US 20150187845A1

12) Patent Application Publication (o) Pub. No.: US 2015/0187845 Al

a9y United States

KIM (43) Pub. Date: Jul. 2, 2015
(54) ORGANIC LIGHT-EMITTING DIODE (OLED) (52) US.CL
DISPLAY CPC ... HOIL 27/323 (2013.01); HO1L 27/3272
(2013.01)
(71)  Applicant: 3S{ams.uncg.:)iiﬁl;g Co., Ltd., 7) ABSTRACT
ongtiay An organic light-emitting diode (OLED) display is disclosed.
. In one aspect, the OLED display includes a display substrate
72) Inventor: Tae Sik KIM. Seoul (KR pect, pay pay
(72) laventor: - Tae Si - Seoul (KR) including first and second surfaces opposing each other. The
OLED display further includes a touch sensing layer formed
(21)  Appl. No.: 14/498,738 over the encapsulation substrate and configured to sense a
touch input, a display flexible printed circuit board electri-
ade cally attached to the second surface of the display substrate,
(22)  Filed: Sep- 26, 2014 and a touch flexible printed circuit board electrically con-
. -~ - nected to the touch sensing layer and attached to the second
(30) Foreign Application Priority Data surface of the display substrate. An impact absorbing layer is
Dec. 31,2013 (KR) v 10-2013-0169359 ~ formed over the second surface of the display substrate and
’ attaches the display flexible printed circuit board and the
touch flexible printed circuit board to the second surface of
Publication Classification the display substrate. The impact absorbing layer includes a
metal layer electrically connected to the display flexible
(51) Imt.ClL printed circuit board and the touch flexible printed circuit
HOIL 27732 (2006.01) board.
| — |
\
— ) aa—
! I \ 1 \\ | A \l \\\ ; ] \ | 350
140 / \ % 200
61a\:_/r\ / \ ~L_180
[ \\ 7 . L/ o W \ 7 I — |
i = N = NN
— /.\l/lwx\l I/ {\ : I‘II\I‘;\ N— =140
| i K \ 17120
| \ \ \ 110
T LTS
15463 1545 15472 128 178 1546h 1545 1547 \ '
173a 124a 154a 175a Cst  173b 154b 124b 175h
Gs o



Patent Application Publication Jul. 2,2015 Sheet 1 of 12 US 2015/0187845 A1

FIG. 1

PA~—1 |
DA-—~—F

400 —1—

300—
100—>

610;_

500

600 —




Patent Application Publication Jul. 2,2015 Sheet 2 of 12 US 2015/0187845 A1

FIG. 2
900
320——+1 | +— 110 100
310— 4+—1+ || [T 200
400 T+ T L300
840"
830
800
| 820
A1 810
so— 7k (1
200—1 T T
N
550«[
730

0 || Voo




Patent Application Publication Jul. 2,2015 Sheet 3 of 12 US 2015/0187845 A1

FIG. 3

80 870 g 900

730

100,800

7

%//

Y,

.

)

n o

. /

7k X ‘
e

50 640 730 )

[ 620 [}



Patent Application Publication Jul. 2,2015 Sheet 4 of 12 US 2015/0187845 A1

FIG. 4
700 600 610
900
1) 1700
800—+ “
550 }-\\_/500
™70
730—H T3
o I e, 310
620~—T T T—4——400
A —1 300
110~ T~
100{
200~—+1t




Patent Application Publication Jul. 2,2015 Sheet 5 of 12 US 2015/0187845 A1

FIG. 5

~\ S
< ©
8
| O
[ e |
N
A

SN
=

N

77

N




Patent Application Publication Jul. 2,2015 Sheet 6 of 12 US 2015/0187845 A1

FIG. 6
840 870
E—
830—F
820~ 1 r t ( “
5 ( 860 860
IR
FIG. 7
870 840
) |
3830
’f 3 820
860 810

880



Patent Application Publication Jul. 2,2015 Sheet 7 of 12 US 2015/0187845 A1

FIG. 8

400
422 420 412 410 TA

\ ()

o E— e v
(XK
FA VAN

il NN \<>/<%§><}

CICRHKHKKKY
QXK RARA
NN
| \/‘\/\/\/\/\/ |
BHHHHK
IANAANNAAAN
PCCHKHKHKKK
LHHN
B \/\/\/\/\/\/‘
NN NN NN N/
IAANNANANAAN
DEXHXIXAXA
| ’/\/ \/’\‘/‘\/‘\/ \‘
VNENONO N NN
NAAAANANAN/
‘\/\/\/\/\/\/ ;
020%0%0% %%

L= HL ————1———————7——1—_J
f'{uuuum i

fl
! )

421 450




Patent Application Publication Jul. 2,2015 Sheet 8 of 12 US 2015/0187845 A1

FIG. 9

—> X

412

410

430

N
. ——rEx——
"

422
420




Patent Application Publication Jul. 2,2015 Sheet 9 of 12 US 2015/0187845 A1

FIG. 10

422 430 440

) ;
( \

\

~ T _

—t
—T
—T

420 412 420



Patent Application Publication Jul. 2,2015 Sheet100f12  US 2015/0187845 A1l

FIG. 11

171 172

Cst VDD

lId
LD

U VSS
21 :




Patent Application Publication Jul. 2,2015 Sheet110f12  US 2015/0187845 A1

FIG. 12

Qs
{73a 1242 1542 1753

1213 ]

X1 M

dta— - LI} e |52
171~ e
63J"‘+§ﬁ 3172

!

o/ B—TIh
pelieess x4 M T 3T
- T
175b-f‘-—JJ

ogd LT

124b ——-

173b—-H

191——TD

\
x




US 2015/0187845 A1

Jul. 2,2015 Sheet 12 of 12

Patent Application Publication

e 0
QST gpeT avaT QeLT 18D eG/T epaT BpCT BE/T
.1 - < o — - N .
/ QLYST QSHST q9pST 8LT 8CI B/pST BSYST EB9YST
| T ) |

\
e WL VY SNV
N it | Ay —
8?9:)%\ \J/ ,,
" ST

| S81 azg qro 0LZ 09¢ 161 ¢9  egg
a1

U

¢l 'OId

-
[~




US 2015/0187845 Al

ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0169359 filed in the
Korean Intellectual Property Office on Dec. 31, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display, and motre pat-
ticularly, to an OLED display including a touch sensing layer.
[0004] 2. Description of the Related Technology

[0005] Flat panel displays, such as organic light-emitting
diode (OLED) displays, liquid crystal displays (LCDs), and
electrophoretic display (EPDs), include a field generating
electrode and an electro-optical active layer. For example,
OLED displays include an organic emission layer as the
electro-optical active layer and EPDs include charged par-
ticles. The field generating electrode is connected to a switch-
ing element such as a thin film transistor (TFT) to receive a
data signal and the electro-optical active layer converts the
data signal to an optical signal to display an image.

