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1

PROTECTIVE LAYER FOR DISPLAY
MODULE AND IVLANUFACTURING METHOD

THEREFOR

CROSS-REFERENCE TO RELATED
APPI ICA'I IONS

'lliis application is a national stage entry of International
Application Number PCT/KR2020/01624ch filed on Nov.

I itIS. 2020, whwh clauns priority to Korean Patent Applica-
tion No. 10-2020-0004070, bled on Ian. 13, 2020 in the
Korean Intellectual Property Oflicc, the disclosures of which
are incorporated by reference hemin in their entireties

IC'I'I ICI IN I CA I. III I il.D

'lite present mvention relates to a display module and 0

method for manufacturing the came. More specifically. the
present invention relates to a display device v ith increased
durability mid increased bending properties of a flexible
circuit board.

DISCUSSION OF RELATED ART

Ill itxcnt veal s, vailoiis dlspldv dcvlccs Brc IIIBdc flliii,
small, and fightweight Accordingly, various studies are
bculg conducted lor mounting dnvin clcmcnts for display-
illg all Iiu;Igc oil B display device m B lilliitcd icgioll of tlic
display device

A flcxiblc circuit board may be provided in flic I'Orm in
wluch driving clcmcnts I'or displayin mi unagc arc diroctly
mounted on a display device, or in the tape carrier package
form ('I'CP) m which a pnnted circuit board on which
driving elements are mounted is connected to a display lc
panel.

The flexible circuit board may be cracked in the repeated
bending action of a circuit paucrn liirmcd on B mrcuit board
or m the process ol coupling Ihc circuii pat(0m ui a bent
state, or may be damaged due to tensile force generated 40

during, bending

SUMMARY

An object of the present invention is to provide a display
module including a protective layer configured to eflectively
protect a bending portion and a connection portion.

Another object of the pre~ant invention is to provide a
method for manufacturing a display module with incrcascd
rchability and durability by prcvcnting dclccts gmicrutcd 0

ilUililg B IliaiiilfBcnillllg process.
According to an embodinient of the present invention, 0

display module includes a display panel including a tlat
re ion, and a bending region adjacent to the flat region. A
protective layer is disposed on at least one side of the dispLay . I
panel. Thc protcctiic layer uicludcs a base curing layer
disposed on thc display panel A plasma proccssuig layer is
disposed on thc base cunng layer.

In an embodiment, the pmtective layer inay include an
acrylic polymer, or a thiol-based polynier sit

In mi embodiment. the protective layer may include a
monomer includin a plurality of chain portions and a
plUIalltv'1 lililctlollal groUp portions.

In an mnbodimcnk the plasma processing layer composes
a lirst polymer chmn mid a second polymer chaui thnt arc sc
formed by connecting the plumllity of chain portions of the
monomer. At least one of the plurality of functional gmup

,206 B2

portions included m thc lirst polymer chain may be cross-
linked to the second polymer chain

In an embodiment. the base cunng layer comprises a hrst
base polymer chain and a second base polymer chain that are
formed by connecting the plurality of chain portions of the
monomer. v,herein the first base polymer chain and the
socond base polymer cluun may not bc cross-linked to each
other.

In an embodiment. the protective layer may overlap the
beiidiiig region.

In an embodiment, the display panel may further include
an opposing region adjacent to the bending region. The
opposin region faces the flat region as the bending region
is bent.

In an embodiment, thc display module may further
include a circuit board connected to one end of the display
panel, and at least a portion of the circuit hoard ic disposed
to face the tlat region of the display panel

In an embodiment, the dispLay panel and the circuit board
are connected to each other at a connection portion. The
protccnvc layer may bc disposed in thc connection portion.

In an embodiment, thc display panel may Include a base
layer, a circuit layer disposed on the hase layer, a plumllity
of display elements disposed on the circuit layer and gen-
erating hght. and an encapsulation layer covering the plu-
rality of display elements. The display module according to
an embodiment of the present invention may further include
dii Iilpilt SCIlslilg lavix diSposCd Oil tllc CIICapsiilatloll ldVCB

According to an emboduucnt of the present invention, a
display nxldule includes a display panel includmg a flat
region, a bending region adjacent to the flat region, and an
opposing region adjacent to the bending region, and facing
the flat region when the bending re ion is in a bent con-
fi uration. A pmtective layer is disposed on the bendin
region. The prutcctivc layer uicludcs a plasma processing
lavcr disposed Bt ilil Uppciltlost portioil of tllc piotix'tive
lavcr.

