PXL') to select (or
activate) the pixel PXL' (or the other pixel adjacent to the
pixel PXL') and the photo sensor PS". In some exemplary
embodiments, a first portion of a gate signal utilized to select
the pixel PXL' and a second portion of the gate signal
utilized to select the photo sensor PS" may be multiplexed
(e.g., time division multiplexed) on a same gate line. In
various exemplary embodiments, a pixel circuit (not shown)
of'the pixel PXL' may include one or more components (e.g.,
switch elements, such as transistors) to sequentially select
the pixel PXL' and the photo sensor PS" utilizing a gate
signal of a gate line connected to the pixel PXL'. It is also
contemplated that the second gate electrode 330' may be
connected to a standalone scanning line (not shown) utilized
to select the photo sensor PS". The standalone scanning line
may extend parallel to, for instance, gate lines of the display
area DA.

[0118] The second source electrode 340", the second drain
electrode 350", and the readout line 360" of the photo sensor
PS" may be disposed in the same layer and formed through
the same process as a first source electrode 140 and a first
drain electrode 150 of the display element for the photo
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sensor PS". In one or more exemplary embodiments, the
readout line 360" may be connected to a data line (not
shown) of the pixel PXL' such that a data voltage utilized to
drive the pixel PXL' (or another pixel adjacent to the pixel
PXL'") and a read out signal of the photo sensor PS" are
multiplexed (e.g., time division multiplexed) onto the data
line. In some exemplary embodiments, a pixel circuit (not
shown) of the pixel PXL' may include one or more compo-
nents (e.g., switching elements, such as transistors) to
sequentially receive the data voltage via a data line and
transmit the read out signal on the data line (or another data
line). The read out signal may be utilized to detect three
dimensional pattern information. It is also contemplated that
the readout line 360" may be connected to a standalone
sensing line (not shown) utilized to transmit a read out signal
of the photo sensor PS". The standalone sensing line may
extend parallel to, for instance, data lines of the display area
DA.

[0119] Although the readout line 360" is shown as being
disposed on an interlayer insulating layer 135 of the display
panel 100", the readout line 360" may be disposed on the
first protective layer 145" of the display panel 100", and,
thereby, between the pixel definition layer 165 and the first
protection layer 145". In this manner, the readout line 360"
and the second drain electrode 350" may be formed similarly
to the readout line 360" and the second drain electrode 350
of the photo sensor PS' of FIG. 10, but may, dissimilarly, be
disposed in the display area DA and covered by the pixel
definition layer 165.

[0120] The first protective layer 145" may be disposed
over the photo sensor PS" such that the first protective layer
145" includes an opening that exposes a portion of the first
drain electrode 150 of the display element. In an exemplary
embodiment including the readout line 360" and the second
drain electrode 350" being similar to the readout line 360'
and the second drain electrode 350" of the photo sensor PS'
of FIG. 10, the protective layer 145" may include openings
that respectively expose a portion of the first drain electrode
150 of the display element for the photo sensor PS" and a
portion of the second drain electrode 350". The first drain
electrode 150 is electrically connected to the organic light
emitting element OLED through one of the openings of the
protective layer 145", and the second drain electrode 350" is
electrically connected to the readout line 360" through
another one of the openings of the protective layer 145".
[0121] The photo sensor PS" senses fingerprint informa-
tion of the finger 10 of the user using light that is emitted
from the organic light emitting element OLED and is then
reflected by the finger 10 of the user to be incident with the
photo sensor PS". Although FIG. 16 illustrates the organic
light emitting element OLED providing the light to sense the
fingerprint information, exemplary embodiments are not
limited thereto or thereby. For instance, another pixel dis-
posed in the display area DA may additionally or alterna-
tively provide the light.

[0122] According to one or more exemplary embodi-
ments, at least one photo sensor PS" may be disposed
between adjacent pixels PXL'. Although four photo sensors
PS" are shown as being disposed about each pixel PXL',
exemplary embodiments are not limited thereto or thereby.
For instance, each pixel PXL' may be associated with one
photo sensor PS", two photo sensors PS", three photo
sensors PS", etc. It is also contemplated that one or more
pixels PXL' may not be associated with at least one photo
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sensor PS". In this manner, any suitable number of photo
sensors PS" may be arranged between adjacent pixels PXL'".
[0123] FIG. 17 is a cross-sectional view of a display
device taken along sectional line II-II' of FIG. 15, according
to one or more exemplary embodiments. The display panel
100" (and, thereby, the display device) of FIG. 17 may be
similar to the display panels and display devices of FIGS. 9,
10, 15, and 16, and, as such, differences from the display
panels and display devices of FIGS. 9, 10, 15, and 16 will
mainly be described to avoid redundancy. Portions not
described in association with FIG. 17 may correspond to
portions described in association with at least one of FIGS.
9, 10, 15, and 16. Identical reference numerals designate
identical components, and similar reference numerals des-
ignate similar components.

