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(57) ABSTRACT

A flexible display device may include a display panel
providing a base surface and a touch screen disposed on the
base surface. The display panel may include a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the light emitting areas. A plurality of touch
electrodes and a plurality of insulating layers of the touch
screen may have a mesh shape through which openings
corresponding to the plurality of light emitting areas are
defined. Accordingly, a flexibility of the flexible display
device is improved, and the touch electrode is prevented
from being cracked.
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FIG. 1A
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FIG. 1B

Tianma Exhibit 1005, Page 3 of 125



Patent Application Publication Dec. 29,2016 Sheet 3 of 99 US 2016/0378224 A1

FIG. 2A

5 NBA1 _BA ) Nz

~~~~~~~~~~~~ DR
FiG. 2B
JD
S
¥
o NRAY

e ;
/,4, ) A {\;;)
S :

/o - MR Y
/ ;"J /7 /':- BN : o ‘!ﬂ\é E?L. \‘WFJ{:

GG ) B3
i I ' b . {
BALL L L B OCA
i /
3

1
NBAZ ‘

Tianma Exhibit 1005, Page 4 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 4 of 99

Patent Application Publication

3

FIG.

A
s

AV

NP
kY

Tianma Exhibit 1005, Page 5 of 125



Patent Application Publication Dec. 29,2016 Sheet 5 of 99 US 2016/0378224 A1

e~ Gap

Tianma Exhibit 1005, Page 6 of 125



Patent Application Publication Dec. 29,2016 Sheet 6 of 99 US 2016/0378224 A1

FIG.

NPXA

SN

NPXA-2 NPXA-1 0P-R O%*& Oﬁ*ﬁ

| 1
| [— S . .
\ 3“‘” T‘{“‘“‘“ ““;‘“; I ; T “%
N | il { Pt !
\&v\ /: { - v,./v/',w - E,. R ; j i ///“"
N / / s
\‘ i / / 4
I { (" T i f f ) ;' T from o ’ """""""
Ny <y Sl ¢
| ™~ E o ™
; PXA-R i E PXA-G E PXA&-E
j | [ {
Lo e e e e e J [ d e e e ]
7 [ 7 [ e I
| ! z |
| . i E o : )
§ PXA~R z E PRA-G ; PXA-R
| V. E dd -
L. e L. e b et e o o
\ ‘\ 3
iﬁ \\ AN \\\
P e e Al e e wh ST v

R2

DR

Tianma Exhibit 1005, Page 7 of 125



Patent Application Publication Dec. 29,2016 Sheet 7 of 99 US 2016/0378224 A1

FIG. 6A
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FIG. 6B

N NPXA

AN
i !'fi'/) ; 3
. g
: \\ A
: PR S S LA
i AN 1
i AN
{ i i ) \'\ { { i \‘ \\
\ i N A R
-1 - [ S R G
SR S — s
\ { { \ }
{ \ \ { \
{ ! - from i } ! \\ ¥ \)\ \ A
x / i\ P U U S
| i { i \ j ! \ 4 3
\ / { 3 / / i \ \ ! §
4 / \ { \ { ! | ' } i
4 { i \ i | i | a
% I T U L }
H H 3 H H H
. T ‘ R
{ i i i { { \ { ! { i !
i ) 1 +
i i ! i i ! i ! ; !
LS R R SRR S AR VR AR A A
CH3 SEZ2 GE2 ALZ DEZ CH4 CHS AB HOL BML ECL CF
et {JiF‘w

Tianma Exhibit 1005, Page 9 of 125



Patent Application Publication Dec. 29,2016 Sheet 9 of 99 US 2016/0378224 A1

FIG. 7A

TFET

0N

e 10Ln

- 10
FIG. 7B
TFEZ
vy
Ve
T~ 10L3
L2
A~ 1012
0L
****** S23
> 10U
~—-51

Tianma Exhibit 1005, Page 10 of 125



Patent Application Publication Dec. 29,2016 Sheet 10 of 99  US 2016/0378224 A1l

FIG. 7C

TFE3

¥

A-8200Y
10020
8100

4

Tianma Exhibit 1005, Page 11 of 125



Patent Application Publication Dec. 29,2016 Sheet 11 of 99  US 2016/0378224 A1l

FIG. 8A

f T 1)

[ - TS-(L2

i S >
15111 0TS
Ly - T5-CL)

W LB

i ~-TFE

1

FIG. 8B

s e

4
¥
LI oot oo oef oo}

GrCnenn

'\( §
\\
i
i

/ 7
[ {
v i
-4
T

~BP

Tianma Exhibit 1005, Page 12 of 125



Patent Application Publication Dec. 29,2016 Sheet 12 of 99  US 2016/0378224 A1l

FIG. 9A

i
L)
>
]

R ¢ \"“\\ el o
e \\ MA -

]
I
i

-
2

St1-1od  SL1-Zoed SL1-3-d

DR

IR et

L

Tianma Exhibit 1005, Page 13 of 125



Patent Application Publication Dec. 29,2016 Sheet 13 of 99  US 2016/0378224 A1l

FIG. 9B

F3—NDA
e e
{ !
! e DA
! i
! !
! i
! :
| ]
~~~~~~~~~~~ 1 TETET N I S L TEE
! E
i
i i
{ " ;
! e BB
| xS i
»»»»»» " NN LTI I e TR
i S Pl - o
i - - L
!
{
H
i — - -
{
- N LIEd U SN A~ L-TE2-3
§ 4
| - = A s
giely A
i P2 \
| P2
|
I
A
A }
VYA
/ /s /
I/ ’ !
SL2-1 §L2-2 SLe-3
Rt
k:
DRZ s

Tianma Exhibit 1005, Page 14 of 125



Patent Application Publication Dec. 29,2016 Sheet 14 of 99  US 2016/0378224 A1l

FIG. 10A
Ak
PXA NP,?(A {j

Tianma Exhibit 1005, Page 15 of 125



Patent Application Publication Dec. 29,2016 Sheet 15 0of 99  US 2016/0378224 A1l

e
44
3 o
e fon) <x
¢ . ~ ! !
t Od R : [ (s
e ot H [ O
P —_— _ T S RSN N ~
P i : ed : jal]
v 402 I : >4 : )
CEDORD a P
H 3 3 H N kY
v ) ) : 3 R
b ; : (- o fnonces W‘w Bt
P
Lo
g }
3
o~
kN A o
T & T 180
~L o - o e, T N ek
< i L i S ==
o o e il e
N R P
"""" X
U R ST
an -
£
- &3 gy
\ o
M \ _’,»-’::‘/
¥ } e
@ RTTTT ;:' T
o ’
P {\ ¥
et > N\ .
& & -
¥
& N one]
_—
e
R
[ [a T
et C) <
YD
o
.o-"»",/
- bl
e =
N SR 4
Y & i
& o~
=F Qi et
¥ e SRR I 5 S8 SR VOIS NS g% e &S

Tianma Exhibit 1005, Page 16 of 125



Patent Application Publication Dec. 29,2016 Sheet 16 of 99  US 2016/0378224 A1l

FIG. 11A

IS S

s
S

'

NN NS

B,
g1
1

iy 7

N RN

=

TGP L TN

s

kY
/// g
s

Tianma Exhibit 1005, Page 17 of 125



Patent Application Publication

L NPXA

PXA

I
NPXA

NPXA

A
3

Dec. 29,2016 Sheet 17 of 99  US 2016/0378224 Al

5-0P

v

o
] 7
Q. o
&3 =
g TTTITYTTTY
. = L=
£ o 75!
\ | : 3
; / 4 -
oo M prasiny
Y ' 3
1 Q\
LL,‘:\
X e -
B T
-l e
S Sl
& N I Py e
- =
~ L B
""" I
e IS N
b =3
o
.
e
"\\
A
e
e
.
- o
e &
$
LN et

Tianma Exhibit 1005, Page 18 of 125



Patent Application Publication Dec. 29,2016 Sheet 18 of 99  US 2016/0378224 A1l

FIG., 12A

CPo-L 1 p

gpes CP2-C-db

Tianma Exhibit 1005, Page 19 of 125



Patent Application Publication  Dec. 29,2016 Sheet 19 of 99

US 2016/0378224 Al
FIG. 12B
CPI-CT GP1-C2
\1 |
5 / 7 TS 112
(/’ A CP2-L1 TS

- TFE
IEE
IEGL
-G DP-OLED
J e
oP-CL
U8

Yy
[
X

Tianma Exhibit 1005, Page 20 of 125



Patent Application Publication Dec. 29,2016 Sheet 20 of 99  US 2016/0378224 A1l

T
—
L1
o o
= =
. N . g
P R ¥ bt !
R B i !
P = <o -
P : en d s i
Lo o LRI B 05 TR I e e
R A FH
IR NN. VoL
fﬂ:j ””"f“““ L e f 5 foopend { {‘ faan
R 3
E
o
Ll
T
«C
>
T
C L H'
o] &S
Y
& . :
Qﬁ !
i
{
Jromey e
P >'< kY
" x . e s
=

%
9
TFE-OP

DR

y
0?3

Tianma Exhibit 1005, Page 21 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 21 of 99

Patent Application Publication

Tianma Exhibit 1005, Page 22 of 125

N
oy
ooy
éxaw& / AT
L i P
R m T T 7 7 7
el 7 s ;
310 | // 1 2\
ff. / _—
S =T //, \Whod
AY
EET Nt
mwﬂ ....... J.,‘._
lg—d. T T T T FT T T e e e e e e o e oo
o m -4 TSt ] i
514 EH-SL—¢ d0-1714
AT - ” "
Q:.&,W)T di-211 f
m | | m
i i "L
XN Y YHAN ﬂ ¥Xd m

krGH



Patent Application Publication Dec. 29,2016 Sheet 22 of 99  US 2016/0378224 A1l

FIG. 14A

;;;;;

- - o /f {/"‘ 3 N ] H
»»»»»»» - . (oo I I |

| n i " ;

(S - S N

f i

i { } { i

. B R

SLE~1 i t ] w u 1

E » - - ;
i{ N R P & LTRSS

SLo-Zobs 1 N = -

P - ~ -

E x ; s ;

SLE-3~fm

{

O OO S NS SR

SLT=1 s SLT=2 SL1-3 s

DR2 s

Tianma Exhibit 1005, Page 23 of 125



Patent Application Publication Dec. 29,2016 Sheet 23 of 99  US 2016/0378224 A1l

FIG. 14B

Fi-NDA
|
. ~ DA
|
§ 00
} {JE: [
} 4
!
}
{
!
%
E oD
{ - \{/"'/
§ A
;
f
!
!
i
§
!
;
]
|
!
H
!
]
!
i
| I
DR
3
DR2

Tianma Exhibit 1005, Page 24 of 125



Patent Application Publication Dec. 29,2016 Sheet 24 of 99  US 2016/0378224 A1l

ﬂ IS &
= 5
- A
e - o
ek 3 k]
@ N U e
< C .
- L e
o A Qe [n P
[ - - &3
;:E»g \\ y \\
\ y \
%

Tianma Exhibit 1005, Page 25 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 25 of 99

Patent Application Publication

£-bdd 10-1d0

48—

..... -0l
~
w

|
|

\
431040+ w
,w
m

i

GHO-51

&ds

avi "Old

Tianma Exhibit 1005, Page 26 of 125



Patent Application Publication Dec. 29,2016 Sheet 26 of 99  US 2016/0378224 A1l

AN .
& &« T 23
) Lo N pae
Pt = 3 N &3
[ \ | i
| \} j
/

B o

WSSO

DD

Tianma Exhibit 1005, Page 27 of 125



Patent Application Publication Dec. 29,2016 Sheet 27 of 99  US 2016/0378224 A1l

£
S -
o= [
e s e P,
P odad o ]

TETD QL
N

jan
—
[
Vi /: J : (f) IS

1 }
W0 M| !
H
i
!

14F

e e

FIG.

Tianma Exhibit 1005, Page 28 of 125



Patent Application Publication Dec. 29,2016 Sheet 28 of 99  US 2016/0378224 A1l

i1
i

SL1=1 s SR SL1-3ws

BR1

DR s

Tianma Exhibit 1005, Page 29 of 125



Patent Application Publication Dec. 29,2016 Sheet 29 of 99  US 2016/0378224 A1l

FIG. 15B

Fr-NDA

STEZ -2 T a0y DA

V4
Y \é’...
‘}/‘ h t::).?. ‘
NN T R & - T2
i E ; ]

FTITT N I e L TR

Lo

s II1id LI N - TR

BR1

DR et

Tianma Exhibit 1005, Page 30 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 30 of 99

Patent Application Publication

16A

FIG.

Tianma Exhibit 1005, Page 31 of 125



Patent Application Publication Dec. 29,2016 Sheet 31 of 99  US 2016/0378224 A1l

FIG. 168

Tianma Exhibit 1005, Page 32 of 125



Patent Application Publication Dec. 29,2016 Sheet 32 of 99  US 2016/0378224 A1l

o
e I
>
e -
g I R
L3
foocnef T dee
& & +

v

o M"‘\o“vyﬁ-’ ::

Tianma Exhibit 1005, Page 33 of 125



Patent Application Publication

16D

FIG.

Dec. 29, 2016

PXA

S

=

NP X

P&

7
ol

5(H

~S6
e SP1

I s 1

S S

L2-oF

fL1-op

ED

-

x’“’:/"

™ \\*\ o
iy
e

Sheet 33 of 99

S N

US 2016/0378224 Al

LL.':\
O
LLd
REE e
S S S i
-
X
SUNETH
<7

Ll

&3

Tianma Exhibit 1005, Page 34 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 34 of 99

Patent Application Publication

o
Lad

JH( e M

o0 /

-

§ 1 f / / .
M i H H { ! w.
{ i / ; !
; i i m ] M
ﬂ. A U T
. Y 4 1 H i Y
1 Y i f i {
3 kY S 4 1
1 3 Y Y y i
N Y kY 'y § ]
3 k
S S
\ ,, w ﬁ !
! ' } i \
S
N N N i § i
H ; : . / 7

0310403

_(.m: e

BRIESES
514

Vil "OId

Tianma Exhibit 1005, Page 35 of 125



Patent Application Publication Dec. 29,2016 Sheet 35 0f 99  US 2016/0378224 A1l

SDP-CL.

o R =
> | e
o W ! &8
T i |
} i 1 H
{ i _— \\%,__Yﬁ_ﬂ -

o<
>
%:
NS N
e &5
\ =
- S, R
1 <3
--------------- -
s N N o Lad
- : [an]
~AER-IUS N R I - < L5
N B 5 (e
N R — A
S I ST
oo
-~ -~
ot
. L
-
<3
o o
bt S
pruty
~::\\\~

PXA

-

&8
P s
< 4

DR3

CC«@—-——--—-—A—E

Tianma Exhibit 1005, Page 36 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 36 of 99

Patent Application Publication

&mc mwx m@u wmﬁ ﬂvm uﬁ\
] ! i / / "
Bl w [ 1
AU T U U
a5 S W S S
Y A kY \ y !
\\\\\\ % Y ,.., / .« ,«
et N yooh ; i
10-d(K YR EEy
S e
- } N Y D §
X 7 e .

4710-d0¢ 7

/

" vy
w&?\

LTSl
81

IS S

Tianma Exhibit 1005, Page 37 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 37 of 99

Patent Application Publication

O

g

nww 43 x,,“ ﬁm B\
] ! i / { i -
B | [ 1
A M
.,. / A.,., _d. .,, _,.
N / /, M / w
N 5 1! i M
A Voo * i /
\ M w \_ \
H L H
i , ; \ Lof ord
A \\
l ; Y

(437100

T

LSETY

"\

==/

'O | Bod
w wmm;mk\;$\ L .
_" /
“ Py 1 M . / / ]
: ! m \ L w M W
i ! : YA : t > N Vo
| 43 d0-S1 4dS 43 dG-2g  dO~-LHE "
" ot e it "
i b M e i -

¥id C AN

¥xd XN

Tianma Exhibit 1005, Page 38 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 38 of 99

Patent Application Publication

., )
e Do e
QMC m\,\. L wmﬁ ﬂwx HM.«\
H } -
B i | i f / / |
o ,. . .
Hns ;AW; A U W S
L U S T
e - LAURNEL GHNNBIR SN, S
Oy b m /., Y ,.,, i w M
a-dl< \ v W I
N \ A
r 7 ! A SN I i

o
>
e
}
¢
i
"~
-
o~

0F10-d0 \ - ) // AN

J/ N\
B Tt 7 ==l
,(MHKWH.‘\R.?

o [ 04
BRI D :
P 3 :
Sl S . i | ] -
A / / / / | /
TP i ; i H ] i /
S - < i ” / N ] w 7 T I
; ! i ! i ¢ i / H i i ;
! 1 { L y i} L { H \ ! j
“ : \ L | “ | . | \ W
M ! b 4 d0-51 S e S 4% d0-RE d0-271 d0-10 )
. e e ol ple o
bOYRdN i bW X O

Tianma Exhibit 1005, Page 39 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 39 of 99

Patent Application Publication

LYooy
3370
A
% g TR Mwmm
do 30 03 W I0H 3
. | 0 103 W .
x T m
o
- . _. S
fs—y | y ,., A \ |
e o s o ,.,. ,..., /_ / ., ,ﬂ
et Ny
W-d \ R \‘ /
V; i i i / /
T 3 7 1 ;

§ *\ \ H 1 M ] \ t

! | { { | ! M ! M

i ) _ i 3 L Lo _
43 d0-51 0-8dS =4 dC-27 di- L m :
. b o s ol ;
YXdN ¥¥d oA ¥Xd OoWXdN

g1 "Ild

Tianma Exhibit 1005, Page 40 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 40 of 99

Patent Application Publication

R

o2

d

LE)

4

I

A

d0-341

-
§
et
¥ and
<

\

i

\

: <
P

3

)

1

o \
; V i / m
ﬂ 40 d0-HE d0-2
» M » . "
i 1 [ : T

Y¥cN

Vel "DId

¥¥d

XM

Tianma Exhibit 1005, Page 41 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 41 of 99

Patent Application Publication

2S¢

10-d< f

nmm m\v HE ,.Mm,m ‘ﬁ H w«\
i : ! i i i 3
] i i i | / i 1
| Loy \ |
4 ,,.. f / /. §
Y / / .ﬁ,. ,, ,,
5, Ly M b M
/ ,‘f K “ /
. ,
m H y \\ \
} o ] ; § N

4710-d0¢

,r..m: J1r

b1l

(
g5

-

9140 LS

/ /

A
\ |

H 4

K

H
i
)
i
i
i
i
i

¥Xd L VRN

d61 "Dld

P

| \ m
40 4020 S0 4018 m
3

3
¥

_ Y

YN

Tianma Exhibit 1005, Page 42 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 42 of 99

Patent Application Publication

., I
N CHE
d m\\ 4 oK Y
Nw\w { _\ _,h m N, \.w
iy T i
“ { 1 } ] | i
ans— N
\ / _,, _/ ..,, «
llllll 3 3 \ Y i
(Y i M ,./,, /. M, i W \M
J-dls Voo /
prme : e
i } i i { i

=
>
}
/
?
~d
-
N
"

Tl
L]

A

[N

[

b

[T

(s

O

IR SNV 30
Fow T
£

i

L

[V

paag

L

..

=

e
B

VXN Xd Y ¥Xd N

Oc "Dld

Tianma Exhibit 1005, Page 43 of 125




US 2016/0378224 Al

Dec. 29,2016 Sheet 43 of 99

Patent Application Publication

ans—

el

—d
>
Q.
J
!
T

4370-d0¢

. B | bl J
wmh\..ﬁu —
o 3H
HE-S L

st WELTE

H /
=Sl .\;m\ \ f M - § } i - w
e e o e i i i
W ! | \ ) m ! / | M !
; ! 3 Vo A S i (S L | |
| 4% 40-51 P TS W 40 A0~ J0- LG W |
B i £ { i
o B it e e 7

YHdN YXd COWXdN

Vic Dld

¥¥dd YX i

Tianma Exhibit 1005, Page 44 of 125



Patent Application Publication Dec. 29,2016 Sheet 44 of 99  US 2016/0378224 A1l

FIG. 218

XA NPXA R

TS-BM2

/
i

y

FIG. 21C

PXA 3 NEXA XA

Boiad

&
4
3

%

Tianma Exhibit 1005, Page 45 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 45 of 99

Patent Application Publication

. | ;
A | [ I
w - f ﬁ
i i i i ]
Hs | Voo Lo
\ Y Y 4 | 4
5 oo \ 3 |
!!!!!! 5 N \ 3 1 i
{ 5, Ny b
ey el \ T /
10-d< S
: | il
{

s = 7 3 .,/
43100 1 Fodd, A \\ ,
/77

T

Tianma Exhibit 1005, Page 46 of 125

RE-SL-

il st

0 R

W%m;wiw\ Lk / LTI 7 , / 7T
m { / ] ! i
N o s s s s o s v ! )

‘ { A

e

“, \ |
d0-EHE  dO-1ig m

P et
o7 Bor

Y¥di Y¥d ©WXdN h ¥¥d

i,
o
o
&
P
F
w0
<‘\ IS
£
&3
3

Voo Il



US 2016/0378224 Al

Dec. 29,2016 Sheet 46 of 99

Patent Application Publication

s

PO

10~

S

=t

>

P
)
T

m.@ m\\, ez ;ﬂﬁ ..@x &
: i i H : i
Bl ] i | f / i
| P W
! S T
,,, Y .f .,, ,,. .w
/ 5 A\ | i i
X 3 k! i }
N\ i \ : {
N | ) | /
1 { 1 w : H
Y ! _h f \ \
} | N N A 2 i i i
7 ¥ H 7 7 f 7 kY

471040

,rw: J1g

HE-5L -

mw.w“ REES I R & i _,u ! _w W |
S M / ] / / M
7 ! i}

, = [
| ! o ! m \ |
| 43 RED-2d5 ] 40 d0-51 J0-HE !
st — gt et -
VXN YXd WA ¥Xd _

oo Jld

Tianma Exhibit 1005, Page 47 of 125



Patent Application Publication Dec. 29,2016 Sheet 47 of 99  US 2016/0378224 A1l

FIG. 22C

&
k7

PrA NPXA FXA

Lo PxA NPXA oA
SP2-C TS-BMZ
\ }
; {

Tianma Exhibit 1005, Page 48 of 125



Patent Application Publication Dec. 29,2016 Sheet 48 of 99  US 2016/0378224 A1l

FIG. 23

Sy
e R S0
~HOL A DP-0LED
-FXL
E-CL
I it

Tianma Exhibit 1005, Page 49 of 125



Patent Application Publication Dec. 29,2016 Sheet 49 of 99  US 2016/0378224 A1l

TET-1 TE1-2 TE1-3 TE1-4

\ y \ \ - NDA
T T T T T T T T T T T
§ { ! !
. L-DA

“““““““““““““““““““““““““““““““““““““““““““““““““

DR

Tianma Exhibit 1005, Page 50 of 125



Patent Application Publication Dec. 29,2016 Sheet 50 of 99  US 2016/0378224 A1l

FIG. 24B

Wa -

N 0000 O

Lo T T e

wiry | :i

Wa~ :

N T T T

Qi pog T T T
R T DU NS [P
Q1 -3 SR I g st
T T T T T T T T e | TE D4
S CE T TS T 2
CTT TR T T T T et |0 -
Qi o5 T T e o TR
000 0 0 DO R I SV
OISR A Y v 0 R I e TE2-6

DR1

Tianma Exhibit 1005, Page 51 of 125



Patent Application Publication Dec. 29,2016 Sheet 51 of 99  US 2016/0378224 A1l

&
e
2
5
-

f

STE ¥ \,gg,a\

A 1
S H
bt 2 f - -
- B i -
i
- 1 - -
- i e
{
- i
b H - ook
{

_________

-~
-

SLt-Tod  SL1-0ed  SL1-3d

PR1

DR

Tianma Exhibit 1005, Page 52 of 125



Patent Application Publication Dec. 29,2016 Sheet 52 of 99  US 2016/0378224 A1l

FIG. 258

i
[
: :
MY LN N ITITT & - TR
i ] «
‘ ‘ :
|
I

_________

TTETT CTTTTT T & L-TES-D

- RN RN RN o L~ TER2-S

i
z
o 3 o »
|
&
e
|
e e et re e rre e crnn s e eeve oan e et ren e e res e sens e et weas oven s v <ere ven seen e 2]
LR
$
DR2 et

Tianma Exhibit 1005, Page 53 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 53 of 99

Patent Application Publication

2oC

FIG.