[0006] Recently, many such displays have included a touch
sensing function in which interaction with a user can be
performed, in addition to the base functionality of displaying
images. The touch sensing function is used to generate touch
information such as whether an object touches a screen and
the touch location thereof by sensing a change in pressure,
charge, light, or the like applied to the screen of the display
when a user touches a finger or a touch pen to the screen. The
display can receive new image signals based on the touch
information. In addition, an impact absorbing layer can be
attached to the display device to absorb external impacts.
[0007] The above information disclosed in this Back-
ground section is only intended to facilitate the understanding
of the background of the described technology and therefore
it may contain information that does not constitute the prior
art that is already known in this country to a person of ordi-
nary skill in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0008] One inventive aspect is an organic light-emitting
diode (OLED) display including a touch sensing layer and
having the advantage of shielding an impact absorbing layer
from electro-magnetic interference.

[0009] Another aspect is an OLED display including a dis-
play substrate having first and second surfaces opposing each
other, a thin film display layer formed over the first surface of
the display substrate, an encapsulation substrate formed over
the thin film display layer, a touch sensing layer formed over
the encapsulation substrate and configured to sense a touch
input, a display flexible printed circuit board electrically con-
nected to the thin film display layer and attached to at least the
second surface of the display substrate, a touch flexible
printed circuit board electrically connected to the touch sens-
ing layer and attached to the second surface of the display
substrate, and an impact absorbing layer formed over the
second surface of the display substrate and attaching the
display flexible printed circuit board and the touch flexible
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printed circuit board to the second surface of the display
substrate, wherein the impact absorbing layer includes a
metal layer electrically connected to the display flexible
printed circuit board and the touch flexible printed circuit
board.

[0010] The impact absorbing layer may further include a
firstadhesive layer formed over the second surface the display
substrate and a cushion layer configured to absorb external
impacts.

[0011] The first adhesive layer may be formed between the
display substrate and the metal layer and the metal layer may
be formed between the first adhesive layer and the cushion
layer.

[0012] The impact absorbing layer may further include a
first opening partially exposing the display flexible printed
circuit board and the touch flexible printed circuit board.
[0013] The first opening may be formed in the metal layer
and the cushion layer.

[0014] The impact absorbing layer may further include a
second opening exposing the display flexible printed circuit
board and the touch flexible printed circuit board.

[0015] Thesecondopening may be formed in the first adhe-
sive layer.
[0016] The area of the first opening may be less than the

area of the second opening.

[0017] The impact absorbing layer may further include an
overlapped portion that at least partially overlaps the display
flexible printed circuit board and the touch flexible printed
circuit board.

[0018] The metal layer and the cushion layer may be
formed on the display flexible printed circuit board and the
touch flexible printed circuit board in the overlapped portion.
[0019] The metal layer may be electrically connected to the
display flexible printed circuit board and the touch flexible
printed circuit board in the overlapped portion.

[0020] The display flexible printed circuit board and the
touch flexible printed circuit board may be bent around an
edge of the display substrate.

[0021] The display flexible printed circuit board and the
touch flexible printed circuit board may be electrically con-
nected to each other.

[0022] Thethinfilm display layer may include a plurality of
pixels and each pixel may include an OLED.

[0023] The OLED display may further include a display
driver formed on the first surface of the display substrate and
configured to apply a driving signal to each pixel and a touch
driver formed on the touch flexible printed circuit board and
configured to receive a sense output signal from the touch
sensing layer.

[0024] Another aspect is an OLED display including a dis-
play substrate having first and second surfaces opposing each
other, a thin film display layer formed over the first surface of
the display substrate, an encapsulation substrate formed over
the thin film display layer, a touch sensing layer formed over
the encapsulation substrate and configured to sense a touch
input, a display flexible printed circuit board electrically con-
nected to the thin film display layer and attached to at least the
second surface of the display substrate, a touch flexible
printed circuit board electrically connected to the touch sens-
ing layer and attached to the second surface of the display
substrate, and an impact absorbing layer formed over the
second surface of the display substrate and attaching the
display flexible printed circuit board and the touch flexible
printed circuit board to the second surface of the display
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substrate, wherein the impact absorbing layer includes a
metal layer electrically connected to the display flexible
printed circuit board and the touch flexible printed circuit
board.

[0025] The impact absorbing layer can further include a
first adhesive layer formed over the second surface of the
display substrate and a cushion layer configured to absorb
external impacts. The first adhesive layer can be interposed
between the display substrate and the metal layer and the
metal layer can be interposed between the first adhesive layer
and the cushion layer. A first opening can be formed in the
impact absorbing layer and at least partially expose the dis-
play flexible printed circuit board and the touch flexible
printed circuit board. The first opening can be formed in the
metal layer and the cushion layer. A second opening can be
further formed in the impact absorbing layer and expose the
display flexible printed circuit board and the touch flexible
printed circuit board. The second opening can be formed in
the first adhesive layer. The area of the first opening can be
less than the area of the second opening. The impact absorb-
ing layer can further include an overlapped portion that at
least partially overlaps the display flexible printed circuit
board and the touch flexible printed circuit board.

[0026] Themetal layer and the cushion layer can be formed
on the display flexible printed circuit board and the touch
flexible printed circuit board in the overlapped portion. The
metal layer can be formed at least in the overlapped portion.
The display flexible printed circuit board and the touch flex-
ible printed circuit board can be bent around an edge of the
display substrate. The display flexible printed circuit board
and the touch flexible printed circuit board can be electrically
connected to each other. The thin film display layer can
including a plurality of pixels and wherein each pixel can
include an OLED. The OLED display can further include a
display driver formed on the first surface of the display sub-
strate and configured to apply a driving signal to each pixel
and a touch driver formed on the touch flexible printed circuit
board and configured to receive a sense output signal from the
touch sensing layer. The touch flexible printed circuit board
can at least partially overlap the display flexible printed cir-
cuit board, wherein each of the display flexible printed circuit
board and the touch flexible printed circuit board surrounds at
least three surfaces of the display substrate, and wherein the
display flexible printed circuit board is attached to the first
surface of the display substrate.

