US 20200105841A1

12 Patent Application Publication o) Pub. No.: US 2020/0105841 A1

a9y United States

BANG et al. (43) Pub, Date: Apr. 2, 2020
(54) DISPLAY APPARATUS INCLUDING LIGHT (32) US.CL
RECEIVING PIXEL AREA CPC ... HOIL 27/323 (2013.01); HOIL 27/3262

(71) Applicant: LG Display Co., Ltd., Seoul (KR)

(72) Inventors: Juyoung BANG, Daegu (KR);
Hyung-Seok BANG, Daegu (KR)

(73) Assignee: LG Display Co., Ltd., Seoul (KR)

(21) Appl. No.: 16/586,682

(2013.01); HOIL 51/5253 (2013.01); HOIL
27/14623 (2013.01); HOIL 27/3246 (2013.01);
HOIL 51/5206 (2013.01); GO6K 9/0004
(2013.01); HOIL 31/105 (2013.01); HOIL
31/022408 (2013.01); HO1L 31/0203
(2013.01); HOIL 27/14678 (2013.01); HOIL
31/173 (2013.01); HOI1L 31/125 (2013.01);
HOIL 27/3272 (2013.01)

(22) Filed: Sep. 27, 2019 (57 ABSTRACT
(30) Foreign Application Priority Data A display apparatus including a plurality of display pixel
areas and a plurality of light-receiving pixel areas which are
Oct. 1, 2018  (KR) coeovveveereceneanen 10-2018-0117126 arranged in a display area in which an image is displayed,
. . e e comprises a thin-film transistor array including a plurality of
Publication Classification thin-film transistors which correspond to the plurality of
(51) Imt. CL display pixel areas; a plurality of electro-luminescence
HOIL 27/32 (2006.01) devices disposed above the thin-film transistor array and
HO1L 51/52 (2006.01) corresponding to the plurality of display pixel areas; a
HOIL 27/146 (2006.01) plurality of light-receiving devices disposed above the thin-
HO1L 31/105 (2006.01) film transistor array and corresponding to the plurality of
HOIL 31/0224 (2006.01) light-receiving pixel areas; a transparent film covering the
HO1L 31/0203 (2006.01) plurality of electro-luminescence devices and the plurality of
HOIL 31/173 (2006.01) light-receiving devices; and a plurality of light shield pat-
HO1L 31/12 (2006.01) terns disposed on the transparent film and overlapping the
GOG6K 9/00 (2006.01) plurality of light-receiving devices.
RP DP AP DP
| | ]
] i I 1"—‘{ I
| .
\ A ||
aus |
Light_ 12 ‘\ +—102
N 4DLS
by Light.3
\\\‘ ‘g -
X —+—122
7 7 R 7L =
. : ; — ~CEELD

\
_.CEPD
T

\ | ZoHETL
: L g 120
W B e

S AE PD Bk

113

1112 (110

+=1H




Patent Application Publication  Apr. 2,2020 Sheet 1 of 15 US 2020/0105841 A1

FIG. 1
10
14 13
DL |bL [pL [DL DL
GL
GL
GL
12 16L
ROL|[ROL
ROLROL  RoL|lroL ROL||ROL
15




Patent Application Publication  Apr. 2,2020 Sheet 2 of 15 US 2020/0105841 A1

FIG. 2

GL




US 2020/0105841 A1

OIMS

2

Apr. 2,2020 Sheet 3 of 15

¢ DI4

Patent Application Publication




Patent Application Publication  Apr. 2,2020 Sheet 4 of 15 US 2020/0105841 A1

RP

m—

P_
G

D_<
(] (Dl
& |
o SN &
E ®

FIG. 4




US 2020/0105841 A1

Apr. 2,2020 Sheet 5 of 15

¢ OId

Patent Application Publication



US 2020/0105841 A1

Apr. 2,2020 Sheet 6 of 15

Patent Application Publication

FO—

Ehl——

Ag —

T1H
&3 TN
0l Al_._.m_ y

EEN
izl
A

,
|
0 — _
_
|
1

,

L

\ Ng1T
<

dd dd

9 "DI4




US 2020/0105841 A1

Apr. 2,2020 Sheet 7 of 15

Patent Application Publication

Okl

0S4

A1)

T

HHT

HH

L DId

O




US 2020/0105841 A1

v , F 10V

%

Aﬁﬂ -

Obl5

{E

0¢ |1

Apr. 2,2020 Sheet 8 of 15

H1 HaT

¢0}~—

O
—
—

8 'DId

Patent Application Publication



US 2020/0105841 A1

Apr. 2,2020 Sheet 9 of 15

Patent Application Publication

O}y

0215

~

“

a13 39—
iz

0L —t 39 L
L
l / w

F /
gh——t >

, |

EH—T 3a 35

_ - ad 3v¥ ]

Nid —

114 7]

H—o /9%%
._MT__»__W_ /%/

¢l —1

¢0L—

T

HY1

HY

6 DId



Patent Application Publication  Apr. 2,2020 Sheet 10 of 15 US 2020/0105841 A1

FIG. 10




US 2020/0105841 A1

Apr. 2,2020 Sheet 11 of 15

Patent Application Publication

PO~

FhE—

O_,_. N_..—.l..\\-

ELE—
- Qd 3v¥ |
Nld~—]
ad 30 ~=
M8—

ala

0¢l+
Lel —

I

[

N EREN
|

ST —
gl —

1

LH 113 W3

—_— ——

13

S0 L—

¥




Patent Application Publication  Apr. 2,2020 Sheet 12 of 15 US 2020/0105841 A1

FIG. 12

©
CE_ELD
HIL
AE_ELD EL
O
FIG. 13
EL_SELD
EML
O
HTL CE_SELD
HIL
AE_SELD EIL
ONRL©.
(+)




Patent Application Publication

Apr. 2, 2020

FIG. 14

Sheet 13 of 15

ETL

EIL

US 2020/0105841 A1

LE_SELD'
/™y
|
|
|
HTL ;
HIL
AE_SELD |
|
1
o W
on|
|
|
]

CE_SELD



US 2020/0105841 A1

Apr. 2,2020 Sheet 14 of 15

0

02+

LOL—

T

(Lt

g | oM K :
adav | o115 pm=dem -3,
[ N | Y
1T RUEEY
M- — i — |A;L
&|/\—
kb= (G ERER)
§1-—F
22l —
20—

Patent Application Publication



ad a3io otl

US 2020/0105841 A1

- c01— / A

o

[=]

= 10—

>t

-]

i 0L L— \ “

m Z1 NEEEENE  ENEEEEYYE | | 7/ F

o R A S - G v G i

R 20| — =

j=5 ///

- 37 "

I

91 ‘OId

Patent Application Publication



US 2020/0105841 Al

DISPLAY APPARATUS INCLUDING LIGHT
RECEIVING PIXEL AREA

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0117126 filed on
Oct. 1, 2018, which is hereby incorporated by reference in
its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display appara-
tus, and more particularly, to a display apparatus including
a light-receiving pixel area for sensing a touch and/or a
fingerprint. Although the present disclosure is suitable for a
wide scope of applications, it is particularly suitable for
improving a signal-to-noise ratio of the display apparatus
that has an in-cell type light-receiving device.

Description of the Background

[0003] A display apparatus may be applied to a variety of
electronic devices such as a TV set, a mobile phone, a
laptop, a tablet and the like. Accordingly, research into a thin
display apparatus, a lightweight display apparatus, a display
apparatus which consumes less electricity and the like has
been underway.

[0004] Display apparatuses may be classified into a liquid
crystal display (LCD) apparatus, a plasma display panel
(PDP) apparatus, a field emission display (FED) apparatus,
an electro-wetting display (EWD) apparatus, an electro-
luminescence display device (ELDD) and the like.

[0005] In general, display apparatuses include display
panels (hereinafter referred to as “display panel” or “panel™)
which emit light for displaying images. Usual display panels
include a pair of substrates which face each other, and a
light-emitting material or a liquid crystal material which is
disposed between the pair of substrates.

[0006] The display apparatuses may comprise a sensor for
sensing a touch such that a user convenience can be
enhanced and the display apparatuses can be applied to a
wider range of products. By doing so, the sensor may sense
a location of a touch which is input onto a display surface,
and input may be performed. Accordingly, the display
apparatuses including touching sensor can be substituted for
an additional input device such as a mouse, a keyboard and
the like.

[0007] Types of comprising sensors for sensing a touch
may involve an add-on type, an on-cell type, an in-cell type
and the like. In the add-on type, a touch sensing panel which
includes sensors for sensing a touch arranged in a matrix
form is additionally prepared, and the additional touch
sensing panel is disposed above or below a display panel. In
the on-cell type, sensors for sensing a touch are disposed
above a light-emitting material or a liquid crystal material
between a pair of substrates of a display panel. In the in-cell
type, a thin-film transistor array for driving a plurality of
display pixel areas and sensors for sensing a touch are
integrated above a substrate. Unlike the add-on type and
on-cell type panels, the in-cell type panel may have a
minimized thickness.
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[0008] Methods for sensing a touch may include a method
for sensing a location at which resistance is varied (herein-
after referred to as “resistance method”), a method for
sensing a location at which electrostatic capacity is varied
(hereinafter referred to as “electrostatic capacity method”),
a method for sensing a location at which an amount of light
is varied (hereinafter referred to as “optical method”, and the
like.