According to an embodiment of the present invention, a
method tilr manufacturing a display module including a
display panel having a flat region and a bending region
adlacent to the flat region includes providing a protective
resin on at least one side of thc display pmicl. Plasma Is

applmd on thc protcctivc resin to form B protixtivc layer
huvuig a plasma processing layer on a surlacc ol thc
pmtective layer.

In an embodiment. the filrming of a protective lever may
include irradiating light on the pmtective resin to form a
preliminary protective layer, and applyin the plasma on the
preliminary protcctn c layer to foun the plasma processing
lavcr.

In an embodiment. thc forming of a protcctivc layer mdy
include funning a base curin layer on the display panel.'I he
placnm processing layer is filrmed on the hase curing layer
by applying the plasma on an uncured portion of the base
curing layer.

In mi mnbodimcn( thc protcctivc resin may bc provxhxl
ou thc bcmling region of thc display panel.

In au embodiment. thc display module uicludcs a circuit
board connected to one end of the display panel. 'I'he display
panel and the circuit board are connected to each other at a
connection portion. The protective resin may be provided in
the connection portion.

In mi embodiment. thc protccnvc resin may include dn
acrylic monomer or a thiol-based monomer

In an cmboihmcnt, the protionvc rcsui may uicludc d

monomer including a plurality of chain portions and a
plumllity of functional group portions.

Petitioner Samsung Ex-1034, 0019



US 12,527,206 B2

In an cmboduncnl, lhc plasma proccssuig layer uicludcs
a first polymer chain and a second polymer chain that are
fornuxl by coruiccling thc plurality of cham portions of thc
monomer. In the applying of plasina, at least one of the
plurality of funcuonal group portions included in lhc Iirsl
polymer cluiui may be cross-lurked to lhc scnmd polymer
elis lit.

In an embodiment, the providing of the protective resin
and the forming of the protective layer may be perfiirmed in
a state in v.hich the display module is fiat. The method for '"
manufacturing a display module may hlrther include bend-
ing lhc display module after Ihc liinning ol lhc protective
liiv'ci;

Accordmg lo mi nnboduncnl of lhc prcscnt invention,
defects caused by an uncured mononier are prevnlted front
being generated in a cover resin disposed in a bending
portion and a connection portion, so that the bending prop-
erties ofa display module may be effectively mainmined and
the durability thereof may bc uicrcascd.

20

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a display device accordin
to mi embodunnil ol'hc prcscnl invcnuon.

FIG. 2 is an exploded pcrspcctivc view of a display ilevicc
accordin to an embodiment of the present invention

Iilti 3 is a perspective view of a display module accord-
in to an embodiment of the present invention.

FIG. 4 is a perspective view illustmsting that a portion of
the display module illustrated in FICi. 3 is bent.

FIG. 5A and FIG. 5B arc cross-sex:tioiuil vwws of a

display module according lo an embodiment of the prcsnil
invention.

Iilti 6A is a cross-sectional vieiv schematically showing
a pmtective layer included in a display module according to is
an embodiment of the present invention.

FIGS. 6B and 6C are schematic views schematically
show ing some components of a pro lcnivc layer acnirding lo
an nnbodimcnt ol'hc prcscnt invcnuon.

Iilti 7 is a plan view of a display module acnirding to an 30

embodiment of the present ulvention
Iilti 8A and lil(i gl3 are cross-sectional views of 0

display module according to an embodiment of the present
invention.

FIG. 9 is an equivalent circuit diagram ol'0 pixel acnird-
ing to an nnboduncnl ol'hc prcscnt mvcntion.

Iilti III is a tloiv chart showing steps of a method for
manufacninng a display module according to an embodi-
ment of the present invention.

FIG. 11A to FICi. 11E are cross-sectional views sequen- so

tially showing each step of a method for manufactnrin a
display module according lo an embodiment of the prcsnil
invention.

Iiltig 12A and 1213 are cross-sectional views schemati-
cally showing some components of a method tiir manufac- ss

turing a display module according to an embodiment of the
present invention.