[0027] Another aspect is an OLED display including a dis-
play substrate including first and second surfaces opposing
each other, a display flexible printed circuit board attached to
at least the second surface of the display substrate, a touch
flexible printed circuit board attached to the second surface of
the display substrate and at least partially overlapping the
display flexible printed circuit board, wherein each of the
display flexible printed circuit board and the touch flexible
printed circuit board surrounds at least three surfaces of the
display substrate, and an impact absorbing layer formed over
the second surface of the display substrate and at least a
portion of the display flexible printed circuit board and the
touch flexible printed circuit board, wherein the impact
absorbing layer include a metal layer electrically connected
to the display flexible printed circuit board and the touch
flexible printed circuit board.

[0028] Each ofthedisplay flexible printed circuit board and
the touch flexible printed circuit board can include a ground-
ing wire electrically connected to the metal layer. The impact
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absorbing layer can further include a first adhesive layer
interposed between the metal layer and the second surface of
the display substrate and a cushion layer formed over the
metal layer and configured to absorb external impacts. A first
opening can be formed in the metal layer and cushion layer
and wherein a second opening having a greater area than the
first opening is formed in the first adhesive layer. The OLED
display can further include touch sensing layer configured to
sense a touch input, wherein the display flexible printed cir-
cuit board is attached to the first surface of the display sub-
strate, and wherein the touch flexible printed circuit board is
attached to the touch sensing layer.

[0029] As described, according to at least one embodiment,
the impact absorbing layer includes the metal layer that is
electrically connected with a ground line of the display flex-
ible printed circuit board and the touch flexible printed circuit
board, thereby shielding electro-magnetic interference.
[0030] In addition, since the impact absorbing layer par-
tially overlaps the display flexible printed circuit board and
the touch flexible printed circuit board, the display flexible
printed circuit board and the touch flexible printed circuit
board are fixed, and accordingly the display flexible printed
circuit board and the touch flexible printed circuit board can
be substantially prevented from being lifted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1isatop plan view of the structure of an OLED
display before a flexible printed circuit board is bent accord-
ing to an exemplary embodiment.

[0032] FIG. 2 schematically shows the side surface of the
OLED display of FIG. 1.

[0033] FIG. 3 isatopplan view in which the flexible printed
circuit board is bent and attached to the other surface of a
display substrate in the OLED display of FIG. 1.

[0034] FIG. 4 is a side view schematically illustrating the
side surface of the OLED display of FIG. 3.

[0035] FIG. 5 is a top plan view of an impact absorbing
layer according to an exemplary embodiment.

[0036] FIG. 6 is a cross-sectional view of FIG. 5, taken
along the line VI-VIL.

[0037] FIG. 7 is a cross-sectional view of FIG. 5, taken
along the line VII-VIL

[0038] FIG. 81s a top plan view of a touch sensing layer of
the OLED display of FIG. 1.

[0039] FIG. 9 is an enlarged view of a part of the touch
sensing layer of FIG. 8.

[0040] FIG. 10 is a cross-sectional view of FIG. 9, taken
along the line X-X.

[0041] FIG. 11 is an equivalent circuit diagram of one pixel
of the OLED display of FIG. 1.

[0042] FIG. 12 is a layout view of one pixel of the OLED
display of FIG. 1.

[0043] FIG. 13 is a cross-sectional view of FIG. 12, taken
along the line XTIT-XTII.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0044] The described technology will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the described tech-
nology are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
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described technology. On the contrary, exemplary embodi-
ments introduced herein are provided to make disclosed con-
tents thorough and complete, and sufficiently transfer the
spirit of the described technology to those skilled in the art.
[0045] In the drawings, the thicknesses of layers, films,
panels, regions, etc., may be exaggerated for the sake of
clarity. It will be understood that when a layer is referred to as
being “on” another layer or substrate, it can be directly on the
other layer or substrate or intervening elements may also be
present. Like reference numerals designate like elements
throughout the specification. The term “substantially” as used
in this disclosure means completely, almost completely, or to
any significant degree.

[0046] An organic light-emitting diode (OLED) display
according to an exemplary embodiment will be described
with reference to FIG. 1 to FIG. 13.

[0047] FIG. 1 and FIG. 2 show the structure of an OLED
display before a flexible printed circuit board is bent and
attached to the rear surface of a lower substrate.

[0048] The OLED display includes a display panel 100, an
encapsulation substrate 300, a touch sensing layer 400, a
polarization layer 310, a resin layer 320, and a window 900. In
addition, the OLED display includes an impact absorbing
layer 800. In FIG. 1, the polarization layer 310, the resin layer
320, and the window 900 are omitted for convenience of
illustration of a plane view of the OLED display.

[0049] In addition, the OLED display includes a display
flexible printed circuit board 600 attached to the display panel
100 and a touch flexible printed circuit board 700 attached to
the encapsulation substrate 300.

[0050] As shown in the plane view of FIG. 1, the OLED
display includes a display area DA where an image is dis-
plaved and a peripheral area PA surrounding the display area
DA.

[0051] The display panel 100 includes a display substrate
110 formed of an insulating material such as transparent glass
or plastic and a thin film display layer 200 formed on a first
side or first surface of the display substrate 110.

[0052] The display substrate 110 can have rounded corners
to prevent breakage.

[0053] The thin film display layer 200 includes a plurality
of pixels and each pixel includes a switching thin film tran-
sistor Qs, a driving thin film transistor Qd, a storage capacitor
Cst, and an OLED LD.

[0054] The display panel 100 includes a display driver 500
for applying a driving signal to each pixel of the thin film
display layer 200. The display driver 500 is formed in the
peripheral area PA on the display substrate 110.

[0055] The encapsulation substrate 300 is formed facing
the thin film display layer 200, functions as an encapsulation
substrate, and is bonded to the display substrate 110 via a
sealant (not shown).

[0056] The touch sensing layer 400 is formed on the outer
side of the encapsulation substrate 300, that is, the side of the
encapsulation substrate 300 opposing the thin film display
layer 200. The touch sensing layer 400 senses touch input.
The touch sensing layer 400 can sense touch input when an
object approaches or touches the touch sensing layer 400 or
the window 900. Here, touch input refers not only to when an
external object such as a user’s finger directly touches the
touch sensing layer 400 or the window 900, but also when the
external object approaches or hovers over the touch sensing
layer 400 or window 900.
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[0057] The polarization layer 310, the resin layer 320, and
the window 900 are sequentially formed on the touch sensing
layer 400.

[0058] The polarization layer 310 increases the contrast
ratio by reducing reflection of external light and the resin
layer 320 is an adhesive layer for attaching the window 900 to
the OLED display. The window 900 protects the display panel
100 and the touch sensing layer 400.

