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1

DISPLAY DEVICE INCLUDING A FLEXIBLE
SUBSTRATE

('OSS-Rl ilil lffl lN( E I'0
Rl:I.A'I'ill )

APPLICATION

This application is a Continuation of co-pendin U.S.
patent apphcauon Scr. No 18/158,750. Iilcd on Jan 24,
2023, which is a Continuation ofU.S. putmlt apphcatlon Scr.
No 17/108.586, filed on l)ec I, 2020 (issued on .lan 24,
2023 as U S Pat No 11.563.075). which is a ('ontinuation
of U S patent application Ser No. 16/230,726, bled on l)cc
21, 2018 (issued on Dec. I, 2020 as U.S. Pat. No. 10,854,
701), Lvhich is a Continuation ofU.S. patent application Ser.
No. 15/617,025 (issued ou Dcc. 25, 2018 as U.S. Pat. No.
10.163L999)L liled ou Juu. 8, 2017, which cluuns pnonty to
and the benefit of Korean Patent Application No 10-2016-
0070857. filed in the Korean Intellectual Property Oflice on
.Iun ffi 2016. the entire contents of which are herein incor-
porated by reference

'I'I LCI IN I CA I. Ill I 11.D

The present disclosure relates to a display device. and
more particularly, to a display device including flexible -''

subsu.aie.

DISCUSSION OF THE RELATED ART

A display device, such as an organic light emitting diode so

(GLED) dlspluy dcvicc or a liquid crysuil display (LCD). Ls

commonly used. Thc dmplay device includes a display
panel. 'I he display panel includes a plurality of pixels for
displaying an image 'I'he display panel includes various
signal lines for tmsnsmittmg signals to each pixel. )s

The display panel is manufactured by fomling several
layers and elements on a substrate. In general. glass is used
as thc subslrdtc, howcvcr there is a drawback in lhut thc glass
subsuate is heuvy aud 1 ~ easily broken. Also, thc glass
substrate is rigid such that it is difficult to bend or otherwise do

defonu the display panel Recently, a display panel usmg u
flexible substrate has been developed The flexible sub-
strates are more resilient to impact and can be effectively
bent or othetwise defomled

Most display pmlels will have a non-display rc ion ds

around tlm pcnphcry ln wluch no undgc ls ihsplayed. Thc
non-display region generally includes contact pads for
receiving, the signals that are to be tmsnsinitted to the pixels
'I'he display device using the tlexible substrate may be
designed. for example, to bend at the periphery. near the pad so

portion, to reduce the perceivable size of the non-dispL)y
region, and to make thc displayed imd c uppcar to be closer
to the cxlgcs ol thc dmplay device.

I lowever. as the signal lines disposed on the non-display
region are bent, they may become stretched. 'I'he length of sl
these lines may thereby be increased and their cross-sec-
tional area reduced. Tlus may serve to increase resistance
through the bent lines, increase a current density, and drop
the voltage of thc lines, thereby dctcnoralulg display quahty
and/or mcreasing power consumpuon of thc display device. sii

SUMMARY

A display dcvicc includes a substrate including a display
area and a peripheral arcs disposed around thc display arcu. Cs

'I'he peripheral area mcludes a bending region and a contact
region adjacent to the bending region A first connection line

,996 B2

ulcliiili:s d 01st poltlon ihsposcil ut thi: con(ac) ri:glonL anil d

second portion disposed in both the bendin region and the
1 on(act legion. iind htchlilnlg a illa( Id)'cl dail a si cond ldvcm

At least part of the second layer of the second portion
overlap» the first layer of tlm sccoml portion. Iu thc conuict
region, the first layer of the second portion is electrically
connected to the first portion. and the second layer of the
second portion is electrically connected to the hrst layer of
the second portion.

A display device includes a substrate having a display
area and a non-display area. The non-display area includes
a bending region. A connection lute. for dnvulg thc display
device, is connected to the display area and runs across the
bending region ol'ihc non-display arcs. Thc connection lute,
within at least the bending region of the non-display area,
includes a first layer and a second layer in contact with each
other at a plumslity ofcontact points. and otheiwtse separated
from each other by an insulation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present disclosure
and many ol'he attendant aspects therixif will bc readily
obtained as the same becomes better understood by refer-
cncc to thc following detailed dcscnptlon when consulcrixl
in connection lvith the accompanying drawings. w:herein

FICi I is a layout view iflustratin a display device
accordin to an exempLary embodiment of the present
invention:

FIG 2 is an cnlargcd vn:w illustrating u region A1 of FIG.
1.

ill(i 3 is an enlarged vieiv illustrating a first contact
region of I l(i 2;

ill(i 4 is a cmss-sectional view taken along a lineIV-IV'n
FI(i. 3:
FICi 5 is a cross-sectional view taken along a line V-V'n

FIG. 3,
FIG 6 ls an equivalent circuit diagram lllustratulg onc

pixel of a display device according to an exemplary embodi-
ment of the present invention;

ill(i 7 is a layout vieiv illustrating nniltiple pixels of a
display device according to an exemplary embodiment of
the present invention,

FIG 8 is a cross-sectional vww taken along a lute
VIII-1 'IIP in FIG. 7,

ill(i 9 is a layout vieiv illustrating a display device. before
bending a display panel included therein. accordmg to an
exenlplary embodiment of the present invention: and

FICi 10 is a lateral view illustrating a display device at'ter.

bending a display panel included therein. according to an
cxmnplary cmbodimcnt of thc prcscnt invention.

DET,ILILED DESCRIPTION OF THE
EMBODIMENTS

Hcrcinafier. the present 1m cntlou will bc dcscribcd morc
fully with rcfcrcnce to thc accompunylng draw lugs L in w luch
exenlplary embodiments of the invention are shown As
those skilled in the ari Lvould realize, the described embodi-
ments may be modified in various different ways, afl without
departin from the spirit or scope of the present invention.

Elements that arc similar or ldmlticul to corrcsponihng
ckmcnts may bc refi:rrcd to with the same reference numer-
als throughout thc specification and disclosure.

In the drawings. the size and/or thickness of layers. Iilnls,
panels, regimls. etc, may be exagperated fiir clarity.

Petitioner Samsung Ex-1022, 0013
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It will bc understood that when an clcmmit such as a layer,
film, region, or substrate is referred to as being "on" another
clcmcnt. it can bc dirix(ly on the other clcmcn1 or intcrvcn-
ing elements may also be present I'urther, in the specifica-
tion, thc word "on" or "above*'eans disposes) on or below
the object portion. and does not necessarily mann disposed
on the upper side of the object portion based on a gravita-
tional direction

A display device according to an exemplary embodiment
1 I 1of thc prcscnt uivcntion will now be described with refer-

ence to accompanying drawings. Even thou h an organic
ligh( emitting diode (OLED) device ia described as thc
display device. the present invention is not limited to the
OLED dcs icc. and may bc applied) io all display dcv iccs (liat
have a bending region

FI(L I is a layout view illustrating a dispLsy device
accordin to an exemplary embodiment of the present
invention.

Rcfcrfing to Flfi 1. a display device according to an in
exemplary embodiment of the present invention includes a
display panel 100. Thc dwplay panel 100 mcludcs a display
area DA within which an image is displayed, and a periph-
eral area VA, in ivhich an unage is nnt displayed 'I he
peripheral area VA may surround the display area DA. 'I he
peripheral area PA may include various elements and/or
signal lines that are used to generate and/or tmnsmit various
sigiials applied (o (hc display arcs DA.