Tianma Exhibit 1005, Page 54 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 54 of 99

Patent Application Publication

e My £Ho
&c m\\ f32 Mmﬁ IOH Y
A
s —4 ,._, ,,,, 4.,, _,, ! |
llllll /., ./ / / .—M i

[ o \
431040 7 o L\

i
o ]
ﬂw,w M
A
{
! ) / / L
M { | 1 i el
1 { ! i ; : j
] i ! | / i !
i Y ! i } { L 1
| } b Lo | ! 4 “
30y PR ia H TN i
| 4 ECI N 0 do-eng do-ie |
i : i }
g b Yot gty oy o
i i i

VXl ¥id bYXd ¥ XA

(%c Ild

Tianma Exhibit 1005, Page 55 of 125



Patent Application Publication Dec. 29,2016 Sheet 55 0of 99  US 2016/0378224 A1l

FIG. 26A

Tianma Exhibit 1005, Page 56 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 56 of 99

Patent Application Publication

S iy €40
di % aE Mmﬁ e
T | i H A
R T
s~
,,.,. ,./ / / ,,— ,,,
i1l Nov b
MQE&QA‘. kY § } w [
i | I ; / /
; \ /

)

H
f

7
!
i
3

H i 3

: | . \ { w

W M 4 d0-5L 0 d0-i m

3 ik ; N . .
COYXdN ¥id S ¥Xd Y YK

H9¢ Old

Tianma Exhibit 1005, Page 57 of 125



Patent Application Publication Dec. 29,2016 Sheet 57 of 99  US 2016/0378224 A1l

FIG. 26C

1
S
-4
o
%

S
o

F)

(CF-C CF-E SPi-L OF-F cElg

FIG. 26D

A NEXA JooBA
TS-BY
)
{

‘\W S

) ) \ ) ) BS
00 CF-E SPi-L CF-F OF-C

Tianma Exhibit 1005, Page 58 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 58 of 99

Patent Application Publication

030 03 WA OH 3
T R il
A

- RN

Hih y ' S S S

/ ,,f / / ...M w

S N

Q irmm “L .Aw x/ M M v / \“ \\
_Y\M(MMM,‘ m 7 M .m \_“ \ A\\ : K ! ! Y m
I e i Y I\ \\ AR

137040 4

i
\.

nw m_(_x‘w\”“mu. ]

VHAN Yid © VXM ¥¥dd

dA9¢ Ol

Tianma Exhibit 1005, Page 59 of 125



Patent Application Publication Dec. 29,2016 Sheet 59 of 99  US 2016/0378224 A1l

FIG. 27A

DR

Tianma Exhibit 1005, Page 60 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 60 of 99

Patent Application Publication

g
S
>
5 SO
i s
RN
[
[n 18
= <3
:}{: i B AR S
Q. [Ve]
§.A..
B
Y
e
et
=

278

FIG.

NPXA
5
.
<
{*7

il
Lie
3
. 2
=T :
A S SO
ol > By
L
Li
R&)
~ﬁ___
=
<
o
¥..

—

Tianma Exhibit 1005, Page 61 of 125




Patent Application Publication Dec. 29,2016 Sheet 61 of 99  US 2016/0378224 A1l

FiG. 27C

-
<
=N
s
e
2%
e

kY
P
e

&
g .
&
4
%

FIG., 27D

PXA ; NPXA | FXA

< Py Ao
By %

¢

SP2-0 TS-BM |
\ H

} b

/ {

7 kY

3
{
i

%

Tianma Exhibit 1005, Page 62 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 62 of 99

Patent Application Publication

‘

s —+

K1

10K

(ER

' THE-SLf

A

b

k261

B

Tianma Exhibit 1005, Page 63 of 125



Patent Application Publication

cpas

Dec. 29,2016 Sheet 63 of 99  US 2016/0378224 Al

FIG. 28A

Fatnls el
CP&-0~ i

p2-L2

Tianma Exhibit 1005, Page 64 of 125



Patent Application Publication Dec. 29,2016 Sheet 64 of 99  US 2016/0378224 A1l

FIG. 288

CP1-C1 CP1-02
‘s 3
1 ] ; oM

TUREE™

i

~ECLL
~ECE>DP-0LED
j?xg

z j,»\»B;LLGL

Tianma Exhibit 1005, Page 65 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 65 of 99

Patent Application Publication

T0-d

0770-da¢

,/.w: J1y

Tianma Exhibit 1005, Page 66 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 66 of 99

Patent Application Publication

LM} e
0470 H

d0 E0 DI WE OH 3y
A ! o /
4y W m M i

.

o e s i

To-d f

.V& ‘‘‘‘‘‘

07710-da¢

,f‘m:mww‘..\uu”‘ -

g1 -

51

\,

e et

Y Yid

H6c "DIld

Tianma Exhibit 1005, Page 67 of 125



Patent Application Publication

Dec. 29,2016 Sheet 67 of 99  US 2016/0378224 A1l

FIG. 30A

J
OCh  WH-BS WM-BZ
3 NBA1 LB ) w2/ )

. {
i ¥
i e )
i i e IS
\ W o
i i T UF
i it
1IR3
~~~~~~~~~~~~ «DR1
FlG., 30B
®
ob
4
i
.
¥
\ NBAT
e B ;,-i
,(/"" - it
yd / -
/ -

e

: g
3 BB

|
NBAZ ‘

Tianma Exhibit 1005, Page 68 of 125



Patent Application Publication Dec. 29,2016 Sheet 68 of 99  US 2016/0378224 A1l

FIG. 30C

ob~1
/:‘
¥
3 NBAT . BA NBAZ
i i 18
11 \\\‘ n o
! ) i

OR3

FIG. 30D

« AT L BA ) a2 ) )

IR Caaut s A "‘:
o { ! T
] ik kY
if S S
1 i ;.
| \ 1S
3 1] - SA
I\ \‘( \\"‘O{ufb\
i i e P
i '; ¥H

Tianma Exhibit 1005, Page 69 of 125



Patent Application Publication Dec. 29,2016 Sheet 69 of 99  US 2016/0378224 A1l

FIG. 30k

o0-3
i
V//
P NBAT o BA NBAZ :
i ! b TS
il i 18
5 - A OOA
\ W D
] ] D
OR3
-3

Tianma Exhibit 1005, Page 70 of 125



Patent Application Publication

Dec. 29,2016 Sheet 70 of 99  US 2016/0378224 Al

FIG. 31A

- TS-1L3
[ e TS-CL3
b - T8-112 41
I} A~ TS-CL2 (7
3 e R

Ay e TS-CLT

4 LR85

e TFE

e

DRa

[~ ----------- R

il
e T8-113)
I IO
S U: e S-il2
\ P TS-CLE 770
~ 15111
\ ~15-CL1
\ L85
L ~-BFL
/i ~—TFE
I
it
~OP1
PSR

Tianma Exhibit 1005, Page 71 of 125



Patent Application Publication Dec. 29,2016 Sheet 71 of 99  US 2016/0378224 A1l

G2
fo—
&2
=
2

e —— 1$-1L3"

! - T5-CL3

i —15-1k2

i - T5-0L2 161
; e TS 1

\ A~ TS~CLA
\¥ e TSRS
I e 00
/| A TFE
H

. DP

DRI

DR

7] ~- TS 113
I TS-CL3
i —TS-1L2 Stg2
|l 5010 (T
0 - TS-BS

a}f\
o2
o
.
?

Tianma Exhibit 1005, Page 72 of 125



Patent Application Publication Dec. 29,2016 Sheet 72 of 99  US 2016/0378224 A1l

FIG. 32A

DR

DRQ e

Tianma Exhibit 1005, Page 73 of 125



Patent Application Publication Dec. 29,2016 Sheet 73 of 99  US 2016/0378224 A1l

FIG. 3ZB

-4NDA

{ E
| DA
! ;
! :
! :
! :
| :
~~~~~~~~~~~ . RN T AN s TES-1
! :
! |
! ;
! E
| JJ ; HH
| I T T - TEe-2
i e i d
¢ L L L] L. i
| :
i §
! :
! " ] o " i
|
i I IS T & L-TE2-3
! X
P ~ '“ ! P
| ez N
| oF2 |
! i
G
A
K } i
] J
r |

SLa-1 §L2-2 SL2-3
DR

DR2

Tianma Exhibit 1005, Page 74 of 125



Patent Application Publication Dec. 29,2016 Sheet 74 of 99  US 2016/0378224 A1l

&
ooooond
&2
)
2

NS{PL
./"/I
¥
4 -NDA
e
!
LNSE s NSP2 DA
i ! TS ! { ]
¥
!
i Lol ot bound
|
| T RN T
i ] ) "
! NCP
! { } I | {
]
i — oy — J—
i - M N
3 T T rT
i = N .
i - L - L
]
| { { ] {
I
Lo - . - — . .
i L. ... .
3 T T NN
! = - :
O U ) L
; { ] { ! {
i
i
S |
DRt
DR2

Tianma Exhibit 1005, Page 75 of 125



Patent Application Publication Dec. 29,2016 Sheet 75 of 99  US 2016/0378224 A1l

FIG. 32D

P~} NDA

5/*‘\\\”,_8’&\

PR

D?%Z/?@“j

Tianma Exhibit 1005, Page 76 of 125



Patent Application Publication Dec. 29,2016 Sheet 76 of 99  US 2016/0378224 A1l

Tianma Exhibit 1005, Page 77 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 77 of 99

Patent Application Publication

bHd
¢ M

d0 30 VI WA TH W &@

A,

. /

i f
A b ]
t 4 i i

| R

4

i

3

e

\
3 kY 1
’ Y Y 4

\ | ) 3 ) }

{ \ } | |
~ ; Y Y H H
D-d0 U W T T B
\ I T SO Y S
B ] H 7

. - | ;i
| sl mttrk 7 q
; !

/ / .
! M { m\w i W\ = 4 HEE d-40 |
w ,.\._ " 7 i /..:. i ' 51 . ! i w M.\J m
| 43 d0-dSN d0-51 J0-RB i T-idS “ 40 ;
: ; ; ﬂ M
} H

YN ¥Xd COWKdN ¥Xd X

det Dl

Tianma Exhibit 1005, Page 78 of 125



Dec. 29,2016 Sheet 78 of 99  US 2016/0378224 Al

Patent Application Publication

ke
>
=
k1

PXA

-3
/7
.

r—

Tianma Exhibit 1005, Page 79 of 125



Patent Application Publication

FIG. 33D

PXA NPXA

Dec. 29,2016 Sheet 79 of 99

US 2016/0378224 Al

2

.
&

o
¥

;
gPi-L NSPY

h

Tianma Exhibit 1005, Page 80 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 80 of 99

Patent Application Publication

¢
08

w
|

0

40 30 03 WA

oH Y

aris—-

.

)

H ; f /
H S I B
M i e m 7 M
| | U S S

A S R T S

3 s % ,.w M

\ 4 i i

s Vv

,,. i i .w i \\
4 | ; { /

M H

T 3
)

/

{

¥Xd

A6 "I

X

!
ki
/ /
” ,\ ] i e g < oy
“ _ M ' : / ; ] P et e g4l i
; 1 : % 1 i i } i i
; ; \ \ § | ; | w " ;
: g g % N HY A i =
“ “ 30 d0-dSW J40-51 J0-RE ¢ T-ids 40 " !
H 1 H 3 H 1
- ET— R —

Tianma Exhibit 1005, Page 81 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 81 of 99

Patent Application Publication

EC

d0 30 VI WA VH I

»2.>w { ! w \
p | | | ] ; i
T
- | i A
g5y A W U U
3 Y y y 3 !
\ \ Y y | i
e e an K k \ | ,W i
{ R v {
1 5 Y Y | \
Qe&ﬂmg A. f /, /” ,« w w‘ .\.
v B i } I
- M J ! / ; / / ’ { !
; g v

05710404

Tianma Exhibit 1005, Page 82 of 125

H \\
Nﬁa‘mwxij PEEE — — ]
| B \ Cor
W P40 dO-dBN d0-SL dO0-LHE JO-2iE 0 THLdS
» e s s
= B e s

¥XdN ¥¥d

b2

A6 "I




US 2016/0378224 Al

Dec. 29,2016 Sheet 82 of 99

Patent Application Publication

L H G e 0370
‘ o~ “
d0 ESRNAC I I
¥ i / ! f f / {
21 S ,W NS S SN S
] b
ans—4 ! U U T
\ 4 4 } 4 §
I ) SN NN W W
{ 3 R % H 1 i
; "\ \ !
S 4 \ S S R B
TE \ A T S
N 4 ! j { / /
{ g N S S ]
) ol ; o .
| f i 77 \\

0370~

TN ¥id

YN

et Old

PXd

!
}
/ j \ . ‘
aTa N I : / \ \\ } ] N / "
95Hmw_ - ! \ f / / / J \
! H { { / [ w ; i
i b | { : # by w M\
A 3 | i ! i 3 [
! 4 4 i | b P y P !
o~ ~ f ~ : ; i oS Y N -
! 40 d0-dSN d0-SL 08 TS e gl 440 1 “
i i 3 s i
i | A5 | “
i H H v 3 i
ol anies o i” o
l H ! i

Tianma Exhibit 1005, Page 83 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 83 of 99

Patent Application Publication

S gy~

L1

»

nm_, wm 45 ..wm,m f H v
e ! I v
m SN SO SN S X
! A
R R U R
\ L T
A y 4 \ i 4
Yot } _.W i
N \ 3 i ! {
/ ‘.f /w w ,‘ \\
4 [ A S|
b f i

i~

LOH-G L -

(1%}

LA D
Cod

200-L—F

k3

YN

bAGH

Hee "Dld

i 1 7
i / i !
o~ % H 1 / 5 {
f / ,,. o /
4 :
- " .\ i / \_ \ 47 H \\,\
- | / / / f AN \ !
“ — ; | - | -
- H w / 1 m ,w' m_ \ m
3 i : : i } i
| 4 / i i : 3 W ! i | m !
! b y ~ iy Tl H o T AT o
i 40 d0-dSN 40-51 40-Rd TS i3l U 340 !
i H i t i
t ;
i { i
] i ;
I ) )
; ? :
b 3 t

VXN

Tianma Exhibit 1005, Page 84 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 84 of 99

Patent Application Publication

GERY

IO

132 ;ﬁm T £Ha

o ] { ‘
Y H H X
X _ A X
i i M { ﬂ
_— oo
iS4 } O U W S
h\ % Y y 3 |
«/ 5 3 ,, i w
o X A S S S
{ \ \ \ §
»»)- .\- \ 3 ,—. H
cz&gzu f i 1 i w \v / /
; ) i / /
v ' | i j i \
) ! _~, / / i i }

@Qm ot

)J;
o5t

. Wa-sL |

e f { TN J.z,aj
w _ ,. ,. / H M M . Lk [PV,
W i A Aot et e . M b
; i 40 dO-dSN d0-GL J0-HE P -LdS , 43
; i i
! 1 H
; ,..“..“um Rl Bordvag

¥ % Yo

Iee "Old

Tianma Exhibit 1005, Page 85 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 85 of 99

Patent Application Publication

o .
Cngn gy o
430 03

A | | I
o X i i i I
. , A U T
H4s 4 \ [ R S
RN A SN WL VS W
I DU W S T
Ol ,_ AU N N R '
SR } S N R S
{ T i , | ! / [ i
FXdTy - A Y Y
- i \ foe / \ ! ,// \\\\\ AR
1040y y %

fee

Tianma Exhibit 1005, Page 86 of 125



Patent Application Publication Dec. 29,2016 Sheet 86 of 99  US 2016/0378224 A1l

FIG. 34A

o

—
=

AT

IS

T

o)
o2
i

i
|
1
Y
i
§
Y
4
|
s
i

; f
5
5
3 . . . 3 zn
} i o AR s gy BN .
I

~mDRZ

Tianma Exhibit 1005, Page 87 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 87 of 99

Patent Application Publication

(LY
40 0 03 WA H A

] P -
Y H ! H HE
A i [ i o b
: T ”
YT | M », w .M., i
it } [ S O T
,,., i y 4 w __
. , L W W
o T
\ ; \ ! ] /
r\,\aﬁmaz.. .w 1 w / \v
v . } ; bk
H ..M M i \\ / ’ ] m
. I I\ \H\

\ 1!
d0-dSH -4

Hve

Tianma Exhibit 1005, Page 88 of 125



Patent Application Publication Dec. 29,2016 Sheet 88 of 99  US 2016/0378224 A1l

FIG. 35A

CP2<¢ OP2-Coel.

(P2 O

|

Tianma Exhibit 1005, Page 89 of 125



Patent Application Publication Dec. 29,2016 Sheet 89 of 99  US 2016/0378224 A1l

FIG. 35B

CP1-C1 CPi-C2
) ‘

7 ;
/l /
{ ;
R |
ERE

U
P-ECL
“RELSDP-OLED

i\ 10?’~{3L

»

H

pail

Tianma Exhibit 1005, Page 90 of 125



Patent Application Publication Dec. 29,2016 Sheet 90 of 99  US 2016/0378224 A1l

FIG. 36A

;;;;;

I

i i N W 2 O 237

SL2-1-4

R

- I i N e L-TER-3

Tianma Exhibit 1005, Page 91 of 125



Patent Application Publication Dec. 29,2016 Sheet 91 of 99  US 2016/0378224 A1l

FIG. 36B

/,/
¢
{ et NE)A
e
|
| ~ DA
|
§ cez
| J
|
|
i
i
{
g 3y
| b
i f,/]
5 ={
E A
i
]
{
]
|
|
|
]
§
!
|
|
|
|
i
|
[
DR1

Tianma Exhibit 1005, Page 92 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 92 of 99

v/
U\ ! "_,, ,H,,.:
[ elan | N
/ 20-1d0 T 1o-1dd, VXd
il "
bl

J9¢ "DId

Patent Application Publication
e

Tianma Exhibit 1005, Page 93 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 93 of 99

Patent Application Publication

~
*'?uw..

[Ty
Ci e

0310404 10~

”J%. .:
i b I

B e
~dee

Tianma Exhibit 1005, Page 94 of 125



Patent Application Publication Dec. 29,2016 Sheet 94 of 99  US 2016/0378224 A1l

FIG. 37A

DR

DR

W

Tianma Exhibit 1005, Page 95 of 125



Patent Application Publication Dec. 29,2016 Sheet 95 of 99  US 2016/0378224 A1l

FIG. 378

752
!

b LIETTT T EREEN o

'
s o
v/‘““‘{.:??
TTITT FTTTLT I
j i E %
FTTTTT FTTTTT YT .
a } s |

- TED-1

] R

- TEZ-G

Tianma Exhibit 1005,

Page 96 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 96 of 99

Patent Application Publication

J8A

FIG.

Tianma Exhibit 1005, Page 97 of 125



Patent Application Publication Dec. 29,2016 Sheet 97 of 99  US 2016/0378224 A1l

FIG. 388

Tianma Exhibit 1005, Page 98 of 125



Patent Application Publication Dec. 29,2016 Sheet 98 of 99  US 2016/0378224 A1l

s
{ i Nl
- =3 o o
i :L\ ~["\ e ~...i/‘\‘ ot " B &
O i ER T T I o
3 \ y A St S i Y
b)) Py ) . :
{ { { 5 { / i
T $ SRS )
i YT 1A 1 N ¥

o~ L
%:;:::"'ﬁ . S -
f;,,;) s o
& =
o o i

e

FIG.
1

) TET
o 3
o i R B O o
= D

Tianma Exhibit 1005, Page 99 of 125



US 2016/0378224 Al

Dec. 29,2016 Sheet 99 of 99

Patent Application Publication

10-dd<

SR

d0 43 13 WA IOH Y
! ! i ! [
H : { i i H
j NS IS N S
! IR R T T
| 3 | | | b
\ 3 A 4 4 i
\ \ ,,, / w ,_

L i ! |
‘ ‘.,H _, w .h \
\ ) ! /
3 I - [/
i : oo

027044

e g
i

age "Dld

Tianma Exhibit 1005, Page 100 of 125



US 2016/0378224 Al

FLEXIBLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from and the ben-
efit of Korean Patent Applications Nos. 10-2015-0091392,
filed on Jun. 26, 2015, 10-2015-0163510, filed on Nov. 20,
2015, 10-2015-0187755, filed on Dec. 28, 2015, 10-2016-
0002740, filed on Jan. 8, 2016, 10-2016-0008200, filed on
Jan. 22, 2016, and 10-2016-0008197, filed on Jan. 22, 2016,
all of which are hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND

[0002] Field

[0003] Exemplary embodiments relate to a flexible display
device. More particularly, the present disclosure relates to a
flexible display device including functional members inte-
grally formed in the flexible display device.

[0004] Discussion of the Background

[0005] Electronic devices, such as a smart phone, digital
camera, notebook computer, navigation unit, and smart
television set, have been developed. Each electronic device
may include a display device to provide information.
[0006] In recent years, since electronic devices come in a
variety of shapes, a shape of the display device is changed
to correspond to the shapes of the electronic devices. The
electronic devices generally include a flat panel display
device. However, these electronic devices refrain having
curved, bent, rollable display devices.

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

SUMMARY

[0008] Exemplary embodiments provide a flexible display
device having improved flexibility.

[0009] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concept.

[0010] An exemplary embodiment of the inventive con-
cept provides a flexible display device including a display
panel providing a base surface and including a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the plurality of light emitting areas and a touch
screen disposed on the base surface. The touch screen
includes a plurality of first conductive patterns, a first
insulating layer, a plurality of second conductive patterns,
and a second insulating layer. The plurality of first conduc-
tive patterns are disposed on the base surface and overlapped
with the non-light emitting area. The first insulating layer is
disposed on the base surface, covers the plurality of first
conductive patterns, and includes a plurality of first open-
ings defined to correspond to the plurality of light emitting
areas. The plurality of second conductive patterns are dis-
posed on the first insulating layer and overlapped with the
non-light emitting area. The second insulating layer is
disposed on the first insulating layer, covers the plurality of

Dec. 29, 2016

second conductive patterns, and includes a plurality of
second openings defined to correspond to the plurality of
light emitting areas.