[0059] The display flexible printed circuit board 600
includes a display terminal 610, a connection portion 620, an
input portion 630, and a display main body 640.

[0060] The display terminal 610 is attached to the display
substrate 110 and thus connects the flexible printed circuit
board 600 to the display driver 500, the connection portion
620 connects the touch flexible printed circuit board 700 to
the display flexible printed circuit board 600, and the input
portion 630 receives an input signal from an external source.
Various circuit elements can be formed on the display main
body 640.

[0061] The display flexible printed circuit board 600
receives an input signal through the input portion 630 and
applies the received signal to the display driver 500.

[0062] Thetouch flexible printed circuit board 700 includes
a touch main body 710, a touch terminal 720, and a tail
portion 730.

[0063] The touch terminal 720 is attached to the encapsu-
lation substrate 300 and connects the touch flexible printed
circuit board 700 to the touch sensing layer 400. The tail
portion 730 extends from an end of the main body 710 and is
connected to the connection portion 620. Accordingly, the
touch flexible printed circuit board 700 is connected to the
flexible printed circuit board 600 and receives an input signal
through the input portion 630.

[0064] A touch driver 550 is mounted to the touch main
body 710. The touch driver 550 receives a sense input signal
of the touch sensing layer 400 from the external source out-
side and transmits the received signal to the touch sensing
layer 400. In addition, the touch driver 550 receives a sense
output signal from the touch sensing layer 400 and process the
received signal.

[0065] The impact absorbing layer 800 is formed on the
second side or second surface of the display substrate 110,
that is, the impact absorbing layer 800 is formed on a surface
of the display substrate 110 opposing the thin film display
layer 200.

[0066] The impact absorbing layer 800 absorbs external
impacts and substantially prevents the display panel 100, the
encapsulation substrate 300, and the touch sensing layer 400
from being damaged due to the impacts. The impact absorb-
ing layer 800 also attaches the display panel 100 to other
parts, for example, a case or the like. The impact absorbing
layer 800 includes a first adhesive layer 810, a metal layer
820, a cushion layer 830, and a second adhesive layer 840
sequentially formed in the described order on the second side
of the display substrate 100.

[0067] Thefirst adhesive layer 810 is attached to the second
side of the display substrate 110 and attaches the impact
absorbing layer 800 to the second side of the display substrate
110.

[0068] The metal layer 820 is electrically connected to a
grounding wire of the display flexible printed circuit board
600 and the touch flexible printed circuit board 700 to shield
the OLED display from electromagnetic interference (EMI).
In addition, since the metal layer 820 has high heat conduc-
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tivity, the metal layer 820 enhances heat dissipation by dis-
persing heat generated by the OLED display.

[0069] The cushion layer 830 can prevent the display panel
100, the encapsulation substrate 300, and the touch sensing
layer 400 from being damaged by absorbing external impacts.
[0070] The second adhesive layer 840 is attached to other
parts, for example a case or the like, and thus attaches the
impact absorbing layer 800 to the other parts.

[0071] As shown in FIG. 3 and F1G. 4, in order to apply the
OLED display to an actual product, the flexible printed circuit
board 600 and the touch flexible printed circuit board 700 are
bent around an edge of the display substrate 110 and are thus
attached to the lower display substrate 110.

[0072] Referring to FIG. 3 and FIG. 4, the bending portion
650 of the flexible printed circuit board 600 is bent and
surrounds a portion of the edge of the display substrate 110.
The display element 610 of the flexible printed circuit board
60015 attached to the first side of the display substrate 110 and
the display main body 640 of the flexible printed circuit board
600 is attached to the second side of the display substrate 110.
[0073] A bending portion 750 of the touch flexible printed
circuit board 700 is bent around the edge of the encapsulation
substrate 300. The touch terminal 720 of the touch flexible
printed circuit board 700 is attached to the first side of the
display substrate 110 and a corner of the display substrate 110
is not surrounded by the bending portion 650 of the flexible
printed circuit board 600. The touch main body 710 of the
touch flexible printed circuit board 700 is also attached to the
second side of the display substrate 110. As shown in FIG. 3,
the bending portion 750 and the touch main body 710 of the
touch flexible printed circuit board 700 do not overlap the
flexible printed circuit board 600 and the tail portion 730
overlaps the flexible printed circuit board 600.

[0074] The impact absorbing layer 800 includes a first
opening 870 partially exposing the flexible printed circuit
board 600 and the touching printed circuit board 700 attached
to the second side of the display substrate 110. The first
opening 870 exposes the touch driver 550 and the connection
portion 620.

[0075] Inaddition, the impact absorbing layer 800 includes
an overlapped portion 860 that partially overlaps the display
flexible printed circuit board 600 and the touch flexible
printed circuit board 700. The impact absorbing layer 800
attached to the second side of the display substrate 110
attaches the displaying printed circuit board 600 and the
touch flexible printed circuit board 700 to the second side of
the display substrate 110 through the overlapped portion 860.
In the overlapped portion 860, the impact absorbing layer 800
is formed above the display flexible printed circuit board 600
and the touch flexible printed circuit board 700.

[0076] That is, since the display flexible printed circuit
board 600 and the touch flexible printed circuit board 700 are
interposed between the display substrate 110 and the impact
absorbing layer 800 in the overlapped portion 860, the display
flexible printed circuit board 600 and the touch flexible
printed circuit board 700 can be substantially prevented from
being lifted from the second side of the display substrate 110.
[0077] Now, the impact absorbing layer according to an
exemplary embodiment will be described with reference to
FIG. 5 to FIG. 7.

[0078] Referring to FIG. 5 to FIG. 7, the impact absorbing
layer 800 includes the overlapped portion 860, the first open-
ing 870, and a second opening 880.
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[0079] Aspreviouslydescribed, the overlapped portion 860
partially overlaps the display flexible printed circuit board
600 and the touch flexible printed circuit board 700 and the
first opening 870 partially overlaps the flexible printed circuit
board 600 and the touch flexible printed circuit board 700.
[0080] The first opening 870 is formed in the metal layer
820, the cushion layer 830, and the second adhesive layer §40.
[0081] The second opening 880 is formed in the first adhe-
sive layer 810. The second opening 880 exposes the display
flexible printed circuit board 600 and the touch flexible
printed circuit board 700 and the area of the second operning
880 is greater than that of the first opening 870. Accordingly,
the overlapped portion 860 is located in the metal layer 820,
the cushion layer 830, and the second adhesive layer 840.
[0082] In the overlapped portion 860, the metal layer 820,
the cushion layer 830, and the second adhesive layer 840 are
formed over the display flexible printed circuit board 600 and
the touch flexible printed circuit board 700. Thus, the metal
layer 820 partially overlaps the display flexible printed circuit
board 600 and the touch flexible printed circuit board 700 and
is electrically connected thereto in the overlapped portion
860. In addition, since the metal layer 820, the cushion layer
830, and the second adhesive layer 840 fixes the display
flexible printed circuit board 600 and the touch flexible
printed circuit board 700 in the overlapped portion 860, the
display flexible printed circuit board 600 and the touch flex-
ible printed circuit board 700 can be substantially prevented
from being lifted from the second side of the display substrate
110.