[0009] In the optical method, a difference in reflectance of
light corresponding to a difference in a refractive index of
each location of a medium which contacts a surface of a
panel is sensed to sense touches or patterns of fingerprints.
For instance, in an area not touched by skin, internal light is
reflected at high reflectance and input to a light-receiving
device corresponding to the area. In an area contacted by
skin, a large amount of the internal light is transmitted or
absorbed, and only a small amount of the internal light is
input to a light-receiving device corresponding to the area
contacted by skin. In this case, a difference in amounts of
light is sensed to recognize a pattern of a finger print, or a
touch.

[0010] In the optical method, signal light generated in a
panel as well as noise light from the outside of a panel may
be input to the light-receiving device. In this case, there is a
need for a method of improving a signal-to-noise ratio by
increasing a ratio of signal light to noise light.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form prior art that is
already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0012] Accordingly, the present disclosure is directed to a
display apparatus including a light-receiving pixel area that
substantially obviates one or more of problems due to
limitations and disadvantages of the prior art.

[0013] Additional features and advantages of the disclo-
sure will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the disclosure. Other advantages of the present
disclosure will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] More specifically, the present disclosure provides a
display apparatus including an in-cell type light-receiving
device, which can enhance a signal-to-noise ratio.

[0015] According to an aspect of the present disclosure, a
display apparatus including a plurality of display pixel areas
and a plurality of light-receiving pixel areas which are
arranged in a display area in which an image is displayed
includes a thin-film transistor array including a plurality of
thin-film transistors which correspond to the plurality of
display pixel areas, a plurality of electro-luminescence
devices disposed above the thin-film transistor array and
corresponding to the plurality of display pixel areas, a
plurality of light-receiving devices disposed above the thin-
film transistor array and corresponding to the plurality of
light-receiving pixel areas, and a plurality of light shield
patterns disposed above a transparent film which covers the
plurality of electro-luminescence devices and the plurality of
light-receiving devices and overlapped with the plurality of
light-receiving devices.
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[0016] Each of the light shield patterns has a width greater
than that of each of the light-receiving devices. That is, an
edge of each light shield pattern protrudes further than an
edge of each light-receiving device.

[0017] The display apparatus further includes a transpar-
ent cover member covering the light shield pattern.

[0018] A display apparatus according to the present dis-
closure includes a plurality of light-receiving devices which
are disposed above a thin-film transistor array together with
a plurality of electro-luminescence devices, and a plurality
of light shield patterns disposed above a transparent film
which covers the plurality of light-receiving devices and
overlapped with the plurality of light-receiving devices.
Each of the light shield patterns has a width greater than that
of each of the light-receiving devices.

[0019] Input of noise light outside and/or inside the device
to the light-receiving device may be minimized by each light
shield pattern overlapped with each light-receiving device.
The noise light is referred to as the rest light except for signal
light required for sensing a touch and/or a fingerprint, among
internal light which is generated in a panel and external light
which is input from the outside of the panel.

[0020] Input of noise light to the light-receiving device
may be minimized by the light shield pattern. Accordingly,
optical noise may be reduced in implementing the functions
of sensing a fingerprint and/or sensing a touch and the like.
[0021] Additionally, a shape and size of an available
sensing area corresponding to geometric structures of the
light shield pattern, the light-receiving device and the trans-
parent cover member may be properly set. Accordingly,
accuracy of obtaining a pattern of an object subject to
sensing such as a pattern of a fingerprint, an area touched by
a finger, and the like may improve.

[0022] Further, in a structure in which a plurality of
light-receiving devices and a plurality of electro-lumines-
cence devices are disposed on the same substrate, i.e., a
structure in which light-receiving devices are provided in an
in-cell type, an additional sensor module may be removed.
As a result, the display apparatus may have a simple
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of the disclosure,
illustrate aspects of the disclosure and together with the
description serve to explain the principle of the disclosure.
[0024] In the drawings:

[0025] FIG. 1 is a view illustrating a display apparatus
according to a first aspect of the present disclosure;

[0026] FIG. 2 is a view illustrating an example of an
equivalent circuit which corresponds to the display pixel
area in FIG. 1;

[0027] FIG. 3 is a view illustrating an example of an
equivalent circuit which corresponds to a portion of the
light-receiving pixel area and the readout driving unit in
FIG. 1;

[0028] FIG. 4 is a view illustrating a state in which a
plurality of display pixel areas and a plurality of light-
receiving pixel areas are arranged in the display area in FIG.
1,

[0029] FIG. 5 is a view illustrating an example of a cross
section of a display panel, which corresponds to area A-A'
in FIG. 4;
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[0030] FIG. 6 is a view illustrating area B in FIG. 5;
[0031] FIG. 7 is a view illustrating area B in FIG. 5
according to a second aspect of the present disclosure;
[0032] FIG. 8 is a view illustrating area B in FIG. 5
according to a third aspect of the present disclosure;
[0033] FIG. 9 is a view illustrating area B in FIG. 5
according to a fourth aspect of the present disclosure;
[0034] FIG. 10 is a view illustrating an example of a state
in which a plurality of display pixel areas and a plurality of
light-receiving pixel areas arranged in the display area in
FIG. 1 according to a fifth aspect of the present disclosure;
[0035] FIG. 11 is a view illustrating an example of a cross
section of a display panel, which corresponds to area C-C' in
FIG. 10;

[0036] FIG. 12 is a view illustrating an example of an
energy band diagram corresponding to the electro-lumines-
cence device in FIG. 11;

[0037] FIG. 13 is a view illustrating an example of an
energy band diagram corresponding to the supplementary
electro-luminescence device in FIG. 11;

[0038] FIG. 14 is a view illustrating an example of an
energy band diagram corresponding to the supplementary
electro-luminescence device in FIG. 11 according to a sixth
aspect of the present disclosure;

[0039] FIG. 15 is a view illustrating a cross section of a
display panel, which corresponds to area C-C' in FIG. 10
according to a seventh aspect of the present disclosure; and
[0040] FIG. 16 is a view illustrating an example of a cross
section of a display panel, which corresponds to area A-A'
in FIG. 4 according to an eighth aspect of the present
disclosure.

DETAILED DESCRIPTION

[0041] The above-described features and advantages are
specifically described hereunder with reference to the
attached drawings. Accordingly, one having ordinary skill in
the art may readily implement the technical spirit of the
present disclosure. Further, in describing the present disclo-
sure, publicly-known technologies in relation to the disclo-
sure are not specifically described if they are deemed to
make the gist of the disclosure unnecessarily vague. Below,
aspects are described with reference to the attached draw-
ings. In the drawings, like reference numerals denote like or
similar elements.

[0042] Below, a display apparatus according to each
aspect is described with reference to the attached drawings.
[0043] With reference to FIGS. 1 to 6, a display apparatus
according to a first aspect of the present disclosure is
described.

[0044] FIG. 1 is a view illustrating a display apparatus
according to a first aspect of the present disclosure, FIG. 2
is a view illustrating an example of an equivalent circuit
which corresponds to the display pixel area in FIG. 1, and
FIG. 3 is a view illustrating an example of an equivalent
circuit which corresponds to a portion of the light-receiving
pixel area and the readout driving unit in FIG. 1.

[0045] FIG. 4 is a view illustrating a state in which a
plurality of display pixel areas and a plurality of light-
receiving pixel areas are arranged in the display area in FIG.
1, FIG. 5 is a view illustrating an example of a cross section
of a display panel, which corresponds to area A-A' in FIG.
4, and FIG. 6 is a view illustrating area B in FIG. 5.
[0046] As illustrated in FIG. 1, a display apparatus 10
according to a first aspect of the present disclosure includes
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a display panel 11 which includes a display area in which an
image is displayed, and a panel driving unit (12, 13, 14, and
15) which drives the display panel 11.

[0047] The display panel 11 includes a light-emitting
material or a liquid crystal material which is disposed above
a substrate. A display area of the display panel 11 includes
a plurality of display pixel areas DP which are configured to
display an image, and a thin-film transistor array which
drives the plurality of display pixel areas DP. The thin-film
transistor array includes a plurality of thin-film transistors
which correspond to the plurality of display pixel areas DP,
and various signal lines.

[0048] Additionally, a plurality of display pixel areas DP,
and a plurality of light-receiving pixel areas RP for sensing
shapes of finger prints or locations of touches in an optical
manner are disposed in the display area of the display panel
11.

[0049] Accordingly, the plurality of display pixel areas DP
and the plurality of light-receiving pixel areas RP are
arranged in the display area of the display panel 11.
[0050] The display panel 11 may include a plurality of
electro-luminescence devices (ELD shown in FIG. 2) which
correspond to the plurality of display pixel areas DP, and a
plurality of light-receiving devices (PD shown in FIG. 3)
which correspond to the plurality of light-receiving pixel
areas RP.

[0051] The plurality of electro-luminescence devices ELD
and the plurality of light-receiving devices PD are disposed
above the thin-film transistor array (110 shown in FIG. 5).
[0052] The thin-film transistor array 110 of the display
panel 11 includes gate lines GL and data lines DL which
connect to the plurality of display pixel areas DP, and
readout lines ROL which connect to the plurality of light-
receiving pixel areas RP.