[0011] An exemplary embodiment of the inventive con-
cept provide a flexible display device including a display
panel providing a base surface and including a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the plurality of light emitting areas and a touch
screen disposed on the base surface. The touch screen
includes a plurality of first conductive patterns disposed on
the base surface and overlapped with the non-light emitting
area, a first black matrix disposed on the base surface,
covering the plurality of first conductive patterns, and
including a plurality of first openings defined to correspond
to the plurality of light emitting areas, a plurality of color
filters each being disposed inside a corresponding first
opening among the plurality of first openings, an insulating
layer disposed on the first black matrix and the plurality of
color filters and overlapped with the plurality of light
emitting areas and the non-light emitting area, and a plural-
ity of second conductive patterns disposed on the insulating
layer and overlapped with the non-light emitting area.
[0012] An exemplary embodiment of the inventive con-
cept provides a flexible display device including a display
panel providing a base surface and including a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the plurality of light emitting areas and a touch
screen disposed on the base surface. The touch screen
includes a plurality of first conductive patterns disposed on
the base surface and overlapped with the non-light emitting
area, a plurality of color filters disposed on the base surface,
a plurality of second conductive patterns disposed on the
plurality of color filters and overlapped with the non-light
emitting area, and a black matrix overlapped with the
non-light emitting area.

[0013] An exemplary embodiment of the inventive con-
cept provides a flexible display device including a display
panel providing a base surface and including a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the plurality of light emitting areas and a touch
screen disposed on the base surface. The touch screen
includes a noise shielding conductive layer disposed on the
base surface and overlapped with the non-light emitting
area, a first insulating layer disposed on the base surface and
covering the noise shielding conductive layer, a plurality of
first conductive patterns disposed on the first insulating layer
and overlapped with a portion of the noise shielding con-
ductive layer, a second insulating layer disposed on the first
insulating layer, a plurality of second conductive patterns
disposed on the second insulating layer and overlapped with
a portion of the noise shielding conductive layer, and a third
insulating layer disposed on the second insulating layer.
[0014] An exemplary embodiment of the inventive con-
cept provide a flexible display device including a display
panel providing a base surface and including a plurality of
light emitting areas and a non-light emitting area disposed
adjacent to the plurality of light emitting areas and a touch
screen disposed on the base surface. The touch screen may
include a base member, a plurality of first conductive
patterns disposed on the base member and overlapped with
a portion of the noise shielding conductive layer, a first
insulating layer disposed on the base member to cover the
first conductive patterns. A plurality of second conductive
patterns disposed on the first insulating layer and overlapped
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with a portion of the noise shielding conductive layer, and a
second insulating layer disposed on the first insulating layer.
[0015] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0017] FIG. 1A is a perspective view showing a flexible
display device in a first operation according to an exemplary
embodiment of the present disclosure.

[0018] FIG. 1B is a perspective view showing a flexible
display device in a second operation according to an exem-
plary embodiment of the present disclosure.

[0019] FIG. 2A is a cross-sectional view showing a flex-
ible display device in a first operation according to an
exemplary embodiment of the present disclosure.

[0020] FIG. 2B is a cross-sectional view showing a flex-
ible display device in a second operation according to an
exemplary embodiment of the present disclosure.

[0021] FIG. 3 is a perspective view showing a flexible
display panel according to an exemplary embodiment of the
present disclosure.

[0022] FIG. 4 is an equivalent circuit diagram showing a
pixel according to an exemplary embodiment of the present
disclosure.

[0023] FIG. 5 is a plan view showing a portion of an
organic light emitting display panel according to an exem-
plary embodiment of the present disclosure.

[0024] FIGS. 6A and 6B are cross-sectional views show-
ing an organic light emitting display panel according to an
exemplary embodiment of the present disclosure.

[0025] FIGS. 7A, 7B, and 7C are cross-sectional views
showing a thin film encapsulation layer according to an
exemplary embodiment of the present disclosure.

[0026] FIGS. 8A and 8B are cross-sectional views show-
ing a display device according to an exemplary embodiment
of the present disclosure.

[0027] FIGS. 9A and 9B are plan views showing conduc-
tive layers of a touch screen according to exemplary
embodiments of the present disclosure.

[0028] FIG. 10A is a partially enlarged view showing a
portion “AA” of FIG. 9A.

[0029] FIG. 10B is a cross-sectional view showing a
portion of FIG. 10A along sectional line I to I'.

[0030] FIG. 11A is a partially enlarged view showing a
portion “BB” of FIG. 9B.

[0031] FIG. 11B is a cross-sectional view showing a
portion of FIG. 11A along sectional line 1I to II".

[0032] FIG. 12A is a partially enlarged view showing a
portion “CC” of FIGS. 9A and 9B.

[0033] FIG. 12B is a cross-sectional view showing a
portion of FIG. 12A along sectional line III to III'.

[0034] FIGS. 13A and 13B are cross-sectional views
showing a display device according to an exemplary
embodiment of the present disclosure along sectional line
I-I' of FIG. 10A.
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[0035] FIGS. 14A and 14B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0036] FIG. 14C is a partially enlarged view showing a
portion “DD” of FIGS. 14A and 14B.

[0037] FIG. 14D is a cross-sectional view showing a
portion of FIG. 14C along sectional line IV-IV".

[0038] FIG. 14E is a partially enlarged view showing a
portion “DD” of FIGS. 14A and 14B.

[0039] FIG. 14F is a cross-sectional view showing a
portion of FIG. 14E along sectional line TV"-IV™.

[0040] FIGS. 15A and 15B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0041] FIG. 16A is a partially enlarged view showing a
portion “EE” of FIGS. 15A and 15B.

[0042] FIG. 16B is a partially enlarged view of FIG. 16A.
[0043] FIGS. 16C and 16D are cross-sectional views
showing a portion of FIG. 16A along lines V to V' and VI
to VI' of FIG. 16A, respectively.

[0044] FIGS. 17A, 17B, 17C, 17D, and 17E are cross-
sectional views showing a display device according to an
exemplary embodiment of the present disclosure along
sectional line I to I' of FIG. 10A.

[0045] FIG. 18 is a cross-sectional view showing a portion
of a display device according to an exemplary embodiment
of the present disclosure along sectional line II to II' of FIG.
11A.

[0046] FIGS. 19A and 19B are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure along
sectional line I-I' of FIG. 10A.

[0047] FIG. 20 is a cross-sectional view showing a portion
of a display device according to an exemplary embodiment
of the present disclosure along sectional line VI-VT' of FIG.
16A.

[0048] FIGS.21A, 21B, and 21C are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure.

[0049] FIGS. 22A, 22B, 22C, and 22D are cross-sectional
views showing a portion of a display device according to an
exemplary embodiment of the present disclosure.

[0050] FIG. 23 is a cross-sectional view showing a portion
of a display device according to an exemplary embodiment
of the present disclosure along sectional line III to III; of
FIG. 12A.

[0051] FIGS. 24A and 24B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0052] FIGS. 25A and 25B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0053] FIG. 25C is a partially enlarged view showing a
portion “FF” of FIGS. 25A and 25B.

[0054] FIG. 25D is a cross-sectional view showing a
portion of FIG. 25C along sectional line VII-VII'.

[0055] FIG. 26A is a partially enlarged view showing a
portion of a display device according to an exemplary
embodiment of the present disclosure.

[0056] FIGS. 26B, 26C, 26D, and 26E are cross-sectional
views showing a portion of a display device according to an
exemplary embodiment of the present disclosure.
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[0057] FIG. 27A is a partially enlarged view showing a
portion of a display device according to an exemplary
embodiment of the present disclosure.

[0058] FIGS. 27B, 27C, 27D, and 27E are cross-sectional
views showing a portion of a display device according to an
exemplary embodiment of the present disclosure.

[0059] FIG. 28A is a partially enlarged view showing a
display device according to an exemplary embodiment of
the present disclosure.

[0060] FIG. 28B is a cross-sectional view showing a
portion of FIG. 28A along sectional line X-X'.

[0061] FIGS. 29A and 29B are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure along
sectional line VI-VI' of FIG. 16A.

[0062] FIG. 30A is a cross-sectional view showing a
flexible display device in a first operation according to an
exemplary embodiment of the present disclosure.

[0063] FIG. 30B is a cross-sectional view showing a
flexible display device in a second operation according to an
exemplary embodiment of the present disclosure.

[0064] FIGS. 30C, 30D, and 30E are cross-sectional views
showing a display device according to an exemplary
embodiment of the present disclosure.

[0065] FIGS. 31A, 31B, 31C, and 31D are cross-sectional
views showing a display device according to an exemplary
embodiment of the present disclosure.

[0066] FIGS. 32A and 32B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0067] FIGS.32C and 32D are plan views showing a noise
shielding conductive layer of a touch screen according to an
exemplary embodiment of the present disclosure.

[0068] FIG. 33A is a partially enlarged view showing a
portion “GG” of FIG. 32A.

[0069] FIGS. 33B, 33C, 33D, 33E, 33F, 33G, 33H, 33,
and 33] are cross-sectional views showing a portion of FIG.
33A according to an exemplary embodiment of the present
disclosure.

[0070] FIG. 34A is a partially enlarged view of a portion
“HH” of FIG. 32B.

[0071] FIG. 34B is a cross-sectional view showing a
portion of FIG. 34A according to an exemplary embodiment
of the present disclosure along sectional line XII-XII'.
[0072] FIG. 35A is a partially enlarged view showing a
portion “JJ” of FIGS. 32A and 32B.

[0073] FIG. 35B is a cross-sectional view showing a
portion of FIG. 35A along sectional line XIII-XIIT'.

[0074] FIGS. 36A and 36B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0075] FIG. 36C is a partially enlarged view showing a
portion “MM” of FIGS. 36A and 36B.

[0076] FIG. 36D is a cross-sectional view showing a
portion of FIG. 36C along sectional line XIV-XIV'.

[0077] FIGS. 37A and 37B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure.

[0078] FIG. 38A is a partially enlarged view showing a
portion “NN” of FIGS. 37A and 37B.

[0079] FIG. 38B is a partially enlarged view of FIG. 38A.
[0080] FIGS. 38C and 38D are partially cross-sectional
views of FIG. 38A along sectional lines XV-XV' and XVI-
XVT, respectively.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0081] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0082] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0083] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and 7ZZ. As used herein, the term “and/or” may
include any and all combinations of one or more of the
associated listed items.

[0084] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, components,
regions, layers, and/or sections should not be limited by
these terms. These terms are used to distinguish one element,
component, region, layer, and/or section from another ele-
ment, component, region, layer, and/or section. Thus, a first
element, component, region, layer, and/or section discussed
below could be termed a second element, component,
region, layer, and/or section without departing from the
teachings of the present disclosure.

[0085] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned
over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0086] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” comprising,” “may include,” and/or “includ-
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ing,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0087] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0088] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0089] FIG. 1A is a perspective view showing a flexible
display device DD in a first operation according to an
exemplary embodiment of the present disclosure. FIG. 1B is
a perspective view showing a flexible display device DD in
a second operation according to an exemplary embodiment
of the present disclosure. FIG. 2A is a cross-sectional view
showing a flexible display device DD in a first operation
according to an exemplary embodiment of the present
disclosure. FIG. 2B is a cross-sectional view showing a
flexible display device DD in a second operation according
to an exemplary embodiment of the present disclosure.

[0090] A display surface IS on which an image IM is
displayed may be substantially parallel to a plane defined by
a first directional axis DR1 and a second directional axis
DR2. A normal line direction of the display surface IS, i.e.,
a thickness direction of the flexible display device DD,
indicates a third directional axis DR3. Front (or upper) and
rear (or lower) surfaces of each member of the flexible
display device DD are distinct from each other by the third
directional axis DR3. However, directions indicated by the
first, second, and third directional axes DR1, DR2, and DR3
are relative to each other and may be changed to different
directions. Hereinafter, first, second, and third directions
indicated by the first, second, and third directional axes
DR1, DR2, and DR3 are assigned with the same reference
numerals as those of the first, second, and third directional
axes DR1, DR2, and DR3.
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[0091] FIGS. 1A, 1B, 2A, and 2B show a foldable display
device as a representative example of the flexible display
device DD, but the flexible display device DD is not limited
to the foldable display device. That is, the flexible display
device DD may be a curved flexible display device or a
rollable flexible display device, which has a predetermined
curvature, but is not limited thereto. Although not shown
separately, the flexible display device DD according to the
present exemplary embodiment may be applied to a large-
sized electronic item, such as a television set, a monitor, etc.,
and a small and medium-sized electronic item, such as a
mobile phone, a tablet, a car navigation unit, a game unit, a
smart watch, etc.

[0092] As shown in FIG. 1A, the display surface IS of the
flexible display device DD may include a plurality of areas.
The flexible display device DD may include a display area
DD-DA in which the image IM is displayed and a non-
display area DD-NDA may be disposed adjacent to the
display area DD-DA. The non-display area DD-NDA does
not display an image. FIG. 1A shows a vase as the image IM.
As an example, the display area DD-DA has a substantially
quadrangular shape. The non-display area DD-NDA may
surround the display area DD-DA, but it is not limited
thereto. The shape of the display area DD-DA and the shape
of the non-display area NDA may be relative to each other.
[0093] As shown in FIGS. 1A and 1B, the display device
DD may include a bending area BA bent on the basis of a
bending axis BX, a first non-bending area NBA1 that is not
bent, and a second non-bending area NBA2 that is not bent.
The display device DD may be inwardly bent (hereinafter,
referred to as “inner-bending”) in such a manner as to allow
the display surface IS of the first non-bending area NBA1 to
face the display surface IS of the second non-bending area
NBAL1. The display device DD may be outwardly bent
(hereinafter, referred to as “outer-bending”) in accordance
with a user’s operation in such a manner as to allow the
display surface IS to be exposed to the outside.

[0094] In the present exemplary embodiment, the display
device DD may include a plurality of bending areas BA.
Further, the bending area BA may be defined corresponding
to the user’s operation. Different from FIG. 1B, the bending
area BA may be defined to be substantially parallel to the
first directional axis DR1 or to be substantially parallel to a
diagonal line. The bending area BA may have a size deter-
mined by a bending radius BR (see to FIG. 2B).

[0095] Referring to FIGS. 2A and 2B, the display device
DD may include a display panel DP, a touch screen TS, and
a window member WM. Each of the display panel DP, the
touch screen TS, and the window member WM may have a
flexibility. Although not shown in figures, the display device
DD according to the present exemplary embodiment may
further include a protective member coupled to the window
member WM to protect the display panel DP and the touch
screen TS. The display panel DP may generate the image IM
(see to FIG. 1A) corresponding to image data input thereto.
The display panel DP may be an organic light emitting
display panel, an electrophoretic display panel, or an elec-
trowetting display panel, but is not limited thereto. In the
present exemplary embodiment, the organic light emitting
display panel will be described as the display panel DP. The
organic light emitting display panel will be described in
detail later.

[0096] The touch screens TS may obtain coordinate infor-
mation of an external input. The touch screen TS may be
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disposed on a base surface provided by the display panel DP.
In the present exemplary embodiment, the touch screen TS
is manufactured with the display panel DP through consecu-
tive processes.

[0097] The touch screen TS may be an electrostatic
capacitive type touch screen, but it is not limited thereto.
That is, the touch screen TS may be replaced with a touch
screen including two types of touch electrodes as an elec-
tromagnetic induction type touch screen, or other type of
touch screen.

[0098] The window member WM may be coupled to the
touch screen TS by an optically clear adhesive (OCA) film.
The window member WM may include a base member
WM-BS and a bezel layer WM-BZ. The base member
MW-BS may include a plastic film. The bezel layer WM-BZ
may partially overlap with the base member WM-BS. The
bezel layer WM-BZ may be disposed on a rear surface of the
base member WM-BS to define a bezel area of the display
device DD, i.e., the non-display area NDA (see to FIG. 1A).
The bezel layer WM-BZ may be a colored organic layer and
may be formed by a coating method.

[0099] Although not shown separately, the window mem-
ber WM may further include a function coating layer dis-
posed on an entire surface of the base member WM-BS. The
function coating layer may include an anti-fingerprint layer,
an anti-reflection layer, and a hard coating layer.

[0100] Although not shown separately, in the display
device DD according to the present exemplary embodiment,
the window member WM may be integrally coupled to the
touch screen TS or the display panel DP. The OCA film may
be omitted, and a coating layer may be formed on the touch
screen TS or the display panel DP instead of the base
member WM-BS.

[0101] FIG. 3 is a perspective view showing a flexible
display panel DP according to an exemplary embodiment of
the present disclosure, and FIG. 4 is an equivalent circuit
diagram showing a pixel according to an exemplary embodi-
ment of the present disclosure. Hereinafter, the organic light
emitting display panel will be described as the display panel
DP.

[0102] The organic light emitting display panel DP may
include a display area DA and a non-display area NDA. The
display area DA and the non-display area NDA of the
organic light emitting display panel DP are not necessarily
the same as the display area DD-DA and the non-display
area DD-NDA of the display device DD, defined by the
bezel layer WM-BZ, and may be changed in accordance
with the structure and design of the organic light emitting
display panel DP.

[0103] As shown in FIG. 3, the organic light emitting
display panel DP may include a plurality of pixels PX
arranged in the display area DA. In FIG. 3, the pixels PX are
arranged in a matrix form, but they are not limited thereto.
That is, the pixels PX may be arranged in a non-matrix form,
i.e., a pentile form.

[0104] FIG. 4 shows the equivalent circuit of one pixel
PXij connected to an i-th scan line SLi and a j-th source line
DL,j. Although not shown in figures, the pixels PX may have
the same equivalent circuit.

[0105] The pixel PXij may include at least one transistor
TR1 and TR2, at least one capacitor Cap, and at least one
organic light emitting device OLED. In the present exem-
plary embodiment, a pixel driving circuit including two
transistors TR1 and TR2 and one capacitor Cap is shown as
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a representative example, but a circuit configuration of the
pixel driving circuit is not limited thereto.

[0106] The organic light emitting device OLED may
include an anode receiving a first power source voltage
ELVDD applied to a power source line PL through a second
transistor TR2. The organic light emitting device OLED
may include a cathode receiving a second power source
voltage ELVSS. A first transistor TR1 may output a data
signal applied to the j-th source line DI in response to a
scan signal applied to the i-th scan line SLi. The capacitor
Cap may be charged with a voltage corresponding to the data
signal provided from the first transistor TR1. The second
transistor TR2 may control a driving current flowing through
the organic light emitting device OLED in response to the
voltage charged in the capacitor Cap.

[0107] FIG. 5 is a plan view showing a portion of an
organic light emitting display panel DP according to an
exemplary embodiment of the present disclosure, and FIGS.
6A and 6B are cross-sectional views showing an organic
light emitting display panel DP according to an exemplary
embodiment of the present disclosure. FIG. 5 shows a
portion of the display area DA (see FIG. 3). FIG. 6A shows
the cross-sectional view corresponding to the first transistor
TR1 and the capacitor Cap of the equivalent circuit diagram
shown in FIG. 4, and FIG. 6B shows the cross-sectional
view corresponding to the second transistor TR2 and the
organic light emitting device OLED of the equivalent circuit
diagram shown in FIG. 4.

[0108] Referring to FIG. 5, the organic light emitting
display panel DP may include a plurality of light emitting
areas PXA-R, PXA-G, and PXA-B and a non-light emitting
area NPXA on a plane defined by the first directional axis
DR1 and the second directional axis DR2. FIG. 5 shows
three types of light emitting areas PXA-R, PXA-G, and
PXA-B arranged in a matrix form. Three organic light
emitting devices emitting lights having different colors may
be respectively disposed in the three light emitting areas
PXA-R, PXA-G, and PXA-B.

[0109] In the present exemplary embodiment, organic
light emitting devices emitting a white light may be respec-
tively disposed in the three light emitting areas PXA-R,
PXA-G, and PXA-B. In this case, three color filters having
different colors may be disposed to respectively overlap with
the three light emitting areas PXA-R, PXA-G, and PXA-B.

[0110] In the following description, the expression “the
light emitting area emits light having a predetermined color”
used hereinafter means that not only that the light emitting
area emits light generated by a corresponding light emitting
device without converting the light, but also that the light
emitting area emits light generated by the corresponding
light emitting device after converting the color of the light
generated by the corresponding light emitting device. In the
present exemplary embodiment, the light emitting areas
PXA-R, PXA-G, and PXA-B may include four or more
types of light emitting areas. The non-light emitting area
NPXA may include a first non-light emitting area NPXA-1
surrounding the light emitting areas PXA-R, PXA-G, and
PXA-B and a second non-light emitting area NPXA-2
defining a boundary of the first non-light emitting areas
NPXA-1. Each of the first non-light emitting areas NPXA-1
may include a driving circuit of a corresponding pixel, e.g.,
transistors TR1 and TR2 (see to FIG. 4) or the capacitor Cap
(see FIG. 4). Signal lines, e.g., the scan line SLi (see FIG.
4), the source line DL (see FIG. 4), and the power source
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line PL (see FIG. 4), etc., may be disposed in the second
non-light emitting area NPXA-2. However, the first non-
light emitting areas NPXA-1 and the second non-light
emitting area NPXA-2 may not be distinct from each other
according to exemplary embodiments.

[0111] Although not shown in figures, according to the
present exemplary embodiment, each of the light emitting
areas PXA-R, PXA-G, and PXA-B has a shape similar to a
rhombus. According to the present exemplary embodiment,
organic light emitting devices emitting lights having differ-
ent four colors are respectively disposed in four light emit-
ting areas different from each other.

[0112] Referring to FIGS. 6A and 6B, the organic light
emitting display panel DP may include a base substrate
SUB, a circuit layer DP-CL, an organic light emitting device
layer DP-OLED, and a thin film encapsulation layer TFE.
The circuit layer DP-CL may include a plurality of conduc-
tive layers and a plurality of insulating layers, and the
organic light emitting device layer DP-OLED may include
a plurality of conductive layers and a plurality of functional
organic layers. The thin film encapsulation layer TFE may
include a plurality of organic layers and/or a plurality of
inorganic layers.

[0113] The base substrate SUB may be a flexible substrate
and may include a plastic substrate formed of polyimide, a
glass substrate, or a metal substrate. A semiconductor pattern
AL1 (hereinafter, referred to as “a first semiconductor pat-
tern”) of the first transistor TR1 and a semiconductor pattern
AL2 (hereinafter, referred to as “a second semiconductor
pattern™) of the second transistor TR2 may be disposed on
the base substrate SUB. The first and second semiconductor
patterns AL1 and AL2 may include amorphous silicon
formed at a low temperature. In addition, the first and second
semiconductor patterns ALL1 and AL2 may include a metal
oxide semiconductor. Although not shown in figures, func-
tional layers may be further disposed on a surface of the base
substrate SUB. The functional layers may include at least
one of a barrier layer and a buffer layer. The first and second
semiconductor patterns AL1 and AL2 may be disposed on
the barrier layer or the buffer layer.

[0114] A first insulating layer 12 may be disposed on the
base substrate SUB to cover the first and second semicon-
ductor patterns AL1 and AL2. The first insulating layer 12
may include an organic layer and/or an inorganic layer. In
particular, the first insulating layer 12 may include a plu-
rality of inorganic thin film layers. The inorganic thin film
layers may include a silicon nitride layer and a silicon oxide
layer.

[0115] A control electrode GE1 (hereinafter, referred to as
“a first control electrode™) of the first transistor TR1 and a
control electrode GE2 (hereinafter, referred to as “a second
control electrode™) of the second transistor TR2 may be
disposed on the first insulating layer 12. A first electrode E1
of the capacitor Cap may be disposed on the first insulating
layer 12. The first control electrode GE1, the second control
electrode GE2, and the first electrode E1 may be formed
through the same photolithography process as the process of
forming the scan line SLi (see FIG. 4).