In thc display arwi DA ol'hc display panel 100. pixels PX
may be disposed in a matrix In the display area DA. signal sn

lines such as gate lines )5), light emission contrnl lines 153,
data lines 17), and driving voltage lines 172 are also
disposed. The ate ines 151 and the light emission control
lines 153 may extend primarily in a first direction DI (e...
a row dirac(ton), and thc data )inca 171 and the dnving is
soltagc lures 172 may each extend pnmanly in a scramd
direction D2 (c.g., a column dirccnon) crossuig thc Iirst
direction I)l. Iiach pixel VX is connected to the gate line
)5). the light emission control line )53. the data line 171,
and the driving voltage line 172, such that each pixel PX sn

may be applied v ith a gate signal. a li ht emission control
sigiial. a daLi vol(agc, and a dnvuig vol(agc from 1hcsc
sigtta1 lilies

In thc pcnpheral area PA ol'he display panel 100. a pad
portion VV io receive the signals from an external source is
disposed A punted circuit fihn inay be attached to the pad
portion PP. and bumps of the printed circuit film may be
electrically connected to pads P of the pad portion PP.

In the pcriphcral area PA ol'he display panel 100. a
dnsingclmncntis formed. Thcdnvm clcmcn(may bc used a

to gencratc and/or process venous signals used (o drive thc
display panel I (N) I'he driving element includes gate drivers
400a and 4(N)h 1he gate drivers 400a and 400b apply a gate
signal to the gate lines 151. The drivin ~ element further
includes light emission control lines 153 for providing a . 1

light elillssloil 1:olltrol slgilal. a i)a(J dilvi:I Iol Jppl)'llig 11

data signal to Ihc daLi ines 171, and a signal controller Ibr
controlluig thc gaic dnvcr 400a aml 400b and thc data
driver.

'lhe gate drivers 40011 and 4(N)h may be integnsted v ith sn

the display panel 100 The gate drivers 400a and 400b may
include a first ate driver 40011 and a second gate dover
400b, respcctivcly disposed at a righ( side and a left side of
the display area DA. Altcrnativcly, (hc utc dm cr may bc
disposed at ci(hcr (hc nght or (hc left side o(1hc display urea as

DA, or may be electncally connected to the display panel
)00 as a rape carrier package ('I'('V)

Thc da(a driver and (hc signal controller may bc provxlixl
as a driving circuit chip I'he driving circuit chip may be
mounted to the display panel 100 as an integrated circuit
(I(') chip, or may be electrically connected to the display
panel 100 as a tape carrier package (TCP). The (Lsta driver
and the signal controller may be formed as one chip or as
separate clups.

A lighting circuit portion 300 and a data input circus(
portion 6(N) may be further disposed in the peripheral area of
the display panel )00 I'he lighting circuit pornon 30() may
be disposed. for example, at the upper side of the display
area DA. The lighting circuit portion 300 may include
transistors. and may detect the presence of a crack within the
display panel 100. Thc data inpu(circuit portion 600 may bc
disposed a( (hc lov,cr side of thc display area DA, for
exon)pie. I'he data inpm circuit portion 6(N) may include a
demultiplexer circuit connected to the data lines )71 of the
display area DA

The display panel 100 includes a bending region BA, The
bending re ion BA. for example. may be disposed at the
pcnphcral arcs PA bc(w ccn thc display area DA and (hc pad
portion PP. The bonding region BA cxtmids across (hc
display panel 100 in the (irst direction I) I. 'I'he display panel
(00 is bent in the bending, region l3A such that the pad
portion VV is separated fmm the display area l)A by the
bending region BA.

The signal lines may extend into the peripheral area PA.
Thc parts ol (hc sigiial lines cx(endui into the bcnihng
region BA utcludc a data signal linc group 560, a Iirs( group
5)fia, a second group 520a. a third group 530u. a tiiurth
gmup 540a, and a fifth group 550a 'I he paris of the signal
lines extending into the bending, region l3A are separated
from each other primarily in the hrst direction DI and extend
primarily in the second direction D2.

Thc data signal linc group 560 uicludcs data signal lures
60 transmining a data signal to (hc da(a lute 171. Tlic dais
signal lmc group 560 may be disposed a( the approximate
center of the bendin region l)A.

I'he first group 510a, ihe second gmup 520u, the third
group 530a, the fourth group 540a, and the fifth group 55011

are adlacent to each other in the bending region B %. The hrst
to Iifih groups 510a, 520a. 530a, 54011, mid 550a may bc
disposed a( (hc lef( side of tlm data signal linc group 560, and
thc lifih group 550a may bc closest (o (hc data signal llllc
gmup 560. Ihe order of arrangement of the first to fifth
gmups 5)Oa, 520a, 530ib 540ia and 550a may be ditferent
flulu wh'it Ls shown.

The first youp 510a incudes at least one first signal line
10, thc second group 520a includes at )cast onc sixond
signal linc 20, and thc third group 530a uicludcs at least onc
tlurd signal lute 30. In thc bending region BA, Iirst (o (ifh
additinnal groups 5)Oh, 520k 530h. 540b. and 550h inay be
disposed at the right side of the data signal line gmup 56()
The hrst to fifth additional groups 510b, 520b, 530b, 540k
and 550b may be disposed synuuetrically with the first to
Iifth group» 510a. 520a, 530a. 54011, mid 550a with rcspcc(
to thc iLita signal linc group 560 Thc charactcnstica of (hc
Iirst to Iifth iulditioiud groups 510b, 520b, 530b. 540b, and
550h may be substantially the same as the characteristics of
the first tn fifth groups 5) fia. 520a, 530u, 541kb and 550a,
and accordingly, the detailed description of the first to fifih
additional

groups

510k 520b, 530b. 540b, and 550b may be
thc same as (hc description of thc lira( to Iifth groups 510a.
520a, 53011, 54011, imd 550a.

Thc first signal linc 10 of thc Iirst croup 510a may
transmit a sig/tal of a firs polarity. the second signal line 20
of the secnnd group 520ir may tmnsmit a signal of a second
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polanty, mid the third signal hnc 30 of thc tlurd group 530a
may transmit a sigrtal of a third polarity I'he polarity of the
signals may include a positive polarity (+) and a negative
polarity (— ) 'I'he positive polarity (+) is a polarity such that
a voltage level of the signal is larger than a reference
voltage, such as a ground voltage. The negative polarity (—)
is a polanty such thai the voltage level of the signal is
smaller than the rcfcrcncc voltage.

'flic hrst polarity, the second polarity, and the third
polarity are difi'erent from each other lror example. the in

signai of the first polarity may be the positive polarity (+)
that is constant over time. The signal of the second polarity
may be the negative polarity (-) that is constant over time.
Thc signal Ol ihc ilurd polarity may pcnodmally Or apcn-
odically swuig benvecn ihc positive polarity (+) and thc
negative polarity ( —) I'he sigrtal of the first polarity and the
signai of the second polarity niay be signals of a constant
volta e. and the sigrtal of the third polarity may be a signal
bavin a penodical pulse. for example. a clock signal.