[0053] For example, each gate line GL may correspond to
each horizontal line which includes display pixel areas
horizontally arranged in a sequence among the plurality of
display pixel areas DP. Each data line DL may correspond to
each perpendicular line which includes display pixel areas
perpendicularly arranged in a sequence among the plurality
of display pixel areas DP. Each readout line ROL may
correspond to each light-receiving pixel area RP. However,
this is only an example. Types and arrangements of signal
lines such as gate lines GL, data lines DL and readout lines
ROL may vary depending on a driving method of the
plurality of display pixel areas DP and a driving method of
the plurality of light-receiving pixel areas RP.

[0054] The panel driving unit (12, 13, 14, and 15) may
include a gate driving unit 12 which drives the gate line GL,
a data driving unit 13 which drives the data line DL, a timing
controller 14 which controls timing of driving the gate
driving unit 12 and the data driving unit 13, and a readout
driving unit 15 which drives the readout line ROL.

[0055] For instance, the gate driving unit 12 consecutively
supplies gate signals to the gate line GL based on gate
driving initiation signals and gate clock signals of the timing
controller 14. In this case, a switching thin-film transistor
(ST shown in FIG. 2) of the display pixel area DP is turned
on based on the gate signals.

[0056] The data driving unit 13 supplies data signals of
each display pixel area DP to each data line DL based on
data driving initiation signals and data clock signals of the
timing controller 14.
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[0057] The readout driving unit 15 performs readout of
detection signals corresponding to each light-receiving pixel
area RP.

[0058] As illustrated in FIG. 2, each display pixel area DP
includes an electro-luminescence device ELD, and a pixel
circuit (DP_C; a drive circuit part of a display pixel) for
supplying driving current to the electro-luminescence device
ELD.

[0059] The pixel circuit DP_C includes a driving transistor
DT which is disposed in series with the electro-lumines-
cence device ELD between a first driving power supply line
EVDD and a second driving power supply line EVSS, a
switching transistor ST which is disposed between the
driving transistor DT and the data line DL, and a storage
capacitor Cst which is disposed between a first node nl and
a second node n2. The first node nl is disposed between a
gate electrode of the driving transistor DT and the switching
transistor ST, and the second node n2 is disposed between
the driving transistor DT and the electro-luminescence
device ELD.

[0060] In the pixel circuit DP_C, when the switching
transistor ST is turned on, based on gate signals of the gate
line GL, the switching transistor ST delivers data signals of
the data line DL to the first node nl. The storage capacitor
Cst is charged based on the data signals. In this case, the
driving transistor DT is turned on, based on charging voltage
of the storage capacitor Cst, and driving current generated
by the turned-on driving transistor DT is supplied to the
electro-luminescence device ELD.

[0061] However, this is only an example. The pixel circuit
DP_C may have a structure in which a compensating circuit
which compensates a threshold voltage deviation (AVth) of
the driving transistor DT and the like are further included.
[0062] However, this is only an example. The pixel circuit
DP_C may be implemented as at least one of a NMOS
transistor, a PMOS transistor and/or a CMOS transistor.
[0063] As illustrated in FIG. 3, each light-receiving pixel
area RP includes a light-receiving device such as a pin diode
PD. Additionally, each light-receiving pixel area RP may
further include a light-receiving capacitor R_C which con-
nects in parallel to the light-receiving device PD. The
light-receiving capacitor R_C may be a parasitic capacitor of
the light-receiving device PD.

[0064] The light-receiving device PD connects between a
bias power supply line Vbias and the readout line ROL. For
example, when incident light is input to the light-receiving
device PD, electron-hole pairs are generated in a P-I-N
junction of the light-receiving device in response to the
incident light. In this case, electrons of the electron-hole
pairs move on the basis of bias power supply Vbias. Accord-
ingly, detection signals which correspond to an amount of
light input to the light-receiving device PD are generated.
[0065] The readout driving unit 15 includes a data detect-
ing unit 15¢ which corresponds to each readout line ROL,
and a detected-image-signal generating unit 156 which
generates a detected image signal on the basis of output of
the data detecting unit 15a.

[0066] The data detecting unit 15¢ includes an amplifier
AMP that corresponds to each readout line ROL, a readout
switch SWro which is disposed between the readout line
ROL and the amplifier AMP, a feedback capacitor CF and a
feedback reset switch SWRP which correspond to the ampli-
fier AMP, an offset capacitor Coff and a buffer capacitor
(Chbuf; a detection signal capacitor) which correspond to an
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output terminal of the amplifier AMP, a 1% buffer switch
SWb1 which is disposed between the amplifier AMP and the
offset capacitor Coff, and a 2" buffer switch SWb2 which is
disposed between the amplifier AMP and the buffer capaci-
tor Chuf.

[0067] A first input terminal (=) of the amplifier AMP
connects with the readout line ROL through the readout
switch SWro. Accordingly, when the readout switch SWro is
turned on, detection signals which correspond to each light-
receiving pixel area RP are input to the first input terminal
(=) of the amplifier AMP through the readout line ROL.
[0068] Predetermined reference signals VRPf are input to
a second input terminal (+) of the amplifier AMP.

[0069] The feedback capacitor CF is disposed between the
first input terminal (-) and the output terminal of the
amplifier AMP. Accordingly, gain between the first input
terminal (-) and the output terminal of the amplifier AMP
corresponds to capacitance of the feedback capacitor CF.
[0070] The feedback reset switch SWRP is disposed in
parallel with the feedback capacitor CF between the first
input terminal (-) and the output terminal of the amplifier
AMP. The feedback reset switch SWRP is to detect offset
signals which correspond to noise of the amplifier AMP.
[0071] When the feedback reset switch SWRP and the 1°
buffer switch SWb1 are turned on in the state in which the
readout switch SWro is turned off, the offset capacitor Coff
is charged based on offset signals which correspond to noise
of the amplifier AMP. This operation in which the offset
capacitor Cofl is charged based on the offset signal may be
performed during a period for initialization which is carried
out before each of the sensing periods in the data detecting
unit 15a corresponding to the entire readout line ROL.
[0072] When the readout switch SWro is turned on, detec-
tion signals of each light-receiving pixel area RP are input
to the first input terminal (<) of the amplifier AMP, and
amplified detection signals are output from the output ter-
minal of the amplifier AMP. Additionally, when the 2"/
buffer switch SWb2 is turned on, the buffer capacitor Cbuf
is charged based on the amplified detection signals.

[0073] The detected-image-signal generating unit 1556
connects to the offset capacitor Coff and the buffer capacitor
Cbuf, and generates detected image signals on the basis of
offset signals and amplified detection signals which are
output from each data detecting unit 15a. For instance, the
detected-image-signal generating unit 155 may generate a
brightness level signal which corresponds to an amount of
light input to each light-receiving pixel area RP on the basis
of offset signals and amplified detection signals output from
each data detecting unit 154, and may generate detected
image signals based on a combination of a plurality of
brightness level signals which correspond to the plurality of
light-receiving pixel areas RP.

[0074] However, the data detecting unit 15 is an exem-
plary circuit diagram, and the present disclosure is not
limited to this. Further, a few aspects of the present disclo-
sure may include data detecting units which are modified in
different forms to perform substantially the same functions.
[0075]  As illustrated in FIG. 4, a display panel 11 includes
a plurality of display pixel areas DP and a plurality of
light-receiving pixel areas RP which are arranged in a matrix
form in a display area in which an image is displayed.
Additionally, the display panel 11 further includes a plurality
of light shield patterns LS which correspond to the plurality
of light-receiving pixel areas RP.
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[0076] The plurality of display pixel areas DP may include
a red display pixel area DP_R in which red light is emitted,
a green display pixel area (DP _G in which green light is
emitted, and a blue display pixel area DP _B in which blue
light is emitted.

[0077] In this case, an electro-luminescence device (ELD
shown in FIG. 2) which corresponds to each display pixel
area DP may be a device which emits any one of a red color,
a green color and a blue color.

[0078] That is, an electro-luminescence layer of an elec-
tro-luminescence device (ELD in FIG. 2) which corresponds
to the red display pixel area DP_R may include a dopant or
a host which corresponds to a red color.

[0079] Likewise, an electro-luminescence layer of an elec-
tro-luminescence device (ELD in FIG. 2) which corresponds
to the green display pixel area DP_G may include a dopant
or a host which corresponds to a green color.

[0080] Additionally, an electro-luminescence layer of an
electro-luminescence device (ELD in FIG. 2) which corre-
sponds to the blue display pixel area DP_B may include a
dopant or a host which corresponds to a blue color.

[0081] A plurality of electro-luminescence devices (ELD
in FIG. 2) which correspond to the plurality of display pixel
areas DP may be a device which emits white light. In this
case, the display panel 11 may further include a color filter
which corresponds to each display pixel area DP.

[0082] That is, the display panel 11 may further include a
red color filter which corresponds to the red display pixel
area DP_R, a green color filter which corresponds to the
green display pixel area DP_G, and a blue color filter which
corresponds to the blue display pixel area DP_B.

[0083] Each light-receiving pixel area RP is disposed
between two adjacent display pixel areas DP.