[0083] Next, the touch sensing layer according to an exem-
plary embodiment will be described in detail with reference
to FIG. 8 to FIG. 10.

[0084] Referring to FIG. 8, the touch sensing layer 400 is
formed on the encapsulation substrate 300. The touch sensing
layer 400 is formed in a touch active area TA where touch
input can be sensed. The touch active area TA may be the
entire display area DA or may include a part of the peripheral
area PA. Alternatively, only a part of the display area DA may
be the touch active area TA.

[0085] The touch sensing layer 400 can sense contact with
various methods. For example, contact sensing can be clas-
sified into various methods such as resistive, capacitive, elec-
tro-magnetic (EM), and optical contact sensing.

[0086] IntheembodimentofFIGS. 8-10, capacitive contact
sensing will be exemplarily described.

[0087] The touch sensing layer 400 includes a plurality of
touch electrodes and the touch electrodes include a plurality
of first touch electrodes 410 and a plurality of second touch
electrodes 420. The first and second touch electrodes 410 and
420 are separated from each other.

[0088] The first and second touch electrodes 410 and 420
are alternately distributed so as to not overlap each other inthe
touch active area TA. The first touch electrodes 410 may be
formed in a column direction and a row direction and the
second touch electrodes 420 may also be formed in a column
direction and a row direction.

[0089] The first and second touch electrodes 410 and 420
the second touch electrodes 420 are formed on the same layer
as each other or on different layers from each other, but this is
not restrictive. In some embodiments, the first and second
touch electrodes 410 and 420 are positioned in different lay-
ers. In the FIG. 8 embodiment, each of the first and second
touch electrodes 410 and 420 the second touch electrodes 420
forms a quadrangle, but they are not limited thereto, and may



US 2015/0187845 Al

have various forms such as protrusions for improving the
sensitivity of the touch sensor.

[0090] At least some of the first touch electrodes 410
arranged in the same row or column are electrically connected
to each other or separated from each other either inside or
outside the touch active area TA. Likewise, at least some of
the second touch electrodes 420 arranged in the same column
or row are electrically connected to each other or separated
from each other either inside or outside the touch active area
TA. For example, as illustrated in FIG. 8, the first touch
electrodes 410 formed in the same row are electrically con-
nected to each other inside the touch active area TA and the
second touch electrodes 420 formed in the same column are
electrically connected to each other inside the touch active
area TA. In more detail, the first touch electrodes 410 posi-
tioned in each row are electrically connected to each other
through first connection portions 412 and the second touch
electrodes 420 positioned in each column are electrically
connected to each other through second connection portions
422.

[0091] The first touch electrodes 410 connected to each
other in each row are electrically connected to the touch driver
550 through first touch wires 411 and the second touch elec-
trodes 420 connected to each other in each column are elec-
trically connected to the touch driver 550 through second
touch wires 421. The first and second touch wires 411 and 421
are formed in the peripheral area PA in the embodiment of
FIG. 8, but in other embodiments are formed in the touch
active area TA. End portions of the first and second touch
wires 411 and 421 form a pad portion 450 in the peripheral
area PA of the encapsulation substrate 300.

[0092] Referring to FIG. 9 and FIG. 10, the first connection
portions 412 connecting the first touch electrodes 410 adja-
cent to each other are formed on the same layer as the first
touch electrodes 410 and can be formed of the same material
as the first touch electrodes 410. That is, the first touch elec-
trodes 410 and the first connection portions 412 are integrated
and simultaneously patterned in the embodiment of FIGS. 9
and 10.

[0093] The second connection portions 422 connecting the
second touch electrodes 420 adjacent to each other are
formed on a different layer from the second touch electrodes
420. That is, the second touch electrodes 420 and the second
connection portions 422 are separated from each other and
separately patterned. The second touch electrodes 420 and the
second connection portions 422 are electrically connected to
each other through direct contact.

[0094] A first insulating layer 430 is formed between the
first and second connection portions 412 and 422 electrically
insulate them from each other. The first insulating layer 430 is
formed as a plurality of independent island-shaped insulators
for every intersection between the first and second connection
portions 412 and 422. The first insulating layer 430 exposes at
least a portion of the second touch electrodes 420 so that the
second connection portions 422 are electrically connected to
the second touch electrodes 420. The first insulating layer 430
has rounded corners and may be formed of SiOx, SiNx,
and/or SiOxNy. According to other embodiments, the first
insulating layer is formed over the entirety of the first and
second touch electrodes 410 and 420.

[0095] A second insulating layer 440 is formed on the first
and second touch electrodes 410 and 420 and the second
connection portions 422. The second insulating layer 440 is
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formed throughout the entirety of touch active area TA and
may be formed of SiOx, SiNx, and/or SiOxNy.

[0096] Inother embodiments and in contrast to the embodi-
ment of FIGS. 8-10, the second connection portions 422
connecting the second touch electrodes 420 adjacent to each
other are formed on the same layer as the first touch electrodes
410 and integrated with the first touch electrodes 410. In these
embodiments, the first connection portions 412 connecting
the first touch electrodes 410 adjacent to each other are
formed on a different layer from the first touch electrodes 410.
[0097] The first and second touch electrodes 410 and 420
can have a predetermined transmittance or greater so that
light from the thin film display layer 200 is transmitted there-
through. For example, the first and second touch electrodes
410 and 420 may be formed of a transparent conductive
material, such as indium tin oxide (ITO) or indium zinc oxide
(IZ0), a thin metal layer such as a silver nanowire (AgNW),
ametal mesh, or carbon nanotubes (CNT), but are not limited
thereto. The materials of the first and second connection
portions 412 and 422 are the same as the materials of the
touch electrodes.

[0098] The first and second touch wires 411 and 421 may
include a transparent conductive material such as that form-
ing the first and second touch electrodes 410 and 420 or a low
resistive material such as molybdenum (Mo), silver (Ag),
titanium (Ti), copper (Cu), aluminum (Al), or molybdenum/
aluminum/molybdenum (Mo/Al/Mo).