[0116] A second insulating layer 14 may be disposed on
the first insulating layer 12 to cover the first control electrode
GE1, the second control electrode GE2, and the first elec-
trode E1. The second insulating layer 14 may include an
organic layer and/or an inorganic layer. In particular, the
second insulating layer 14 may include a plurality of inor-
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ganic thin film layers. The inorganic thin film layers may
include a silicon nitride layer and a silicon oxide layer.
[0117] The source line DL;j (refer to FIG. 4) and the power
source line PL (see FIG. 4) may be disposed on the second
insulating layer 14. An input electrode SE1 (hereinafter,
referred to as “a first input electrode”) and an output
electrode DE1 (hereinafter, referred to as “a first output
electrode”) of the first transistor TR1 may be disposed on the
second insulating layer 14. An input electrode SE2 (herein-
after, referred to as a second input electrode) and an output
electrode DE2 (hereinafter, referred to as a second output
electrode) of the second transistor TR2 may be disposed on
the second insulating layer 14. The first input electrode SE1
may be branched from the source line DLj. The second input
electrode DE2 may be branched from the power source line
PL.

[0118] A second electrode E2 of the capacitor Cap may be
disposed on the second insulating layer 14. The second
electrode E2 may be formed through the same photolithog-
raphy process as the process of forming the source line DLj
and the power source line PL. and may include the same
material as that of the source line DILj and the power source
line PL.

[0119] The first input electrode SE1 and the first output
electrode DE1 may be respectively connected to the first
semiconductor pattern ALL1 through first and second contact
holes CH1 and CH2 formed through the first and second
insulating layers 12 and 14. The first output electrode DE1
may be electrically connected to the first electrode E1. The
first output electrode DE1 may be connected to the first
electrode E1 through a contact hole (not shown) formed
through the second insulating layer 14. The second input
electrode SE2 and the second output electrode DE2 may be
respectively connected to the second semiconductor pattern
AL2 through third and fourth contact holes CH3 and CH4
formed through the first and second insulating layers 12 and
14. Meanwhile, each of the first and second transistors TR1
and TR2 may have a bottom gate structure according to
exemplary embodiments.

[0120] A third insulating layer 16 may be disposed on the
second insulating layer 14 to cover the first input electrode
SE1, the first output electrode DE1, the second input elec-
trode SE2, and the second output electrode DE2. The third
insulating layer 16 may include an organic layer and/or an
inorganic layer. Particularly, the third insulating layer 16
may include an organic material which provides a relatively
flat surface.

[0121] A pixel definition layer PXL and the organic light
emitting device OLED may be disposed on the third insu-
lating layer 16. The pixel definition layer PXL may be
provided with an opening OP formed therethrough. The
pixel definition layer PXL. may serve as another insulating
layer. The opening OP shown in FIG. 6B may correspond to
openings OP-R, OP-G, and OP-B shown in FIG. 5.

[0122] The anode AE may be connected to the second
output electrode DE2 through a fifth contact hole CH5
formed through the third insulating layer 16. The opening
OP of the pixel definition layer PXL may expose at least a
portion of the anode AE. A hole control layer HCL is may
be commonly formed in the light emitting areas PXA-R,
PXA-G, and PXA-B (see to FIG. 5) and the non-light
emitting area NPXA (see to FIG. 5). An organic light
emitting layer EML and an electron control layer ECL may
be sequentially formed on the hole control layer HCL. The
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hole control layer HCL may include at least a hole transport
layer, and the electron control layer ECL. may include at least
an electron transport layer. The cathode CE may be com-
monly formed in the light emitting areas PXA-R, PXA-G,
and PXA-B and the non-light emitting area NPXA. The
cathode CE may be formed by a deposition method or a
sputtering method in accordance with a layer structure of the
cathode CE.

[0123] The thin film encapsulation layer TFE may be
disposed on the cathode CE to encapsulate the organic light
emitting device layer DP-OLED. The thin film encapsula-
tion layer TFE may protect the organic light emitting device
OLED from moisture and foreign substance.

[0124] In the present exemplary embodiment, the light
emitting area PXA may correspond to an area from which
the light is generated. The light emitting area PXA may be
defined to correspond to the anode AE or the light emitting
layer EML of the organic light emitting device OLED. In the
present exemplary embodiment, the organic light emitting
layer EML is patterned, but the organic light emitting layer
EML may be commonly disposed on the light emitting areas
PXA-R, PXA-G, and PXAB (see to FIG. 5) and the non-
light emitting area NPXA (see to FIG. 5). In this case, the
organic light emitting layer EML. may generate a white light.
[0125] FIGS. 7A, 7B, and 7C are cross-sectional views
showing thin film encapsulation layers TFE1, TFE2, and
TFE3 according to an exemplary embodiment of the present
disclosure. Hereinafter, the thin film encapsulation layers
TFE1, TFE2, and TFE3 according to the present exemplary
embodiment will be described with reference to FIGS. 7A,
7B, and 7C.

[0126] Each thin film encapsulation layer may include at
least two inorganic thin film layers and an organic thin film
layer disposed between the two inorganic thin film layers.
The inorganic thin film layers may protect the organic light
emitting device OLED from moisture, and the organic thin
film layer may protect the organic light emitting device
OLED from foreign substance, e.g., a dust particle.

[0127] Referring to FIG. 7A, the thin film encapsulation
layer TFE1 may include “n” inorganic thin film layers IOL1
to IOLn, and a first inorganic thin film layer IOL1 among the
“n” inorganic thin film layers IOL1 to IOLn may make
contact with the cathode CE (see to FIG. 6B). The first
inorganic thin film layer IOL1 may be referred to as a lower
inorganic thin film layer, and the inorganic thin film layers
except for the first inorganic thin film layer IOL1 among the
“n” inorganic thin film layers IOL1 to IOLn may be referred
to as upper inorganic thin film layers.

[0128] The thin film encapsulation layer TFE1 may
include “n” organic thin film layers OL1 to OLn, and the “n”
organic thin film layers OL1 to OLn may be alternately
arranged with the “n” inorganic thin film layers IOL1 to
IOLn. A layer disposed at an uppermost position may be an
organic layer or an inorganic layer. The “n” organic thin film
layers OL1 to OLn may have a thickness greater than that of
the “n” inorganic thin film layers on average.

[0129] Each of the “n” inorganic thin film layers IOL1 to
IOLn may have a single-layer structure of a single material
or may have a multi-layer structure of different materials.
Each of the “n” organic thin film layers OL1 to OLn may be
formed by depositing organic monomers. The organic
monomers may include an acrylic-based monomer.

[0130] Referring to FIGS. 7B and 7C, the inorganic thin
film layers included in each of the thin film encapsulation

Dec. 29, 2016

layers TFE2 and TFE3 may include the same or different
materials and may have the same or different thicknesses.
The organic thin film layers included in each of the thin film
encapsulation layers TFE2 and TFE3 may include the same
or different materials and have the same or different thick-
nesses.

[0131] As shown in FIG. 7B, the thin film encapsulation
layer TFE2 may include a first inorganic thin film layer
IOL1, a first organic thin film layer OL1, a second inorganic
thin film layer I0L2, a second organic thin film layer OL2,
and a third inorganic thin film layer IOL3, which are
sequentially stacked.

[0132] The first inorganic thin film layer IOL1 may have
a double-layer structure. A first sub-layer S1 may be, but is
not limited to, a lithium fluoride layer. A second sub-layer S2
may be, but not limited to, an aluminum oxide layer. The
first organic thin film layer OL1 may be a first organic
monomer layer, the second inorganic thin film layer 1012
may be a first silicon nitride layer, the second organic thin
film layer OL2 may be a second organic monomer layer, and
the third inorganic thin film layer IOL3 may be a second
silicon nitride layer.

[0133] As shown in FIG. 7C, the thin film encapsulation
layer TFE3 may include a first inorganic thin film layer
IOL10, a first organic thin film layer OL1, and a second
inorganic thin film layer 10120, which are sequentially
stacked.

[0134] The first inorganic thin film layer IOL10 may have
a double-layer structure. A first sub-layer S10 may be, but is
not limited to, a lithium fluoride layer. A second sub-layer
S20 may be, but not limited to, a silicon oxide layer. The first
organic thin film layer OL1 may be a first organic monomer
layer, and the second inorganic thin film layer IOL20 may
have a double layer structure. The second inorganic thin film
layer IOL.20 may include a first sub-layer S100 and a second
sub-layer 5200, which are deposited in different environ-
ments. The first sub-layer S100 may be deposited under a
lower power condition, and the second sub-layer 5200 may
be deposited under a high power condition. Each of the first
and second sub-layers S100 and 5200 may be, but are not
limited to, a silicon nitride layer.

[0135] FIGS. 8A and 8B are cross-sectional views show-
ing a display device according to an exemplary embodiment
of the present disclosure. Display panels DP and DP1 are
schematically shown in FIGS. 8A and 8B. Referring to
FIGS. 8A and 8B, a touch screen TS may include a first
conductive layer TS-CL1, a first insulating layer TS-IL1, a
second conductive layer TS-CL2, and a second insulating
layer TS-IL2.

[0136] Each of the first conductive layer TS-CL.1 and the
second conductive layer TS-CL2 may have a single-layer
structure or a multi-layer structure of layers stacked along
the third directional axis DR3. The conductive layer having
the multi-layer structure may include a transparent conduc-
tive layer and at least one metal layer. The transparent
conductive layer may include at least one of indium tin oxide
(ITO), indium zinc oxide (I1Z0), zinc oxide (ZnO), indium
tin zinc oxide (ITZ0O), PEDOT, metal nanowire, and gra-
phene. The metal layer may include at least one of molyb-
denum, silver, titanium, copper, and aluminum. In addition,
the metal layer may include an alloy of at least one of
molybdenum, silver, titanium, copper, and aluminum.
[0137] Each of the first conductive layer TS-CL.1 and the
second conductive layer TS-CL.2 may include a plurality of
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patterns. Hereinafter, the first conductive layer TS-CL1 may
include first conductive patterns (not shown), and the second
conductive layer TS-CL.2 may include second conductive
patterns (not shown). The first and second conductive pat-
terns may include touch electrodes and touch signal lines.

[0138] Each of the first insulating layer TS-IL.1 and the
second insulating layer TS-I[.2 may include an inorganic
material or an organic material. The inorganic material may
include silicon oxide or silicon nitride. The organic material
may include at least one of an acryl-based resin, a meth-
acryl-based resin, a polyisoprene, a vinyl-based resin, an
epoxy-based resin, an urethane-based resin, a cellulose-
based resin, and a perylene-based resin. The first insulating
layer TS-IL1 may have a variety of shapes as long as the first
insulating layer TS-IL1 insulates the first conductive layer
TS-CL1 from the second conductive layer TS-CL2. The
shape of the first insulating layer TS-11.1 may be determined
depending on shapes of the first and second conductive
patterns. The first insulating layer TS-I[.1 may entirely cover
a base surface BS described later or may include a plurality
of insulating patterns.

[0139] As shown in FIG. 8A, the first conductive layer
TS-CL1 is disposed on the thin film encapsulation layer
TFE. In other words, the thin film encapsulation layer TFE
provides the base surface BS on which the touch screen TS
is disposed.

[0140] The display panel DP1 shown in FIG. 8B may
further include a buffer layer BFL disposed on the thin film
encapsulation layer TFE when compared with the display
panel DP shown in FIG. 8A. The buffer layer BFL may
provide the base surface BS. The buffer layer BFL may be
an organic layer and may include any material determined in
accordance with its purpose. The buffer layer BFL may be
an organic layer and/or an inorganic layer to match a
refractive index or may be a color filter layer to reduce a
reflection of an external light.

[0141] FIGS. 9A and 9B are plan views showing the
conductive layers TS-CL1 and TS-CL2 of the touch screen
TS according to exemplary embodiments of the present
disclosure. FIG. 10A is a partially enlarged view showing a
portion “AA” of FIG. 9A, FIG. 10B is a cross-sectional view
showing a portion of FIG. 10A along sectional line I to I'.
FIG. 11A is a partially enlarged view showing a portion
“BB” of FIG. 9B. FIG. 11B is a cross-sectional view
showing a portion of FIG. 11A along sectional line II to II".
FIG. 12A is a partially enlarged view showing a portion
“CC” of FIGS. 9A and 9B. FIG. 12B is a cross-sectional
view showing a portion of FIG. 12A along sectional line III
to III'. The organic light emitting device layer DP-OLED is
schematically shown in FIGS. 10B, 11B, and 12B.

[0142] In the present exemplary embodiment, a two-layer
electrostatic capacitive touch screen will be described in
detail. The two-layer electrostatic capacitive touch screen
may obtain coordinate information of a position at which a
touch event occurs by a self-capacitance mode or a mutual
capacitance mode, but the driving method of the touch
screen is not limited thereto. The first conductive patterns of
FIG. 9A may correspond to the first conductive layer TS-
CL1 of FIGS. 8A and 8B, and the second conductive
patterns of FIG. 9B may correspond to the second conduc-
tive layer TS-CL2 of FIGS. 8A and 8B.

[0143] Referring to FIG. 9A, the first conductive patterns
may include first touch electrodes TE1-1, TE1-2, and TE1-3
and first touch signal lines SL.1-1, SL-2, and SL.1-3. FIG. 9A
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shows an example of three first touch electrodes TE1-1,
TE1-2, and TE1-3 connected to first touch signal lines
SL1-1, SL-2, and SL1-3.

[0144] The first touch electrodes TE1-1, TE1-2, and TE1-3
may extend in the first direction DR1 and may be arranged
in the second direction DR2. Each of the first touch elec-
trodes TE1-1, TE1-2, and TE1-3 may have a mesh shape
through which a plurality of touch openings may be defined.
The mesh shape will be described in detail later.

[0145] Each of the first touch electrodes TE1-1, TE1-2,
and TE1-3 may include a plurality of first sensing parts SP1
and a plurality of first connecting parts CP1. The first
sensing parts SP1 may be arranged in the first direction DR1.
Each of'the first connecting parts CP1 may connect two first
sensing parts SP1 adjacent to each other among the first
sensing parts SP1.

[0146] The first touch signal lines SL.1-1, SL.1-2, and
SL.1-3 may have a mesh shape. The first touch signal lines
SL.1-1, SL.1-2, and SL[.1-3 may have the same layer structure
as that of the first touch electrodes TE1-1, TE1-2, and
TE1-3.

[0147] Referring to FIG. 9B, the second conductive pat-
terns may include second touch electrodes TE2-1, TE2-2,
and TE2-3 and second touch signal lines S[.2-1, S[.2-2, and
SL.2-3. FIG. 9B shows an example of three second touch
electrodes TE2-1, TE2-2, and TE2-3 connected to second
touch signal lines S[.2-1, S[.2-2, and SL.2-3.

[0148] The second touch electrodes TE2-1, TE2-2, and
TE2-3 may be insulated from the first touch electrodes
TE1-1, TE1-2, and TE1-3 while crossing the first touch
electrodes TE1-1, TE1-2, and TE1-3. Each of the second
touch electrodes TE2-1, TE2-2, and TE2-3 may have a mesh
shape through which a plurality of touch openings may be
defined.

[0149] Each of the second touch electrodes TE2-1, TE2-2,
and TE2-3 may include a plurality of second sensing parts
SP2 and a plurality of second connecting parts CP2. The
second sensing parts SP2 may be arranged in the second
direction DR2. Each of the second connecting parts CP2
may connect two second sensing parts SP2 adjacent to each
other among the second sensing parts SP2.

[0150] The second touch signal lines SI[.2-1, S[.2-2, and
SL.2-3 may have a mesh shape. The second touch signal lines
SL.2-1, SL.2-2, and SL[.2-3 have the same layer structure as
that of the second touch electrodes TE2-1, TE2-2, and
TE2-3.

[0151] The first touch electrodes TE1-1, TE1-2, and TE1-3
may be capacitively coupled to the second touch electrodes
TE2-1, TE2-2, and TE2-3. When sensing signals are applied
to the first touch electrodes TE1-1, TE1-2, and TE1-3,
capacitors may be formed between the first sensing parts
SP1 and the second sensing parts SP2.

[0152] The connecting parts may correspond to portions at
which the first touch electrodes TE1-1, TE1-2, and TE1-3
cross the second touch electrodes TE2-1, TE2-2, and TE2-3,
and the sensing parts correspond to portions at which the
first touch electrodes TE1-1, TE1-2, and TE1-3 may not
overlap with the second touch electrodes TE2-1, TE2-2, and
TE2-3. In the present exemplary embodiment, each of the
first touch electrodes TE1-1, TE1-2, and TE1-3 and each of
the second touch electrodes TE2-1, TE2-2, and TE2-3 have
a bar shape with a predetermined width. However, the
shapes of the first touch electrodes TE1-1, TE1-2, and TE1-3
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and the second touch electrodes TE2-1, TE2-2, and TE2-3,
which include the sensing part and the connecting part, are
not limited thereto.

[0153] Referring to FIG. 10A, the first sensing part SP1
may be overlapped with the non-light emitting area NPXA.
The first sensing part SP1 may include a plurality of vertical
portions SP1-C extending in the first direction DR1 and a
plurality of horizontal portions SP1-L. extending in the
second direction DR2. The first vertical portions SP1-C and
the first horizontal portions SP1-L. may be referred to as
mesh lines each having a line width of a few micrometers.
[0154] The first vertical portions SP1-C may be connected
to the first horizontal portions SP1-L to form a plurality of
touch openings TS-OP. In other words, the first sensing part
SP1 may have a mesh shape defined by the touch openings
TS-OP. In the present exemplary embodiment, the touch
openings TS-OP correspond to the light emitting areas PXA
in a one-to-one correspondence, but they are not limited
thereto. That is, one touch opening TS-OP may correspond
to two or more light emitting areas PXA.

[0155] Referring to FIG. 10B, the first insulating layer
TS-IL1 may be disposed on the base surface BS to cover the
first sensing part SP1, i.e., the first horizontal portion SP1-L.
Although not shown in figures, the first insulating layer
TS-IL1 may cover the first connecting part CP1 and the first
touch signal lines SL.1-1, SL.1-2, and SL.1-3. In the present
exemplary embodiment, the thin film encapsulation layer
TFE may provide the base surface BS. The first insulating
layer TS-IL.1 may overlap with the non-light emitting area
NPXA. A plurality of first insulating openings I[.1-OP may
be defined through the first insulating layer TS-IL1 to
correspond to the light emitting areas PXA.

[0156] The light emitting areas PXA may have the same
shape as that of the first insulating openings 11.1-OP. In other
words, the first insulating layer TS-IL.1 may have the same
shape as that of the non-light emitting area NPXA. That is,
the first insulating layer TS-IL.1 may have the same widths
as those of the non-light emitting area NPXA in the first and
second directions DR1 and DR2. However, the present
inventive concept should not be limited thereto. That is, the
light emitting areas PXA may have a shape different from
that of the first insulating openings I1[.1-OP.

[0157] The second insulating layer TS-I.2 may be dis-
posed on the first insulating layer TS-IL1. A plurality of
second insulating openings I[.2-OP may be defined through
the second insulating layer TS-IL.2 to correspond to the first
insulating openings IL.1-OP. The first insulating layer TS-
IL1 including the first insulating openings I1[.1-OP defined
therethrough may have the same shape as that of the second
insulating layer TS-IL2 including the second insulating
openings I[.2-OP defined therethrough. The first and second
insulating openings I1[.1-OP and IL.2-OP which may corre-
spond to each other may be substantially simultaneously
formed through a single process after the first and second
insulating layers TS-IL1 and TS-IL.2 are sequentially
stacked.

[0158] Referring to FIGS. 11A and 11B, the second sens-
ing part SP2 may overlap with the non-light emitting area
NPXA. The second sensing part SP2 may include a plurality
of second vertical portions SP2-C extending in the first
direction DR1 and a plurality of second horizontal portions
SP2-L extending in the second direction DR2.

[0159] The second vertical portions SP2-C may be con-
nected to the second horizontal portions SP2-L. to form the
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touch openings TS-OP. In other words, the second sensing
part SP2 may have a mesh shape. The second insulating
layer TS-IL.2 may be disposed on the first insulating layer
TS-IL1 and cover the second sensing part SP2.

[0160] Referring to FIGS. 12A and 12B, the first connect-
ing part CP1 may include third vertical portions CP1-C1 and
CP1-C2 disposed on the thin film encapsulation layer TFE
and third horizontal portions CP1-L. connecting the third
vertical portions CP1-C1 and CP1-C2. FIGS. 12A and 12B
show two third vertical portions CP1-C1 and CP1-C2, but
the number of the third vertical portions is not limited
thereto.

[0161] The second connecting part CP2 may include
fourth horizontal portions CP2-L.1 and CP2-[.2 disposed on
the first insulating layer TS-IL.1 and fourth vertical portions
CP2-C connecting the fourth horizontal portions CP2-L.1
and CP2-1.2. The first and second connecting parts CP1 and
CP2 may have a mesh shape.

[0162] As described above, since the first touch electrodes
TE1-1, TE1-2, and TE1-3 and the second touch electrodes
TE2-1, TE2-2, and TE2-3 have a mesh shape and the first
and second insulating openings IL.1-OP and IL2-OP are
respectively defined through the first and second insulating
layers TS-IL.1 and TS-IL2, the flexibility of the flexible
display device DD may be improved. As shown in FIGS. 1B
and 2B, when the flexible display device DD is bent, a
tensile-compressive stress applied to the first touch elec-
trodes TE1-1, TE1-2, and TE1-3 and the second touch
electrodes TE2-1, TE2-2, and TE2-3 may be reduced, and
thus the first touch electrodes TE1-1, TE1-2, and TE1-3 and
the second touch electrodes TE2-1, TE2-2, and TE2-3 may
be prevented from cracking. In addition, since the first and
second insulating openings [[.1-OP and I[.2-OP are defined,
the tensile-compressive stress applied to the first touch
electrodes TE1-1, TE1-2, and TE1-3 and the second touch
electrodes TE2-1, TE2-2, and TE2-3 may be further
reduced.

[0163] FIGS. 13A and 13B are cross-sectional views
showing a display device according to an exemplary
embodiment of the present disclosure. FIGS. 13A and 13B
show the cross-section corresponding to sectional line I-I' of
FIG. 10A. FIG. 13A does not show components disposed
under a thin film encapsulation layer TFE1-1. FIG. 13B
shows a display device further including a buffer layer
BFL-1. In FIGS. 13A and 13B, detailed descriptions of the
same components as those described above will be omitted.
[0164] Referring to FIG. 13A, the thin film encapsulation
layer TFE1-1 may include “n” inorganic thin film layers
IOL1 to IOLn including a first inorganic thin film layer
IOL1. The thin film encapsulation layer TFE1-1 may include
“n” organic thin film layers OL1 to OLn alternately arranged
with the “n” inorganic thin film layers IOL1 to IOLn.
[0165] A thin film layer disposed at an upper position may
include encapsulation openings TFE-OP or encapsulation
grooves TFE-G defined therethrough to correspond to a
plurality of first insulating openings IL1-OP. In the present
exemplary embodiment, the thin film layer disposed at the
upper position may be an n-th organic thin film layer OLn.
The encapsulation grooves TFE-G are indicated by a dotted
line in FIG. 13A and may be formed by removing portions
of the upper thin film layer in the third direction DR3.
[0166] Referring to FIG. 13B, the buffer layer BFL-1 may
include buffer openings BFL-OP or buffer grooves BFL-G
defined therethrough to correspond to the first insulating
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openings IL.1-OP. The buffer openings BFL-OP are indi-
cated by a dotted line in FIG. 13B and may be formed by
removing portions of the buffer layer BFL-1 in the third
direction DR3.