According to an exemplary embodiment of rhe present zo

invention, if thc signal lines 10. 20, and 30 transmittmg thc
sigimls of thc snmc polanty are arranged as described nbovc,
a voltage ditference of the signals transmitted by the signal
lines 10, 211, and 311 adjacent in one group 51()rr. 5200, and
530a may be minimized '!'his may reduce the chances of 'ignallines 10, 20. and 30, that are adjacent to each other,
transmitting signals of different polarities. This may effec-
ilvcl)'lcvr:lli colrosloll ol flic pJIis rif flic slgllal lilies
disposed m thc bending region BA. To fiic cxtcnt that there
are signal lines 10, 20. and 30 that are adjacent tn each other in
and carry signals of the same pohsrity, the distance for which
this is the case may be minimized or a strona dectric field
may be generated between the adjacent signal lines 10. 20,
and 30. These stmng electric helds may cause charge to
morc bctwceu ihc adtaccnt sigiml lures 10, 20, and 30, is
thereby corroding thc signal lures 10, 20, and 30.

llic first signal hnc 10 ol'he first group 510a nuiy
include. frir example. a signal line transmitting a con)num
volta e III V SS. a signal line transmitting a gate lnw voltage
VC1L, and a signal line transmitting an initialization voltage so
Vint.

llic sigirdl hnc iransmitung ihc conmion voltage ELVSS
may extend io cnclosc thc lail sale, the upper side, and ihc
right side of the displny arcs DA. Thc si nial line transmit-
ting the common voltage I IIVSS niay function as a guard
rina. 1'he signal line transmitting the gate lov voltage V(il.
is connected to the gate dnvers 400a and 400b and may be
used to generate a low voltage lei el of the gate si mal in the
gate drn era 400a and 400b. Thc signal lute iransmiituig thc
llililallzailoil voltagr: Villi ls CollllCCICrl ni all lllltlallzJ(loll 0

i Oltagc umismitting lute disposed in ihc display arcs DA to
transmit the initialization voltage Vint 'I'he initialization
volta e Vint may be used to drive the pixel PX

The second signal line 20 of the second roup 520a. for
example. may include a signal line transmittin RC1B con- . s

steat voltages DC R, DC G, and DC B. a signnl lute
transmitting a gate constant voltage DC GATE. a signal lute
transmitting a atc high voltage VGFI, and a si nal linc
transmitting a sensing voltage M('D

'flic signai line transmitting the R(il3 constant voltages sn

DC R, DC Ci. and DC B is connected to the ligtting circuit
portion 300, and may transmit the RGB constant voltages
DC R, DC Ci. and DC B to an uipui tcnnuml ol'hc
transistor included in thc hghung circuit portion 300. Thc
sigiml linc iransmiuing ihc gate consiani voltage DC GATE ss
is connected to the lighting circuit portion 300, and may
transmit the gate constant voltage DG (iAI'El tn a contml

tCrllllllrll Ol illC trrlllS1Sior iliCllldrxi 111 fili: llglltillg CllCllli
portion 3(if) I'he signal line transmitting the gate high
voltage V(il I may be connected to the gate drivers 4tlfla and
4(I(lb. 1 he gate high volta e V(il I may be used to generate
a hi h volta e for the ate signal.

The third signal line 30 of the third group 530a may
uicludc. for example, a sigiml linc iransmituug hghi cnns-
sion cluck signals EMCLKI and EMCLK2, a signal lute
transmitting a light emission frame signal A('I I'I.M, a
signal line tmsnsmitting clock signals GI,KI and ( I.K2, a
signal line transmitting a frame signal Irl M2, and a signal
line transmitting data control signals CLA, CLB. and CLC.

The signaI line transmitting the light emission clock
signals EMCLK1 and EMCLK2 may bc minnrmied io ihc
gate drivers 400a and 400b io provide thc light emission
block signals EM('I,KI and EM('I.K2 to a circuit for
generating the light emission contml signals of the gate
drivers 400rr and 400b I'he si nal line tmsnsmitting the light
emission frame signal ACLFLM is connected to the gate
drivers 400a and 400b to direct the start of one liame for
unpuiing ihe light cnussion mniirol signal to ihc display area
DA. Tlm stgrml hnc umismitting thc clock signals CLK1 and
('I,K2 may be connected to the gate drivers 4lfffa and 400b
to provide clock signals ('I.K I and ('I.K2 to the circuit for
generating the gate signal. I'he signal hne transniitting the
frame signal FLM2 may be connected to the gate drivers
400a and 400b to direct the start of one fmme for inputtin
tile grlic slgllal io flic rhsphlv ilrr a DA. Tllc slgndl litle
transmitting thc data conuol signals CLA, CLB, and CLC
nmy be connected to the data input circuit portion 600 to
transmit the data control si nels ('I.A, ('1.13. and ('I,G to the
gate terminal of the transistor included m the data input
circuit portion 600.

The fourth group 540a includes a fourth signal line 40 and
thc Iifih gmup 550a includes a lifih signal lute 50. The Ihurfii
signal lmc 40 may transmit ihc voltage of thc constant
polauty such as thc conmion voltage ELVSS. Thc common
voltage 111)VSS may be the constant voltage of the negative
polarity ( —). Ihe fifih signal line 50 may tmsnsniit a signal
that is different from that of the fourth signal line 40. for
example. the voltage of the constant polarity such as a
dnving voltage ELVDD. Thc drivuig voltage ELVDD mdy
bc thc constant voltage of ihc positive polnniy (+). Thc tifih
signal linc 50 may bc conncctcd to a drivuig volta c
transmitting line 72 connected to the dnving voltage line
172 of the display area DA

The sigtaI lines including the part disposed at the bendin
region BA may be grouped into the first to fifth groups 510a.
520a, 530a, 540a, mid 550a and thc first io fifth adduional
groups 510b, 520b, 530b, 540b, and 550b, as dcscmbrxl
above However. thc prcscni uivenuou is uoi limited io tins
particular arrangement. and the signal lines may be alterna-
tively orouped. Also, depending on the design of the display
device. the part among the above-described signal lines
mi ht be omitted and signal lines transmitting the signal or
thc voltage of ihc difii:rent polamties may be further
111ClililrXL

Thus far, thc overall structure of the dmplay device has
been described Next, the area amund the bending region of
the display device will be descnbed in detail

FICi 2 is an enlarged view illustrating a region A1 of FILI.
1. FICi. 3 is an enlarged view of a first contact region of FILI.

2, FIG. 4 is a cross-sccuonal i iew takmi along a lute IV-IX"

ui FICi 3, mid FIG. 5 is a cross-sectional view taken along
a linc V-V'i FIG. 3.

lrl(i 2 shows the parts of the signal lines disposed in the
first and second contact regions ( A I and ('A2 of the upper
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side and thc lower s&dc of thc bcmlu&g region BA, and thc
bending ref &on 13A. 'I hese signal lines n&ay be the data signal
lines 60 sho&vn in I&I(i. I and n&ay be the first to fifth signal
lines lb. 20, 30, 40, and 50 The part of the signai lme
disposed at the bending region BA and the contact regions
('AI and CA2 &s referred to as a connection line.

11&c connccuon linc includes Iirst connccuon lines 60a
and second connect&on l&nes 60b. The Iirst conncc&ion lines
60a and the second connect&on lines 60b may be alternately
arranged in the first direction I I &

'lhe hrst connection line 60u includes a first portion 6 la,
a second portion 62a. and a third portion 63a. The hrst
portion 61a extends from the first contact region CA1 to the
upper s&dc of Ihc Iirs& cont;wt rcg&on CAI (u& Ihc direction
D2). The third poruou 63a extends from Ihc second contact &s

region ('A2 to the lower side of the second contact region
('A2 (in the opposite direction to D2) 'I'he first portion 6 la
may extend from the penpheral area PA of the display panel
100 and may connect v ith the element transmitting the
abo&ve-described s&gnals. The third portion 63a may be &o

conmx&ed to u pad P ol'hc pad port&on PP. Thc s&xond
portion 62a &s d&sposixl Ihroughoul Ihc lira& confacl rc ion
('A, the bending region IIA, and the second contact region
('A In the first contact region ('Al, one end of the second
portion 62a is connected to the first portion bla, and in the
second contact re ion CAZ, the other end of the second
portion 62a is connected to the third portion 63a.