[0099] The first and second touch electrodes 410 and 420
that are adjacent to each other form a mutual sensing capaci-
tor functioning as the touch sensor. The mutual sensing
capacitor receives a sensing input signal through one of the
first and second touch electrodes 410 and 420 and outputs a
change in stored charge due to contact of the external object
through the other touch electrode as the sensing output signal.
[0100] Inother embodiments, the first touch electrodes 410
and the second touch electrodes 420 are separated from each
other and are electrically connected to a touch sensor control-
ler through each touch wire (not illustrated). In these embodi-
ments, each touch electrode forms a self-sensing capacitor to
fanction as the touch sensor. The self-sensing capacitor
receives the sensing input signal to store a predetermined
charge and outputs a sensing output signal that is different
from the sensing input signal due to a change in the stored
charge generated when the external object such as a finger
makes contact with the window 900.

[0101] Now, the thin film display layer according to an
exemplary embodiment will be described with reference to
FIG. 11 to FIG. 13. As previously described, the thin film
display layer 200 includes a plurality of pixels.

[0102] FIG. 11 is an equivalent circuit diagram of one pixel
of the OLED display of FIG. 1.

[0103] Referring to FIG. 11, the OLED display includes a
plurality of signal lines 121, 171, and 172 and a plurality of
pixels PX connected to the signal lines 121, 171, and 172 and
substantially arranged in a matrix.

[0104] The signal lines include a plurality of gate lines 121
transmitting gate signals (or scan signals), a plurality of data
lines 171 transmitting data signals, and a plurality of driving
voltage lines 172 transmitting a driving voltage ELVDD. The
display driver 500 respectively applies the gate and data sig-
nals to the gate and data lines 121 and 171.

[0105] The gate lines 121 extend in a row direction and are
substantially parallel to each other and the data lines 171 and
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the driving voltage lines 172 extend in a column direction and
are substantially parallel to each other.

[0106] Each pixel PX includes a switching thin film tran-
sistor Qs, a driving thin film transistor Qd, a storage capacitor
Cst, and an OLED LD.

[0107] The switching thin film transistor Qs includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the gate line 121, the
input terminal is connected to the data line 171, and the output
terminal is connected to the driving thin film transistor Qd.
The switching thin film transistor Qs transmits a data signal
applied to the data line 171 to the driving thin film transistor
Qd in response to a gate signal applied to the gate line 121.
[0108] Thedriving thin film transistor Qd includes a control
terminal, an input terminal, and an output terminal. The con-
trol terminal is connected to the switching thin film transistor
T1, the input terminal is connected to the driving voltage line
172, and the output terminal is connected to the OLED LD.
The driving thin film transistor Qd outputs an output current
Id with a magnitude that varies according to the voltage
applied between the control terminal and the output terminal
of the driving thin film transistor Qd.

[0109] The storage capacitor Cst is connected between the
control terminal and the input terminal of the driving thin film
transistor Qd. The storage capacitor Cst is charged with a data
signal applied to the control terminal of the driving thin film
transistor Qd and maintains the data signal after the switching
thin film transistor Qs is turned off.

[0110] The OLED LD includes an anode connected to the
output terminal of the driving thin film transistor Qd and a
cathode connected to a common voltage VSS. The OLED LD
emits light with an intensity that varies according to the
output current Id of the driving this film transistor Qd to
display an image.

[0111] The switching thin film transistor Qs and the driving
thin film transistor Qd may be n-channel electric field effect
transistors (FETs) or p-channel electric field effect transis-
tors. In addition, the connection relationship of the switching
and driving thin film transistors Qs and Qd, the storage
capacitor Cst, and the OLED LD can be changed.

[0112] FIG. 12 is a layout view of one pixel of the OLED
display of FIG. 1. FIG. 13 is a cross-sectional view of F1G. 12,
taken along the line XIII-XIII.

[0113] Referring to FIG. 12 and FIG. 13, the thin film
display layer 200 is formed on the display substrate 110 in the
OLED display.

[0114] The thin film display layer 200 includes a buffer
layer 120, a switching semiconductor 154a, a driving semi-
conductor layer 1545, a gate insulating layer 140, gate lines
121, a first storage capacitor plate 128, an interlayer insulat-
ing layer 160, data lines 171, driving voltage lines 172, a
switching drain electrode 1734, a driving drain electrode
175b, and a passivation layer 180.

[0115] The buffer layer 120 is formed on the display sub-
strate 110 and can be formed as a single layer of a silicon
nitride (SiNXx) or as a dual-layer structure in which a silicon
nitride (SiNx) and a silicon oxide (SiOx) are laminated. The
buffer layer 120 serves to planarize the surface of the display
substrate 110 while preventing unnecessary contaminants
such as impurities or moisture from permeating therethrough.
[0116] The switching semiconductor layer 154a and the
driving semiconductor layer 1545 are formed at a distance
from each other on the buffer layer 120. The switching semi-
conductor layer 154a and the driving semiconductor layer
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1545 are formed of polysilicon and include channel regions
15454 and 15455, source regions 1546a and 15465, and drain
regions 1547a and 15475. The source regions 1546a and
15465 and the drain regions 1547a and 1547b are respectively
formed on opposing sides of the channel regions 1545a and
15456.

[0117] Thechannel regions 15454 and 15455 are formed of
polysilicon which is not doped with impurities, that is, intrin-
sic semiconductors, and the source regions 15464 and 15465
and the drain regions 1547a and 15475 are formed of poly-
silicon which is doped with impurities, that is, doped semi-
conductors.

[0118] The gate insulating layer 140 is formed on the chan-
nel regions 1545a and 15455 of the switching and driving
semiconductor layers 154a and 1546. The gate insulating
layer 140 may be a single layer or a multilayer including at
least one of a silicon nitride and a silicon oxide.

[0119] The gate lines 121 and the first storage capacitor
plate 128 are formed on the gate insulating layer 140.
[0120] The gate line 121 extends in a substantially horizon-
tal direction and transmit a gate signal. The gate line 121
includes a switching gate electrode 124a protruding toward
the switching semiconductor layer 154a from the gate line
121.

[0121] The first storage capacitor plate 128 includes a driv-
ing gate electrode 1245 protruding toward the driving semi-
conductor layer 1545 from the first storage capacitor plate
128. The switching gate electrode 1244 and the driving gate
electrode 1245 respectively overlap the channel regions
15454 and 1545b.

[0122] The interlayer insulating layer 160 is formed on the
gate line 121, the first storage capacitor plate 128, and the gate
insulating layer 140.