[0167] Due to the encapsulation openings TFE-OP, the
encapsulation grooves TFE-G, the buffer openings BFL-OP,
and the buffer grooves BFL-G, the flexibility of the flexible
display device may be improved.

[0168] FIGS. 14A and 14B are plan views showing con-
ductive layers of a touch screen TS according to an exem-
plary embodiment of the present disclosure. FIG. 14C is a
partially enlarged view showing a portion “DD” of FIGS.
14A and 14B. FIG. 14D is a cross-sectional view showing a
portion of FIG. 14C along sectional line IV-IV'. FIG. 14E is
a partially enlarged view showing a portion “DD” of FIGS.
14A and 14B. FIG. 14F is a cross-sectional view showing a
portion of FIG. 14E along sectional line TV"-IV™.

[0169] Hereinafter, in FIGS. 14A, 14B, 14C, 14D, 14E,
and 14F, the same elements as those described above will be
omitted.

[0170] In the present exemplary embodiment, one-layer
electrostatic capacitive touch screen will be described in
detail. The one-layer electrostatic capacitive touch screen
may be operated in a self-capacitance mode to obtain the
coordinate information, but the driving method of the touch
screen is not limited thereto. In the present exemplary
embodiment, the first conductive patterns of FIG. 14A
correspond to the first conductive layer TS-CL1 of FIGS. 8A
and 8B, and the second conductive patterns of FIG. 14B
correspond to the second conductive layer TS-CL2 of FIGS.
8A and 8B, but it is not limited thereto. In another exemplary
embodiment, the first conductive patterns of FIG. 14A
correspond to the second conductive layer TS-CL2 of FIGS.
8A and 8B, and the second conductive patterns of FIG. 14B
correspond to the first conductive layer TS-CL1 of FIGS. 8A
and 8B.

[0171] Referring to FIG. 14 A, the first conductive patterns
may include first touch electrodes TE1-1, TE1-2, and TE1-3,
first touch signal lines SI.1-1, SI.1-2, and SL.1-3, second
sensing parts SP2 of second touch electrodes TE2-1, TE2-2,
and TE2-3, and second touch signal lines S[.2-1, S[.2-2, and
SL2-3. Each of the first touch electrodes TE1-1, TE1-2, and
TE1-3 may include a plurality of first sensing parts SP1 and
a plurality of first connecting parts CP1.

[0172] Referring to FIG. 14B, the second conductive
patterns may include a plurality of second connecting parts
CP2 of the second touch electrodes TE2-1, TE2-2, and
TE2-3. The second connecting parts CP2 may have a bridge
function.

[0173] Referring to FIGS. 14C and 14D, the second con-
necting part CP2 may electrically connect two second sens-
ing parts SP2 adjacent to each other in the second direction
DR2 through first and second contact holes TS-CH1 and
TS-CH2. The first and second contact holes TS-CH1 and
TS-CH2 may be formed to penetrate through the first
insulating layer TS-IL1.

[0174] Referring to FIGS. 14E and 14F, the first insulating
layer TS-IL1 of FIG. 14E may include a plurality of insu-
lating patterns IL-P. Different from the first insulating layer
TS-IL1 disposed over the entire display area DA in the touch
screen TS described with reference to FIGS. 10A, 10B, 11A,
11B, 12A, and 12B, the first insulating layer TS-IL.1 accord-
ing to the present exemplary embodiment is partially over-
lapped with the display area DA. The insulating patterns
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IL-P may insulate the first connecting parts CP1 and the
second connecting parts CP2 from each other.

[0175] FIGS. 15A and 15B are plan views showing con-
ductive layers of a touch screen TS according to an exem-
plary embodiment of the present disclosure. FIG. 16A is a
partially enlarged view showing a portion “EE” of FIGS.
15A and 15B, FIG. 16B is a partially enlarged view of FIG.
16A. FIGS. 16C and 16D are cross-sectional views showing
a portion of FIG. 16A along sectional lines V to V' and VI
to VI' of FIG. 16A, respectively. In FIGS. 15A, 15B, and
16A, 16B, 16C, and 16D, detailed descriptions of the same
elements as those above will be omitted.

[0176] Referring to FIGS. 15A and 15B, first conductive
patterns may include first touch electrodes TE1-1, TE1-2,
and TE1-3 and first auxiliary electrodes STE1. Each of the
first touch electrodes TE1-1, TE1-2, and TE1-3 may include
a plurality of first sensing parts SP1 and a plurality of first
connecting parts CP1. Second conductive patterns may
include second touch electrodes TE2-1, TE2-2, and TE2-3
and second auxiliary electrodes STE2. Each of the second
touch electrodes TE2-1, TE2-2, and TE2-3 may include a
plurality of second sensing parts SP2 and a plurality of
second connecting parts CP2.

[0177] Each of the first auxiliary electrodes STE1 may
overlap with a corresponding second sensing part of the
second sensing parts SP2, and each of the second auxiliary
electrodes STE2 may overlap with a corresponding first
sensing part of the first sensing parts SP1. The first and
second auxiliary electrodes STE1 and STE2 may have a
mesh shape. Each of the first auxiliary electrodes STE1 may
be electrically connected to the corresponding second sens-
ing part, and each of the second auxiliary electrodes STE2
may be electrically connected to the corresponding first
sensing part. Accordingly, a resistance of the first touch
electrodes TE1-1, TE1-2, and TE1-3 and the second touch
electrodes TE2-1, TE2-2, and TE2-3 may be reduced and a
touch sensitivity of the first touch electrodes TE1-1, TE1-2,
and TE1-3 and the second touch electrodes TE2-1, TE2-2,
and TE2-3 may be improved.

[0178] The first touch electrode may be defined by a
combination of the first sensing parts SP1, a plurality of first
connecting parts CP1, and the second auxiliary electrodes
STE2. The first sensing parts SP1 may correspond to a lower
sensing part of the first touch electrode, the first connecting
parts CP1 may correspond to lower connecting parts, and the
second auxiliary electrodes STE2 may correspond to an
upper sensing part. Similarly, the second touch electrode
may be defined by a combination of the second sensing parts
SP2, aplurality of second connecting parts CP2, and the first
auxiliary electrodes STE1.

[0179] FIGS. 16A and 16B show a connection relation
between the second auxiliary electrode STE2 and the first
sensing part SP1. The first sensing part SP1 is indicated by
a dotted line, and the second auxiliary electrode STE2 is
indicated by a solid line. In FIGS. 16A and 16B, a line width
of the second auxiliary electrode STE2 may be greater than
a line width of the first sensing part SP1, but it is not limited
thereto. The second auxiliary electrode STE2 and the first
sensing part SP1 may have the same line width. The second
auxiliary electrode STE2 may overlap with the first sensing
part SP1 and not overlap with the first connecting part CP1.
[0180] Referring to FIGS. 16C and 16D, the second aux-
iliary electrode STE2 may be connected to the first sensing
part SP1 through a plurality of sub-contact holes SCH. In the
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present exemplary embodiment, the thin film encapsulation
layer TFE provides the flat base surface BS, but another
layer (e.g., a buffer layer) may provide the base surface BS
according to another embodiment.

[0181] As described above, since the touch electrodes
have the mesh shape and the insulating layer making contact
with the touch electrodes may include the openings defined
therethrough, the flexibility of the display device may be
improved. When the flexible display device is bent, the
tensile stress and the compressive stress applied to the touch
electrodes may be reduced, and thus the touch electrodes
may be prevented from being cracked.

[0182] FIGS. 17A, 17B, 17C, 17D, and 17E are cross-
sectional views showing a display device according to an
exemplary embodiment of the present disclosure along
sectional line I to I' of FIG. 10A. FIG. 18 is a cross-sectional
view showing a portion of a display device according to an
exemplary embodiment of the present disclosure along
sectional line II to IT' of FIG. 11A.

[0183] FIGS. 17A, 17B, 17C, 17D, and 17E are cross-
sectional views taken along a line I-I' of FIG. 10A to show
a display device according to an exemplary embodiment of
the present disclosure, and FIG. 18 is cross-sectional view
taken along a sectional line II-II' of FIG. 11A to show a
display device according to an exemplary embodiment of
the present disclosure. In FIGS. 17A, 17B, 17C, 17D, 17E
and 18, detailed descriptions of the same elements as those
described above will be omitted.

[0184] In the present exemplary embodiment, the touch
screen TS reduces a reflection of an external light. This is
because the touch screen TS may include color filters CF as
described later. The color filters CF may replace an optical
film (e.g., a polarizing film) or a A/4 wavelength film used
to prevent the external light from being reflected.

[0185] Referring to FIG. 17A, the color filters CF may be
disposed inside the first insulating openings IL.1-OP. The
color filters CF may be an organic pattern formed by
pigment or dye. The color filters CF may include a plurality
of color filter groups. The color filters CF may include red
color filters, green color filters, and blue color filters. The
color filters CF may further include a gray color filter.
[0186] The colors of the color filters CF may be different
in each of the first insulating openings 1[.1-OP in consider-
ation of the colors of the lights generated by the organic light
emitting devices OLED. For example, the red color filters
are disposed to overlap with the organic light emitting
devices OLED emitting a red light, the green color filters are
disposed to overlap with the organic light emitting devices
OLED emitting a green light, and the blue color filters are
disposed to overlap with the organic light emitting devices
OLED emitting a blue light.

[0187] The color filters CF may allow transmission of the
light generated by the organic light emitting devices OLED
and reduce the reflectance of the external light. In addition,
an amount of the external light may be reduced to about %3
while passing through the color filters CF. A portion of the
light may become extinct while passing through the color
filters CF, and the light maybe partially reflected by the
organic light emitting device layer DP-OLED and the thin
film encapsulation layer TFE. The reflected light may be
incident to the color filters CF. A brightness of the reflected
light may be reduced after the light passes through the color
filters CF. Consequently, only a portion of the external light
may be reflected by the display device.
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[0188] The first insulating opening II.1-OP and a second
insulating opening I[.2-OP corresponding to the first insu-
lating opening IL.-OP may be substantially simultaneously
formed through a single process performed on the first
insulating layer TS-ILL1 and the second insulating layer
TS-IL.2 after the first insulating layer TS-IL.1 and the second
insulating layer TS-IL.2 are sequentially stacked. The color
filters CF may be formed after the first insulating layer
TS-IL1 and the second insulating layer TS-IL.2 are formed.
The color filters CF may be formed by a printing method,
e.g., an inkjet printing method, or a photolithography
method.

[0189] Referring to FIG. 17B, the second insulating layer
TS-IL.2 may be disposed on the first insulating layer TS-IL.1.
Different from the structure shown in FIG. 17A, the second
insulating openings 1[.2-OP may not be defined in the
second insulating layer TS-IL.2. The second insulating layer
TS-1L.2 may overlap with the color filters CF.

[0190] Referring to FIG. 17C, the color filter CF may be
formed in the first insulating opening I[.1-OP and the second
insulating opening I[.2-OP. Since the first and second insu-
lating openings 1L.1-OP and IL.2-OP may be substantially
simultaneously formed, the first and second insulating open-
ings IL1-OP and IL.2-OP may be aligned with each other.
The color filter CF may have a shape extending from the
inside of the first insulating opening I[.1-OP to the inside of
the second insulating opening IL.2-OP. The color filter CF
may have a thickness that is the same as a sum of a thickness
of the first insulating layer TS-IL.1 and a thickness of the
second insulating layer TS-IL.2.

[0191] Referring to FIG. 17D, each of a first insulating
layer TS-BM1 and a second insulating layer TS-BM2 may
be, but not limited to, a black matrix. The black matrix may
include an organic material having high light-absorbance. To
this end, the black matrix may include a black pigment or a
black dye.

[0192] Referring to FIG. 17E, a black matrix layer BM is
disposed on the second insulating layer TS-IL2. The black
matrix layer BM may include the organic material having
the high light-absorbance. The black matrix layer BM may
include a plurality of transmitting openings BM-OP defined
therethrough to correspond to the light emitting areas PXA.
In the present exemplary embodiment, the transmitting
openings BM-OP may further cover an inner sidewall of
each of the first insulating opening IL-OP1 and the second
insulating opening I.2-OP.

[0193] Referring to FIG. 18, the second sensing part SP2
may overlap with the non-light emitting area NPXA. FIG.
18 shows the cross-sectional view of the second sensing part
SP2 corresponding to that shown in FIG. 17A. In the present
exemplary embodiment, although the cross-sectional views
of the second sensing part SP2 corresponding to those
shown in FIGS. 17B, 17C, 17D, and 17E are not shown, the
cross-sectional views of the second sensing part SP2 are
substantially the same as the cross-sectional views shown in
FIGS. 17B, 17C, 17D, and 17E except for the position of the
first sensing part SP1.

[0194] FIGS. 19A and 19B are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure along
sectional line I-I' of FIG. 10A. FIGS. 19A and 19B corre-
spond to FIGS. 13A and 13B, respectively.

[0195] Referring to FIG. 19A, a color filter CF may be
disposed inside the encapsulation openings TFE-OP or the
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encapsulation grooves TFE-G. The color filter CF may be
disposed inside the first insulating opening IL1-OP and
inside the encapsulation openings TFE-OP or the encapsu-
lation grooves TFE-G. The color filter CF may have a shape
extending from the inside of the first insulating opening
IL1-OP to the inside of the encapsulation openings TFE-OP
or the inside of the encapsulation grooves TFE-G.

[0196] Referring to FIG. 19B, the color filter CF may be
disposed inside the buffer openings BFL-OP or inside the
buffer grooves BFL-G. The color filter CF may be disposed
inside the first insulating opening IL1-OP and inside the
buffer openings BFL-OP or the buffer grooves BFL-G. The
color filter CF may have a shape extending from the inside
of the first insulating opening IL.1-OP to the inside of the
buffer openings BFL-OP or the inside of the buffer grooves
BFL-G.

[0197] Although not shown in figures, the second insulat-
ing layer TS-IL.2 and the color filter CF shown in FIGS. 19A
and 19B may be changed to the second insulating layer
TL-IL2 and the color filter CF shown in FIGS. 17B, 17C,
17D, and 17E.

[0198] FIG. 20 is a cross-sectional view showing a portion
of a display device according to an exemplary embodiment
of'the present disclosure along line VI-VI' of FIG. 16A. FIG.
20 may correspond to FIG. 16D. A second auxiliary elec-
trode STE2 may be connected to a first sensing part SP1
through a plurality of sub-contact holes SCH. Although not
shown separately, a second insulating layer TS-IL.2 and a
color filter CF shown in FIG. 20 may be changed to the
second insulating layer TL-1[.2 and the color filter CF shown
in FIGS. 17B, 17C, 17D, and 17E.

[0199] Although not shown separately, the display device
according to the present exemplary embodiment may
include one-layer electrostatic capacitive type touch screen
as described with reference to FIGS. 14A, 14B, 14C, and
14D. The one-layer electrostatic capacitive type touch
screen TS may include color filters CF as described with
reference to FIGS. 17A, 17C, 17D, 17E, 18, 19A, 19B, and
20.

[0200] As described above, since the color filters may be
disposed in the openings defined through the insulating
layers of the touch screen, the display device may become
slimmer. The color filters filter the external light, and thus
the reflectance of the external light may be reduced.

[0201] FIGS. 21A, 21B, and 21C are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure. FIGS.
22A, 22B, 22C, and 22D are cross-sectional views showing
a portion of a display device according to an exemplary
embodiment of the present disclosure. FIG. 23 is a cross-
sectional view showing a portion of a display device accord-
ing to an exemplary embodiment of the present disclosure.

[0202] Each of FIGS. 21A, 21B, and 21C show a cross-
sectional view along I-I' of FIG. 10A to show the portion of
the display device according to an exemplary embodiment
of the present disclosure. Each of FIGS. 22A, 22B, 22C, and
22D show the cross-sectional view along sectional line II-1T'
of FIG. 11A to show the portion of the display device
according to an exemplary embodiment of the present
disclosure. FIG. 23 shows the cross-sectional view corre-
sponding to the sectional line of FIG. 12A to show the
portion of the display device according to an exemplary
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embodiment of the present disclosure. Hereinafter, detailed
descriptions of the same elements as those described above
will be omitted.

[0203] According to the present exemplary embodiment,
the first insulating layer TS-IL1 (see to FIG. 8A) may
include at least a color filter layer. The color filter layer may
include a plurality of color filters. In the present exemplary
embodiment, the first insulating layer TS-IL.1 may further
include a black matrix. The first insulating layer TS-IL.1 may
further include at least one of an inorganic material layer or
an organic material layer. The inorganic material layer or the
organic material layer may be a planarization layer provid-
ing a relatively flat surface. The inorganic material layer may
include silicon oxide or silicon nitride. The organic material
layer may include at least one of an acryl-based resin, a
methacryl-based resin, a polyisoprene, a vinyl-based resin,
an epoxy-based resin, an urethane-based resin, a cellulose-
based resin, and a perylene-based resin.

[0204] In the present exemplary embodiment, the second
insulating layer TS-IL.2 may include a black matrix. The
second insulating layer TS-IL2 may include at least one of
an inorganic material layer and an organic material layer.
Particularly, the second insulating layer TS-1L.2 may further
include the organic material layer to provide a relatively flat
surface. Materials for the inorganic material layer and mate-
rials for the organic material layer may be selected from
materials applied to the first insulating layer TS-IL1.

[0205] Referring to FIG. 21A, a thin film encapsulation
layer TFE may provide a base surface BS. A first black
matrix TS-BM1 may be disposed on the base surface BS to
cover a first sensing part SP1, i.e., a first horizontal portion
SP1-L. Although not shown separately, the first black matrix
TS-BM1 may cover a first connecting part CP1 and first
touch signal lines SL.1-1, SL.1-2, and SL.1-3. The first black
matrix TS-BM1 may be overlapped with a non-light emit-
ting area NPXA. The first black matrix TS-BM1 may
include a plurality of first openings BM1-OP defined there-
through to correspond to a plurality of light emitting areas
PXA. The light emitting areas PXA may have substantially
the same shape as that of the first openings BM1-OP when
viewed in a plan view. In other words, the first black matrix
TS-BM1 may have substantially the same shape as that of
the non-light emitting area NPXA. That is, the first black
matrix TS-BM1 may have substantially the same width as
that of the non-light emitting area NPXA in the first and
second directions DR1 and DR2. However, the light emit-
ting arecas PXA may have different shape or size from that of
the first openings BM1-OP according to other embodiments.

[0206] The color filters CF may be disposed inside the first
openings BM1-OP, respectively. The color filters CF may
include a plurality of color filter groups. The color filters CF
may include red color filters, green color filters, and blue
color filters.

[0207] The colors of the color filters CF may be different
in each of the first insulating openings IL.1-OP in consider-
ation of the colors of the lights generated by the organic light
emitting devices OLED. For example, the red color filters
are disposed to overlap with the organic light emitting
devices OLED emitting a red light, the green color filters are
disposed to overlap with the organic light emitting devices
OLED emitting a green light, and the blue color filters are
disposed to overlap with the organic light emitting devices
OLED emitting a blue light.
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[0208] An insulating layer TS-IL. may be disposed on the
first black matrix TS-BM1 and the color filters CF. The
insulating layer TS-IL may be a planarization layer provid-
ing a flat surface FS. The insulating layer TS-IL may overlap
with the light emitting areas PX A and the non-light emitting
area NPXA.

[0209] A second black matrix TS-BM2 may be disposed
on the insulating layer TS-IL. The second black matrix
TS-BM2 may include a plurality of second openings BM2-
OP defined therethrough to correspond to the first openings
BM1-OP. The first black matrix TS-BM1 including the first
openings BM1-OP defined therethrough may have substan-
tially the same shape as that of the second black matrix
TS-BM2 including the second openings BM2-OP defined
therethrough. However, the second black matrix TS-BM2 is
not limited thereto, and may be omitted in the present
exemplary embodiment.

[0210] FIGS. 21B and 21C show the enlarged non-light
emitting area NPXA shown in FIG. 21A. In FIGS. 21B and
21C, elements disposed under the base surface BS are
omitted. As shown in FIG. 21B, edges of the color filters CF
may be partially overlapped with the first black matrix
TS-BM1. As shown in FIG. 21C, the color filers CF may
have a height different from that of the first black matrix
TS-BM1. The insulating layer TS-IL. may compensate for a
step difference caused by the processes and provides a flat
surface FS. The second black matrix TS-BM2 may be
disposed on the flat surface FS.

[0211] As shown in FIG. 22A, the second sensing part
SP2, i.e., the second vertical portions SP2-C, may be dis-
posed on the flat surface FS. The second black matrix
TS-BM2 may cover the second sensing part SP2, i.e., the
second vertical portions SP2-C.

[0212] As shown in FIG. 22B, the second black matrix
TS-BM2 may be omitted. In this case, the second sensing
part SP2 may include a conductive light blocking material.
The conductive light blocking material may include a con-
ductive material having low reflectance. The conductive
light blocking material may include at least one of chro-
mium oxide, chromium nitride, titanium oxide, and titanium
nitride. In addition, the light blocking material may include
an alloy of at least one of chromium oxide, chromium
nitride, titanium oxide, and titanium nitride.

[0213] FIGS. 22C and 22D shows the enlarged non-light
emitting area NPXA corresponding to FIGS. 21B and 21C.
The insulating layer TS-IL. may compensate for a step
difference caused by the processes, and the second vertical
portions SP2-C may be disposed on the insulating layer
TS-IL.

[0214] As shown in FIG. 23, the first connecting part may
include third vertical portions CP1-C1 and CP1-C2 disposed
on the thin film encapsulation layer TFE. The second con-
necting part CP2 may include fourth horizontal portions
CP2-L1 disposed on the first black matrix TS-BM1.
[0215] FIGS. 24A and 24B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure. In FIGS. 24A and
24B, detailed descriptions of the same elements as those
described above will be omitted.

[0216] Referring to FIG. 24A, first conductive patterns
may include first touch electrodes TE1-1, TE1-2, TE1-3, and
TE1-4 and first touch signal lines SL.1-1, SL.1-2, S[.1-3, and
SL1-4. For example, FIG. 24A shows four first touch
electrodes TE1-1, TE1-2, TE1-3, and TE1-4 and the first
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touch signal lines SL.1-1, SL.1-2, SL.1-3, and SL.1-4 con-
nected to the first touch electrodes TE1-1, TE1-2, TE1-3,
and TE1-4.

[0217] The first touch electrodes TE1-1, TE1-2, TE1-3,
and TE1-4 may extend in the first direction DR1 and are may
be arranged in the second direction DR2. Each of the first
touch electrodes TE1-1, TE1-2, TE1-3, and TE1-4 may have
a mesh shape through which a plurality of touch openings is
defined. The first touch electrodes TE1-1, TE1-2, TE1-3, and
TE1-4 may have substantially the same first width W1 in the
second direction DR2. The first width W1 of each of the first
touch electrodes TE1-1, TE1-2, TE1-3, and TE1-4 may be
constant in the first direction DR1. The first touch electrodes
TE1-1, TE1-2, TE1-3, and TE1-4 may be spaced apart from
each other at regular intervals D1 in the second direction
DR2. The first touch electrodes TE1-1, TE1-2, TE1-3, and
TE1-4 may receive detecting signals to drive the touch
screen. The detecting signals may be an alternating current
signal.