FIGS. 13A and 13B are cross-sectional views schemati-
cally showing some steps ol a method for mmiulaclunng a

display module according lo an embodiment of the prcscnl sii

invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Hercurafter. embodiments ol'thc invnilivc concept will bc ss
described with reference to the accompanyina drawings. In
the present disclosure, when an element (or an area. a layer,

a portion, ctc.l is referred to as being "on" "connected lo,"
or "coupled to" another element. it means that the element
nmy be directly connected toicoupled to the other element,
or that a third element may be disposed therebetween

Like reference numerals refer to lil e element~. Also. in
the dna win s, the thickness, the ratio. and the dimensions of
elements may bc cxaggcralcd for an cllectivc description of
tccluiical contents. Thc remi "andior" uicludcs miy aml all
combinations of one or more of which associated elenients
nmy define

It will be understood that, although the terins "first,"
"second," etc, may be used herein to describe various
elements. these elements should not be limited by these
tcnns These tcmis arc only used lo distinguish one clement
from another. For example, a first clnncnt may bc rcli:rrcd
to as a second element, and a second elenlent may also be
referred to as a first element in a similar manner ivithout
departing the scope of rights of the present invention. 'I he
terms of a singular form may include plural forms unless the
context clearly indicates otherwise

In addition. terms such as '*below." "lower," "above,"
'*upper," and thc like arc used to dcscnbc thc relauonslup of
components slmwn in the drawings 'I'he terms are used as a
relative concept and are descnbed with reference to the
direction indicated in the dnsivings.

It should be understood that the terms "comprise," or
"have" are intended to specify the presence of stated fea-
turi:s, llllcgcrs, steps, oper'iitlolis, clclllcills. i:oiilpolii:ills, ol
combmations thcrcof in lhc disclosure, bul do nol prccludc
the presence or addition of one or more other features,
llltcgcl's, steps, iipcl lliolis. clcmcllts, parts, oi'olilbiilatlolls
thereof.

In the present disclosure, when "Component B is directly
disposed on Component A," it means that no separate
adhcsivc layer and adhcsnc mcmbcr is ihsposed bctssccn
Component A and Componnil B

Hcrcinafier. a display moduleaccordin lo mi embodi-
ment of the inventive concept and a display device including
the same will be described ivith reference to the acconipa-
nylng ilraw lugs.

FICi 1 is a perspective view of a coupled display device
according to an cmbodimcnt of lhc present invcnuon. FIG.
2 is an exploded pcrspccuvc view of a display device
according to an emboduncnt of thc prcsnil invention.

lieferring to I'l(i I and ISI(i 2. a display device IlA may
be a device activated by an electrical signal. I'he display
device EA may inchide various embodiments. For example.
the display device EA may be used in large electronic
dcviccs such as tales isions, monitors, or cxtcmal advcrlisc-
mcnt boards, and also ui small mid medium-sized clccuomc
dcviccs such as personal computers, notebook computers.
personal digital terminals. car navigation system units, game
nmchines, portable electronic appanstuses, and cameras It
should be understood that these are merely exemplary
embodiments. and the display device EA may be employed
ui other electronic dcviccs w ilhou1 dcparluig from lhc invcn-
tivc concept. In the prcsnil nnbodimcnn thc display device
EA is cxcmplanly illustrated as a smart phone

I'he display device IIA may display an image IM toward
a third direction I )R3 on a display surface I'S parallel to each
of a first direction DR1 and a second direction DRZ. The
ima e IM may include a moving image as well as a still
unagc. In FIG. 1, as mi example of lhc unagc IM, 0 watch
window and icons arc illustrated. Thc display surface FS on
which thc image IM is displayed may corrcspond lo 0 I'ronl
surface of the display device IIA, and may correspond to a
front surface of the windoiv WP

Petitioner Samsung Ex-1034, 0020
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In thc present embodiment, a front surlbcc (or an upper
surface) and a back surface (or a lower surface) of each
member are defined on the basis of a direction in which the
image IM is displayed. 'I he front surface and the back
surface oppose each other in a third direction DR3 Bnd the
normal direction of each of the front surface and the hack
surfwc may bc parallel lo thc llurd ihrcction DR3. Mc;ui-
wlulc. directions indicated by lhc Iirsi io llnrd directions
DRI. DR3. and DR3 are relative concepts, and may be
converted to ditferent directions Ilereinafter, directions 10

respectively indicated by the first to third directions DRI,
DR3, and DR3 are denoted by the same reference nnrnerals
and indicate the same directions. In the present disclosure,
'*on a plmic" nuiy mean when vicwcxi ui lhc lhird direction
DR3. is