11&c second port&on 62a disposed in Ihc bendu&g rc ion
BA nu&y lra& c a mesh shape &ncluding openings as descnbcd
herein I lowever, the present imention is not limited to tlus &o

particular arrangement I'or example, the second portion 62a
may have various other plane shapes within the bending
re ion to increase fiex&b&lity during the bending. One such
shape may be a serpentine shape. The shape of the second
portion 62a disposed u& the Iirst m&d second mmtact reg&ons &s

CAI and CA2 may be a liat pla&e such us a rccnu& le willx&ut
an opening. The second poruon 62a may bc fora&cxl ol'n
aluminum-based metal having a small modulus such as
aluminum or an alun&inurn alloy Tin&s, the second portion
62a has small stress against a strain such that a risk of so
disco&utection or degradation may be reduced during the
bend&ng ol'hc bend&ng rcg&on BA.

11&c second poruou 62a has a dual layer struc&urc For
example, Ihc second portion 62a u&eludes both a lira& layer
62 la and a second layer 622u I'he first and second layers
62 la and 621b may overlap and may be separated from each
other by an insulating layer. The first layer 621a and the
second layer 622a may completely overlap each other. as
shown. Or n&i&v univ pa&balls ovc&lap onc Jntuhcr. Thc f&rs&

layer 621a and Ihc second layer 622a muy have Ihc sumo o

planar sluipe or &hey may bc d&ill:rcn&ly shaped. Thc scmmd
layer 622a of the second porrion 62a is connected to the hrst
layer 62(i& of the second portion 62u in the first contact
re ion CAI and the second contact re ion CA2. The hrst
layer 621a of the second portion 62&& is connected to the hrst . s

portion 61a u& the Iirs& &x&ntact region CAI and is connected
to thc &lard port&on 63a u& thc second coniuct reg&on CA2 In
the bcndu&g rcg&on BA, thc Iirst layer 621 a and thc s&xond
layer 622a of the second portion 62a might not be connected
to each other, but may mstead extend in parallel to each so

other.
The resistance of the second portion 62a disposed in the

bend&ng rcg&on BA may bc u&creased to inc&cs&sc Ihi: ficx-
ib&hty m&d Io u&crease thc Im&gth over wluch thc bending
occurs. As Ihc sixond poruon 62a may bc lbnned of Iwo ss
layers 621a and 622&&, res&stance of the second port&on 62a
may be reduced Also. even ifone ofthe two layers 621a and

622a of Ihc second port&on 62a of Ihc lirst connection lu&c

60a is d&sconnected, the other may continue to transn&it the
signal Accordingly. the reliability of the signal transn&itted
through the first connection line 60a may be increased and
a failure of the display panel 100 may decrease. Also. this
arrangement may avoid the phenomenon by which the
lununancc ol'dill'crau& hgh& mnission rcg&ous may bc notice-
ably dillcrcnt.

I'he seem&d cm&ncction line 60b includes a first portion
63b, a second portion 62b. and a third port&on 63b and so is
sin&ilar to the first connection line 60a 'I'he hrst portion 61b
extends to the upper side of the first contact region CAI in
the first contact region ('AI (in the direction D1) and the
tlurd pornon 63b exicnds Io Ihc lower s&dc of Ihc sixond
contact rcg&on CA2 u& thc second con&act rcg&on CA2 (in Ihc
opposite direction to Dl) I'he second portion 62b is dis-
posed througlmut the lirst contact region ('A, the bending
region 13A, and the second contact region CA In the hrst
contact region CAI. one end of the second portion 6Zb is
connected to the first portion 61b, while in the second
contact region CA2. Ihc otlmr end of thc second portion 62a
&s m&nnccted Io thc Ilurd porl ion 63b. Thc second poruon 62b
has the dual layered structure including a first layer 62 I b and
a second layer 622b overlapping each other with the insu-
lating layer disposed therebet&veen 'I he second layer 622b
of the second portion 62b is connected to the first layer 621b
of the second portion 62b in the first contact region CA1 and
thc second con(ac& region CA2. Thc Iirst layer 621b of Ihc
socond portion 62b is coiu&ected to the lirst portion 61b in
the first contact region CAI and is connected to the third
portion 63b in the second contact region CA2.

In the cross-sectio&ml view of the display panel 100. the
second connection line 60b has substantially the same
confi uration as the first connection line 60a, except for the
laycrcd arrangcmcn& of the lira& and th&rd poruous 6th and
63b that is dillcren& from Ihc layered arrangcmcn& ol Ihc Iirs&

and tlurd por&iona 61a and 63a ol'hc Iirst coiu&ccnon lu&c

60a 'I'he deposition stnicture and the connection of the hrst
and second connection lines 60a and 60(i &v&11 be described
in deta&l with reference to FIG 3 to FICI. 5 while focusin
on the first contact region CAI. The second contact region
CA2 may have substm&&ially thc smuc structure as thc Iirs&

contact region CAI, and accordingly, the dcscnpnon of Ihc
socond con&act reg&un CA2 &s onuttcd.

I&l(i 3 is an enlarged vie&v of a first contact region of I'l(i
2, I IG. 4 is a cross-sectional vie&v taken along a lineIV-IV'n

FICi. 3, and FIG. 5 is a cross-sectional v&ew taken alon
a line V-V'n FICi. 3.

Flfi 3 as Ihc layout v&cw in winch Ihc lirst connccuon lu&c

60a and the scxond conncc&ion linc 60b arc al&erne&cly

arranged in thc lirst d&rect&on m&largcs Ihe Iirst contact rcg&on
('Al of FI(i 2 to be clearly shown l&IG 4 is a cross-
sectional view related to the first connection line 60a. and
FICI. 5 is a cross-sectional view related to the second
connection line 60b.

Rcfc&ring to FIG. 3 Io FIG. 5. a bufibr layer 120 and an
u&sulating layer 141 arc disposed on a substrate 110. Thc
bufii:r layer 120 and thc u&sulating layer 141, wluch may bc
prinmrily formed of an inorgan&c material, n&ight not be
disposed in the bending region 13A I'he buffer layer 120 and
the insulating layer 141 may also be disposed &n the region
ad)scent to the bending re ion BA in the first contact region
CA)

In Ilm lirst contaci region CA1, Ihc Iirs& pornon 61a ol Ihc
lirst co&u&ection hne 60a &s d&sposcd on thc &nsulating layer
141 An insulating layer 14Z is disposed on the first portion
61a of the first connection line 60a. and the first portion 61b
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of (lie sccolld collllcctioii linc 60b is disposed on thc insu-
latinp, layer 142 Accordingly. the first portion 61rr of the hrst
connection line 60a and the first portion 61 6 of the second
connection line 60b are disposed on the different layers v ith
the insuLating layer 142 disposed therebetween. As
described above, the first portion 61a of the first connection
lute 60a and thc first portion 61b of thc second corutection
lute 60b are fonncd sr ith thc difibrcnt layers. and they nury
be disposed to cross each other in the region (e g . a fan-out
region) except for the first contact region CAI. thereby ic
increasin hne density while maintaining line v idth An
insuLating layer 160 is disposed on the first portion 61b of
the second connection line 60b.

An utsulating layer 165 is dtsposcsl on thc substrntc 110
in thc bending region BA. Thc insulaung layer 165 may bc is
fiirmed to cover the part of the insulating layer 160 disposed
in the fiu;t contact region ('A I. 'I'he insulating layer 165 may
include the organic ntaterial to aid in the bending of the
bending region BA.