[0123] A switching source contact hole 61a and a switching
drain contact hole 62a that respectively expose the source
region 1546a and the drain area 1547q of the switching semi-
conductor layer 154a are formed in the interlayer insulating
layer 160. In addition, a driving source contact hole 615 and
a driving drain contact hole 625 that respectively expose the
source region 15464 and the drain region 154756 of the driving
semiconductor layer 1545 are formed in the interlayer insu-
lating layer 160.

[0124] Thedatalines 171, the driving voltage lines 172, the
switching drain electrode 1754, and the driving drain elec-
trode 1756 are formed on the interlayer insulating layer 160.
[0125] Thedataline 171 transmits a data signal and extends
in a direction crossing the gate lines 121. The data line 171
includes a switching source electrode 173a protruding toward
the semiconductor 154¢ from the data line 171.

[0126] The driving voltage line 172 transmits a driving
voltage, is separated from the data line 171, and extends in
substantially the same direction as the data line 171. The
driving voltage line 172 includes a driving source electrode
1735 protruding toward the driving semiconductor layer 1545
from the driving voltage line 172 and a second storage capaci-
tor plate 178 protruding from the driving voltage line 172 and
overlapping the first storage capacitor plate 128. Here, the
first storage capacitor plate 128 and the second storage
capacitor plate 178 form the storage capacitor Cst using the
interlayer insulating layer 160 as a dielectric material.
[0127] The switching drain electrode 175a faces the
switching source electrode 173a and the driving drain elec-
trode 1756 faces the driving source electrode 1735.
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[0128] The switching source electrode 173a and the
switching drain electrode 1754 are respectively connected
with the source region 15464 and the drain region 1547a of
the switching semiconductor layer 154a through the switch-
ing source contact hole 61a and the switching drain contact
hole 62q. In addition, the switching drain electrode 1754
extends and is thus electrically connected to the first storage
capacitor plate 128 and the driving gate electrode 1245
through a first contact hole 63 formed in the interlayer insu-
lating layer 160

[0129] The driving source electrode 1735 and the driving
drain electrode 1755 are respectively connected to the source
region 15465 and the drain region 15475 of the driving semi-
conductor layer 1545 through the driving source contact hole
616 and the driving drain contact hole 626.

[0130] The switching semiconductor layer 154a, the
switching gate electrode 124a, the switching source electrode
173a, and the switching drain electrode 175a form the switch-
ing thin film transistor Qs. Similarly, the driving semiconduc-
tor layer 1545, the driving gate electrode 1245, the driving
source electrode 1735, and the driving drain electrode 1755
form the driving thin film transistor Qd.

[0131] Thepassivationlayer 180 is formed on the data lines
171, the driving voltage lines 172, the switching drain elec-
trode 175a, and the driving drain electrode 1754.

[0132] A second contact hole 185 exposing the driving
drain electrode 1755 is formed in the passivation layer 180.
[0133] The OLED LD and a pixel defining layer 350 are
formed on the passivation layer 180.

[0134] The OLED LD includes a pixel electrode 191, an
organic emission layer 360, and a common electrode 270.
[0135] Thepixel electrode 191 is formed on the passivation
layer 180 and is electrically connected to the driving drain
electrode 1756 of the driving thin film transistor Qd through
the second contact hole 185 formed in the interlayer insulat-
ing layer 160. The pixel electrode 191 is the anode of the
OLED LD.

[0136] The pixel electrode 191 may be formed of a trans-
parent conductive material such as indium tin oxide (ITO),
indium zinc oxide (IZ0), zinc oxide (ZnO), or indium oxide
(In203), or a reflective metal such as lithium (Li), calcium
(Ca), lithium fluoride/calcium (LiF/Ca), lithium fluoride/alu-
minum (LiF/Al), aluminum (Al), silver (Ag), magnesium
(Mg), or gold (Au).

[0137] The pixel defining layer 350 is formed on an edge
portion of the pixel electrode 191 and on the passivation layer
180.

[0138] The pixel defining layer 350 includes an opening
exposing the pixel electrode 191. The pixel defining layer 350
may be formed of a resin such as a polyacrylate or a polyim-
ide.

[0139] The organic emission layer 360 is formed on the
pixel electrode 191 in the opening of the pixel defining layer
350. The organic emission layer 360 is formed of multilayers
including one or more of a light emitting layer, a hole injec-
tion layer (HIL), a hole transporting layer (HTL), an electron
transporting layer (ETL), and an electron injection layer
(EIL). When the organic emission layer 360 includes all the
layers, the hole injection layer (HIL) is formed on a pixel
electrode which is an anode, and the hole transporting layer
(HTL), the light emitting layer, the electron transporting layer
(ETL), and the electron injection layer (EIL) are sequentially
laminated thereon.
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[0140] The organic emission layer 360 may include a red,
green, or blue organic emission layer respectively emitting
red, green, or blue light. The red, green, and blue organic
emission layers are respectively formed in red, green, and
blue pixels, thereby implementing a color image.

[0141] Further, the organic emission layer 360 may imple-
ment the color image by laminating the red, green, and blue
organic emission layers together in each of the red, green, and
blue pixels and forming one of red, green, and blue color
filters for each pixel. As another example, white organic emis-
sion layers emitting white light may be formed in each ofthe
red, green, and blue pixels and one of red, green, and blue
color filters may be formed for each pixel, thereby imple-
menting the color image. When implementing the color
image by using the white organic emission layer and the color
filters, a deposition mask for depositing the red, green, and
blue organic emission layers on the respective pixels, that is,
the red, green, and blue pixels is not required.

[0142] The white organic emission layer described in
another example may be formed by one organic emission
layer or can include a configuration formed so as to emit white
light by laminating a plurality of organic emission layers. For
example, the white organic emission layer may include a
configuration which may emit white light by combining at
least one yellow organic emission layer and at least one blue
organic emission layer, a configuration which may emit white
light by combining at least one cyan organic emission layer
and at least one red organic emission layer, a configuration
which may emit white light by combining at least one
magenta organic emission layer and at least one green organic
emission layer, and the like.

[0143] The common electrode 270 is formed on the pixel
defining layer 350 and the organic emission layer 360. The
common electrode 270 may be formed of a transparent con-
ductive material such as ITO, 1Z0, ZnO, or In203, or a
reflective metal such as lithium (Li), calcium (Ca), lithium
fluoride/calcium (LiF/Ca), lithium fluoride/aluminum (LiF/
Al), aluminum (Al), silver (Ag), magnesium (Mg), or gold
(Au). The common electrode 270 is the cathode of the OLED
LD.