[0218] Referring to FIG. 24B, second conductive patterns
may include second touch electrodes TE2-1, TE2-2, TE2-3,
TE2-4, TE2-5, and TE2-6 and second touch signal lines
SL2-1, SI2-2, SL2-3, SL2-4, SL2-5, and SL2-6. For
example, FIG. 24B shows six second touch electrodes
TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and TE2-6 and the
second touch signal lines SI[.2-1, S[.2-2, S[.2-3, S[.2-4,
SL2-5, and SL.2-6 connected to the second touch electrodes
TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and TE2-6.

[0219] The second touch electrodes TE2-1, TE2-2, TE2-3,
TE2-4, TE2-5, and TE2-6 extend in the second direction
DR2 and are arranged in the first direction DR1. Each of the
second touch electrodes TE2-1, TE2-2, TE2-3, TE2-4, TE2-
5, and TE2-6 has a mesh shape through which a plurality of
touch openings is defined. The second touch electrodes
TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and TE2-6 have
substantially the same second width W2 in the first direction
DR1. Each of the second touch electrodes TE2-1, TE2-2,
TE2-3, TE2-4, TE2-5, and TE2-6 may have a constant
width. The second touch electrodes TE2-1, TE2-2, TE2-3,
TE2-4, TE2-5, and TE2-6 are spaced apart from each other
at regular intervals D2 in the first direction DR1. The second
touch electrodes TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and
TE2-6 are capacitively coupled to the first touch electrodes
TE1-1, TE1-2, TE1-3, and TE1-4, and touch signals are read
out from the second touch electrodes TE2-1, TE2-2, TE2-3,
TE2-4, TE2-5, and TE2-6.

[0220] As shown in FIGS. 24A and 24B, since the first
touch electrodes TE1-1, TE1-2, TE1-3, and TE1-4 may be
disposed closer to each other than the second touch elec-
trodes TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and TE2-6, the
first touch electrodes TE1-1, TE1-2, TE1-3, and TE1-4 may
block a noise that is generated in the display panel DP (see
to FIG. 2A) which may interfere with the second touch
electrodes TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and TE2-6.
This is because the first touch electrodes TE1-1, TE1-2,
TE1-3, and TE1-4 may be disposed closer to each other than
the second touch electrodes TE2-1, TE2-2, TE2-3, TE2-4,
TE2-5, and TE2-6 and the first touch electrodes TE1-1,
TE1-2, TE1-3, and TE1-4 may cover most of the second
touch electrodes TE2-1, TE2-2, TE2-3, TE2-4, TE2-5, and
TE2-6. That is, the first touch electrodes TE1-1, TE1-2,
TE1-3, and TE1-4 may block paths of the noise interference.
[0221] FIGS. 25A and 25B are plan views showing con-
ductive layers of a touch screen according to an exemplary
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embodiment of the present disclosure. FIG. 25C is a par-
tially enlarged view showing a portion “FF” of FIGS. 25A
and 25B. FIG. 25D is a cross-sectional view showing a
portion of FIG. 25C along line VII to VII'. In FIGS. 25A,
25B, 25C, and 25D, detailed descriptions of the same
elements as those described above will be omitted.

[0222] Referring to FIGS. 25A and 25B, first conductive
patterns may include first touch electrodes TE1-1, TE1-2,
and TE1-3 and shielding electrodes STE. Each of the first
touch electrodes TE1-1, TE1-2, and TE1-3 may include a
plurality of first sensing parts SP1 and a plurality of first
connecting parts CP1. The second conductive patterns may
include second touch electrodes TE2-1, TE2-2, and TE2-3.
Each of the second touch electrodes TE2-1, TE2-2, and
TE2-3 may include a plurality of second sensing parts SP2
and a plurality of second connecting parts CP2.

[0223] Each of the shielding electrodes STE may overlap
with a corresponding second sensing part among the second
sensing parts SP2. Each of the shielding electrodes STE may
have a mesh shape. Each of the shielding electrodes STE
may be a floating electrode.

[0224] In the present exemplary embodiment, each of the
shielding electrodes STE receives a ground voltage.
Although not shown separately, electrodes arranged in the
first direction DR1 among the shielding electrodes may be
connected to each other. The shielding electrodes STE may
block a noise that is generated in the display panel DP (see
to FIG. 2A) which may interfere with the second sensing
parts SP2.

[0225] FIGS. 25C and 25D show a relation between the
shielding electrode STE and the second sensing part SP2.
The shielding electrode STE is indicated by a dotted line,
and the second sensing part SP2 is indicated by a solid line.
In FIGS. 25C and 25D, the second sensing part SP2 may
have a line width greater than a line width of the shielding
electrode STE, but it is not limited thereto. According to an
exemplary embodiment, the line width of the second sensing
part SP2 may be substantially the same as the line width of
the shielding electrode STE.

[0226] Although not shown separately, the display device
according to the present exemplary embodiment may
include one-layer electrostatic capacitive touch screen as
described with reference to FIGS. 14A, 14B, 14C, and 14D.
The one-layer electrostatic capacitive touch screen TS may
include color filters CF or shielding electrodes as described
with reference to FIGS. 21A, 21B, 21C, 22A, 22B, 22C,
22D, 23, 24A, 24B, 25A, 25B, 25C, and 25D.

[0227] As described above, since the color filters are
respectively disposed inside the openings of the black matrix
of'the touch screen, the display device may become slimmer.
The color filters may filter the external light, and thus the
reflectance of the external light may be reduced.

[0228] Since the first conductive patterns may be disposed
to overlap with the second conductive patterns, the second
conductive patterns may be prevented from being interfered
with by the noise generated from the display panel.

[0229] FIG. 26A is a partially enlarged view showing a
portion of a display device according to an exemplary
embodiment of the present disclosure. FIGS. 26B, 26C,
26D, and 26F are cross-sectional views showing a portion of
a display device according to an exemplary embodiment of
the present disclosure. FIG. 27A is a partially enlarged view
showing a portion of a display device according to an
exemplary embodiment of the present disclosure, and FIGS.
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278, 27C, 27D, and 27E are cross-sectional views showing
a portion of a display device according to an exemplary
embodiment of the present disclosure. FIG. 28A is a par-
tially enlarged view showing a display device according to
an exemplary embodiment of the present disclosure. FIG.
28B is a cross-sectional view showing a portion of FIG. 28A
along sectional line X-X'.

[0230] FIG. 26A is a partially enlarged view showing the
portion “AA” of FIG. 9A. Each of FIGS. 26B, 26C, 26D,
and 26E shows the cross-sectional view corresponding to a
sectional line VIII-VIII' of FIG. 26A to show the portion of
the display device according to an exemplary embodiment
of the present disclosure. FIG. 27A is a partially enlarged
view showing the portion “BB” of FIG. 9B. Each of FIGS.
27B, 27C, 27D, and 27E shows the cross-sectional view
corresponding to a line IX-IX' of FIG. 27A to show the
portion of the display device according to an exemplary
embodiment of the present disclosure. FIG. 28A shows a
state in which the conductive layers of FIG. 9A may overlap
with the conductive layers of FIG. 9B. In FIGS. 26A, 26B,
26C, 26D, 26E, 27A, 278, 27C, 27D, 27E, 28A, and 28B,
detailed descriptions of the same eclements as those
described above will be omitted.

[0231] Referring to FIG. 26A, a first sensing part SP1 may
overlap with a non-light emitting area NPXA adjacent to
light emitting areas PXA. The first sensing part SP1 may
include a plurality of first vertical portions SP1-C extending
in a first direction DR1 and a plurality of first horizontal
portions SP1-L, extending in a second direction DR2. The
first vertical portions SP1-C and the first horizontal portions
SP1-L may be referred to as mesh lines. The first vertical
portions SP1-C may be connected to the first horizontal
portion SP1-L to form a plurality of touch openings TS-OP.

[0232] Referring to FIG. 26B, a thin film encapsulation
layer TFE may provide a base surface BS. Color filters CF
may be disposed on the base surface BS. In FIG. 26A, a
dotted line may indicate a boundary between the color filters
CF shown in FIG. 26B.

[0233] As shown in FIG. 26B, each of the color filters CF
may include a center portion CF-C and an edge portion
CF-E. The center portion CF-C may overlap with a corre-
sponding light emitting area among the light emitting areas
PXA. The edge portion CF-E may extend from the center
portion CF-C, overlapped with the non-light emitting area
NPXA, and overlap with a first conductive pattern (e.g., the
first horizontal portion SP1-L of the first sensing part SP1).
Although not shown separately, the color filters CF may
overlap with the first connecting part CP1. When viewed in
a plan view, the edge portion CF-E may surround the center
portion CF-C in each of the color filters CF.

[0234] Among the color filters CF shown in the present
exemplary embodiment, a left color filter is a red color filter,
and a right color filter is a green color filter. The edge portion
CF-E of each of the color filters CF adjacent to each other
may make contact with the first horizontal portion SP1-L
and may cover the first horizontal portion SP1-L.. The edge
portions CF-E of the color filters CF may partially cover the
first horizontal portion SP1-L and may completely cover the
first conductive pattern in cooperation with the adjacent
color filter CF.

[0235] A black matrix TS-BM is disposed on the color
filters CF. As shown in FIG. 26B, the black matrix TS-BM
may be directly disposed on the color filters CF. The black
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matrix TS-BM may include a plurality of transmitting open-
ings BM-OP defined therethrough to correspond to the light
emitting areas PXA.

[0236] The black matrix TS-BM may be disposed to
correspond to the non-light emitting area NPXA. The light
emitting areas PXA may have substantially the same shape
as that of the transmitting openings BM-OP when viewed in
a plan view. In other words, the black matrix TS-BM may
have substantially the same shape as that of the non-light
emitting area NPXA. That is, the black matrix TS-BM may
have the same widths as those of the non-light emitting area
NPXA in the first and second directions DR1 and DR2.
However, the present inventive concept is not limited
thereto. That is, the light emitting areas PXA may have a
shape different from that of the transmitting openings BM-
OP.

[0237] FIGS. 26C and 26D show the enlarged view of the
non-light emitting area NPXA shown in FIG. 26B. In FIGS.
26C and 26D, components disposed under the base surface
BS are not shown. As shown in FIG. 26C, the edge portion
CF-E of the left color filter may completely cover the first
horizontal portion SP1-L. The edge portion CF-E of the right
color filter may be disposed on the edge portion CF-E of the
left color filter. The shape of the boundary between the color
filters disposed in the non-light emitting area NPXA may be
changed in accordance with the order of forming the left and
right color filters.

[0238] As shown in FIG. 26D, an insulating layer TS-IL
may further disposed on the left and right color filters. The
insulating layer TS-IL may provide a flat surface FS. The
black matrix TS-BM may be directly disposed on the flat
surface FS.

[0239] As shown in FIG. 26E, the touch screen TS may
include a first black matrix TS-BM1 and a second black
matrix TS-BM2. The first black matrix TS-BM1 may be
disposed on the base surface BS and covers the first con-
ductive pattern (e.g., the first horizontal portion SP1-L). The
first black matrix TS-BM1 may include a plurality of first
transmitting openings BM1-OP defined therethrough to cor-
respond to the light emitting areas PXA.

[0240] The edge portions CF-E of the color filters CF may
contact the first black matrix TS-BM1 and may cover the
first black matrix TS-BM1. The color filters CF may com-
pletely cover the first black matrix TS-BM1 in cooperation
with an adjacent color filter CF.

[0241] The second black matrix TS-BM2 may be disposed
on the color filters CF. The second black matrix TS-BM2
may include a plurality of second transmitting openings
BM2-OP defined therethrough to correspond to the light
emitting areas PXA. Although not shown separately, the
edge portions CF-E of the adjacent color filters CF may be
substantially the same as those shown in FIG. 26C, and the
second black matrix TS-BM2 may be disposed on the
insulating layer covering the color filters CF.

[0242] As shown in FIGS. 27A and 27B, a second sensing
part SP2 may overlap with the non-light emitting area
NPXA. The second sensing part SP2 may include a plurality
of second vertical portions SP2-C extending in the first
direction DR1 and a plurality of second horizontal portions
SP2-L extending in the second direction DR2. The second
vertical portions SP2-C may be connected to the second
horizontal portions SP2-I. to form a plurality of touch
openings TS-OP.
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[0243] As shown in FIGS. 27B, 27C, and 27D, the black
matrix TS-BM may be disposed on the color filters CF and
may cover the second conductive patterns (e.g., the second
vertical portions SP2-C). As shown in FIG. 27E, the second
black matrix TS-BM may be directly disposed on the color
filters CF and may cover the second conductive patterns
(e.g., the second vertical portions SP2-C).

[0244] As described above, the color filters CF may serve
as an insulating layer to insulate the first conductive patterns
from the second conductive patterns (e.g., the first horizontal
portions SP1-L from the second vertical portions SP2-C).
The color filters CF may reduce the reflectance of the
external light, and thus the insulating layer may be omitted.

[0245] FIG. 28A shows an example in which the conduc-
tive layers of FIG. 9A are overlapped with the conductive
layers of FIG. 9B. As shown in FIGS. 28 A and 28B, the first
connecting part CP1 may include third vertical portions
CP1-C1 and CP1-C2 disposed on the thin film encapsulation
layer TFE and third horizontal portions CP1-L. connecting
the third vertical portions CP1-C1 and CP1-C2. FIG. 28A
shows two third vertical portions CP1-C1 and CP1-C2, but
the number of the third vertical portions should not be
limited to two.

[0246] The second connecting part CP2 may include
fourth horizontal portions CP2-L.1 and CP2-[.2 disposed on
a color filter layer TS-CF and fourth vertical portions CP2-C
connecting the fourth horizontal portions CP2-L.1 and CP2-
L2. The color filter layer TS-CF shown in FIG. 28B may
include a plurality of color filters. A boundary between the
color filters may be substantially the same as that shown in
FIGS. 26B, 26C, 26D, and 26E. The first connecting part
CP1 and the second connecting part CP2 may have a mesh
shape. The black matrix TS-BM may cover the fourth
horizontal portions CP2-I.1 and CP2-1.2 and the fourth
vertical portions CP2-C.

[0247] FIG. 28B shows a layer structure corresponding to
FIGS. 26B and 27B, but it is not limited thereto. A cross-
sectional view corresponding to the connecting parts CP1
and CP2 of the touch screen TS may be changed to the shape
shown in FIGS. 26C, 26D, and 26E.

[0248] FIGS. 29A and 29B are cross-sectional views
showing a portion of a display device according to an
exemplary embodiment of the present disclosure along
sectional line VI-VI' of FIG. 16A. Each of FIGS. 29A and
29B corresponds to FIG. 16D.

[0249] Referring to FIG. 29A, a second auxiliary electrode
STE2 and a first sensing part SP1 may be connected to each
other through a plurality of auxiliary contact holes SCH. The
auxiliary contact holes SCH may be formed penetrating
through corresponding color filters CF among a plurality of
color filters. A portion of the auxiliary contact holes SCH
may partially penetrates the color filters CF adjacent to each
other. In the present exemplary embodiment, the thin film
encapsulation layer TFE provides the flat base surface BS,
but another layer, such as a buffer layer, may provide the
base surface BS according to another embodiment. Although
not shown separately, the color filter CF and the black matrix
TS-BM shown in FIG. 29A may be changed to the shape
shown in FIGS. 26C and 26D.

[0250] FIG. 29B shows a structure corresponding to that
shown in FIG. 26E. First and second black matrices TS-
BM1 and TS-BM2 may be disposed on the base surface BS.
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An auxiliary contact hole SCH-1 may be formed to penetrate
through a corresponding color filter CF and a corresponding
first black matrix TS-BM1.

[0251] Although not shown separately, the display device
according to the present exemplary embodiment may
include one-layer electrostatic capacitive touch screen as
described with reference to FIGS. 14A, 14B, 14C, and 14D.
The one-layer electrostatic capacitive touch screen TS may
include color filters CF as described with reference to FIGS.
26A, 26B, 26C, 26D, 26F, 27A, 27B, 27C, 27D, 27E, 28A,
and 28B.

[0252] As described above, the color filters may serve as
an insulating layer of the touch screen, and thus the display
device may become slimmer. The color filters may filter the
external light to reduce the reflectance of the external light.
Since the touch electrodes have the mesh shape, the tensile
stress and the compressive stress applied to the touch
electrodes may be reduced, and thus the touch electrodes
may be prevented from cracking.

[0253] FIG. 30A is a cross-sectional view showing a
flexible display device in a first operation according to an
exemplary embodiment of the present disclosure. FIG. 30B
is a cross-sectional view showing a flexible display device in
a second operation according to an exemplary embodiment
of the present disclosure. FIGS. 30C, 30D, and 30E are
cross-sectional views showing a display device according to
an exemplary embodiment of the present disclosure. In
FIGS. 30A, 30B, 30C, 30D, and 30E, detailed descriptions
of the same elements as those described above will be
omitted.

[0254] Referring to FIGS. 30A and 30B, a display device
DD according to the present exemplary embodiment may
include a display panel DP, a touch screen TS, and a window
member WM. In the present exemplary embodiment, the
touch screen TS may be manufactured with the display panel
through successive processes. The touch screen TS may
include color filters. The window member WM may be
coupled to the touch screen TS by an optically clear adhesive
OCA.

[0255] FIGS. 30C, 30D, and 30E show flexible display
devices DD-1, DD-2, and DD-3 according to an exemplary
embodiment different from the flexible display device
shown in FIGS. 30A and 30B. As shown in FIG. 30C, the
window member WM may be omitted. The window member
WM may be integrally formed with the touch screen TS. In
this case, the touch screen TS may include at least one hard
coating layer to enhance a surface strength thereof. As
shown in FIGS. 30D and 30E, the touch screen TS may be
coupled to the display panel DP by the optically clear
adhesive OCA.

[0256] FIGS. 31A, 31B, 31C, and 31D are cross-sectional
views showing a display device according to an exemplary
embodiment of the present disclosure. Display panels DP,
DP1, and DP2 are schematically shown in FIGS. 31A, 315,
31C, and 31D. Hereinafter, similarities and differences
between the display devices will be described with reference
to FIGS. 31A, 31B, 31C, and 31D.

[0257] Asshown in FIGS. 31A and 31B, a touch screen TS
may include a first conductive layer TS-CL1, a first insu-
lating layer TS-ILL a second conductive layer TS-CL2, a
second insulating layer TS-IL2, a third conductive layer
TS-CL3, and a third insulating layer TS-IL3. The touch
screen TS may be directly disposed on each of the display
panels DP and DP1. Each of the first conductive layer
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TS-CL1, the second conductive layer TS-CL2, and the third
conductive layer TS-CL3 may have a single-layer structure
or a multi-layer structure of layers stacked in a third direc-
tion DR3. The conductive layer having the multi-layer
structure may include a transparent conductive layer and at
least one metal layer. The transparent conductive layer may
include indium tin oxide, indium zinc oxide, zinc oxide,
indium tin zinc oxide, PEDOT, metal nanowire, and gra-
phene. The metal layer may include at least one of molyb-
denum, silver, titanium, copper, and aluminum. In addition,
the metal layer may include an alloy of at least one of
molybdenum, silver, titanium, copper, and aluminum.
[0258] Each of the first conductive layer TS-CL1, the
second conductive layer TS-CL2, and the third conductive
layer TS-CL3 may include a plurality of patterns. Herein-
after, the first conductive layer TS-CL.1 may include first
conductive patterns, the second conductive layer TS-CL2
may include second conductive patterns, and the third con-
ductive layer TS-CL3 may include third conductive patterns.
The first conductive patterns may be a conductive layer
(hereinafter, referred to as a noise shielding conductive
layer) to shield a noise generated by the display panel DP.
The noise shielding conductive layer may be a floating
electrode layer or may receive a ground voltage. The second
conductive patterns and the third conductive patterns may
include touch electrodes and touch signal lines to sense an
external input.

[0259] In the present exemplary embodiment, one insu-
lating layer of the first and second insulating layers TS-1L.1
and TS-IL2 includes at least a color filter layer. The color
filter layer may include a plurality of color filters. The color
filters may be an organic pattern formed by pigment or dye.
The color filters may include a plurality of color filter
groups. The color filters may include red color filters, green
color filters, and blue color filters.

[0260] One insulating layer of the first and second insu-
lating layers TS-IL.1 and TS-IL.2 may further include a black
matrix. The black matrix may include an organic material as
its base material. The black matrix may include a black
pigment or dye.

[0261] In the present exemplary embodiment, each of the
first insulating layer TS-1L.1 and the second insulating layer
TS-IL.2 includes an inorganic material layer or an organic
material layer. The inorganic material layer may be a pla-
narization layer to provide a substantially flat surface. The
inorganic material layer may include silicon oxide or silicon
nitride. The organic material layer may include at least one
of an acryl-based resin, a methacryl-based resin, a polyiso-
prene, a vinyl-based resin, an epoxy-based resin, an ure-
thane-based resin, a cellulose-based resin, and a perylene-
based resin.

[0262] In the present exemplary embodiment, the insulat-
ing layer TS-IL.3 may further include a black matrix. The
black matrix may include an organic material having high
light absorbance as its base material. The black matrix may
include substantially black pigment or dye.

[0263] In the present exemplary embodiment, the third
insulating layer TS-IL.3 may further include at least one of
the inorganic material layer and the organic material layer.
In particular, the third insulating layer TS-IL.3 may include
the organic material layer to provide a substantially flat
surface. The inorganic material layer may include silicon
oxide or silicon nitride. The organic material layer may
include at least one of an acryl-based resin, a methacryl-
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based resin, a polyisoprene, a vinyl-based resin, an epoxy-
based resin, an urethane-based resin, a cellulose-based resin,
and a perylene-based resin. In the present exemplary
embodiment, at least one of the first, second, and third
insulating layers TS-IL1, TS-IL.2, and TS-IL.3 may further
include a hard coating layer. Accordingly, the touch screen
TS may replace the window member. In the present exem-
plary embodiment, the hard coating layer includes a silicon-
based polymer, but it should not be limited thereto or
thereby.

[0264] As shown in FIG. 31A, the first conductive layer
TS-CL1 may be disposed on a thin film encapsulation layer
TFE. In other words, the thin film encapsulation layer TFE
may provide a base surface BS on which the touch screen TS
may be disposed.

[0265] The display panel DP1 shown in FIG. 31B may
further include a buffer layer BFL disposed on the thin film
encapsulation layer TFE when compared with the display
panel DP shown in FIG. 31A. The buffer layer BFL may
provide the base surface BS. The buffer layer BFL may be
an organic layer and may include any material determined in
accordance with its purpose. The buffer layer BFL may be
an organic layer and/or an inorganic layer to match a
refractive index.

[0266] As shown in FIG. 31C, a touch screen TS1 may be
coupled to the display panel DP by an optically clear
adhesive OCA. The touch screen TS1 may further include a
base member TS-BS on which a first conductive layer
TS-CL1 and a first insulating layer TS-IL.1 may be disposed.
[0267] As shown in FIG. 31D, a touch screen TS2 may
include second and third conductive layers TS-CL2 and
TS-CL3, and each of the second and third conductive layers
TS-CL2 and TS-CL3 may include touch electrodes and
touch signal lines. The first conductive layer TS-CL1 shield-
ing the noise is omitted from the touch panel TS2, and the
display panel DP2 further may include a noise shielding
conductive layer DP-NSPL. The noise shielding conductive
layer DP-NSPL may be disposed on the thin film encapsu-
lation layer TFE.