[0084] Additionally, the plurality of light-receiving pixel
areas RP are disposed to alternate with at least one display
pixel area DP which is arranged in a sequence in a specific
direction among the plurality of display pixel areas DP. That
is, at least one display pixel area DP and one light-receiving
pixel area RP may be alternately disposed in any one of a
horizontal direction, a perpendicular direction and a diago-
nal direction.

[0085] As an example, as illustrated in F1G. 4, one display
pixel area DP and one light-receiving pixel area RP may be
alternately disposed in a horizontal direction and a perpen-
dicular direction.

[0086] However, this is only an example. Each light-
receiving pixel area RP may be disposed between one or
more display pixel areas DP horizontally, perpendicularly
and diagonally, or one display pixel area DP and one
light-receiving pixel area RP may be alternately disposed in
a diagonal direction.

[0087] A gap in which the light-receiving pixel areas RP
are arranged may be adjusted on the basis of an object
subject to sensing. For example, a gap in which the light-
receiving pixel areas RP are arranged may be less than that
between ridges of a fingerprint to implement the function of
sensing a fingerprint. As an example, an accurate and fine
degree of the light-receiving pixel area RP may be 300 dpi
(dots per inch) or more, and particularly, may be 400 dpi or
more.

[0088] Referring to FIG. 5, a display panel 11 includes a
substrate 101, a thin-film transistor array 110 which is
disposed above the substrate 101, a device arrayl20 which
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disposed above the thin-film transistor array 110, a plurality
of light shield patterns LS, and a transparent cover member
102.

[0089] The thin-film transistor array 110 includes a plu-
rality of thin-film transistors (ST and DT shown in FIG. 2)
which correspond to a plurality of display pixel areas (DP
shown in FIG. 1).

[0090] When a plurality of light-receiving pixel areas (RP
shown in FIG. 1) are driven in an active matrix manner, the
thin-film transistor array 110 may further include a plurality
of thin-film transistors (invisible) which correspond to the
plurality of light-receiving pixel areas RP. That is, the
thin-film transistor array 110 may further include a signal
line which drives the plurality of light-receiving pixel areas
RP and a thin-film transistor.

[0091] The device array120 includes a plurality of electro-
luminescence devices ELD which correspond to the plural-
ity of display pixel areas (DP shown in FIG. 1), and a
plurality of light-receiving devices PD which correspond to
the plurality of light-receiving pixel areas (RP shown in FIG.
1).

[0092] A transparent film 121 is disposed above the plu-
rality of electro-luminescence devices ELD and the plurality
of light-receiving devices PD.

[0093] A plurality of light shield patterns LS are disposed
above the transparent film 121. The plurality of light shield
patterns LS are disposed to cover the plurality of light-
receiving devices PD and overlap the plurality of light-
receiving devices PD. A transparent cover member 102 is
disposed above the plurality of light shield patterns LS. The
transparent cover member 102 may include a material such
as glass, reinforced glass, reinforced plastics and the like
that may protect the display panel 11.

[0094] A protective film 122 may be further disposed
between the plurality of light shield patterns LS and the
transparent cover member 102. However, the present dis-
closure is not limited to what has been described.

[0095] Light that is emitted from an electro-luminescence
device ELD may pass through the transparent cover member
102 and may be emitted outward through an upper surface
of the transparent cover member 102.

[0096] At least portion Light 12 of light Light_11 in the
transparent cover member 102 reflects toward the light-
receiving device PD in an interface between the upper
surface of the transparent cover member 102 and air. An
amount of the light Light 12 which reflects toward the
light-receiving device PD in each position of the upper
surface of the transparent cover member 102, as described
above, 1s determined on the basis of a refractive index of a
medium (e.g., air, skin and the like) which contacts the upper
surface of the transparent cover member 102. In other
words, an amount of light Light 12 which reflects toward
the inside of the panel may differ in a corresponding area
depending on whether the area in the panel is touched by a
finger. Additionally, among the light Light_12 which reflects
toward the light-receiving device PD, light which has an
incidence angle more than or equal to a critical angle of total
internal reflection which corresponds to a refractive index of
a medium (e.g., air, skin and the like) contacting the upper
surface of the transparent cover member 102 and which
corresponds to a refractive index of the transparent cover
member 102 totally reflects from the upper surface of the
transparent cover member 102.
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[0097] Prints of a finger 20 consist of ridges which have
specific patterns. Accordingly, ridge parts 21 of a finger 20
contact the upper surface of the transparent cover member
102, but spaced parts 22 between the ridges do not contact
the transparent cover member 102, in the state in which the
finger 20 contacts the upper surface of the transparent cover
member 102. That is, in the ridge parts 21, the upper surface
of the transparent cover member 102 contacts skin, but in the
spaced parts 22 between the ridges, the upper surface of the
transparent cover member 102 contacts air.

[0098] In this case, the skin has a different refractive index
from air. Accordingly, an amount of light Light_22 which
reflects in an area of the upper surface of the transparent
cover member 102, which contacts the ridge parts 21, is
different from an amount of light Light_12 which reflects in
an area of the upper surface of the transparent cover member
102, which contacts the spaced parts 22 between the ridges.
Additionally, most of the light passes through the skin or is
absorbed in the skin in the area which contacts the ridge
parts 21, and the rest of the light may reflect. Thus, the ridge
parts 21 of the finger print 20 and the spaced parts 22
between the ridges may be drawn on the basis of a difference
in amounts of light (Light_12, and Light_22) which is input
to the light-receiving device PD.

[0099] As illustrated in FIG. 6, a display panel 11 includes
a thin-film transistor array 110 which is disposed above a
substrate 101, a plurality of electro-luminescence devices
ELD which are disposed above the thin-film transistor array
110 and which correspond to a plurality of display pixel
areas DP, a plurality of light-receiving devices PD which are
disposed above the thin-film transistor array 110 and which
correspond to a plurality of light-receiving pixel areas RP,
and a plurality of light shield patterns LS which are disposed
above a transparent film 121 covering the plurality of
electro-luminescence devices ELD and the plurality of light-
receiving devices PD and which are overlapped with the
plurality of light-receiving devices PD.

[0100] Width of each of the light shield patterns LS is
greater than that of each of the light-receiving devices PD.
That is, an edge of each of the light shield patterns LS
protrudes further than an edge of each of the light-receiving
devices PD. Accordingly, each light-receiving device PD is
configured to sense light which is input through an area
which is not shielded by each light shield pattern LS, i.e., a
perimeter of each light shield pattern LS.

[0101] When necessary, the edge of each light shield
pattern LS sufficiently protrudes relative to the edge of each
light-receiving device PD in all directions. Thus, among
light which is input from the outside of the panel (hereinafter
referred to as “external light”) and light which is generated
in the panel by the plurality of electro-luminescence devices
ELD and the like (herein after referred to as “internal light™),
light which reflects from the upper surface of the transparent
cover member 102, i.e., from an area corresponding to the
light shield pattern LS, reaches the light-receiving device
PD to a minimum degree.

[0102] A collection of points at which extension lines
which connect an edge of each light shield pattern LS and an
edge of each light-receiving device PD meet the upper
surface of the transparent cover member 102 draws a closed
curve. In this case, an inner area of a closed curve with a
largest possible surface area is referred to as a light shield
area. The light shield area may have a proper size and shape
in response to a size and shape of a pattern subject to
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sensing. For instance, the light shield area for sensing a
fingerprint and a touch may have a proper size and shape on
the basis of a distance and size of each pattern subject to
sensing.

[0103] As an example, the light shield area which corre-
sponds to each light-receiving device PD and each light
shield pattern LS may correspond to a distance between the
light shield pattern LS and the upper surface of the trans-
parent cover member 102, a distance between the light
shield pattern LS and the light-receiving device PD, a width
of the light shield pattern LS, and a width of the light-
receiving device PD.

[0104] Among the lines which connect the edge of each
light shield pattern LS and the edge of each light-receiving
device PD, a line which forms a minimum angle together
with a normal line of the upper surface of the transparent
cover member 102 is referred to as a light-shield-pattern
available minimum incidence path D_LS. An angle 6_LS
(hereinafter referred to as “a light-shield-pattern minimum
available incidence angle”) which is formed by the light-
shield-pattern available minimum incidence path D_LS and
the normal line of the upper surface of the transparent cover
member 102 is greater than a predetermined critical angle.
The predetermined critical angle corresponds to the trans-
parent cover member 102, and a medium which contacts the
upper surface of the transparent cover member 102. For
instance, a critical angle with respect to the light-shield-
pattern minimum available incidence angle may be deter-
mined on the basis of a range of incidence angels which are
selected as noise light or a range of incidence angels which
is selected as signal light.

[0105] By doing so, the light shield pattern LS may
minimize input of external light to the light-receiving device
PD, thereby improving a signal-to-noise ratio in relation to
external light. When the light-shield-pattern minimum avail-
able incidence angle becomes smaller, input of noise light
which is unnecessary for sensing a touch and/or a finger-
print, among inner light, to the light-receiving device may be
further reduced, and a signal-to-noise ratio in relation to
noise light may be further increased.