[0124] Referring to FIG. 17, the display device includes a
display panel 100", a window 200 disposed on a surface
(e.g., upper surface) of the display panel 100™, and a photo
sensor array. The display panel 100™ includes a base sub-
strate 101 including a display area DA and a non-display
area NDA. The display area DA of the base substrate 101
may include (or be coincident with) a light emitting area
LEA-PS for the photo sensor array and a photo sensor array
area PSAA'. The non-display area NDA of the base substrate
101 may be disposed outside the display area DA. The photo
sensor array includes a plurality of photo sensors PS™
arranged in the display area DA between adjacent pixels
PXL.'. The window 200 includes a fingerprint contact area
FCA with which a finger 10 of a user comes in contact. The
adhesive layer 400" may couple the window 200 with the
display panel 100", and, as such, may be disposed between
an encapsulation layer 190 of the display panel 100" and the
window 200.

[0125] A thin film transistor TFT, an organic light emitting
element OLED' connected to the thin film transistor TFT,
and an encapsulation layer 190 covering the organic light
emitting element OLED’ may be provided in the light
emitting area LEA-PS for the photo sensor array of the base
substrate 101. The encapsulation layer 190 covers the photo
sensor array, which may be disposed between a gate insu-
lating layer 125 of the display panel 100™ and the encap-
sulation layer 190, e.g., between the gate insulating layer
125 and a second electrode 180 of the organic light emitting
element OLED'. The thin film transistor TFT and the organic
light emitting element OLED' may constitute a display
element for the photo sensor PS™ among display elements
for the photo sensor array. In this manner, the display
elements are not only arranged in the display area DA, but
also in the light emitting area LEA-PS for the photo sensor
array.

[0126] Although the organic light emitting element OLED
of FIG. 9 was described as including a first electrode 160
that may be formed as a multilayer structure including a
reflective layer and a transparent conductive layer, the
organic light emitting element OLED’ of FIG. 17 is is
illustrated as including a first electrode 160" having such a
multilayer structure. Exemplary embodiments, however, are
not limited thereto or thereby.

[0127] The photo sensor array includes a photo sensor
PS™ and a readout line 360" connected to the photo sensor
PS"™. The photo sensor PS™ may include a second active
pattern 320", a second gate electrode 330", a second source
electrode 340", and a second drain electrode 350"™. The
readout line 360" may be connected to (e.g., extend from)
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the second drain electrode 350" of the photo sensor PS™. A
longitudinal dimension of the photo sensor PS" (e.g., a
longitudinal dimension of the second active pattern 320")
may be at least 4 um, however, exemplary embodiments are
not limited thereto or thereby.

[0128] The second active pattern 320" of the photo sensor
PS™ may be disposed on a pixel definition layer 165' of the
display panel 100"™. In one or more exemplary embodi-
ments, the second active pattern 320" may be formed after
the pixel definition layer 165', and may be formed before the
organic layer 170 is formed on the first electrode 160'";
however, exemplary embodiments are not limited thereto or
thereby. To this end, an insulating layer 175 may be formed
on the second active pattern 320" and the pixel definition
layer 165' to, for instance, protect the second active pattern
320" and to insulate the second active pattern 320" from the
second electrode 180. The second active pattern 320" may
be similarly configured as the first active pattern 120 of the
display element for the photo sensor PS''.

[0129] A first portion of the second gate electrode 330" of
the photo sensor PS™ may be disposed in the same layer and
formed through the same process as a first gate electrode 130
of the display element for the photo sensor PS™. A second
portion of the second gate electrode 330" of the photo sensor
PS™ may be disposed in the same layer and formed through
the same process as a first electrode 160' of the organic light
emitting element OLED' of the display element for the photo
sensor PS". To this end, the second portion of the second
gate electrode 300" may have a same layer structure (e.g.,
multilayer structure) as the first electrode 160'; however,
exemplary embodiments are not limited thereto or thereby.
For instance, the second gate electrode 320" may be a single
layer structure, whereas the first electrode 160' may be a
multilayer structure. Although not illustrated, one or more
jumping wires (or pads) may be disposed between the first
protective layer 145" and the interlayer insulating layer 135'
to facilitate connection between respective portions of the
second gate electrode 330".