The first layer 621a of the second portion 62a of the hrst 20

conmxuon hnc 60a mid the Iirst layer 621b ol'hc scmmd
portion 62b of thc second connection linc 60b arc disposed
on the insulating layer 165 of the bendinp region IIA and the
insulatin layer 160 of the first contact region ('A I 'I'he hrst
layer 621rr of the second portion 62a of the hrst connection
line 60a is connected to the first portion 61a of the hrst
coiuiection line 60a tluough contact holes 69a fomied in the
insulatmg layers 142 aud 160 at thc tirst contact region CAl.
Thc first layer 621b ol'hc second poruon 62b ol'he srmond
connection line 60b is connected to the first portion 6 lb of sc

the second connection line 6tlb thmugh contact luiles 69b
fiirmed in the msulating layer 160 as the first contact region
( 'Al.

An insulating layer 180a is formed on the first layer 621a
of tlm second portion 62a ol'thc Iirst coiuiection lute 60a and is
the Iirst layer 621b of thc second portion 62b of thc scmmd
conmxuon hnc 60b. The srmond layer 622a of thc scmmd
portion 6Za of the connection line 6(la and the second layer
622b of the second portion 62b of the second cmtnection ime
60b are disposed on the insulating layer 180a. In the hrst do

contact region CAI, the second layers 622a and 622b are
conmx ted to thc Iirst layers 621a and 621b tluou h contact
holes 89 fomied in thc uisulating layer 180a. Thc insulating
layer 180b may bc disposed on the second layers 622a and
622b. I'he insulating layers 180a and 180b may include the
organic material to aid in the bendinp of the bending region
BA. Although( not shown, at least one insuLatin layer
including the organic material may be further disposed on
the uisulaung layer 180b.

As described above. thc Iirst layers 621a and 621b of thc o

Iirst portion 6lir of thc Iirst coiuiection lmc 60a, 1hc Iirst
portion 6lb of the second connection line 60b. and the
second portions 6Za and 62b of the hrst and second con-
nection lines 60a and 60b and the second layers 622a and
622b of the second portions 62ii and 62b of the first and . s

sruond connection lines 60a and 60b are disposed at ddlbr-
cnt layers. The portions of the connrmuon lures disposed at
the difierent layers may be conncctcd ut thc first contact
region ( Al Also, in the second contact region CA2, like in
the first contact region ('Al, the portions of the connection sc

lines may be connected.
As shown. the contact holes 69ii and 69b and the contact

holes 89 are uot at all overlapped, however they nmy
altcnrdtu cly bc disposed to bc at least partially ovcrlappcsl.
Thc second layers 622a and 622b muy bc shorter than thc ss
fir t layers 62 la and 621 b in the second direction l)2 (the
length direction). I lorvever, the second layers 622a and 622b

may altcrnativcly hare substantially the same lmigth as thc
first layers 621a and 621b. In the dmswing, although three
contact holes 69a, 69b. and 89 arc shown. there may bc
fewer or nmre contact holes forrnal l3y fiirmmg the contact
holes 69ir, 69b, and 89 to be ovcrlappcd or reducing thc
nuntber of the contact holes 69a. 69b, and 89. the size of the
first contact region CAI may be reduced.

I'he display device according to an exemplary embodi-
ment of the present invention trill be described with refer-
cncc to FIG. 6 to FIG. 8.

FICi 6 is an equivalent circuit diagram illustrating one
pixel of d displav ih:vice accoldlllg to atl cxclllplary ctllbodi-
ment of the present invention, Irl(i 7 is a layout view
illustrating pixels of a display device according to mi cxcm-
plary embodiment of the present invention. and Irl(i. 8 is a

cross-sectional view taken alon a line VIII-VHI'n FILI. 7.
Ileferring to Irl(i 6, each pixel PX of the display area DA

may include transistors Tl, T2. T3. T4, T5, T6, and T7. a
storage cupacitor Cst. and mi organic light mnitung diode
(GLED) connected to display signal lines 151, 152. 153.
158. 171. 172. mid 192.

I'he transistors 'I'I, 'I'2, 'I'3, 'I'4, 'I'5, 'I'6, and T7 may
include a driving transistor 'I I. a switching tnsnsistor 'I'2, a
compensation transistor 'I 3. an initmlization transistor 'I'4,

an operation control transistor T5, a light emission control
transistor T6. and a bypass transistor T7.

Thc display stgrmt lines 151, 152, 153, 158, 171, 172, and
192 may include a gate line 151, a previous gate lute 152, a
light emission control line 153. a bypass control line 158, a
data line 171, a driving voltage line 172, and an initialization
voltage inc 192. 'I'he gate line 151 and the previous pate line
152 may be connected to the gate signal generating circuit
of the aforementioned gate drivers 400a and 400b to respec-
tively Icccivc d Sir(I: slgltal Sll allil a previous gate slgilal
S(n— I). and thc light cnnssion control linc 153 may bc
colltlcctcd to Ilia llgllt citiissioit coll(tel slgllal gcllcrallllg
circuit of the gate drivers 400a and 4(filb to receive a light
elnission control signal I'IM

The pre~ious gate line 152 transmits the previous gate
signal S(n-I) to the initialization transistor T4, the light
cnussion control lute 153 transnuts thc light emission con-
trol signal EM to thc operation control transistor T5 mid thc
light emission transistor T6. mtd thc bypass control lute 158
transmits the bypass signal l3P to the bypass transistor 'I 7.

I'he data line 171 may receive a data signal (Drn) through
the data signal line group 560 and the data input circuit
portion 600 that are described above. and the driving voltage
lute 172 may receive the drivutg volta r: ELVDD tluough
thc Iifih signal line 50 and thc dnving voltage tmnsnutttng
lute 72 of thc above-described Iifth group 550a Thc initial-
ization voltage line 192 may receive the initialmation volt-
age Vint initializing the driving tnsnsistor 'I I through the
signal line transmitting the initialization voltage Vint of the
above-described first group 510a.

Thc gute elcctrodc Gl of thc dnving trmisistor Tl is
connrmtcd to onc cnd Cstl of thc storage capacitor Csn Thc
source clcctmdc Sl dnvuig transistor Tl m coruicctcd to thc
driving voltage line 172 via the operation control transistor
'I'5 I'he drain electrode Dl of the driving transistor I'I is
connected to an anode of the organic light emitting diode
(GLED) via the light emission control tmsnsistor T6.