[0106] In other words, among lines which connect an edge
of the light shield pattern LS and an edge of the light-
receiving device PD, a line which forms a minimum angle
together with a normal line of an upper surface of the
transparent cover member 102 is referred to as a light-
shield-pattern available minimum incidence path D_LS.
When necessary, an angle 6_LS (hereinafter referred to as
“light-shield-pattern minimum available incidence angle”)
which is formed by the light-shield-pattern available mini-
mum incidence path D_LS and the normal line of the upper
surface of the transparent cover member 102 may be greater
than a predetermined critical angle. The predetermined
critical angle corresponds to the transparent cover member,
and a medium which contacts the upper surface of the
transparent cover member.

[0107] For instance, when the light-shield-pattern mini-
mum available incidence angle 0_LS is set to the same angle
as a critical angle, input of reflected light of an angle less
than or equal to an incidence angle in the panel as well as
external light to the light-receiving device PD may be
minimized. When the light-shield-pattern minimum avail-
able incidence angle 6_LS extends further than a critical
angle, input of unnecessary light of total internal reflection,
which proceeds in the panel, to the light-receiving device PD
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may also be minimized, thereby improving a signal-to-noise
ratio in relation to external light as well as internal noise
light.

[0108] The thin-film transistor array 110 includes a driving
transistor DT which connects to the electro-luminescence
device ELD corresponding to each display pixel area (DP
shown in FIG. 1).

[0109] For instance, the driving transistor DT may have a
top gate structure. That is, the driving transistor DT includes
an active layer ACT which is disposed above the substrate
101, a gate insulating film 111 which is disposed above a
portion of the active layer ACT, a gate electrode GE which
is disposed above the gate insulating film 111, and a source
electrode SE and a drain electrode DE which are disposed
above an interlayer insulating film 112 covering the active
layer ACT and the gate electrode GE.

[0110] The gate electrode GE connects to a switching
transistor (ST shown in FIG. 2) and a storage capacitor (Cst
shown in FIG. 2) through a first node (n1 shown in FIG. 2).
[0111] The active layer ACT includes a channel area
which is overlapped with the gate electrode GE, and a source
area and a drain area which are disposed on both sides of the
channel area. The active layer ACT may consist of an oxide
semiconductor material or a silicon semiconductor material.
[0112] The source electrode SE connects to the source area
of the active layer ACT through a contact hole which
penetrates the interlayer insulating film112.

[0113] Like the source electrode SE, the drain electrode
DE connects to the drain area of the active layer ACT
through a contact hole which penetrates the interlayer insu-
lating film 112.

[0114] Any one (source electrode SE shown in FIG. 6) of
the source electrode SE and the drain electrode DE of the
driving transistor DT connects to a first driving power
supply line (EVDD shown in FIG. 2), and the other (drain
electrode DE shown in FIG. 6) connects to the electro-
luminescence device ELD.

[0115] The source electrode SE and the drain electrode DE
of the driving transistor DT are covered with a buffer film
113.

[0116] The electro-luminescence device ELD includes an
anode electrode AE_ELD which is disposed above the buffer
film 113 of the thin-film transistor array 110, an electro-
luminescence layer EL which is disposed above the anode
electrode AE_ELD, and a cathode electrode CE_ELD which
is disposed above the electro-luminescence layer EL.
[0117] The anode electrode AE_ELD corresponds to each
display pixel area DP and connects to the driving transistor
DT through the contact hole which penetrates the buffer film
113.

[0118] Anedge of the anode electrode AE_ELD is covered
with a bank BK which is disposed above the buffer film 113
of the thin-film transistor array 110.

[0119] The bank BK may consist of a light-absorbing or
light-transmitting insulation material to prevent carriers
from being clustered on the edge of the anode electrode
AE_ELD.

[0120] The electro-luminescence layer EL corresponds to
each display pixel area DP and includes an electro-lumines-
cence material. The electro-luminescence material may be
an organic material, or an inorganic material. When a diode
is made of an organic material, the diode may be referred to
as an organic light-emitting diode (OLED). When a diode is
made of an inorganic material, the diode may be a quantum-
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dot light-emitting diode (QLED). However, the electro-
luminescence matetial is not limited to what has been
described.

[0121] As illustrated in FIG. 12, the electro-luminescence
layer EL. may have a structure in which a hole transport layer
HTL, an emitting layer EML and an electron transport Layer
ETL are stacked. Additionally, the electro-luminescence
layer EL. may have a single-stack light-emitting structure or
a multi-stack light-emitting structure.

[0122] The hole transport layer HTL is disposed near the
anode electrode AE_ELD, and the electron transport Layer
ETL is disposed near the cathode electrode CE_ELD. Addi-
tionally, the electro-luminescence layer EL. may further
include a hole injection layer HIL which is disposed between
the hole transport layer HTL and the anode electrode
AE_ELD, or an electron injection layer EIL which is dis-
posed between the electron transport layer ETL and the
cathode electrode CE_ELD. However, the electro-lumines-
cence layer EL is not limited what has been described.
[0123] The electro-luminescence layer EL includes a dop-
ant of a color corresponding to each display pixel area DP.
Accordingly, the electro-luminescence layer ELL may emit
light of a specific color. When the display panel 11 includes
an additional color filter, the electro-luminescence layer EL
may emit white light.

[0124] The cathode electrode CE_ELD corresponds to a
plurality of display pixel areas DP which are adjacent to
each other, and may be disposed to cover the bank BK and
the electro-luminescence layer EL.

[0125] A light-receiving device PD includes an anode
electrode AE_PD which is disposed above a buffer film 113
of a thin-film transistor array 110, a PIN junction layer PIN
which is disposed above the anode electrode AE_PD, and a
cathode electrode CE_PD which is disposed above the PIN
junction layer PIN.

[0126] In the light-receiving device PD, the anode elec-
trode AE_PD connects to a readout line ROL, and the
cathode electrode CE_PD connects to bias power supply
(Vbias in FIG. 3).

[0127] The readout line ROL may be disposed in the
thin-film transistor array 110. That is, the readout line ROL
together with the source electrode SE and the drain electrode
DE may be disposed above the interlayer insulating film112
and may be covered with the buffer film 113. In this case, the
anode electrode AE_PD of the light-receiving device PD
may connect to the readout line ROL through a contact hole
which penetrates the buffer film 113.

[0128] Though not additionally illustrated, the readout line
ROL together with the anode electrode AE_PD may also be
disposed above the buffer film 113.

[0129] Further, though not additionally illustrated, the
readout line ROL may be disposed above an insulation film
(invisible) between the interlayer insulating film112 and the
buffer film 113.

[0130] Though not specifically illustrated, a connection
line between the bias power supply Vbias and the cathode
electrode CE_PD may be disposed in the same layer as any
one of the cathode electrode CE_PD and the readout line
ROL.

[0131] At least portion of the light-receiving device PD is
covered with the bank BK.

[0132] Specifically, at least one display pixel area DP may
be disposed between a plurality of light-receiving pixel areas
RP, and each light-receiving pixel area RP is disposed
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between two adjacent display pixel areas DP. That is, each
light-receiving device PD is disposed between two adjacent
display pixel areas DP. Accordingly, the bank BK which
covers the edge of the anode electrode AE_ELD of the
electro-luminescence device ELD is disposed to cover the
light-receiving device PD further.

[0133] A transparent film 121 is disposed above the cath-
ode electrode CE_FLD of the electro-luminescence device
ELD and covers the plurality of electro-luminescence
devices ELD and the plurality of light-receiving devices PD.
Additionally, the transparent film 121 may have a flat shape.

[0134] The transparent film 121 may consist of a trans-
parent material to minimize loss of light which is emitted
from the electro-luminescence device ELD to a transparent
cover member 102 and to minimize loss of light which is
input from the transparent cover member 102 to the light-
receiving device PD. Additionally, the transparent film 121
may consist of a transparent insulation material to reduce
electric interference between devices.

[0135] The transparent film 121 may be a material having
a flattening property. Additionally, the transparent film 121
may include an encapsulation layer to prevent oxygen and/or
moisture from infiltrating the plurality of electro-lumines-
cence devices ELD. However, the present disclosure is not
limited to what has been described.

[0136] A plurality of light shield patterns LS are disposed
above the transparent film 121 and individually overlapped
with the plurality of light-receiving devices PD which
correspond to the plurality of light-receiving pixel areas RP.

[0137] Each light shield pattern LS has a width greater
than that of each light-receiving device PD. That is, an edge
of each light shield pattern LS protrudes wider than an edge
of each light-receiving device PD in the shape of eaves.

[0138] The transparent cover member 102 is disposed
above the plurality of light shield patterns LS. As an
example, the transparent cover member 102 may be dis-
posed above a protective film 122. That is, the protective
film 122 may be disposed between the transparent cover
member 102 and the plurality of light shield patterns LS. In
this case, the plurality of light shield patterns LS is covered
with the protective film 122. The protective film 122 may
have a curved surface shape which corresponds to the
curvature of a pattern of a lower end thereof, or may have
a flat shape.

[0139] Next, another aspect of the present disclosure is
described with reference to FIGS. 7 to 15.

[0140] FIG. 7 is a view illustrating area B in FIG. 5
according to a second aspect of the present disclosure.