[0130] In one or more exemplary embodiments, the sec-
ond gate electrode 330" may be connected to a gate line (not
shown) of the pixel PXL' (or another pixel adjacent to the
pixel PXL') to select (or activate) the pixel PXL' (or the other
pixel adjacent to the pixel PXL'") and the photo sensor PS™.
In some exemplary embodiments, a first portion of a gate
signal utilized to select the pixel PXL' and a second portion
of'the gate signal utilized to select the photo sensor PS"' may
be multiplexed on a same gate line. In some exemplary
embodiments, a pixel circuit (not shown) of the pixel PXIL/
may include one or more components (e.g., transistors) to
sequentially select the pixel PXL' and the photo sensor PS™
utilizing a gate signal of a gate line connected to the pixel
PXL.'. It is also contemplated that the second gate electrode
330" may be connected to a standalone scanning line (not
shown) utilized to select the photo sensor PS™. The stand-
alone scanning line may extend parallel to, for instance, gate
lines of the display area DA.

[0131] A first portion of the second source electrode 340",
a first portion of the second drain electrode 350", and the
readout line 360" of the photo sensor PS™ may be disposed
in the same layer and formed through the same process as a
first source electrode 140 and a first drain electrode 150 of
the display element for the photo sensor PS™. Second
portions of the second source electrode 340" and the second
drain electrode 350™ extend through respective contact
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holes formed in the pixel definition layer 165" and the first
protection layer 145™. Although not illustrated, one or more
jumping wires may be disposed between the pixel definition
layer 165' and the first protection layer 145" to facilitate
connection between respective portions of the second active
pattern 320" and the first portions of the second source
electrode 340" and the second drain electrode 350"
[0132] In one or more exemplary embodiments, the read-
out line 360" may be connected to a data line (not shown)
of'the pixel PXL' such that a data voltage utilized to drive the
pixel PXL' (or another pixel adjacent to the pixel PXL') and
a read out signal of the photo sensor PS™ are multiplexed
(e.g., time division multiplexed) onto the data line. In some
exemplary embodiments, a pixel circuit (not shown) of the
pixel PXL' may include one or more components (e.g.,
switching elements, such as transistors) to sequentially
receive the data voltage via a data line and transmit the read
out signal on the data line (or another data line). It is also
contemplated that the readout line 360" may be connected to
a standalone sensing line (not shown) utilized to transmit a
read out signal of the photo sensor PS™. The standalone
sensing line may extend parallel to, for instance, data lines
of the display area DA.

[0133] Although the readout line 360" is shown as being
disposed on an interlayer insulating layer 135' of the display
panel 100", the readout line 360" may be disposed on the
first protective layer 145", and, thereby, between the pixel
definition layer 165' and the first protection layer 145", In
this manner, the readout line 360" may be formed similarly
to the readout line 360' of the photo sensor PS' of FIG. 10,
but may, dissimilarly, be disposed in the display area DA and
covered by the pixel definition layer 165'".

[0134] The first protective layer 145" may be disposed
over the first portions of the second gate electrode 330", the
second source electrode 340", and the second drain electrode
350™. The pixel definition layer 165' may be disposed over
the second portion of the gate electrode 330", as well as over
the first portions of the second gate electrode 330", the
second source electrode 340", and the second drain electrode
350". The second active layer 320" may be disposed on the
pixel definition layer 165', such that the second portions of
the second source electrode 340" and the second drain
electrode 350" extend through the pixel definition layer 165'
and the first protective layer 145™.

[0135] The photo sensor PS" senses fingerprint informa-
tion of the finger 10 of the user using light that is emitted
from the organic light emitting element OLED' and is then
reflected by the finger 10 of the user to be incident with the
photo sensor PS™. Although FIG. 17 illustrates the organic
light emitting element OLED' providing the light to sense
the fingerprint information, exemplary embodiments are not
limited thereto or thereby. For instance, another pixel dis-
posed in the display area DA may additionally or alterna-
tively provide the light.

[0136] FIG. 18 is a cross-sectional view of a display
device, according to one or more exemplary embodiments.
The display panel 100"" (and, thereby, the display device) of
FIG. 18 may be similar to the display panels and display
devices of FIGS. 9, 10, and 15-17, and, as such, differences
from the display panels and display devices of FIGS. 9, 10,
and 15-17 will mainly be described to avoid redundancy.
Portions not described in association with FIG. 18 may
correspond to portions described in association with at least
one of FIGS. 9, 10, and 15-17. To this end, identical
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reference numerals designate identical components, and
similar reference numerals designate similar components.

[0137] Referring to FIG. 18, the photo sensor PS"" may be
formed as a photodiode including a photoelectric conversion
layer (e.g., a photosensitive layer) 1801, a first electrode
1802, and a second electrode 1803. The first electrode 1802
may function as an anode and the is second electrode 1803
may function as a cathode, however, exemplary embodi-
ments are not limited thereto or thereby. To this end, the
pixel definition layer 165" may serve as a buffer layer
between the photoelectric conversion layer 1801 and the first
electrode 1802. An insulating layer 175 may be formed on
(e.g., at least partially cover) the photoelectric conversion
layer 1801 and the pixel definition layer 165" to, for
instance, protect the photoelectric conversion layer 1801 and
to insulate the photoelectric conversion layer 1801 from the
second electrode 180. In one or more exemplary embodi-
ments, the insulating layer 175 may also be formed on the
second electrode 1803.