[0268] FIGS. 32A and 32B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure. FIGS. 32C and 32D
are plan views showing a noise shielding conductive layer of
atouch screen according to an exemplary embodiment of the
present disclosure.

[0269] In the present exemplary embodiment, a two-layer
electrostatic capacitive touch screen will be described in
detail. The two-layer electrostatic capacitive touch screen
may obtain coordinate information of a position at which a
touch event occurs by a self-capacitance mode or a mutual
capacitance mode, but the driving method of obtaining the
coordinate information in the touch screen is not thereto.
[0270] As shown in FIG. 32A, first conductive patterns
may include first touch electrodes TE1-1, TE1-2, and TE1-3
and first touch signal lines S[.1-1, SL.1-2, and SL.1-3. For
example, FIG. 32A shows three first touch electrodes TE1-1,
TE1-2, and TE1-3 and first touch signal lines SL.1-1, SL.1-2,
and SL1-3 connected to the three first touch electrodes
TE1-1, TE1-2, and TE1-3.

[0271] The first touch electrodes TE1-1, TE1-2, and TE1-3
may extend in a first direction DR1 and may be arranged in
a second direction DR2. Each of the first touch electrodes
TE1-1, TE1-2, and TE1-3 may have a mesh shape through
which a plurality of touch openings is defined. The touch
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openings may correspond to a plurality of light emitting
areas PXA-R, PXA-G, and PXA-B (see to FIG. 5). The
mesh shape will be described in detail later.

[0272] Each of the first touch electrodes TE1-1, TE1-2,
and TE1-3 may include a plurality of first sensing parts SP1
and a plurality of first connecting parts CP1. The first
sensing parts SP1 may be arranged in the first direction DR1.
Each of'the first connecting parts CP1 may connect two first
sensing parts SP1 adjacent to each other among the first
sensing parts SP1.

[0273] The first touch signal lines SL.1-1, SL.1-2, and
SL.1-3 may have the mesh shape. The first touch signal lines
SL.1-1, SL.1-2, and SL[.1-3 may have the same layer structure
as that of the first touch electrodes TE1-1, TE1-2, and
TE1-3.

[0274] Referring to FIG. 32B, the second conductive
patterns may include second touch electrodes TE2-1, TE2-2,
and TE2-3 and second touch signal lines S[.2-1, S[.2-2, and
SL.2-3. For example, FIG. 32B shows three second touch
electrodes TE2-1, TE2-2, and TE2-3 and the second touch
signal lines S[.2-1, S[.2-2, and SI.2-3 connected to the
second touch electrodes TE2-1, TE2-2, and TE2-3.

[0275] The second touch electrodes TE2-1, TE2-2, and
TE2-3 may be insulated from the first touch electrodes
TE1-1, TE1-2, and TE1-3 while crossing the first touch
electrodes TE1-1, TE1-2, and TE1-3. Each of the second
touch electrodes TE2-1, TE2-2, and TE2-3 may have a mesh
shape through which a plurality of touch openings may be
defined.

[0276] Each of the second touch electrodes TE2-1, TE2-2,
and TE2-3 may include a plurality of second sensing parts
SP2 and a plurality of second connecting parts CP2. The
second sensing parts SP2 may be arranged in the second
direction DR2. Each of the second connecting parts CP2
may connect two second sensing parts SP2 adjacent to each
other among the second sensing parts SP2.

[0277] The second touch signal lines SI[.2-1, S[.2-2, and
SL.2-3 may have the mesh shape. The second touch signal
lines S[.2-1, S[.2-2, and SI.2-3 may have the same layer
structure as that of the second touch electrodes TE2-1,
TE2-2, and TE2-3.

[0278] The first touch electrodes TE1-1, TE1-2, and TE1-3
may be capacitively coupled to the second touch electrodes
TE2-1, TE2-2, and TE2-3. When sensing signals are applied
to the first touch electrodes TE1-1, TE1-2, and TE1-3,
capacitors may be formed between the first sensing parts
SP1 and the second sensing parts SP2.

[0279] Inthe present exemplary embodiment, the connect-
ing parts correspond to portions at which the first touch
electrodes TE1-1, TE1-2, and TE1-3 cross the second touch
electrodes TE2-1, TE2-2, and TE2-3, and the sensing parts
correspond to portions at which the first touch electrodes
TE1-1, TE1-2, and TE1-3 are not overlapped with the
second touch electrodes TE2-1, TE2-2, and TE2-3. Each of
the first touch electrodes TE1-1, TE1-2, and TE1-3 and each
of the second touch electrodes TE2-1, TE2-2, and TE2-3
may have a bar shape with a predetermined width. However,
the shapes of the first touch electrodes TE1-1, TE1-2, and
TE1-3 and the second touch electrodes TE2-1, TE2-2, and
TE2-3, which include the sensing part and the connecting
part, are not limited thereto.

[0280] As shown in FIG. 32C, the noise shielding con-
ductive layer NSPL may be overlapped with the first touch
electrodes TE1-1, TE1-2, and TE1-3 and the second touch
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electrodes TE2-1, TE2-2, and TE2-3. For example, the noise
shielding conductive layer NSPL includes first shielding
parts NSP1 overlapped with the first sensing parts SP1,
second shielding parts NSP2 overlapped with the second
sensing parts SP2, and third shielding parts NCP overlapped
with the first connecting parts CP1 and the second connect-
ing parts CP2. The noise shielding conductive layer NSPL
may have a mesh shape through which a plurality of
shielding openings may be defined. The shielding openings
may correspond to the light emitting areas PXA-R, PXA-G,
and PXA-B (refer to FIG. 5). Each of the first shielding parts
NSP1, the second shielding parts NSP1, and the third
shielding parts NCP may be defined as mesh lines.

[0281] As shown in FIG. 32D, a noise shielding conduc-
tive layer NSPL-1 may have a shape irrelevant to that of the
first touch electrodes TE1-1, TE1-2, and TE1-3 and the
second touch electrodes TE2-1, TE2-2, and TE2-3. The
noise shielding conductive layer NSPL-1 may have a quad-
rangular shape through which a plurality of shielding open-
ings may be defined.

[0282] FIG. 33A is a partially enlarged view showing a
portion “GG” of FIG. 32A. FIGS. 33B, 33C, 33D, 33E, 33F,
33G, 33H, 331, and 33]J are cross-sectional views showing a
portion of FIG. 33 A according to an exemplary embodiment
of the present disclosure along line XI-XI'. FIG. 34A is a
partially enlarged view of a portion “HH” of FIG. 32B. FIG.
34B is a cross-sectional view showing a portion of FIG. 34A
according to an exemplary embodiment of the present
disclosure along line XII-XII'. FIG. 35A is a partially
enlarged view showing a portion “JJ” of FIGS. 32A and
32B. FIG. 35B is a cross-sectional view showing a portion
of FIG. 35A along line XIII-XIII' FIGS. 33B, 33C, 33D,
33E, 33F, 33G, 33H, 331, 33J, 34B, and 35B show the
cross-sectional views of the display device without the
window member WM. The circuit layer DP-CL is schemati-
cally shown as a single layer in FIGS. 33B, 33E, 33F, 33G,
33H, 331, 33J, 34B, and 35B.

[0283] As showninFIG. 33A, a first sensing part SP1 may
overlap with a non-light emitting area NPXA, which may be
adjacent to the light emitting areas PXA. The first sensing
part SP1 may include a plurality of first vertical portions
SP1-C extending in a first direction DR1 and a plurality of
first horizontal portions SP1-L extending in a second direc-
tion DR2. The first vertical portions SP1-C and the first
horizontal portions SP1-L. may be defined as mesh lines.
[0284] The first vertical portions SP1-C may be connected
to the first horizontal portions SP1-L to form a plurality of
touch openings TS-OP. In other words, the first sensing part
SP1 may have the mesh shape defined by the touch openings
TS-OP. In the present exemplary embodiment, the touch
openings TS-OP correspond to the light emitting areas PXA
in a one-to-one correspondence, but they are not limited
thereto. One touch opening TS-OP may correspond to two or
more light emitting areas PXA. That is, two or more light
emitting areas PXA may be disposed inside the one touch
opening TS-OP.

[0285] As shown in FIG. 33B, a thin film encapsulation
layer TFE may provide a base surface BS. A first shielding
part NSP1 may be disposed on the base surface BS to
overlap with the non-light emitting area NPXA. The first
shielding part NSP1 may have a mesh shape through which
a shielding opening NSP-OP is defined.

[0286] A first over coating layer TS-OC1 may be disposed
on the base surface BS to cover the first shielding part NSP1

Dec. 29, 2016

and to provide a first substantially flat surface FS1. The first
over coating layer TS-OC1 corresponds to the first insulat-
ing layer TS-IL.1 described with reference to FIGS. 8A, 8B,
and 8C and is an organic material layer.

[0287] The first sensing part SP1 may be disposed on the
first over coating layer TS-OC1 and may overlap with the
first shielding part NSP1. Color filters CF may be disposed
above the first over coating layer TS-OC1 to cover the first
sensing part SP1. The color filters CF may be disposed to
correspond to the light emitting areas PXA, respectively.
The color filters CF may be the organic material layer
included in the second insulating layer TS-IL2 described
with reference to FIGS. 31A, 31B, and 31C.

[0288] Each of the color filters CF may include a center
portion CF-C and an edge portion CF-E. The center portion
CF-C may overlap with a corresponding light emitting area
among the light emitting areas PXA. The edge portion CF-E
may extend from the center portion CF-C, overlap with the
non-light emitting area NPXA, and cover a first horizontal
portion SP1-L of the first sensing part SP1. Although not
shown separately, when viewed in a plan view, the edge
portion CF-E may surround the center portion CF-C in each
of the color filters CF.

[0289] Among the color filters CF shown in the present
exemplary embodiment, a left color filter is a red color filter,
and a right color filter is a green color filter. The edge portion
CF-E of each of color filters CF adjacent to each other may
contact the first horizontal portion SP1-L. and cover the first
horizontal portion SP1-L.. The edge portions CF-E of the
color filters CF may partially cover the first horizontal
portion SP1-L. and may completely cover the first conductive
pattern in cooperation with an adjacent color filters CF.
[0290] A black matrix TS-BM may be disposed on the
color filters CF to overlap with the non-light emitting area
NPXA. The black matrix TS-BM may be an organic material
layer included in the third insulating layer TS-IL3 described
with reference to FIGS. 31A, 31B, and 31C. As shown in
FIG. 33B, the black matrix TS-BM may be directly disposed
on the color filters CF. The black matrix TS-BM may include
a plurality of transmitting openings BM-OP defined there-
through and which correspond to light emitting areas PXA.
[0291] The light emitting areas PXA may have substan-
tially the same shape as that of the transmitting openings
BM-OP when viewed in a plan view. In other words, the
black matrix TS-BM may have substantially the same shape
as that of the non-light emitting area NPXA. That is, the
black matrix TS-BM may have the same widths as those of
the non-light emitting area NPXA in the first and second
directions DR1 and DR2. However, the present inventive
concept is not limited thereto. That is, the light emitting
areas PXA may have a shape different from that of the
transmitting openings BM-OP. When viewed in a plan view,
the first shielding part NSP1 and the first horizontal part
SP1-L may be disposed inside the black matrix TS-BM.
[0292] The color filters CF may allow transmission of the
light generated by an organic light emitting devices OLED
and reduce the reflectance of the external light. In addition,
an amount of the external light may be reduced to about %3
while passing through the color filters CF. A portion of the
light may become extinct while passing through the color
filters CF, and the light may be partially reflected by the
organic light emitting device layer DP-OLED and the thin
film encapsulation layer TFE. The reflected light may be
incident to the color filters CF. An amount of the reflected
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light may be reduced to about %5 while passing through the
color filters CF. Consequently, only a portion of the external
light may be reflected by the display device.

[0293] FIGS. 33C and 33D show the enlarged view of the
non-light emitting area NPXA shown in FIG. 33B. In FIGS.
33C and 33D, components disposed under the base surface
BS are not shown. As shown in FIG. 33C, the edge portion
CF-E of the left color filter may completely cover the first
horizontal portion SP1-L. The edge portion CF-E of the right
color filter may be disposed on the edge portion CF-E of the
left color filter. The shape of the boundary between the color
filters disposed in the non-light emitting area NPXA may be
changed in accordance with the order of forming the left and
right color filters. The first horizontal portion SP1-L. may
have a first line width W1 and the first shielding part NSP1
may have a second line width W2 that is greater than the first
line width W1. The first horizontal portion SP1-L. may be
disposed inside the first shielding part NSP1.

[0294] As shown in FIG. 33D, the first black matrix
TS-BM1 may be disposed on the first flat surface FS1 and
overlap with the first horizontal part SP1-L. The color filters
may be disposed on the first flat surface FS1. The edge
portion CF-E of the right color filter and the edge portion
CF-E of the left color filter may partially expose the first
black matrix TS-BM1. The edge portions CF-E of the color
filters may be omitted. That is, the color filters may be
disposed only inside the transmitting openings BM-OP of
the black matrix TS-BM.

[0295] A second over coating layer TS-OC2 may be
disposed on the left color filter and the right color filter. The
second over coating layer TS-OC2 may provide a second flat
surface FS2. The second over coating layer TS-OC2 may be
the organic material layer included in the second insulating
layer TS-IL.2 described with reference to FIGS. 31A, 31B,
and 31C.

[0296] As shown in FIG. 33E, a first shielding part NSP1
may be disposed on a base surface BS to overlap with a
non-light emitting area NPXA. Color filters CF may be
disposed on the base surface BS to cover the first shielding
part NSP1. A first horizontal part SP1-L. may be disposed on
the color filters CF. An over coating layer TS-OC may be
disposed on the color filters CF. A black matrix TS-BM may
be disposed on the flat surface FS of the over coating layer
TS-OC. Additional over coating layer may be further dis-
posed on the color filters CF.

[0297] As shown in FIG. 33F, a first black matrix TS-BM1
may be disposed on color filters CF to cover a first horizontal
part SP1-L. The first black matrix TS-BM1 may define first
transmitting openings BM-OP1. An over coating layer TS-
OC may be disposed on the color filters to cover the first
black matrix TS-BMI1. A second black matrix TS-BM2 may
be disposed on the flat surface FS of the over coating layer
TS-OC. The second black matrix TS-BM2 may define
second transmitting openings BM-OP2.

[0298] As shown in FIGS. 33G and 33H, a touch screen
TS may further include at least one hard coating layer
TS-HC, TS-HC1, TS-HC2, and TS-HC3. The touch screen
TS shown in FIG. 33G may further include a second over
coating layer TS-OC2 and a hard coating layer TS-HC
disposed on a second flat surface FS2 when compared with
the touch screen TS shown in FIG. 33B.

[0299] Due to the hard coating layer TS-HC disposed on
second flat surface FS2, a hardness of the second over
coating layer TS-OC may be enhanced, and thus the window
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member WM may be omitted. Since the window member
WM may be integrally formed with the touch screen TS, the
display device may become slimmer.

[0300] A touch screen TS shown in FIG. 33H may further
include first, second, and third hard coating layers TS-HC1,
TS-HC2, and TS-HC3. The first hard coating layer TS-HC1
may be disposed between a first over coating layer TS-OC1
and a color filter layer including color filters CF, the second
hard coating layer TS-HC2 may be disposed between the
color filter layer and a black matrix TS-BM, and the third
hard coating layer TS-HC3 may be disposed at an uppermost
position of the touch screen TS. The touch screen TS of
FIGS. 33G and 33H may further include the hard coating
layer when compared with the touch screen TS of FIG. 33B,
but it is not limited thereto.

[0301] As shown in FIG. 331, a first shielding part NSP1
(e.g., noise shielding conductive layers NSPL and NSPL-1)
(see FIGS. 32C and 32D) may be disposed on a buffer layer
BFL of a display panel DP-1. FIG. 331 shows the touch
screen TS of FIG. 33B as an example, but the structure of the
touch screen TS is not limited thereto.

[0302] Although not shown separately, the touch screen
shown in FIGS. 33B, 33C, 33D, 33E, 33F, 33G, 33H, and
331 may further include a base member. When the base
member is coupled to the display panel by an optically clear
adhesive, the display device shown in FIG. 31C may be
realized.

[0303] FIG. 33J shows the display device shown in FIG.
31D in detail. As shown in FIG. 33J, a display panel may
include noise shielding conductive layers NSPL and
NSPL-1 (see to FIGS. 32C and 32D). FIG. 33]J shows the
first shielding part NSP1 as a portion of the noise shielding
conductive layer. The first shielding part NSP1 may be
disposed on the base surface BS. The optically clear adhe-
sive OCA may be disposed on the base surface BS, and the
base member TS-BS may be disposed on the optically clear
adhesive OCA.

[0304] FIG. 33J shows a touch screen TS having substan-
tially the same layer structure as that of the touch screen TS
shown in FIG. 33B. However, the structure of the touch
screen TS is not limited thereto.

[0305] As shown in FIGS. 34A and 34B, a second sensing
part SP2 may overlap with a non-light emitting area NPXA.
The second sensing part SP2 may include a plurality of
second vertical portions SP2-C extending in a first direction
DR1 and a plurality of second horizontal portions SP2-L.
extending in a second direction DR2.

[0306] The second vertical portions SP2-C may be con-
nected to the second horizontal portions SP2-L. to form a
plurality of touch openings TS-OP. In other words, the
second sensing part SP2 may have a mesh shape.

[0307] As shown in FIG. 34B, color filters CF may be
disposed on a first flat surface FS1. Edges CF-E of the color
filters CF adjacent to each other may contact each other. The
second vertical portions SP2-C may be disposed on the color
filters CF. A black matrix TS-BM disposed on the color
filters CF may cover second conductive patterns (e.g., the
second vertical portions SP2-C).

[0308] FIG. 34B shows a cross-sectional view of a portion
“HH” corresponding to FIG. 34A. According to another
exemplary embodiment of the present disclosure, the cross-
sectional view of the portion “HH” may have the structures
shown in FIGS. 33C, 33D, 33E, 33F, 33G, 33H, 331, and
33]. However, in the exemplary cross-sectional view of the
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portion “HH”, the first horizontal portions SP1-L are omit-
ted, and the second vertical portions SP2-C are disposed.

[0309] As shown in FIGS. 35A and 35B, a first connecting
part CP1 may include third vertical portions CP1-C1 and
CP1-C2 disposed on a first over coating layer TS-OC1 and
third horizontal portions CP1-L connecting the third vertical
portions CP1-C1 and CP1-C2 to each other. FIG. 35A shows
two third vertical portions CP1-C1 and CP1-C2, but the
number of the third vertical portions should not be limited to
two.

[0310] A second connecting part CP2 may include fourth
horizontal portions CP2-1.1 and CP2-1.2 disposed on a color
filter layer TS-CF and fourth vertical portions CP2-C con-
necting the fourth horizontal portions CP2-1.1 and CP2-1.2
to each other. The first and second connecting parts CP1 and
CP2 have a mesh shape.

[0311] Although not shown in FIG. 35A, a third shielding
part NCP is disposed on a base surface BS as shown in FIG.
35B. The third shielding part NCP is overlapped with the
first and second connecting parts CP1 and CP2. The first
over coating layer TS-OC1 covers the third shielding part
NCP.

[0312] FIGS. 35A and 35B show a layer structure corre-
sponding to FIGS. 33B and 34B, but the layer structure is
not limited thereto. The cross-sectional structure corre-
sponding to the connecting parts CP1 and CP2 of the touch
screen TS may be changed to those shown in FIGS. 33C,
33D, 33E, 33F, 33G, 33H, 331, and 33J.

[0313] As described with reference to FIGS. 33A, 33B,
33C, 33D, 33E, 33F, 33G, 33H, 331, 337J, 34A, 34B, 35A,
and 35B, the first touch electrodes TE1-1, TE1-2, and
TE1-3, the second touch electrodes TE2-1, TE2-2, and
TE2-3, the first shielding parts NSP1, the second shielding
parts NSP2, and the third shielding parts NCP may have the
mesh shape, and thus the flexibility of the flexible display
device DD may be improved. When the flexible display
device DD is bent as shown in FIGS. 1B and 2B, the tensile
stress and the compressive stress, which are applied to the
first touch electrodes TE1-1, TE1-2, and TE1-3 and the
second touch electrodes TE2-1, TE2-2, and TE2-3 may be
reduced, and the first touch electrodes TE1-1, TE1-2, and
TE1-3 and the second touch electrodes TE2-1, TE2-2, and
TE2-3 may be prevented from being cracked.

[0314] Since the insulating layers of the touch screen TS
may include the color filters CF, the display device may
become slimmer. In addition, since the first, second, and
third shielding parts NSP1, NSP2, and NCP are applied to
the image sensor, the noise generated in the first touch
electrodes TE1-1, TE1-2, and TE1-3 and the second touch
electrodes TE2-1, TE2-2, and TE2-3 may be reduced even
though the first touch electrodes TE1-1, TE1-2, and TE1-3
and the second touch electrodes TE2-1, TE2-2, and TE2-3
are disposed adjacent to the circuit layer DP-CL and the
organic light emitting device layer DP-OLED. Accordingly,
a touch sensitivity of the image sensor may be improved.

[0315] FIGS. 36A and 36B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure. FIG. 36C is a par-
tially enlarged view showing a portion “MM” of FIGS. 36A
and 36B. FIG. 36D is a cross-sectional view showing a
portion of FIG. 36C along line XIV-XIV'. In FIGS. 36A,
36B, 36C, and 36D, detailed descriptions of the same
elements as those described above will be omitted.
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[0316] In the present exemplary embodiment, a one-layer
electrostatic capacitive touch screen will be described in
detail. The one-layer electrostatic capacitive touch screen
may be operated in a self-capacitance mode to obtain the
coordinate information, but the driving method of the touch
screen is not limited thereto.

[0317] Referring to FIG. 36A, first conductive patterns
may include first touch electrodes TE1-1, TE1-2, and TE1-3,
first touch signal lines S[.1-1, S[.1-2, and SL.1-3, second
sensing parts SP2 of second touch electrodes TE2-1, TE2-2,
and TE2-3, and second touch signal lines S[.2-1, S[.2-2, and
SL2-3. Each of the first touch electrodes TE1-1, TE1-2, and
TE1-3 may include a plurality of first sensing parts SP1 and
a plurality of first connecting parts CP1.

[0318] The first sensing parts SP1, the first connecting
parts CP1, and the second sensing parts SP2 may be dis-
posed on the same layer. Although not shown in the figures,
each of the portion “KK” and the portion “LL.” may have the
structure shown in FIGS. 33B, 33C, 33D, 33E, 33F, 33G,
33H, 331, and 33J in a cross-sectional view.

[0319] Referring to FIG. 36B, second conductive patterns
may include a plurality of second connecting parts CP2 of
the second touch electrodes TE2-1, TE2-2, and TE2-3. The
second connecting parts CP2 may have a bridge function.

[0320] Referring to FIGS. 36C and 36D, the second con-
necting part CP2 may electrically connect two second sens-
ing parts SP2 adjacent to each other in the second direction
DR2 among the second sensing parts SP2 through first and
second contact holes TS-CH1 and TS-CH2 formed through
a color filter layer TS-CF.