A gate elcctmde G2 of thc switchin transistor T2 is
connrmtcd with thc gate linc 151. Thc source clcctrodc S2 of
thc switching transistor T2 is connected to thc data lute 171.
'I'he drain electrode D2 of the switclung transistor T2 is
connected to the source electrode S I of the driving transistor
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T1 and is connix ted to the dnving voltage line 172 viu thc
operation control transistor 'I'5

'Ilia gate electrode (i3 of the compensation transistor 'I'3

is connected to the gate line 151. 'I'he source electnide S3 of
the compensation transistor T3 ic connected to the drain
electrode Dl of the driving transistor Tl and is connected to
the anode of thc oigaruc hght cmiuuig diode (GLED) via thc
hght mmssion control transistor T6. The drmn electroilc D3
of the compensation transistor 'I 3 is connected to the drain
electrode D4 of the initialization transistor 'I'4, one end ('st I in
of the storage capacitor ('st. and the pate electrode (il of the
drivin transistor Tl together

The gate electrode CI4 of the initialization tmnsistor T4 is
conmxted to the previous gate lute 152. Thc source clcc-
troilc S4 ol Ihc lnltlallzB(lou trBnslsior T4 1s conncc1cd 10 thc 11

initialization voltage line 192. The drain electrode l)4 of the
initialization transistor 'I 4 is connected to one end Gati of
the stomge capacitor Gst and the gate electrode (il of the
drivin transistor Tl, together, tluough the drain electmde
D3 of the compensation transistor T3. 20

lite gate electrode G5 ol thc opcrauon conIrol trnuswtor
T5 is conncctcd to thc hght cnussion control line 153. Thc
source electrode S5 of the operation control transistor 'I'5 is
connected to the driving voltage line 172. 'I'he drain elec-
trode l)5 of the opemtion control transistor 'I'5 is connected
to the source electrode Sl of the drivin transistor Tl and the
drain electrode D2 of the sv itching transistor T2

lite gate clcctrodc G6 ol'he hglu cnussion control
transistor T6 is conncctcd to thc light mnission con1rol lute
153 'I'he source electrode S6 of the light emission contml io
transistor 'I 6 is connected to the drain electrode Dl of the
driving transistor 'I'I and the source electrode S3 of the
compensation transistor T3. The drain electrode D6 of the
light emission contml transistor T6 is connected to the anode
of thc organic hght cmitung diode (GLED). 11

lite gate electrode Ci7 ol'hc bypass transistor T7 is
conmx ted to the bypass control linc 158. Thc source clcc-
trode 87 of the bypass transistor 'I'7 is connected to the drain
electrode D6 of the light emission control tmnsistor 'I 6 and
the anode of the organic hght emitting diode (GLED), Bo

to ether. 1)ie drain electmde D7 of the bypass transistor T7
is coiuiectcd to thc u»tiahzation voltugc line 192 mid thc
source electrode S4 ol the imualizution transistor T4,
togcthcr.

'Ilia other end ('st2 of the storage capacitor Gst is con-
nected to the driving voltage line 172 'I he cathode of the
organic light emitting diode (GLED) is connected to a
common voltage line 741 transmittin ~ the common voltage
ELVSS. The common voltage linc 741 or thc cathode nuiy
rcwcivc the conunou voltage ELVSS from thc plurahty of o

fourth sigmil hucs 40 ol'hc above-described fourth group
540a

'Ilia circuit structure of the pixel PX is not limited to the
particular structure shown in FICi. 6. and the number of
transistors, the number of capacitors. and the connections .1
thercbctw tun may bc changed.

Rcfcrring to FICi. 7, I'or example, B pixel urea including a
rest pixel (R), a grcmi pixel (G), and a blue pixel (B) is
shoivn

'Ilia gate line 151. the previous pate line 152, the hght so

emission control line 153. and the bypass control line 158
respectively transmitting the gate signal Sn. the previous
gate signal Sn— I, the hght mnission control signal Ebfi and
the bypass signal BP may cxtcnd ui substanually thc lirst
direction D1. Tire bypass control lute 158 may bc thc sumo si
as the previous gate line 152 'I'he data line 171 and the
driving voltage line 172 respectively transmitting the data

signal Dm and thc driving voltage ELVDD may cxtcnd in
substantially the second direction D2 'the initialization
voltage line 192 tmnsmitting the initialization voltage Vint
includes a transverse part 192a that runs substantially par-
allel to the hrst direction Dl and an obhque part 1926 that
is oblique to the transverse part 192b.

Thc dnving transistor Tl, the suitchuig transistor T2, thc
compensation transistor T3, the uutialization tranwstor T4.
the operation control transistor 'I'5. the light eniission contml
transistor I 6, the bypass transistor 'I'7, the storage capacitor
('st, and the organic light emitting diode (OI

Ill ))

are formed
at the positions shown in FICI. 7

The or anic light emitting diode (GLED) includes a pixel
c(cctrodc 191, an orgmnc cnussion layer 370, and a common
c(cctrodc 270. Thc compensation trmisistor T3 and thc
initializatimi tmnsistor 'I 4 may have a dual gate stmcture to
prevent a leakage current

liach channel of the driving transistor 'I I. the switching
transistor T2. the compensation transistor T3, the initializa-
tion transistor T4. the operation control transistor T5. the
hght cnnssion control transistor T6, mid Ihc bypass transistor
T7 is disposed in one scmwonductor 130. Thc semiconduc-
tor 130 may be bent into various shapes.

A cross-sectional stnicture of the display device will be
described with reference to lil(i. 7 and Iil(i. 8 while focusing
on various transistors and the storage capacitor It may
therefore be assumed that any elements not described with
rcspcct to these Iigures arc similar to or idmitical to corre-
sponding clcmcnts pret iously dcscnbixl. FICi. 4 and FIG. 5
are also referred to for comparison with the cross-sectional
stnicture in the bending region of the display device

I'he display device includes the substmte 110 and the
Layers formed thereon. The substrate 110 may be a fiexible
substrate. for example, made of a polymer film. For
example, thc substrate 110 may bc made of a plastic such as
polyimidc. polyamide, polyethylcnc tcrcphthalate, polycth-
ylmic naphthalatc, polycthylenc cthcr ketone, polycarbon-
ate, polyethylene sulfonate. polyarylate, etc

A buffer layer 120 inay be disposed on the substrate 110
to prevent diffusion of impurities and penetmtion of mois-
ture. which may dame e the semiconductors. The buffer
lavcr 120 univ ulclililc Bn nlorgilnlc niB(cllal Bitch as a slhcon
oxide (SiOx), a sihcon nitride (S1Nx), alunnnum oxide
(A1203), halhnim oxide (HIO3), yttrium oxide (Y203), ctc.
I:ven though the buAer layer 120 may be formed acmss an
entire surface of the substrate 110, it might not be formed
v ithin the bending region BA. The buffer layer 120 may
alternatively be disposed in the substmte 110. and for
example, the substrate 110 may have a structure in wluch thc
polymer Iilm mid thc buffbr layer arc altcrnatcly stacked.

Thc scnnconductor 130 including a dnvuig channel 131a.
a sv itching channel 131(z, and a lipht eniission contml
clmnnel 131f is disposed on the butfer layer 12tl 'I he
semiconductor 130 may include a polysilicon. an oxide
semiconductor, or amorphous silicon.

In thc semiconductor 130, a tktving source clectrodc 136a
and a driving drain clcctrodc 137a are Ibnucd on respixuvc
sales of thc driving chiuiuel 131a. A switching source
electrode 1366 and a sivitching drain electrode 1376 are
formed on respective sides of the switching channel 131(r
Also. a light emission control source electrode 136f and a
Iigtt emission control drain electrode 137f are formed on
rcspcctivc sides ol thc light mmssion control chuinel 131f.