[0138] The photoelectric conversion layer 1801 may gen-
erate photoelectrons in response to incident light, e.g., light
emitted from organic light emitting element OLED' and
reflected off of a finger 10. According to some exemplary
embodiments, the photoelectric conversion layer 1801 may
be an intrinsic layer that includes both at least one P-type
semiconductor and at least one N-type semiconductor. The
photoelectric conversion layer 1801 may be formed on the
pixel definition layer 165" via, for example, co-deposition;
however, exemplary embodiments are not limited thereto or
thereby. The photoelectric conversion layer 1801 may fur-
ther include, in addition to an intrinsic layer, at least one of
a P-type layer (not shown) disposed between the intrinsic
layer and the first electrode 1802 and at least one of an
N-type layer (not illustrated) disposed between the intrinsic
layer and the second electrode 1803. The P-type layer may
include a P-type semiconductor, but substantially not an
N-type semiconductor. The N-type layer may include an
N-type semiconductor, but substantially not a P-type semi-
conductor. It is noted that composition ratios of the P-type
semiconductor and the N-type semiconductor may vary
depending on their respective positions and sizes in the
photoelectric conversion layer 1801. To this end, a longitu-
dinal dimension of the photo sensor PS"" (e.g., a longitu-
dinal dimension of is the photoelectric conversion layer
1801) may be at least 4 um, however, exemplary embodi-
ments are not limited thereto or thereby.

[0139] A first portion of the first electrode 1802 may be
disposed in the same layer and formed through the same
process as the first gate electrode 130 of the display element
for the photo sensor PS"". A second portion of the first
electrode 1802 may be disposed in the same layer and
formed through the same process as a first electrode 160' of
the organic light emitting element OLED' of the display
element for the photo sensor PS"". To this end, the second
portion of the first electrode 1802 may have a same layer
structure (e.g., multilayer structure) as the first electrode
160'; however, exemplary embodiments are not limited
thereto or thereby. For instance, the first electrode 1802 may
be a single layer structure, whereas the first electrode 160'
may be a multilayer structure. Respective portions of the
first electrode 1802 may be connected to one another via a
contact hole in the first protective layer 145"" and the
interlayer insulating layer 135'. Although not illustrated, one
or more jumping wires may be disposed between the first
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protective layer 145"" and the interlayer insulating layer
135" to facilitate connection between the respective portions
of the first electrode 1802.

[0140] According to some exemplary embodiments, the
first electrode 1802 may be connected to a gate line (not
shown) of the pixel PXL' (or another pixel adjacent to the
pixel PXL') to select (or activate) the pixel PXL' (or the other
pixel adjacent to the pixel PXL') and the photo sensor PS"".
In some exemplary embodiments, a first portion of a gate
signal utilized to select the pixel PXL' and a second portion
of the gate signal utilized to select the photo sensor PS""
may be multiplexed (e.g., time division multiplexed) on a
same gate line. In one or more exemplary embodiments, a
pixel circuit (not shown) of the pixel PXL' may include one
or more components (e.g., switching elements, such as
transistors) to sequentially select the pixel PXL' and the
photo sensor PS"" utilizing a gate signal of a gate line
connected to the pixel PXL'. It is also contemplated that the
first electrode 1802 may be connected to a standalone
scanning line (not shown) utilized to select the photo sensor
PS"". The standalone scanning line may extend parallel to,
for instance, gate lines of the display area DA.

[0141] A first portion of the second electrode 1803 and a
readout line 360" of the photo sensor PS" may be disposed
in the same layer and formed through the same process as
the first source electrode 140 and the first drain electrode 150
of the display element for the photo sensor PS"". A second
portion of the second electrode 1803 extends through a
contact hole formed in the pixel definition layer 165" and the
first protection layer 145"". Although not illustrated, one or
more jumping wires may be disposed between the pixel
definition layer 165" and the first protection layer 145"" to
facilitate connection between respective portions of the
second electrode 1803. It is also contemplated that, in some
exemplary embodiments, the second portion of the second
electrode 1803 and the readout line 360" may be disposed in
the same layer and formed through the same process as the
first electrode 160'.