[0321] Although not shown in FIG. 36C, a third shielding
part NCP may be disposed on a base surface BS as shown
in FIG. 36D. The third shielding part NCP may overlap with
the first and second connecting parts CP1 and CP2. The first
over coating layer TS-OC1 may cover the third shielding
part NCP.

[0322] FIGS. 36C and 36D show a layer structure corre-
sponding to FIGS. 33B and 34B, but the layer structure is
not limited thereto. The cross-sectional structure corre-
sponding to the connecting parts CP1 and CP2 of the touch
screen TS may be changed to those shown in FIGS. 33C,
33D, 33E, 33F, 33G, 33H, 331, and to 33J.

[0323] FIGS. 37A and 37B are plan views showing con-
ductive layers of a touch screen according to an exemplary
embodiment of the present disclosure. FIG. 38A is a par-
tially enlarged view showing a portion “NN” of FIGS. 37A
and 37B. FIG. 38B is a partially enlarged view of FIG. 38A.
FIGS. 38C and 38D are partially cross-sectional views of
FIG. 38A. In FIGS. 37A, 37B, 38A, 38B, 38C, and 38D,
detailed descriptions of the same eclements as those
described above will be omitted.

[0324] Referring to FIGS. 37A and 37B, first conductive
patterns may include first touch electrodes TE1-1, TE1-2,
and TE1-3 and first auxiliary electrodes STE1. Each of the
first touch electrodes TE1-1, TE1-2, and TE1-3 may include
a plurality of first sensing parts SP1 and a plurality of first
connecting parts CP1. Second conductive patterns may
include second touch electrodes TE2-1, TE2-2, and TE2-3
and second auxiliary electrodes STE1. Each of the second
touch electrodes TE2-1, TE2-2, and TE2-3 may include a
plurality of second sensing parts SP2 and a plurality of
second connecting parts CP2.

[0325] Each of the first auxiliary electrodes STE1 may
overlap with a corresponding second sensing part among the
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second sensing parts SP2, and each of the second auxiliary
electrodes STE2 may overlap with a corresponding first
sensing part among the first sensing parts SP1. The first and
second auxiliary electrodes STE1 and STE2 may have a
mesh shape. Each of the first auxiliary electrodes STE1 may
be electrically connected to the corresponding second sens-
ing part, and each of the second auxiliary electrodes STE2
may be electrically connected to the corresponding first
sensing part. Accordingly, a resistance of the first touch
electrodes TE1-1, TE1-2, and TE1-3 and the second touch
electrodes TE2-1, TE2-2, and TE2-3 may be reduced, and
the touch sensitivity of the first touch electrodes TE1-1,
TE1-2, and TE1-3 and the second touch electrodes TE2-1,
TE2-2, and TE2-3 may be improved.

[0326] The combination of the first sensing parts SP1, the
first connecting parts CP1, and the second auxiliary elec-
trodes STE2 may be defined as the first touch electrode. The
first sensing parts SP1 may correspond to a lower sensing
part of the first touch electrode, the first connecting parts
CP1 may correspond to lower connecting parts, and the
second auxiliary electrodes STE2 may correspond to an
upper sensing part. Similarly, the combination of the second
sensing parts SP2, the second connecting parts CP2, and the
first auxiliary electrodes STE1 may be defined as the second
touch electrode.

[0327] FIGS. 38A and 38B show a connection relation
between the second auxiliary electrode STE2 and the first
sensing part SP1 in detail. The first sensing part SP1 may be
represented by a dotted line, and the second auxiliary
electrode STE2 may be represented by a solid line. In FIGS.
38A and 38B, the second auxiliary electrode STE2 may have
a line width greater than a line width of the first sensing part
SP1, but it is not limited thereto. The second auxiliary
electrode STE2 and the first sensing part SP1 may have the
same line width. The second auxiliary electrode STE2 may
overlap with the first sensing part SP1 and not overlap with
the first connecting part CP1.

[0328] As shown in FIGS. 38C and 38D, the second
auxiliary electrode STE2 and the first sensing part SP1 may
be connected to each other through a plurality of contact
holes SCH. Although not shown in FIGS. 38A and 38B, a
third shielding part NCP may be disposed on a base surface
BS as shown in FIGS. 38C and 38D. The third shielding part
NCP may overlap with the first sensing part SP1 and the
second auxiliary electrode STE2. The first over coating layer
TS-OC1 may cover the third shielding part NCP. The first
sensing part SP1 may be disposed on the first over coating
layer TS-OC1.

[0329] FIGS. 38C and 38D show a layer structure corre-
sponding to FIGS. 33B and 34B, but the layer structure is
not limited thereto. The cross-sectional structure corre-
sponding to the portion “NN” of the touch screen TS may be
changed to those shown in FIGS. 33C, 33D, 33E, 33F, 33G,
33H, 331, and 33J. As described above, since the noise
shielding layer is disposed to overlap with the first and
second conductive patterns, the first and second conductive
patterns may be prevented from being interfered with by the
noise generated from the display panel. In addition, since the
touch electrodes may have the mesh shape, the tensile stress
and the compressive stress, which are applied to the touch
electrodes, may be reduced and the touch electrodes may be
prevented from being cracked. Further, the color filters may
filter the external light, and thus the reflectance of the
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external light may be reduced. The insulating layer of the
touch screen may include color filters, and thus the display
device may become slimmer.

[0330] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. A flexible display device, comprising:

a display panel providing a base surface and comprising

a plurality of light emitting areas and a non-light

emitting area disposed adjacent to the light emitting

areas; and

a touch screen disposed on the base surface, the touch

screen comprising:

a plurality of first conductive patterns disposed on the
base surface and overlapped with the non-light emit-
ting area;

a first insulating layer disposed on the base surface,
covering the first conductive patterns, and compris-
ing a plurality of first openings defined to correspond
to the light emitting areas;

a plurality of second conductive patterns disposed on
the first insulating layer and overlapped with the
non-light emitting area; and

a second insulating layer disposed on the first insulating
layer, covering the second conductive patterns, and
comprising a plurality of second openings defined to
correspond to the light emitting areas.

2. The flexible display device of claim 1, wherein each of
the plurality of first conductive patterns and each of the
plurality of second conductive patterns have a mesh shape
through which a plurality of openings is defined.

3. The flexible display device of claim 1, wherein the
plurality of first conductive patterns comprise a plurality of
first touch electrodes extending in a first direction and
arranged in a second direction crossing the first direction,
and each of the plurality of first touch electrodes comprises
a plurality of touch openings defined by the plurality of first
touch electrodes.

4. The flexible display device of claim 3, wherein the
second conductive patterns comprise a plurality of second
touch electrodes extending in the second direction and
arranged in the first direction, and each of the plurality of
second touch electrodes comprises a plurality of touch
openings defined by the second touch electrodes.

5. The flexible display device claim 3, wherein each of the
plurality of first touch electrodes comprise a plurality of first
sensing parts arranged in the first direction and a plurality of
first connecting parts each connecting two first sensing parts
adjacent to each other among the plurality of first sensing
parts, and the plurality of first conductive patterns further
comprise a plurality of second sensing parts disposed adja-
cent to the plurality of first sensing parts.

6. The flexible display device of claim 5, wherein each of
the plurality of second conductive patterns comprise a
plurality of second connecting parts connecting two second
sensing parts adjacent to each other in the second direction
among the plurality of second sensing parts through contact
holes defined through the first insulating layer.
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7. The flexible display device of claim 1, wherein the
display panel comprises:

a base substrate;

a circuit layer disposed on the base substrate;

an organic light emitting device layer disposed on the
circuit layer; and

a thin film encapsulation layer encapsulating the organic
light emitting device layer.

8. The flexible display device of claim 7, wherein the thin

film encapsulation layer provides the base surface.

9. The flexible display device of claim 8, wherein the thin
film encapsulation layer comprises:

a lower inorganic thin film layer configured to contact

with the organic light emitting device layer;

a plurality of organic thin film layers disposed on the base
surface; and

a plurality of upper inorganic thin film layers alternately
stacked with the organic thin film layers.

10. The flexible display device of claim 9, wherein the
lower inorganic thin film layer comprises at least a lithium
fluoride layer.

11. The flexible display device of claim 9, wherein a thin
film layer disposed at an uppermost position among the
organic thin film layers and the upper inorganic thin film
layers alternately stacked with the organic thin film layers
comprise third openings or grooves defined to correspond to
the plurality of first openings.

12. The flexible display device of claim 8, wherein the
display panel further comprises a buffer layer providing the
base surface.

13. The flexible display device of claim 12, wherein the
buffer layer comprises a plurality of third openings or
grooves defined to correspond to the plurality of first open-
ings.

14. The flexible display device of claim 1, wherein the
plurality of first conductive patterns comprise:

a plurality of first touch electrodes comprising a plurality
of'touch openings defined to correspond to the plurality
of first openings; and

a plurality of first auxiliary electrodes spaced apart from
the plurality of first touch electrodes, and the plurality
of second conductive patterns comprise:

a plurality of second touch electrodes crossing the plu-
rality of first touch electrodes, comprising a plurality of
touch openings defined to correspond to the plurality of
first openings, each of the plurality of second touch
electrodes being electrically connected to a correspond-
ing first auxiliary electrode of the plurality of first
auxiliary electrodes; and

a plurality of second auxiliary electrodes, each being
electrically connected to a corresponding first touch
electrode among the plurality of first touch electrodes.

15. The flexible display device of claim 14, wherein each
of the plurality of first touch electrodes comprises a plurality
of first sensing parts overlapped with corresponding second
auxiliary electrodes among the plurality of second auxiliary
electrodes and a plurality of first connecting parts each
connecting two first sensing parts adjacent to each other
among the plurality of first sensing parts, and each of the
plurality of second touch electrodes comprise a plurality of
second sensing parts overlapped with corresponding first
auxiliary electrodes among the plurality of first auxiliary
electrodes and a plurality of second connecting parts each
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connecting two second sensing parts adjacent to each other
among the plurality of second sensing parts.

16. The flexible display device of claim 15, wherein the
corresponding second auxiliary electrodes are electrically
connected to the plurality of first sensing parts through a
plurality of auxiliary contact holes defined through the first
insulating layer.

17. The flexible display device of claim 15, wherein each
of' the plurality of first auxiliary electrodes has a mesh shape,
and each of the plurality of second auxiliary electrodes has
a mesh shape.

18. The flexible display device of claim 1, further com-
prising a plurality of color filters each being disposed inside
a corresponding first opening among the first openings.

19. The flexible display device of claim 18, wherein the
second insulating layer comprises a plurality of second
openings defined to correspond to the plurality of light
emitting areas.

20. The flexible display device of claim 19, wherein each
of' the plurality of color filters extends inside the correspond-
ing second opening among the plurality of second openings.

21. The flexible display device of claim 19, wherein each
of the first and second insulating layers is a black matrix.

22. The flexible display device of claim 18, wherein the
second insulating layer is overlapped with the color filters.

23. The flexible display device of claim 18, further
comprising a black matrix layer disposed on the second
insulating layer and comprising a plurality of transmitting
openings defined to correspond to the plurality of light
emitting areas.

24. A flexible display device, comprising:

a display panel providing a base surface and comprising

a plurality of light emitting areas and a non-light

emitting area disposed adjacent to the plurality of light

emitting areas; and

a touch screen disposed on the base surface, the touch

screen comprising:

a plurality of first conductive patterns disposed on the
base surface and overlapped with the non-light emit-
ting area;

a first black matrix disposed on the base surface,
covering the first conductive patterns, and compris-
ing a plurality of first openings defined to correspond
to the plurality of light emitting areas;

a plurality of color filters each being disposed inside a
corresponding first opening among the plurality of
first openings;

an insulating layer disposed on the first black matrix
and the plurality of color filters and overlapped with
the plurality of light emitting areas and the non-light
emitting area; and

a plurality of second conductive patterns disposed on
the insulating layer and overlapped with the non-
light emitting area.

25. The flexible display device of claim 24, wherein the
plurality of second conductive patterns comprise at least one
of chromium oxide, chromium nitride, titanium oxide, and
titanium nitride.

26. The flexible display device of claim 24, further
comprising a second black matrix disposed on the insulating
layer, covering the plurality of second conductive patterns,
and overlapped with the non-light emitting area.
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27. The flexible display device of claim 26, wherein the
second black matrix comprises a plurality of second open-
ings defined to correspond to the plurality of light emitting
areas.

28. The flexible display device of claim 24, wherein an
edge of each of the plurality of color filters is overlapped
with the second black matrix.

29. The flexible display device of claim 24, wherein each
of the plurality of first conductive patterns and each of the
plurality of second conductive patterns have a mesh shape
through which a plurality of openings is defined.

30. The flexible display device of claim 24, wherein the
plurality of first conductive patterns comprise a plurality of
first touch electrodes extending in a first direction and
arranged in a second direction crossing the first direction,
and each of the plurality of first touch electrodes comprises
a plurality of touch openings defined by the first touch
electrodes.

31. The flexible display device of claim 30, wherein the
second conductive patterns comprise a plurality of second
touch electrodes extending in the second direction and
arranged in the first direction, and each of the plurality of
second touch electrodes comprises a plurality of touch
openings defined by the second touch electrodes.

32. The flexible display device claim 31, wherein each of
the plurality of first touch electrodes has a constant width in
the first direction, two first touch electrodes adjacent to each
other among the plurality of first touch electrodes are spaced
apart from each other in the first direction by a first interval,
each of the plurality of second touch electrodes has a
constant width in the second direction, and two second touch
electrodes adjacent to each other among the plurality of
second touch electrodes are spaced apart from each other in
the second direction by a second interval greater than the
first interval.

33. The flexible display device claim 32, wherein each of
the plurality of first touch electrodes comprises a plurality of
first sensing parts arranged in the first direction and a
plurality of first connecting parts each connecting two first
sensing parts adjacent to each other among the plurality of
first sensing parts, and the plurality of first conductive
patterns further comprise a plurality of second sensing parts
disposed adjacent to the plurality of first sensing parts.

34. The flexible display device claim 33, wherein the
plurality of second conductive patterns comprise a plurality
of second connecting parts each connecting two second
sensing parts adjacent to each other in the second direction
among the plurality of second sensing parts through a
plurality of contact holes defined by the first black matrix
and the insulating layer.

35. The flexible display device of claim 24, wherein the
plurality of first conductive patterns comprise:

a first touch electrodes comprising a plurality of touch
openings defined to correspond to the plurality of first
openings; and

a plurality of shielding electrodes spaced apart from the
plurality of first touch electrodes, and the plurality of
second conductive patterns comprise a plurality of
second touch electrodes crossing the plurality of first
touch electrodes, comprising a plurality of touch open-
ings defined to correspond to the plurality of first
openings, and each being overlapped with a corre-
sponding shielding electrode among the plurality of
shielding electrodes.
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36. The flexible display device of claim 35, wherein each

of' the plurality of first touch electrodes comprises a plurality
of first sensing parts and a plurality of first connecting parts
each connecting two first sensing parts adjacent to each
other among the plurality of first sensing parts, and each of
the plurality of second touch electrodes comprises a plurality
of second sensing parts each being overlapped with corre-
sponding shielding electrodes among the plurality of shield-
ing electrodes and a plurality of second connecting parts
each connecting two second sensing parts adjacent to each
other among the plurality of second sensing parts.

37. The flexible display device of claim 35, wherein the

plurality of shielding electrodes receive a ground voltage.

38. A flexible display device, comprising:

a display panel providing a base surface and comprising
a plurality of light emitting areas and a non-light
emitting area disposed adjacent to the light emitting
areas; and

a touch screen disposed on the base surface, the touch
screen comprising:

a plurality of first conductive patterns disposed on the
base surface and overlapped with the non-light emit-
ting area;

a plurality of color filters disposed on the base surface,
each of the plurality of color filters comprising a
center portion overlapped with a corresponding light
emitting area among the plurality of light emitting
areas and an edge portion extending from the center
portion, overlapped with the non-light emitting area,
and overlapped with a corresponding first conductive
pattern among the plurality of first conductive pat-
terns;

a plurality of second conductive patterns disposed on
the plurality of color filters and overlapped with the
non-light emitting area; and

a black matrix overlapped with the plurality of non-
light emitting area.

39. The flexible display device of claim 38, wherein the

edge portion of some color filters among the plurality of
color filters makes contact with the first conductive pattern
and covers the first conductive pattern.

40. The flexible display device of claim 38, wherein the

black matrix is disposed on the plurality of color filters and
covers the second conductive patterns.

41. The flexible display device of claim 40, wherein the

touch screen further comprises an insulating layer covering
the plurality of color filters, the plurality of second conduc-
tive patterns disposed on the insulating layer, and the black
matrix disposed on the insulating layer and covering the
plurality of second conductive patterns.

42. The flexible display device of claim 38, wherein the

black matrix comprises:

a first black matrix disposed on the base surface to cover
the plurality of first conductive patterns; and

a second black matrix disposed on the plurality of color
filters to cover the plurality of second conductive
patterns.

43. The flexible display device of claim 42, wherein the

touch screen further comprises an insulating layer covering
the plurality of color filters, and the second black matrix is
disposed on the insulating layer.

44. The flexible display device of claim 38, wherein the

plurality of first conductive patterns comprise the plurality
of first touch electrodes extending in a first direction and
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arranged in a second direction crossing the first direction,
and each of the plurality of first touch electrodes comprises
a plurality of touch openings defined by the plurality of first
touch electrodes.

45. The flexible display device of claim 44, wherein each
of the plurality of first touch electrodes comprises a plurality
of first sensing parts arranged in the first direction and a
plurality of first connecting parts each connecting two first
sensing parts adjacent to each other among the plurality of
first sensing parts, and the plurality of first conductive
patterns further comprise a plurality of second sensing parts
disposed adjacent to the plurality of first sensing parts.

46. The flexible display device of claim 45, wherein each
of the plurality of second conductive patterns comprises a
plurality of second connecting parts connecting two second
sensing parts adjacent to each other in the second direction
among the plurality of second sensing parts through a
plurality of contact holes defined respectively through the
corresponding color filters among the plurality of color
filters.

47. The flexible display device of claim 38, wherein the
plurality of color filters comprise at least one of a red color
filter, green color filter, and blue color filter.

48. The flexible display device of claim 38, wherein the
plurality of color filters comprise a first color filter and a
second color filter adjacent to the first color filter, and the
edge portion of the first color filter makes contact with the
edge portion of the second color filter.

49. The flexible display device of claim 38, wherein the
plurality of color filters comprise a first color filter and a
second color filter adjacent to the first color filter, and the
edge portion of the first color filter is overlapped with the
edge portion of the second color filter.

50. A flexible display device, comprising:

a display panel providing a base surface and comprising

a plurality of light emitting areas and a non-light

emitting area disposed adjacent to the plurality of light

emitting areas; and

a touch screen disposed on the base surface, the touch

screen comprising:

a noise shielding conductive layer disposed on the base
surface and overlapped with the non-light emitting
area;

a first insulating layer disposed on the base surface and
covering the noise shielding conductive layer;

a plurality of first conductive patterns disposed on the
first insulating layer and overlapped with a portion of
the noise shielding conductive layer;

a second insulating layer disposed on the first insulating
layer;

a plurality of second conductive patterns disposed on
the second insulating layer and overlapped with a
portion of the noise shielding conductive layer; and

a third insulating layer disposed on the second insulat-
ing layer.

51. The flexible display device of claim 50, wherein the
first insulating layer comprises a first over coating layer
providing a first flat surface on which the plurality of first
conductive patterns are disposed.

52. The flexible display device of claim 51, wherein the
second insulating layer comprises a plurality of color filters
each being overlapped with a corresponding light emitting
area among the plurality of light emitting areas.
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53. The flexible display device of claim 52, wherein an
edge of each of the plurality of color filters is overlapped
with the light emitting area.

54. The flexible display device of claim 53, wherein the
second insulating layer further comprises a second over
coating layer covering the plurality of color filters and
proving a second flat surface on which the plurality of
second conductive patterns are disposed.

55. The flexible display device of claim 53, wherein the
second insulating layer further comprises a black matrix
disposed on the first flat surface, covering the plurality of
first conductive patterns, and comprising a plurality of
openings defined to correspond to the plurality of light
emitting areas.

56. The flexible display device of claim 50, wherein the
third insulating layer comprises a black matrix covering the
plurality of second conductive patterns and comprising a
plurality of openings defined to correspond to the plurality
of light emitting areas.

57. The flexible display device of claim 50, wherein the
first insulating layer comprises a plurality of color filters
each being overlapped with a corresponding light emitting
area among the plurality of light emitting areas.

58. The flexible display device of claim 57, wherein the
second insulating layer comprises an over coating layer
providing a flat surface on which the plurality of second
conductive patterns are disposed.

59. The flexible display device of claim 58, wherein the
second insulating layer further comprises a black matrix
disposed on the color filters, covering the first conductive
patterns, and comprising openings defined therethrough to
correspond to the light emitting areas, and the over coating
layer covers the black matrix.

60. The flexible display device of claim 50, wherein at
least one of the first, second, and third insulating layers
comprises a hard coating layer.

61. The flexible display device of claim 50, wherein the
noise shielding conductive layer comprises a plurality of
first mesh lines to define a plurality of first openings corre-
sponding to the plurality of light emitting areas, the plurality
of first conductive patterns comprise a plurality of second
mesh lines to define a plurality of second openings corre-
sponding to the plurality of light emitting areas, and the
plurality of first mesh lines have a line width greater than a
line width of the plurality of second mesh lines.

62. The flexible display device of claim 50, further
comprising a window member disposed on the touch screen,
and an optically clear adhesive coupling the window mem-
ber and the touch screen, wherein the window member
comprises a base member and a hard coating layer disposed
on the base member.

63. The flexible display device of claim 50, wherein the
noise shielding conductive layer receives a ground voltage.

64. The flexible display device of claim 50, wherein the
display panel comprises:

a base substrate;

a circuit layer disposed on the base substrate;

an organic light emitting device layer disposed on the

circuit layer; and

a thin film encapsulation layer encapsulating the organic

light emitting device layer.

65. The flexible display device of claim 64, wherein the
thin film encapsulation layer provides the base surface.
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66. A flexible display device, comprising:

a display panel providing a base surface, comprising a
plurality of light emitting areas and a non-light emitting
area disposed adjacent to the plurality of light emitting
areas, and comprising a noise shielding conductive
layer disposed on the base surface to overlap with the
non-light emitting area;

a touch screen disposed on the noise shielding conductive
layer; and

an optically clear adhesive member coupling the base
surface and the touch screen, the touch screen com-
prising:

a base member;

a plurality of first conductive patterns disposed on the
base member and overlapped with a portion of the
noise shielding conductive layer;

a first insulating layer disposed on the base member to
cover the plurality of first conductive patterns;

a plurality of second conductive patterns disposed on
the first insulating layer and overlapped with a
portion of the noise shielding conductive layer; and
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a second insulating layer disposed on the first insulating
layer.

67. The flexible display device of claim 66, wherein one
insulating layer of the first and second insulating layers
comprises a plurality of color filters each being overlapped
with a corresponding light emitting area among the plurality
of light emitting areas.

68. The flexible display device of claim 67, wherein at
least one of the first and second insulating layers comprises
a black matrix through which a plurality of openings cor-
responding to the plurality of light emitting areas are
defined.

69. The flexible display device of claim 68, wherein each
of the noise shielding conductive layer, the plurality of first
conductive patterns, and the plurality of second conductive
patterns has a mesh shape through which a plurality of
openings corresponding to the plurality of light emitting
areas are defined.
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