Au insulatuig layer 141, tlwt may bc rcli:rrcd to as the first
gute insulating layer. is disposed ou thc scnuconductor 130.
A first gate cmiductor including a gate line 151. a previous
pate line 152, a light emission contml hne 153, a bypass
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control line 158, and a dnving gate electrode (lira) storage
electrode) 155u is disposed on the insulating layer 141 'I he
gate line 151 may be in contact with a sv itching gate
electrode 155b. 'I'he hght emission control line 153 may be
in contact with a light emission control ate e)ectrode 1556
The first gate conductor may also include the first portion
61a oi Ihc Iirst connixtiou lute 60a disposed ut Ihe Iirst
contact region CAI

An insulating layer 142, that may be referred to as the
second gate insulating layer, is disposed on the tirst gate ic
conductor and the insulating layer 141 A second gate
conductor, including a stomge line 157 and a second stomge
electrode 156 as a part extended fbom the storage line 157,
is disposed on thc utsulauug layer 142. Thc second gate
conductor also includes thc first poruon 61b oi'die sctxmd ii
connection line 60h disposed m the first contact region ('Al
'I'he second storage electmde 156 fiirms the storage capaci-
tor ('st along with the hrst storage electrode 155rr The hrst
and second gate conductors may include a metal such as
molybdenmn (Mo), copper (Cu). aluminum (Al), silver zo

(Ag). chromium (Cr), tantalum (Ta), tiianium (Ti). or metal
alloys thereof. Thc Iirst and second mie conductors may bc
fiirmed of nndtiple layers that are continuously deposittxt

An insulating layer 160 that may be referred to as an
interlayer insulating layer is disposed on the insulating layer
142 and the second gate conductor. The insuLsting layers
141, 142. and 160 may include the inorganic material such
as a silmon oxide (SiOx) and/or a silicon mtnde (SiNx). Thc
insulatmg layers 141, 142. and 160 mi ht not bc disposed in
the bending region 13A 'I'his is because the layer made of the ic
inorganic material may be prone to cmcking during the
bending and the other layers may be damaged by the
cracking.

The insulating layer 160 has contact holes 61. 62. 63, 64,
65. 66, allil 67 Ill tile first coll)act rcgloll CA1. )tic colltiict ii
holes 69a and 69b arc fonncd in thc uisulating layer 160. A
Iirst data conductor, utcluding a data linc 171, a first layer
172a of the driving voltage lute 172, a driving connecting
member 174, an initialization connecting member 175. and
a pixel connecting member 179, is disposed on the insulatin so

layer 160. The hrst data conductor also includes first layers
621a mtd 62lb of second ponions 62a and 62b of thc Iirst
and second connection lures 60a and 60b ihsposcd ut thc
bending region BA and Ihc first conuict region CAI.

'lite thata line 171 is connected to the switching source
electrode 136h through the contact hole 62 formed in the
insuLating layers 141. 142. and 160. The drivin connectin
member 174 has one end connected to the first stomge
clcctrodc 155a through the conuict hole 61 firmed ut thc
insulatmg layers 142 and 160, and the other end connected o

to a compensation drsui clectrodc tmd an mitializauon drmn
electrode through the contact hole 63 tiinned in the insulat-
ing layer 141. 142. and 16() 'I'he initialization connecting
member 175 is connected to the initialization source elec-
trode tltrough the contact hole 64 formed in the insulatin . s

layers 141. 142. and 160. The pixel conncx:tuig member 179
is connected to thc light emission control draui clcctrodc
137/ tluough the contact hole 66 formed m the insulating
layers 141, 14Z, and 160 In the first contact region ('Al, the
fir t layer 621rr of the second portion 62u of the hrst sc

coiuiection line 60a is connected to the first portion 61a of
the first connection line 60a through the contact holes 69a
fornuxl ui thc insulating layers 142 aml 160. The Iirst layer
621b of thc sixoud portion 62b ol'hc second coruicct ion lute
60b is connected to thc Iirst poruon 61b oi'ie sctxmd si
connection line 60b through the contact holes 69b formed in
the insulating layer 160

Au insulating layer 180a that may be rcfcrrcd to as a first
pmtection layer is disposed on the first data conductor and
the msulating layer 160 A second data conductor including
a second layer 172b of the driving voltage lme 172 is
disposed on the insulating layer 180a. If the driving voltage
line 172 is t'armed of a first conductor and a second
conductor as two layers 172a mid 172b, thc rcsistancc ol'hc
dnving voltage line 172 is rcduccd such that a load cllbct
nmy be reduced, and accordingly, a luminance dift'erence on
the light emission region of the display panel inay be
prevented. 'I'he second data conductor includes the second
Layers 622a and 622b of the second portions 62a and 62b of
the first and second connection lines 60a and 60b disposed
ui thc bending region BA mid thc first contact region CAI.

Thc Iirst aml second data conductors may include, for
exon)pie, a metal such as copper (('u), aluntinum (Al), silt er
(Ag), molybdenum (Mo). chromium (('r), gold (Au). plati-
nuns (Vt), palladium (Pd). tantalum ( I'a). tungsten (W),
titanium (Ti). nicl el (Ni), or alloys thereof For example, the
first and second data conductors may include the aluminum-
buscd metal havuig a small Young's modulus such as
aluminum aml alununum alloys. In this case, the sixond
portions 62u and 62/i of the first and second connection lines
61)a and 606 disposed in the bending region 13A provide
some stress against deformation, and for example. the risk of
disconnection or degradation may be reduced although the
second portions 6Za and 62b are bent with a small curvature
radius on thc order ofhundreds ofmicromctcrs. Thc lira( and
socond data conductors may be fonnixl of muluplc layers
tint are successively laminated. and fiir example, inay have
a three-layered strucnire such as titanium/aluniinum/tita-
nium, niolybdenum/aluminumimolybdenum, or niolybde-
nunt/copper/molybdenum.

An insulating layer 180b that may be referred to as a
socond protection layer is disposed on the sixond conductor
and insulatuig layer 180ir. The uisulating layers 180a and
180b may include thc organic matcnal Altcmativcly, thc
second data conductor might not be disposed in the pixel
area, and in this case. the insulating layer 180b might also
not be disposed in the pixel area.

A pixel electrode 191 and an initialization voltage line
192 arc disposed on the utsulaung layer 180b. The pixel
connixtuig member 179 is coniwctcd to the pixel ulcc(rode
191 tlu ough a contact hole 81 fomied in the insulaung layers
180a and 180b lite initialization connecting member 175 is
connected to the initialization voltage line 192 thorough the
contact hole 82 formed in the insulatin Layers 180a and
180b. In the first contact region CAI, the second layers 622ri
and 622b of thc second portioiw 62a mid 62b of thc first and
socond connection luies 60a mtd 60b are respixuvcly con-
nixtcd to the Iirst layers 621a and 621b of thc sixond
portions 62ri and 62b through the contact holes 89 formed in
the insulating layer 180a

A pixel definition layer 350 is disposed on the insulatin
Layer 180b. the initialization voltage line 19Z, and the edge
of thc pixel clixtrodc 191. Thc pixel dclinition layer 350 has
an opening 351 overlappuig the pixel clectrodc 191. Thc
pixel dclinition layer 350 may include an orgamc ma(coal
such as a polyacrylate resin and a polyimide resin Although
not shown, the pixel definition layer 350 may be disposed on
the insulating layer 180b in the bending region BA.

An organic emission layer 370 is disposed on the pixel
electrode 191 and a conunon clcctrodc 270 w disposed on
thc organic emission layer 370. lite conunou clcctrodc 270
may also bc disposed on thc pixel dclinition layer 350, and
accordingly. the common electrode 270 may be formed
througlmut the plumlity of pixels 'I'he pixel electrode 191,

Petitioner Samsung Ex-1022, 0019



15
US 12,238,996 B2

16
the orgamc emission layer 370, and Ihc conunon clcctrodc
27(l form the organic light emitting diode (Ol.l:D).

An encapsulation layer for pmtecting the organic hght
emitting diode (OI.IID) may be disposed on the contnxm
electrode 270. A polarization layer for reducin reflection of
external light may be disposed on the encapsuLation layer.