[0142] Although not illustrated, the second electrode 1803
may be formed in an interior region of the photoelectric
conversion layer 1801. For instance, the photoelectric con-
version layer 1801 may fully or partially surround a portion
(not depicted) of the second electrode 1803. Alternatively
(or additionally), a portion of the photoelectric conversion
layer 1801 may overlap with a portion of the second
electrode 1803. For instance, the first portion of the second
electrode 1803 may contact a lower portion of the photo-
electric conversion layer 1801. A width of the second
electrode 1803 in a direction perpendicular to the third
direction D3 may be sized such that a portion of the second
electrode 1803 overlaps with a portion of the first electrode
1802; however, exemplary embodiments are not limited
thereto or thereby. For instance, is respective widths and
relative distances between the first electrode 1802 and the
second electrode 1803 may be sized in any suitable manner.

[0143] In one or more exemplary embodiments, the read-
out line 360" may be connected to a data line (not shown)
of'the pixel PXL' such that a data voltage utilized to drive the
pixel PXL' (or another pixel adjacent to the pixel PXL') and
a read out signal of the photo sensor PS"" are multiplexed
(e.g., time division multiplexed) onto the data line. In some
exemplary embodiments, a pixel circuit (not shown) of the
pixel PXL' may include one or more components (e.g.,
switching elements, such as transistors) to sequentially
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receive the data voltage via a data line and transmit the read
out signal on the data line (or another data line). It is also
contemplated that the readout line 360" may be connected to
a standalone sensing line (not shown) utilized to transmit a
read out signal of the photo sensor PS"". The standalone
sensing line may extend parallel to, for instance, data lines
of the display area DA.

[0144] According to some exemplary embodiments, the
pixel definition layer 165" may be formed having a single
layer or multilayer structure. For instance, the pixel defini-
tion layer 165" may be formed as a single layer of organic
material. As another example, the pixel definition layer 165"
may be formed as a multilayer structure including at least
one organic layer and at least one inorganic layer. Each of
the organic and inorganic layers of the pixel definition layer
165" may have a thickness in the third direction D3 of about
1 nm to about 100 nm. A highest occupied molecular orbital
(HOMO) energy level of the inorganic layer may be between
HOMO energy levels of the organic layer and the photo-
electric conversion layer 1801. Such a configuration may
improve external quantum efficiency of the photo sensor
PS". It is also noted that the inorganic layer may have a
relatively high thermal stability as compared with the
organic layer. This may improve reliability of the photo
sensor PS"".

[0145] According to one or more exemplary embodi-
ments, the photo sensor PS"" senses three dimensional
pattern information, e.g., fingerprint information of the
finger 10 of a user, using light that is emitted from the
organic light emitting element OLED' and is then reflected
by the finger 10 of the user to be incident with the photo
sensor PS"". Although FIG. 18 illustrates the organic light
emitting element OLED' providing the light to sense the
fingerprint information, exemplary embodiments are not
limited thereto or thereby. For instance, another pixel dis-
posed in the display area DA may additionally or alterna-
tively provide the light. It is also contemplated that the
second electrode 180 of the organic light emitting element
OLED' may include one or more openings overlapping the
photoelectric conversion layer 1801. The presence of the
openings may increase the amount of light incident on the
photoelectric conversion layer 1801, and, thereby, increase
the ability of the photo sensor PS"" to detect an aspect of a
three dimensional pattern, such as an aspect of a fingerprint
of the finger 10.

[0146] FIG. 19 is a cross-sectional view of a display
device taken along sectional line II-1I' of FIG. 15, according
to one or more exemplary embodiments. The display panel
100" (and, thereby, the display device) of FIG. 19 may be
similar to the display panels and display devices of FIGS. 9,
10, and 15-18, and, as such, differences from the display
panels and display devices of FIGS. 9, 10, and 15-18 will
mainly be described to avoid redundancy. Portions not
described in association with FIG. 19 may correspond to
portions described in association with at least one of FIGS.
9, 10, and 15-18. To this end, identical reference numerals
designate identical components, and similar reference
numerals designate similar components.

[0147] Referring to FIG. 19, the photo sensor PS"" may
be formed as a photodiode including a photoelectric con-
version layer (e.g., a photosensitive layer) 1901, a first
electrode 1902, and a second electrode 1903. The first
electrode 1902 may function as an anode and the is second
electrode 1903 may function as a cathode, however, exem-
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plary embodiments are not limited thereto or thereby. To this
end, the pixel definition layer 165™ may serve as a buffer
layer between the photoelectric conversion layer 1901 and
the first electrode 1902. An insulating layer 175' may be
formed on (e.g., at least partially cover) the photoelectric
conversion layer 1801 and the pixel definition layer 165™. In
this manner, the insulating layer 175' may serve as a hole
blocking (or electron transport layer) between the second
electrode 1903 and the photoelectric conversion layer 1901.