[0144] While the inventive technology has been described
in connection with what is presently considered to be practi-
cal exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-

prising:

a display substrate having first and second surfaces oppos-
ing each other;

a thin film display layer formed over the first surface ofthe
display substrate;

an encapsulation substrate formed over the thin film dis-
play layer;

a touch sensing layer formed over the encapsulation sub-
strate and configured to sense a touch input;

a display flexible printed circuit board electrically con-
nected to the thin film display layer and attached to at
least the second surface of the display substrate;

atouch flexible printed circuit board electrically connected
to the touch sensing layer and attached to the second
surface of the display substrate; and
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an impact absorbing layer formed over the second surface
of the display substrate and attaching i) the display flex-
ible printed circuit board and ii) the touch flexible
printed circuit board to the second surface of the display
substrate,

wherein the impact absorbing layer comprises a metal

layer electrically connected to the display flexible
printed circuit board and the touch flexible printed cir-
cuit board.

2. The OLED display of claim 1, wherein the impact
absorbing layer further comprises 1) a first adhesive layer
formed over the second surface of the display substrate and i1)
a cushion layer configured to absorb external impacts.

3. The OLED display of claim 2, wherein the first adhesive
layer is interposed between the display substrate and the
metal layer and wherein the metal layer is interposed between
the first adhesive layer and the cushion layer.

4. The OLED display of claim 3, wherein a first opening is
formed in the impact absorbing layer and at least partially
exposes the display flexible printed circuit board and the
touch flexible printed circuit board.

5. The OLED display of claim 4, wherein the first opening
is formed in the metal layer and the cushion layer.

6. The OLED display of claim 5, wherein a second opening
1s further formed in the impact absorbing layer and exposes
the display flexible printed circuit board and the touch flexible
printed circuit board.

7. The OLED display of claim 6, wherein the second open-
ing is formed in the first adhesive layer.

8. The OLED display of claim 7, wherein the area of the
first opening is less than the area of the second opening.

9. The OLED display of claim 8, wherein the impact
absorbing layer further comprises an overlapped portion that
at least partially overlaps the display flexible printed circuit
board and the touch flexible printed circuit board.

10. The OLED display of claim 9, wherein the metal layer
and the cushion layer are formed on the display flexible
printed circuit board and the touch flexible printed circuit
board in the overlapped portion.

11. The OLED display of claim 10, wherein the metal layer
is electrically connected to the display flexible printed circuit
board and the touch flexible printed circuit board in the over-
lapped portion.

12. The OLED display of claim 1, wherein the display
flexible printed circuit board and the touch flexible printed
circuit board are bent around an edge of the display substrate.

13. The OLED display of claim 12, wherein the display
flexible printed circuit board and the touch flexible printed
circuit board are electrically connected to each other.
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14. The OLED display of claim 1, wherein the thin film
display layer comprises a plurality of pixels and wherein each
pixel comprises an OLED.

15. The OLED display of claim 14, further comprising:

a display driver formed on the first surface of the display
substrate and configured to apply a driving signal to each
pixel; and

a touch driver formed on the touch flexible printed circuit
board and configured to receive a sense output signal
from the touch sensing layer.

16. An organic light-emitting diode (OLED) display, com-

prising:

a display substrate including first and second surfaces
opposing each other;

a display flexible printed circuit board attached to at least
the second surface of the display substrate;

a touch flexible printed circuit board attached to the second
surface of the display substrate and at least partially
overlapping the display flexible printed circuit board,
wherein each of the display flexible printed circuit board
and the touch flexible printed circuit board surrounds at
least three surfaces of the display substrate; and

an impact absorbing layer formed over i) the second sur-
face of the display substrate and ii) at least a portion of
the display flexible printed circuit board and the touch
flexible printed circuit board,

wherein the impact absorbing layer comprises a metal
layer electrically connected to the display flexible
printed circuit board and the touch flexible printed cir-
cuit board.

17. The OLED display of claim 16, wherein each of the
display flexible printed circuit board and the touch flexible
printed circuit board comprises a grounding wire electrically
connected to the metal layer.

18. The OLED display of claim 16, wherein the impact
absorbing layer further comprises 1) a first adhesive layer
interposed between the metal layer and the second surface of
the display substrate and ii) a cushion layer formed over the
metal layer and configured to absorb external impacts.

19. The OLED display of claim 18, wherein a first opening
is formed in the metal layer and cushion layer and wherein a
second opening having a greater area than the first opening is
formed in the first adhesive layer.

20. The OLED display of claim 19, further comprising a
touch sensing layer configured to sense a touch input, wherein
the display flexible printed circuit board is attached to the first
surface of the display substrate, and wherein the touch flex-
ible printed circuit board is attached to the touch sensing
layer.



patsnap

TRBIROF) BHIEKX=RE (OLED ) R

[F(RE)F US20150187845A1 RF(REH) A 2015-07-02
RiES US14/498738 RiEHR 2014-09-26
FRIBB(EFROAF) ZEETERAXF

RF(EFR)AGE)

HAT R E (TR AGE)

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

#RIZBAA KIM TAE SIK

RN KIM, TAE SIK

IPCH %S HO1L27/32

CPCH %S HO1L27/3272 H01L27/323 H01L51/5237 HO5K1/189 H05K2201/053 HO5K2201/10128
1k 4 1020130169359 2013-12-31 KR

H At 40 FF 3Rk Us9490307

SNERaE Espacenet USPTO

BWEGR) | b

8 g g b6

[F T —HBHRK-RE (OLED ) B/REF. E—NAHME , OLEDER  —— | . R
BOFEETER  REREROFERUMANNE-ME-KA. OLED | \ ! L ‘\,/ %
SREDAME  MEBNE  FRENRER S EMRBABNR @ T e L
B AL RRREARBER , BB REROE-REMUARME T J \\H Tw
FUEFBER  DEENE RERNE-RE. MEERRMEE 0 L\ L =
ERERNE-REL. EERERNOE-RELFAFTRKE | 3# ur;?i% | N
R TR ORI BTN AR D B B RR AR MR B 8 R BRI = e L
R L L L L I T A L R
RN SR A RN N AN A

| I R oy v
| T o .
I s s s |08 B[ 5 5 | \
/ [ —_— g
T a0 B % G I I 1417

& u


https://share-analytics.zhihuiya.com/view/433d4e41-c242-4bc7-8e80-1bc48c606d7a
https://worldwide.espacenet.com/patent/search/family/053482762/publication/US2015187845A1?q=US2015187845A1
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=%2220150187845%22.PGNR.&OS=DN/20150187845&RS=DN/20150187845