FIG. 9 ls a layout view lflustrating a display dcvicc bcfilrc
a display panel Ihcrrxlf is bent, according Io an cxcmplary
embodiment of the present imention ill(i 10 i ~ a lateral
vietv illustrating a display device after bending. lit

Referring to ill(i 9, a printed circuit film 700 is attached
to the pad portion PP of the display panel 100 described with
reference to FIG. 1. A driving circuit clup 500 is mounted on
onc surface ol'hc punted circuit iilm 700. Thc signals input
to thc pad poruou PP tluough the pnntcd circuit lilm 700 arc Ii
transmitted to the elements of the display panel 1 (10 through
the signal lines, which extend across the bending region BA
Alternatively, the driving circuit chip 5tlf) may be disposed
between the bending region BA and the pad portion PP ul the
peripheral area PA. 20

Rcfcrring to F)G. 10, thc display ptmcl 100 is bmlt ul thc
bending region BA with a prcdctermulcd curvature. As
described above, by bending the display panel ltgi. the
width of the peripheral area PA may appear to be reduced
when vietved from the front (direction D3) 'Ibis may give
a device using the display panel. such as a smortphone, the
appearance of a reduced bezel width. However. in ocniabty,
by bendulg the display panel, thc ttalth of Ihc penpbcral
aran PA within thc bcudulg region BA is actually strctcluxh
and accordingly, the distance between the pad portion PP io
and the display area DA is increased. Since the distance of
the pad portion PP and the display area DA is increased. the
length of the signal ines used to tmnsmit the various si nols
from the pad portion PP to the display area DA are increased,
and Ihe incrc iso ol Ibc length of Ibe signal lulcs causes thc li
Icststallcc ol Ihc slgtlB1 lilies lo lllcrcasc. Accortbug Io Bu

exemplary embodiment of the present ulvcntlon. as Ihe parts
of the sigttal lines disposed in the bending region BA include
dual layers. having a mateual and shape that are suitable for
bending. the resistance v itlfin the signal lines moy be kept do

sufliciently small to maintain adequate image quality.
While exemplary mnboduncnls of Ihc present invmltion

have bema dcscribcd with rcli:rcncc Io thc ligurcs. 11 ls Io bc
understood that thc invention is not lunited to the disclosed
embodiments, but. on the contrary. is intended to cover d

various modifications and equivalent arrangements.
What is claimed is:
1. A display device, comprising:
a substrate including a bmldulg area and a lirst contact

arcs disposed at a first mdc of thc bcndmg arcs; and o

a lirst wire disposed on thc substrate and mcludul .

a first conductive part disposed in the first contact area,
a second conductive part overlapping the tirst conductive

part mid disposed in at least the brst contact oreo and
the bending area, and . 1

a third ixlnducttvc part ovcrlappin Ihe second conductive
port and dmposcd in at least Ihc lirst contact arcs,

wherein Ihc second conductive part ls directly connected
to the first conductive part in the first contact area. and
the third conductive part is directly connected to the so

second conductive part in the first contact area and
wherein the second conductive part and the third conduc-

tu c part arc not connected Io each olhcr ul Ihc bending
arcs.

2. A display device. compnsulg. Si
a substrate including a bending area and a tirst contact

area disposed at a first side of the bmtdino area; and

o lirst wire disposed on tlm substrate and including:
a first conductive part disposed tn the first contact area,
a second conductive part overlapping the first conductive

part and disposed in at least the first contact area and
the bending area:

o third conductive part overlapping the second conductive
part and dtsposcxl in at least thc first contitcl arcs,

o iirst insulatulg layer disposed bctw ceo Ihc lirst conduc-
tive part and the second conductive part, and

a second insulatin layer disposed between the second
conductive part and the third conductive part.

wherein the second conductive part is connected to the
first conductive part in the first contact area, and the
tlnrd conductive part is connected Io thc second con-
ductive part ul the iirst contact arcs,

wherein the second conductive part and the third conduc-
tive part are not connected to each other tn the bending
'lre'1, 'ltxi

wherein the second conductive part is connected to the
first conductive part through a first contact hole formed
iu ot least thc lirst ulsulating layer. mid the third
ramductivc part is conncctcd to tbc second conducuvc
part through a second contact hole fornted in at least the
second insulatino, layer.

3 'lite display device of claim 2, wherein the first contact
hole ond the second contact hole are disposed tn the brst
contact area and spaced apart fmm each other in a plan vietv.

4 Thc display det ice of claim 2, whcreul.
thc substrate further includes a simond contact area dis-

posed at a second side of the bending area.
the first wire further includes a fourth conductive part

disposed in the second contact area, and
the second conductive part is connected to the fourth

conductive part in the second contact area.
5 Thc display dcticc of claim 4, whercul thc sixond

conductive port is connected to thc fourth conducuvc part
Ihrotlgh d conldct hole forulcd 111 Ihc ilrst ulsulBIhlg lovel;

0 1 he display device of claim 4, further comprising
signal lines disposed on the substrate; and
pads disposed on the substrate.
wherein the first conductive part is connected to one of the

signal lines and the fourth conductuc part I ~ connectixl
to onc of thc pads.

7 Thc display det ice of claim 4, 1'urthcr compusulg.
a second v'ire disposed on the substrate and including:
a first conductive part disposed tn the first contact area:
o second conductive port overlapping the iirst conductive

part of the second tvire ond disposed in at least the
ramtact arcs and thc bmlding armi, mid

o Ilurd conductive part overlapping the second conductive
part ol Ihc second w irc and dtsposixl ul at least Ihc first
contact area.

wherein the second conductive part of the second tvire is
connected to the tirst conductive port of the second wire
in the first contact area. Bnd the third conductive part of
thc second wire is contwctcd to the second mlnducuvc
part of Ihc sixund wire in the iirst ralntact arcs, aml

wllclclll Ihc second collductlvc pBrt ol Ihc sccolld wile
and the third conductive part of the second wire are not
connected to each other in the bending area.

8 The display device of claim 7. further comprising a
third insulating layer disposed between the first conductive
port ol the second v ire;md Ibc first insulatulg layer,

wherein thc second conductive part of thc second wire is
ramnix ted to thc first conductive part of thc second wire
through a third contact hole formed in at least the brat
and third insulating layers, and the third conductive
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part of the second wire is niiuicclcd lo lhc simond
conductive part of the second wire tlmingh a fourth
contact hole fomied in at least the second insulatin
Liver.

9. The display device of claim 8, wherein the rhird contact
hole mid Ihc lourlh contact hole arc disposnl in lhe lirsl
eolilaet area arid spacixl spelt Iloili nsell ollicl lli a plait view.

10. Thc display dcvicc ol'lauu 8, further comprising.

a transistor dmposcd on thc substrate and uicluduig a gate lc
electrode. source and drain electrode, and a snnicon-
ductor lever; and

a fourth insulating layer disposed between the gate elec-
trode and the semiconductor layer,

is
ivherein the second conductive part of the first wire and

the source and drain electrodes are disposed between
the first insulating layer and the second insuLiting layer.

11. Thc display dcvwe ol'lmm 10, whercui.
thc lirst conductuc part of thc lirst wire is disposixl

bet~san the first insulating layer and the third insulat-
ing layer. and

the first conductive part of the second ivire and the gate
electrode are disposed between the third insulating
layer and thc fourth insulating layer.

12. The display des ice of claim 10, further nimpusing:
a tifth insulatin layer disposed on the third conductive

part of the fir t wire; and
a pixel electrode disposed on the fifth insulating layer and

connected to one of the source and drain electrodes.
lgs The display des ice of claim 12, further nimpusing:
a voltage linc ihsposcd on the substrate.
wherein the third conductive part of the first v ire and the

voltage line are disposed between the second insuiatin
layer and the fifth insulating layer
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