[0148] The photoelectric conversion layer 1901 may gen-
erate photoelectrons in response to incident light, e.g., light
emitted from organic light emitting element OLED" and
reflected off of a finger 10. According to some exemplary
embodiments, the photoelectric conversion layer 1901 may
be an intrinsic layer that includes both at least one P-type
semiconductor and at least one N-type semiconductor. The
photoelectric conversion layer 1901 may be formed on the
pixel definition layer 165™ via, for example, co-deposition;
however, exemplary embodiments are not limited thereto or
thereby. The photoelectric conversion layer 1901 may fur-
ther include, in addition to an intrinsic layer, at least one of
a P-type layer (not shown) disposed between the intrinsic
layer and the first electrode 1902 and at least one of an
N-type layer (not illustrated) disposed between the intrinsic
layer and the second electrode 1903. The P-type layer may
include a P-type semiconductor, but substantially not an
N-type semiconductor. The N-type layer may include an
N-type semiconductor, but substantially not a P-type semi-
conductor. It is noted that composition ratios of the P-type
semiconductor and the N-type semiconductor may vary
depending on their respective positions and sizes in the
photoelectric conversion layer 1901. To this end, a longitu-
dinal dimension of the photo sensor PS™" (e.g., a longitu-
dinal dimension of the photoelectric conversion layer 1901)
may be at least 4 um, however, exemplary embodiments is
are not limited thereto or thereby.

[0149] A first portion of the first electrode 1902 may be
disposed in the same layer and formed through the same
process as the first gate electrode 130 of the display element
for the photo sensor PS™". A second portion of the first
electrode 1902 may be disposed in the same layer and
formed through the same process as a first electrode 160' of
the organic light emitting element OLED" of the display
element for the photo sensor PS™". To this end, the second
portion of the first electrode 1902 may have a same layer
structure (e.g., multilayer structure) as the first electrode
160'; however, exemplary embodiments are not limited
thereto or thereby. For instance, the first electrode 1902 may
be a single layer structure, whereas the first electrode 160'
may be a multilayer structure. Respective portions of the
first electrode 1902 may be connected to one another via a
contact hole in the first protective layer 145"" and the
interlayer insulating layer 135'. Although not illustrated, one
or more jumping wires may be disposed between the first
protective layer 145"" and the interlayer insulating layer
135" to facilitate connection between the respective portions
of the first electrode 1902.

[0150] According to some exemplary embodiments, the
first electrode 1902 may be connected to a gate line (not
shown) of the pixel PXL' (or another pixel adjacent to the
pixel PXL') to select (or activate) the pixel PXL' (or the other
pixel adjacent to the pixel PXL') and the photo sensor PS™".
In some exemplary embodiments, a first portion of a gate
signal utilized to select the pixel PXL' and a second portion
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of the gate signal utilized to select the photo sensor PS"™"
may be multiplexed (e.g., time division multiplexed) on a
same gate line. In one or more exemplary embodiments, a
pixel circuit (not shown) of the pixel PXL' may include one
or more components (e.g., switching elements, such as
transistors) to sequentially select the pixel PXL' and the
photo sensor PS"" utilizing a gate signal of a gate line
connected to the pixel PXL'. It is also contemplated that the
first electrode 1902 may be connected to a standalone
scanning line (not shown) utilized to select the photo sensor
PS™". The standalone scanning line may extend parallel to,
for instance, gate lines of the display area DA.

[0151] A first portion of the second electrode 1903 and a
readout line 360" of the photo sensor PS™" may be disposed
in the same layer and formed through the same process as
the first source electrode 140 and the first drain electrode 150
of the display element for the photo sensor PS'"". A second
portion of the second electrode 1903 extends through a
contact hole formed in the insulating layer 175, the pixel
definition layer 165", and the first protection layer 145"". It
is noted that one or more jumping wires (not shown) may be
disposed between the insulating layer 175' and the pixel
definition layer 165' and/or between the pixel definition
layer 165" and the first protection layer 145"" to facilitate
connection between respective portions of the second elec-
trode 1903.

[0152] A third portion of the second electrode 1903 may
be disposed in the same layer and formed through the same
process as the second electrode 180' of the organic light
emitting element OLED". In this manner, the second elec-
trode 180" may include one or more openings 1904 separat-
ing the second electrode 180' of the organic light emitting
element OLED" from the second electrode 1903 of the photo
sensor PS™". The opening 1904 in the second electrode 180"
may also increase the amount of light incident on the
photoelectric conversion layer 1901, and, thereby, increase
the ability of the photo sensor PS"" to detect an aspect of a
three dimensional pattern, such as an aspect of a fingerprint
of the finger 10. In some exemplary embodiments, the
second electrode 180" of the organic light emitting element
OLED" may surround the second electrode 1903 of the
photo sensor PS™". It is also contemplated that, in various
exemplary embodiments, the first portion of the second
electrode 1903 and the readout line 360" may be is disposed
in the same layer and formed through the same process as
the first electrode 160" of the organic light emitting element
OLED".