[0141] As illustrated in FIG. 7, a display panel 11a of a
display apparatus according to the second aspect of the
present disclosure is the same as that according to the first
aspect of the present disclosure, illustrated in FIGS. 1 to 6,
except that the display panel 11a further includes a light-
receiving hole LRH which corresponds to each light-receiv-
ing device PD and which penetrates the bank BK. Accord-
ingly, repetitive description is omitted.

[0142] The light-receiving hole LRH corresponds to at
least portion of a light-receiving surface of each light-
receiving device PD, onto which light is input, (an upper
surface of the cathode electrode CE_PD of the light-receiv-
ing device in FIG. 7).
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[0143] The light-receiving surface of the light-receiving
device PD contacts the cathode electrode CE_ELD of the
electro-luminescence device by the light-receiving hole
LRH.

[0144] Accordingly, in a path in which light reflecting
from an upper surface of the transparent cover member 102
is input to the light-receiving device PD, an interface
between the cathode electrode CE_ELD and the bank BK
may be removed. Thus, path loss of light which reflects from
the upper surface of the transparent cover member 102 and
which is input to the light-receiving device PD may be
reduced.

[0145] According to the first aspect, the light-receiving
device PD is covered with the bank BK, as illustrated in FIG.
6. Accordingly, the bank BK includes a transparent material
to minimize loss of light which is input to the light-receiving
device PD.

[0146] According to the second aspect, at least portion of
the light-receiving surface of the light-receiving device PD
is not covered with the bank BK but is exposed to the
cathode electrode CE_ELD of the electro-luminescence
device by the light-receiving hole LRH. Therefore, the bank
BK is not required to consist of a transparent material, as
illustrated in FIG. 7.

[0147] FIG. 8 is a view illustrating a rea B in FIG. §
according to a third aspect of the present disclosure.
[0148] As illustrated in FIG. 8, a display panel 115 of a
display apparatus according to the third aspect is the same as
that according to the second aspect, illustrated in FIG. 7,
except that the display panel 115 includes a bank BK' which
includes an opaque material instead of a transparent mate-
rial. Accordingly, repetitive description is omitted.

[0149] When the bank BK' includes an opaque material,
i.e., a light-absorbing material, as in the third aspect, inter-
ference between light of adjacent electro-luminescence
devices ELD may be reduced.

[0150] By the opaque bank BK', light emitted from the
electro-luminescence device ELD adjacent to the light-
receiving device PD may be prevented from being directly
input the light-receiving device PD in a state in which the
light does not reflect from the upper surface of the trans-
parent cover member 102.

[0151] Accordingly, a reduction in a signal-to-noise ratio
(SNR), which is caused by light of adjacent electro-lumi-
nescence devices ELD may be minimized. Thus, credibility
of detection signals of the light-receiving device PD may
improve further. Additionally, when necessary, a portion of
the light-receiving device PD is covered with the opaque
bank BK'. Accordingly, the size and shape of the light-
receiving surface of the light-receiving device may be
readily modified.

[0152] According to the first, second and third aspects,
light Light_12 which reflects from the upper surface of the
transparent cover member 102 is input to the light-receiving
device PD by the light shield pattern LS.

[0153] Additionally, when the electro-luminescence layer
EL and the cathode electrode CE_ELD are disposed in the
entire display area, the electro-luminescence layer EL. and
the cathode electrode CE_ELD of the electro-luminescence
device ELD are disposed above the light-receiving device
PD. When the cathode electrode CE_ELD of the electro-
luminescence device ELD includes a semi-transmitting
metallic material, an amount of light which is reflected by
the cathode electrode CE_ELD of the electro-luminescence
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device ELD, among light which is input to the light-
receiving device PD, may increase.

[0154] Accordingly, a display apparatus according to a
fourth aspect is provided which further includes a light
receiving improvement pattern to suppress reflection of light
from a plane of incidence of the light-receiving device PD.
[0155] FIG. 9 is a view illustrating area B in FIG. 5
according to a fourth aspect of the present disclosure.
[0156] As illustrated in FIG. 9, a display panel 11c of a
display apparatus according to the fourth aspect is the same
as that according to the third aspect except that the display
panel 1lc¢ further includes at least one light receiving
improvement pattern (LRP; light-receiving pattern) which is
disposed above a portion of the light-receiving device PD,
which corresponds to a light-receiving hole LRH. Accord-
ingly, repetitive description is omitted.

[0157] At least one light receiving improvement pattern
LRP is disposed above at least portion of the cathode
electrode CE_PD of the light-receiving device PD, which
corresponds to the light-receiving hole LRH.

[0158] At least one light receiving improvement pattern
LRP may be formed together with the light-receiving hole
LRH during the process in which the bank BK is patterned
to form the light-receiving

[0159] PATENT hole LRH. In this case, at least one light
receiving improvement pattern LRP includes the same mate-
rial as the bank BK. However, this is only an example. The
present disclosure is not limited to what has been described.
[0160] That is, at least one light receiving improvement
pattern LRP may also be formed through a process of
patterning an inorganic insulation material which is addi-
tionally deposited for easiness in patterning.

[0161] Each light receiving improvement pattern LRP
may have a shape of a polyprism or a cylinder. However, the
shape of the light receiving improvement pattern LRP is not
limited. Additionally, one or more received-light improving
patterns LRP are spaced apart from each other.

[0162] As described above, when one or more received-
light improving patterns LRP are is included, light which is
input to the light-receiving device PD may be scattered or
diffusely reflected in a spaced area between one or more
received-light improving patterns LRP.

[0163] The thickness of the cathode electrode CE _ELD
may become smaller on a lateral surface of the light receiv-
ing improvement pattern LRP. Accordingly, a rate at which
light is input to the light-receiving device PD may increase.
Thus, a rate which the light-receiving device PD absorbs
light may increase, and as a result, photoelectric conversion
efficiency of the light-receiving device PD may be enhanced.
[0164] The at least one light receiving improvement pat-
tern LRP may be formed together with the light-receiving
hole LRH during a process of patterning the bank BK to
form the light-receiving hole LRH. In this case, at least one
light receiving improvement pattern LRP may consist of the
same material as the bank BK, and an additional lamination
process or an additional patterning process is not required
for forming at least one light receiving improvement pattern
LRP. Accordingly, even though at least one light receiving
improvement pattern LRP is further provided, a manufac-
turing process does not become complicated.

[0165] According to the first, second, third and fourth
aspects, the plurality of electro-luminescence devices ELD
which correspond to the plurality of display pixel areas DP
emit light of luminance corresponding to a predetermined
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image signal. The light-receiving device PD senses light
which reflects from the upper surface of the transparent
cover member 102.

[0166] An amount of light from at least one of the plurality
of electro-luminescence devices ELD may be too small for
the light-receiving device PD to sense the light. Addition-
ally, most of the light from the electro-luminescence device
ELD is required to reach an upper surface of the transparent
cover member 102 at an incidence angle less than a critical
angel corresponding to total internal reflection because the
plurality of electro-luminescence devices ELD for display-
ing an image is required to emit light out of the transparent
cover member 102.

[0167] Accordingly, a display apparatus according to a
fifth aspect of the present disclosure is provided which
further includes an additional light source for sensing a
touch or for sensing a fingerprint in addition to the plurality
of electro-luminescence devices ELD for displaying an
image.

[0168] FIG. 10 is a view illustrating an example of a state
where a plurality of display pixel areas and a plurality of
light-receiving pixel areas that are arranged in the display
area in FIG. 1 according to a fifth aspect of the present
disclosure, FIG. 11 is a view illustrating an example of a
cross section of a display panel, which corresponds to area
C-C'in FIG. 10, FIG. 12 is a view illustrating an example of
an energy band diagram corresponding to the electro-lumi-
nescence device in FIG. 11, and F1G. 13 is a view illustrating
an example of an energy band diagram corresponding to the
supplementary electro-luminescence device in FIG. 11.
[0169] As illustrated in FIG. 10, a display apparatus
according to the fifth aspect further includes at least one
supplementary pixel area (SEP; supplementary emitting
pixel) which is arranged in a matrix form together with a
plurality of display pixel areas DP and a plurality of light-
receiving pixel areas RP in a display area of a display panel
11.

[0170] Like the light-receiving pixel area RP, each supple-
mentary pixel area SEP may be disposed between two
adjacent display pixel areas DP.

[0171] Additionally, one or more supplementary pixel
areas SEP may be disposed to alternate with one or more
light-receiving pixel areas RP which are arranged in a
sequence in any one direction among the plurality of light-
receiving pixel areas RP.

[0172] As illustrated in FIG. 11, a display panel 114 of a
display apparatus according to the fifth aspect is the same as
that according to the first, second, third and fourth aspects
except that the display panel 11d further includes at least one
supplementary electro-luminescence device SELD which
corresponds to at least one supplementary pixel area SEP.
Accordingly, repetitive description is omitted.

[0173] At least one supplementary electro-luminescence
device SELD is disposed in the same layer as a plurality of
electro-luminescence devices ELD in an in-cell manner.
That is, at least one supplementary electro-luminescence
device SELD is disposed above a thin-film transistor array
110.