[0153] According to one or more exemplary embodi-
ments, a width of the second electrode 1903 in a direction
perpendicular to the third direction D3 may be sized such
that a portion of the second electrode 1903 overlaps with a
portion of the first electrode 1902 with the photoelectric
conversion layer 1901 disposed therebetween; however,
exemplary embodiments are not limited thereto or thereby.
For instance, respective widths and relative distances
between the first electrode 1902 and the second electrode
1903 may be sized in any suitable manner.

[0154] In one or more exemplary embodiments, the read-
out line 360" may be connected to a data line (not shown)
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of'the pixel PXL' such that a data voltage utilized to drive the
pixel PXL' (or another pixel adjacent to the pixel PXL') and
a read out signal of the photo sensor PS™" are multiplexed
(e.g., time division multiplexed) onto the data line. In some
exemplary embodiments, a pixel circuit (not shown) of the
pixel PXL' may include one or more components (e.g.,
switching elements, such as transistors) to sequentially
receive the data voltage via a data line and transmit the read
out signal on the data line (or another data line). It is also
contemplated that the readout line 360" may be connected to
a standalone sensing line (not shown) utilized to transmit a
read out signal of the photo sensor PS"". The standalone
sensing line may extend parallel to, for instance, data lines
of the display area DA.

[0155] According to some exemplary embodiments, the
pixel definition layer 165" may be formed having a single
layer or multilayer structure. For instance, the pixel defini-
tion layer 165™ may be formed as a single layer of organic
material. As another example, the pixel definition layer 165"
may be formed as a multilayer structure including at least
one organic layer and at least one inorganic layer. Each of
the organic and inorganic layers of the pixel is definition
layer 165™ may have a thickness in the third direction D3 of
about 1 nm to about 100 nm. A highest occupied molecular
orbital (HOMO) energy level of the inorganic layer may be
between HOMO energy levels of the organic layer and the
photoelectric conversion layer 1901. Such a configuration
may improve external quantum efficiency of the photo
sensor PS"". It is also noted that the inorganic layer may
have a relatively high thermal stability as compared with the
organic layer. This may improve reliability of the photo
sensor PS™".

[0156] The insulating layer 175' (that may also be referred
to as an electron transport layer) may block holes from
moving from the second electrode 1903 to the photoelectric
conversion layer 1901, thereby promoting light absorption
in the photoelectric conversion layer 1901 to produce more
excitons, which may increase sensitivity of the photo sensor
PSIIIII.

[0157] According to one or more exemplary embodi-
ments, the photo sensor PS"" senses three dimensional
pattern information, e.g., fingerprint information of the
finger 10 of a user, using light that is emitted from the
organic light emitting element OLED" and is then reflected
by the finger 10 of the user to be incident with the photo
sensor PS™". Although FIG. 19 illustrates the organic light
emitting element OLED" providing the light to sense the
fingerprint information, exemplary embodiments are not
limited thereto or thereby. For instance, another pixel dis-
posed in the display area DA may additionally or alterna-
tively provide the light.

[0158] According various exemplary embodiments, it is
possible to provide a display device that improves finger-
print sensing sensitivity. One or more exemplary embodi-
ments also provide fingerprint detection in a display area of
a display device.

[0159] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the is broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.
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What is claimed is:

1. A display device comprising:

a substrate comprising a display area and a non-display

area;

display elements overlapping the display area;

a window disposed on the substrate; and

a photo sensor array disposed between the substrate and

the window, the photo sensor array being configured to
sense epidermal ridge information of a user via light
reflected from a touch input of the user,

wherein one or more of the display elements is configured

to illuminate a contact area of the touch input with the
light.

2. The display device of claim 1, wherein:

the photo sensor array is disposed on a first surface of the

window; and

the photo sensor array overlaps a portion of the non-

display area.

3. The display device of claim 2, wherein the window
comprises a contact area to receive the touch input.

4. The display device of claim 3, wherein:

the contact area is disposed on a second surface of the

window, the second surface opposing the first surface;
and

the contact area overlaps a portion of the display area.

5. The display device of claim 4, wherein the contact area
overlaps a portion of the non-display area.

6. The display device of claim 3, wherein:

a first side of the contact area is adjacent to the photo

sensor array; and

a second side of the contact area overlaps some of the one

or more display elements, the second side opposing the
first side.

7. The display device of claim 6, wherein the first side is
spaced apart from the photo sensor array by a determined
distance.

8. The display device of claim 1, wherein the photo sensor
array at least overlaps a portion of the display area.

9. The display device of claim 1, wherein each of the
display elements comprises:

a thin film transistor disposed on the substrate; and

an organic light emitting layer electrically connected to

the thin film transistor.