[0174] Specifically, each supplementary electro-lumines-
cence device SELD includes a supplementary anode elec-
trode AE_SELD which is disposed above a buffer film 113
of the thin-film transistor array 110, a supplementary elec-
tro-luminescence layer EL,_SELD which is disposed above
the supplementary anode electrode AE_SELD, and a supple-
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mentary cathode electrode CE_SELD which is disposed

above the supplementary -electro-luminescence layer
EL_SELD.
[0175] A bank BK further covers an edge of the supple-

mentary anode electrode AE_SELD together with an edge of
an anode electrode AE_ELD of an electro-luminescence
device .

[0176] The supplementary electro-luminescence layer
EL_SELD may consist of an organic material like an elec-
tro-luminescence layer EL of the electro-luminescence
device ELD. That is, like the electro-luminescence layer EL
of the electro-luminescence device ELD, the supplementary
electro-luminescence layer EL,_SELD may have a structure
in which a hole transport layer HTL, an emitting layer EML,
and an electron transport layer ETL are stacked.

[0177] As illustrated in FIG. 12, the electro-luminescence
layer EL of the electro-luminescence device ELD may have
a structure in which a hole injection layer HIL, a hole
transport layer HTL, an emitting layer EML, an electron
transport layer ETL, and an electron injection layer EIL are
stacked.

[0178] A hole which is injected from an anode electrode
AE_ELD of an electro-luminescence device ELD into the
hole injection layer HIL moves to the emitting layer EML
through the hole transport layer HTL, and an electron which
is injected from a cathode electrode CE_ELD of the electro-
luminescence device ELD into the electron injection layer
EIL moves to the emitting layer EML through the electron
transport layer ETL. Accordingly, as the hole and the elec-
tron are moved to the emitting layer, the electron-hole pair
is generated. As the electron-hole pair returns to a ground
state, light is emitted.

[0179] The emitting layer EML may include a dopant or a
host which corresponds to a color which is required to be
emitted from each display pixel area DP. That is, an electro-
luminescence layer of an electro-luminescence device cor-
responding to a red display pixel area DP_R may include a
dopant or a host which corresponds to a red color, an
electro-luminescence layer of an electro-luminescence
device corresponding to a green display pixel area DP_G
may include a dopant or a host which corresponds to a green
color, and an electro-luminescence layer of an electro-
luminescence device corresponding to a blue display pixel
area DP_B may include a dopant or a host which corre-
sponds to a blue color.

[0180] When a display panel includes an additional color
filter, the electro-luminescence layer may include a dopant
or a host which corresponds to at least two different colors
and may emit white light.

[0181] The supplementary electro-luminescence layer
EL_SELD of the supplementary electro-luminescence
device SELD 1is formed through the same process as the
process of forming the electro-luminescence layer EL of the
electro-luminescence device ELD. Accordingly, the supple-
mentary electro-luminescence layer EL_SELD of the
supplementary electro-luminescence device SELD may
have the same structure as the electro-luminescence layer
EL of the electro-luminescence device ELD.

[0182] That is, the supplementary electro-luminescence
layer EL_SELD of the supplementary electro-luminescence
device SELD, as illustrated in FIG. 13, may have a structure
in which a hole injection layer HIL, a hole transport layer
HTL, an emitting layer EML, an electron transport layer
ETL, and an electron injection layer EIL are stacked.
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[0183] The supplementary electro-luminescence layer
EL_SELD of the supplementary electro-luminescence
device SELD may include a dopant or a host which corre-
sponds to at least any one of red, green and blue. That is, the
supplementary electro-luminescence layer EI._SELD may
include a dopant or a host which corresponds to any one of
red, green and blue. As an example, the supplementary
electro-luminescence layer EL_SELD may include a dopant
or a host of the same color as the electro-luminescence
device ELD adjacent to the supplementary electro-lumines-
cence device SELD.

[0184] The supplementary electro-luminescence layer
EL_SELD may also include all dopants or all hosts which
correspond to red, green and blue.

[0185] As described above, a display apparatus according
to the fifth aspect further includes at least one supplementary
electro-luminescence device SELD for increasing an
amount of light which is input to a light-receiving device
PD, in addition to a plurality of electro-luminescence
devices ELD.

[0186] An amount of light which is input from a device
array 120 to a transparent cover member 102 may be
increased by the supplementary electro-luminescence device
SELD. Additionally, when the supplementary electro-lumi-
nescence device optionally emits light to a predetermined
area, an amount of light which reflects from an upper surface
of the transparent cover member 102 may increase.

[0187] Accordingly, the amount of light which is input to
the light-receiving device PD may be maintained at a certain
level or above, regardless of luminance of the electro-
luminescence device ELD. Therefore, credibility of genera-
tion of detection signals of each light-receiving device PD
may improve.

[0188] Light of the supplementary electro-luminescence
device SELD may be infrared rays (IR) such that light of the
supplementary electro-luminescence device SELD is pre-
vented from interfering with light for displaying an image.
[0189] The supplementary electro-luminescence device
SELD is disposed in a limited area between adjacent electro-
luminescence devices ELD. Additionally, it is difficult to
dispose a device which emits infrared rays in an area with a
narrow width.

[0190] Accordingly, a display apparatus according to a
sixth aspect is provided which includes a supplementary
electro-luminescence device SELD which may be disposed
in a narrow area and which may emit infrared rays.

[0191] FIG. 14 is a view illustrating an example of an
energy band diagram corresponding to a supplementary
electro-luminescence device in FIG. 11 according to a sixth
aspect of the present disclosure.

[0192] As illustrated in FIG. 14, a display apparatus
according to the sixth aspect is the same as that according to
the fifth aspect illustrated in FIGS. 10, 11, 12 and 13 except
that a supplementary electro-luminescence layer EL_SELD
of a supplementary electro-luminescence device SELD does
not include an emitting layer EML unlike the electro-
luminescence layer EL of the electro-luminescence device
ELD. Accordingly, repetitive description is omitted.

[0193] The supplementary electro-luminescence layer
EL_SELD' of the supplementary electro-luminescence
device SELD according to the sixth aspect does not include
an emitting layer EML. Accordingly, the supplementary
electro-luminescence layer EL,_SELD' of the supplementary
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electro-luminescence device SELD has a structure in which
a hole transport layer HTL and an electron transport layer
ETL are bonded.

[0194] When the emitting layer EML which corresponds
to a certain color is removed, a change in energy levels may
be less than a change in energy levels corresponding to
visible light in the interface between the hole transport layer
and the electron transport layer. Accordingly, the supple-
mentary electro-luminescence device SELD which includes
the supplementary electro-luminescence layer EL_SELD'
with a structure in which an emitting layer EML is not
included and in which a hole transport layer HTL and an
electron transport layer ETL are bonded may emit infrared
rays unlike the electro-luminescence device ELD which
includes an emitting layer EML corresponding to visible
light.

[0195] Thus, the supplementary -electro-luminescence
device SELD which is disposed in an area with a narrow
width may be a device which may emit infrared rays.
[0196] As described above, the display apparatus accord-
ing to each aspect includes a light shield pattern LS which
is overlapped with a light-receiving device PD. Accordingly,
the light-receiving device PD absorbs light which reflects
from an upper surface of a transparent cover member 102.
[0197] However, the supplementary electro-luminescence
device SELD according to the fifth and sixth aspects emits
light in all directions. Accordingly, a portion of light which
is emitted from the supplementary electro-luminescence
device SELD is reflected on the upper surface of the
transparent cover member 102, and the portion of light
which is reflected as described above hardly increases in
amount.

[0198] A display apparatus according to a seventh aspect
is provided which may increase a portion of light which
reflects on an upper surface of a transparent cover member
102 in amount, among light of a supplementary electro-
luminescence device SELD.

[0199] FIG. 15 is a view illustrating a cross-section of a
display panel, which corresponds to area C-C' in FIG. 10
according to a seventh aspect of the present disclosure.
[0200] As illustrated in FIG. 15, a display panel 11e of a
display apparatus according to the seventh aspect is the same
as that according to the fifth and the sixth aspects except that
the display panel 11e further includes at least one supple-
mentary light shield pattern S_LS which is disposed above
a transparent film 121 and which is overlapped with at least
one supplementary electro-luminescence device SELD.
Accordingly, repetitive description is omitted.

[0201] At least one supplementary electro-luminescence
device SELD is covered with a transparent film 121 like the
plurality of electro-luminescence devices ELD and the plu-
rality of light-receiving devices PD.

[0202] At least one supplementary light shield pattern
S_LS is disposed above the transparent film 121, and is
individually overlapped with at least one supplementary
electro-luminescence device SELD.

[0203] Each supplementary light shield pattern S_LS has
a width greater than that of each supplementary electro-
luminescence device SELD which corresponds to each
supplementary light shield pattern. When seen from above,
an edge of each supplementary light shield pattern S_LS
protrudes further than an edge of each supplementary elec-
tro-luminescence device SELD in all directions.
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[0204] Among angles which are formed by lines which
connect an edge of the supplementary electro-luminescence
device SELD and an edge of the supplementary light shield
pattern S_LS, and the normal line of the upper surface of the
transparent cover member 102, a minimum angle may be set
as a range of angles similar to a light-shield-pattern mini-
mum available incidence angle 8_LS. By doing so, among
light which is emitted from each supplementary electro-
luminescence device SELD, an amount of noise light which
may not be input to the light-receiving device PD may
decrease.

[0205] As described above, when the supplementary light
shield pattern S_LS is further provided, an amount of light
which has an incidence angle greater than the light-shield-
pattern minimum available incidence angle 6_LS among
light of the supplementary electro-luminescence device
SELD may optionally increase. Accordingly, an increase in
noise light by the supplementary electro-luminescence
device SELD may be prevented. As a result, a signal-to-
noise ratio may improve.

[0206] The display apparatus 10 according to the eighth
aspect further includes a supplementary light source unit
which supplies light for sensing a touch or a fingerprint
unlike the display apparatus according to the fifth aspect.
The supplementary light source unit may be disposed on one
surface of a substrate101 of the display panel 11.

[0207] FIG. 16 is a view illustrating an example of a cross
section of a display panel, which corresponds to area A-A'
in FIG. 4 according to an eighth aspect of the present
disclosure.

[0208] As illustrated in FIG. 16, a display panel 111
according to the eight aspect is the same as that according to
the first, second, third, fourth and fifth aspects except that the
display panel 11/ further includes a supplementary substrate
103 which is disposed below a substrate 101 and which has
the shape of a flat plate, and a supplementary light source
unit 130 which is disposed on one side of a supplementary
substrate 103. Accordingly, repetitive description is omitted
below.

[0209] The supplementary light source unit 130 includes
at least one luminescence device (invisible) The supplemen-
tary light source unit 130 supplies light during a sensing
period for which a plurality of light-receiving devices PD
are driven. The supplementary light source unit 130 is
disposed in a different layer from a device array 120 which
includes a plurality of electro-luminescence devices ELD.
Accordingly, the supplementary light source unit 130 may
readily supply light which has an emission direction and a
range of wavelengths different from those of the electro-
luminescence device ELD.

[0210] Further, at least one luminescence device which is
included in the supplementary light source unit 130 may be
separately driven for each area.

[0211] The supplementary substrate 103 may include a
driving circuit which supplies driving current to at least one
luminescence device provided in the supplementary light
source unit 130.

[0212] The present disclosure is not limited to the above-
described aspects and attached drawings. It will be apparent
to one having ordinary skill in the art to which the present
disclosure pertains that various redisposements, modifica-
tions and changes may be made without departing from the
technical spirit of the disclosure
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What is claimed is:

1. A display apparatus including a plurality of display
pixel areas and a plurality of light-receiving pixel areas
which are arranged in a display area in which an image is
displayed, comprising:

a thin-film transistor array including a plurality of thin-
film transistors which correspond to the plurality of
display pixel areas;

a plurality of electro-luminescence devices disposed
above the thin-film transistor array and corresponding
to the plurality of display pixel areas;

a plurality of light-receiving devices disposed above the
thin-film transistor array and corresponding to the
plurality of light-receiving pixel areas;

a transparent film covering the plurality of electro-lumi-
nescence devices and the plurality of light-receiving
devices; and

a plurality of light shield patterns disposed on the trans-
parent film and overlapping the plurality of light-
receiving devices.

2. The display apparatus of claim 1, wherein each light
shield pattern has a width greater than that of each light-
receiving device and has an edge protrudes further than that
of each light-receiving device.

3. The display apparatus of claim 2, further comprising a
transparent cover member covering the plurality of light
shield patterns.

4. The display apparatus of claim 3, wherein among
angles between lines which connect the edge of each light
shield pattern and the edge of each light-receiving device
and a normal line of an upper surface of the transparent
cover member, a minimum angle (a light-shield-pattern
minimum available incidence angle) is greater than a pre-
determined critical angle, and

wherein the predetermined critical angle corresponds to
the transparent cover member and a medium which
contacts the upper surface of the transparent cover
member.

5. The display apparatus of claim 3, each electro-lumi-

nescence device comprises:

a first electrode disposed above the thin-film transistor
array;

an electro-luminescence layer disposed above the first
electrode; and

a second electrode disposed above the electro-lumines-
cence layer,

wherein an edge of the first electrode is covered by a bank
disposed above the thin-film transistor array.

6. The display apparatus of claim 5, wherein the plurality
of light-receiving pixel areas are disposed to alternate with
one or more display pixel areas which are arranged in a
sequence among the plurality of display pixel areas, and

wherein the bank further covers at least portion of each
light-receiving device.

7. The display apparatus of claim 6, wherein the bank has
a light-receiving hole corresponding to at least portion of
each of the light-receiving devices.

8. The display apparatus of claim 7, further comprising at
least one light receiving improvement pattern disposed
above each light-receiving device, which corresponds to the
light-receiving hole.

9. The display apparatus of claim 8, wherein the at least
one light receiving improvement pattern includes a same
material as the bank.
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10. The display apparatus of claim 5, wherein the bank
includes a light-absorbing insulation material or an opaque
material.

11. The display apparatus of claim 5, wherein the bank
includes a light-transmitting insulation material.

12. The display apparatus of claim 5, further comprising
at least one supplementary electro-luminescence device cor-
responding to at least one supplementary pixel area which is
arranged together with the plurality of display pixel areas
and the plurality of light-receiving pixel areas in the display
area,

wherein the at least one supplementary electro-lumines-

cence device comprises:

a first supplementary electrode disposed above the thin-

film transistor array;

a supplementary electro-luminescence layer disposed

above the first supplementary electrode; and

a second supplementary electrode disposed above the

supplementary electro-luminescence layer, and
wherein the bank covers an edge of the first supplemen-

tary electrode, and the transparent film covers the at

least one supplementary electro-luminescence device.

13. The display apparatus of claim 12, wherein the
supplementary electro-luminescence layer has a structure in
which a hole transport layer, an emitting layer, and an
electron transport layer are sequentially stacked.

14. The display apparatus of claim 13, wherein the
supplementary electro-luminescence layer has a structure in
which a hole transport layer and an electron transport layer
are bonded with each other except for the emitting layer.
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15. The display apparatus of claim 12, further comprising
at least one supplementary light shield pattern disposed
above the transparent film and overlapping the at least one
supplementary electro-luminescence device.

16. The display apparatus of claim 15, wherein the at least
one supplementary light shield pattern has a width greater
than that of each supplementary electro-luminescence
device and has an edge of each supplementary light shield
pattern protrudes further than an edge of each supplementary
electro-luminescence device.

17. The display apparatus of claim 1, wherein each
light-receiving device comprises:

a first electrode disposed above the thin-film transistor

array;

a PIN junction layer disposed above the first electrode;

and

a second electrode disposed above the PIN junction layer.

18. The display apparatus of claim 3, further comprising
a protective film having a flat shape or having a curved
surface shape which corresponds to a curvature of a lower
end of the protective film.

19. The display apparatus of claim 2, wherein an edge of
each light shield pattern protrudes further than an edge of
each light-receiving device in all directions.

20. The display apparatus of claim 1, further comprising
a supplementary light source unit which is disposed in a
different layer from the plurality of electro-luminescence
devices and the plurality of light-receiving devices.

I S T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCH &

CPCH¥=

L 54X

S\EReERE

BEG®)

BREABVEEXENE RS

US20200105841A1

US16/586682

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

BANG JUYOUNG
BANG HYUNG SEOK

BANG, JUYOUNG
BANG, HYUNG-SEOK

2020-04-02

2019-09-27

patsnap

HO1L27/32 HO1L51/52 HO1L27/146 HO1L31/105 HO01L31/0224 HO1L31/0203 HO1L31/173 HO1L31/12

G06K9/00

HO01L31/022408 GO6K9/0004 H01L27/3262 HO1L27/3272 HO1L27/3246 HO1L31/125 HO1L31/173
HO1L31/105 HO1L27/14623 HO1L27/14678 H01L31/0203 HO1L27/323 H01L51/5206 HO1L51/5253

HO1L27/3227 HO1L27/3248 HO1L27/326

1020180117126 2018-10-01 KR

Espacenet  USPTO

—RMETRRE  BREAEEAFETERGHNERXFEFHSNIERGE
KM MR BREEXE , ZERRESIFTERBAEERD , 2R

REERIBE S I NN EREEE,

SNMERERRE ; 2/ 8

EABHREESRBFEFI LAHANETZNMEREEXSE ; 24
KBRS HABESRBEERY EAHNNT SN EREERX

H; BHE BESERRARENS DO RERSEMS  SPEXER
REEEAR EASS I ARV EEESR,

=102

.
e |
—~BK |

- 1 [.i’:ETL'] i;
\Q\\L/l /_\%[&11%
1

=113

=101

) L. o .
% $
| Eels
Lghti,
\ s
\\‘\ Light[3
W, NI ts
=
] \\ ===
; it ‘ CEFD —ry
T @ L\\\,E/M“ ‘ e AEELDT\\E,,/Q
i T e |
‘ €D (
[ F\\ / /AJi B f / me 110
( Uy ¥ \ Ry [
| AGT~
] 7 I
/ { 1t GE
| I



https://share-analytics.zhihuiya.com/view/649a810a-a5e1-4e1b-80da-c80c80f58b5e
https://worldwide.espacenet.com/patent/search/family/069946078/publication/US2020105841A1?q=US2020105841A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200105841%22.PGNR.&OS=DN/20200105841&RS=DN/20200105841