10. The display device of claim 2, wherein the photo
sensor array comprises photo sensitive transistors config-
ured to detect the light reflected from the touch input.

11. The display device of claim 10, wherein:

the display elements are connected to signal lines, the

signal lines extending in a first direction and spaced
apart from one another in a second direction crossing
the first direction; and

at least some of the photo sensitive transistors are spaced

apart from one another along the second direction.

12. The display device of claim 1, wherein the epidermal
ridge information corresponds to a fingerprint of the user.

13. A display panel comprising:

a display area to display an image; and

a non-display area disposed outside the display area,

wherein:

the display area comprises pixels to illuminate a win-
dow with light;

the non-display area comprises a photosensitive detec-
tor to detect at least some of the light reflected from
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a three-dimensional pattern on a portion of the
window, the portion overlapping the display area;
and

the photosensitive detector is communicatively coupled
to at least one processor to generate information
corresponding to the three-dimensional pattern.
14. The display panel of claim 13, wherein the three-
dimensional pattern is a pattern of epidermal ridges.
15. The display panel of claim 13, wherein:
the photosensitive detector comprises an arrangement of
photosensitive patterns to detect the at least some of the
light; and
the photosensitive patterns are spaced apart from one
another in a direction crossing a scan line direction of
the pixels.

16. The display panel of claim 14, wherein:

the pixels comprise active patterns to control the illumi-
nation; and

the active patterns and the photosensitive patterns are
disposed at the same layer as one another.

17. An apparatus comprising:
at least one processor; and

at least one memory comprising one or more sequences of
one or more instructions that, in response to being
executed by the at least one processor, cause the
apparatus at least to:

control pixels of a display panel to display an image via
first illumination;

control, in response to detection of a first interaction of
an object with a surface of the display panel, at least
some of the pixels to illuminate a portion of the
object with second illumination, the second illumi-
nation being different from the first illumination;

control one or more photo sensors of the display panel
to sense third illumination, the third illumination
corresponding to at least some of the second illumi-
nation reflected from the object; and

generate, in accordance with the third illumination,
information corresponding to a three-dimensional
pattern of the portion of the object.

18. The apparatus of claim 17, wherein:

the object is a human appendage; and

the three-dimensional pattern is a pattern of epidermal
ridges.

19. The apparatus of claim 17, wherein:

the one or more photo sensors are disposed in a non-

display area of the display panel, the non-display area
being disposed outside a display area of the image;

the pixels are disposed between an encapsulation layer of
the display panel and a substrate of the display panel;
and

the one or more photo sensors are disposed between the
surface and the encapsulation layer or are disposed
between the encapsulation layer and the substrate.

20. The apparatus of claim 18, wherein the apparatus is
further caused at least to:
control, despite detection of the first interaction, at least
some more of the pixels to maintain display of at least
a portion of the image.
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21. The apparatus of claim 18, wherein:

the at least some of the pixels are disposed in a detection

area of the display panel; and

the apparatus is further caused at least to:

control, in response to detection of a second interaction
of the object with the detection area of the display
panel, the at least some of the pixels to display at
least a portion of an indicator in the detection area.

22. The apparatus of claim 17, wherein:

the display panel comprises:

a substrate;

an encapsulation layer disposed on the substrate; and
a pixel definition layer disposed between the encapsula-

tion layer and the substrate, the pixel definition layer

comprising openings corresponding to light emitting

regions of the pixels; and

the pixel definition layer and the one or more photo

sensors overlap one another.

23. The apparatus of claim 22, wherein photosensitive
layers of the one or more photo sensors are disposed
between the encapsulation layer and the pixel definition
layer.

24. A display panel comprising:

a patterned layer comprising a pattern of openings in a

display area;

an electroluminescent layer disposed in a portion of an

opening among the openings;
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a photosensitive layer disposed on the patterned layer
between a pair of openings among the openings, the
photosensitive layer being configured to detect light
reflected from a three-dimensional pattern overlapping
a portion of the display area; and

an encapsulation layer overlapping the patterned layer.

25. The display panel of claim 24, wherein the photosen-
sitive layer is stacked between the encapsulation layer and
the patterned layer.

26. The display panel of claim 24, wherein the patterned
layer is stacked between the photosensitive layer and the
encapsulation layer.

27. The display panel of claim 24, further comprising:

an insulating layer stacked between the photosensitive

layer and the encapsulation layer.

28. The display panel of claim 24, further comprising:

an electrode overlapping the electroluminescent layer and

at least a portion of the photosensitive layer.

29. The display panel of claim 28, wherein the electrode
comprises an opening at least partially overlapping the
photosensitive layer.

30. The display panel of claim 24, wherein the photosen-

sitive layer forms a portion of a phototransistor or a photo-
diode.