'flic display device llA may include a window Wp, u

display module DM, and a housing IIU In the present
embodiment. the window WP and the housing. IIU are
coupled to constitute the appearance of the display device
EA. 20

lhc window WP may include an optically lranspurmil
insulation matcnal. For cxamplc, thc wuidow WP nuiy
include glass or plastic 'I'he window WP mav have u
multi-layered stnicture or a single-layered structure I'or
example. the window WP may include a plurality of plastic
films coupled with an adhesive. or a glass substrate and a
plastic tilm coupled with an adhesive.

lhc front surface FS of llic window WP defines thc I'rout

surfwc of displuy dcvicc EA as described above. Thc
transmissive region I'A may be an optically transparent 30

region. Iror example, the transniissive region TA may be u

region having a visible light transniittance of about 9(y% or
hi/ter.

The bezel region BZA may be a region bavin a reLstively
low it/it lrallSiliinB11CC CoiilpdrCd 10 1110 ti'BBSIulSSivC rC 1011 is
TA. Thc bczcl region BZA defines the shape of die truus-
missivc region TA. The bezel region BZA may bc adgicmit
to the transmissive region TA. and may surround the trans-
missive region 'I'A

The bezel region BZA may have a predetermined color. 10

The bezel region BZA may cover a peripheral re ion NAA
of lhc display module DM lo block thc pcnpheral rc ion
NAA from bmn viewed from thc outside. Meanwhile. tlus
is only cxcmplanly illustrated. and in fiic wuidow WP
accordin to an embodiment of the imentive 000cept, the
bezel region B/A may be omitted

Although not illustrated in FICi. I and FICi. 2, a reflection
prevention Layer RPP (see FICi. 5A) may be disposed
between lhc wuidow WP and the display module DM. Thc
rcflcclion prcvcntiou layer rcduccs lhe rcfkccnuice 01 cxtcr- 0

nal light uicidcnt from Bn upper sale of thc v indow WP. In
an embodiment of the present iinention, the reflection
prevention panel may be omitted. or may be a component
included in display module DM.

Although not illustmted in FIG. I and FIG. 2. an adhesive . 1

layer may bc further dwposed bclwccn thc window WP and
the display module DM. Thc tnlhesive layer may bc an
organic adhcsivc layer such as an opucally cleur adhesive
((yGA) him. an optically clear resin (0('R), or a pressure
sensitive adhesive (PSA) film The or anic adhesive layer sc

may include a polyurethane-based, polyacrylic, polyester-
based. polyepoxy-based, or polyvinyl acetate-hosed adhe-
sive nuilcrial. In au mnboduncnl, the udhcsivc layer may bc
an optically clear adhesive Iilm.

lhc display module DM may display thc image IM and ss
sense an external input 'I'he external input may include
various forms of inputs provided from the outside of the

display module Did. An cxtcrual uiput appltcxi I'rom lhc
outside may be provided in venous forms

lior example, the external input may include not only a
contact by a part of a user's body, such as a hand, but also
an external input (e.g., hovering) applied in close proximity.
or adjacent to the display module DM at a predetermined
distance. Also. the cxlcrual uiput may have various fonna
such as force, prcssure. mid light, but is not liminxl lo any
one embodiment

I'he display nxidule l)M may include a display surface IS
including an active region AA and the peripheral region
NA.A. The active region AA may be a region activated by an
electncal signal.

In lhc present mnboduncnt, the active region AA may bc
a region in wluch lhc uuagc IM is displayed, aud at thc same
time, may be a region in ivhich an external input is sensed
'I'he transmissive region 'IA overlaps at least the active
region AA. I or example, the transmissive region 'I A over-
Lsps a fmnt surface or at least a portion of the active region
A.A. Accordin ly, a user may visually recognize the image
IM tluough lhc lransmissivc region TA, or may provide dn
cxlcnial input. However. this is only cxcmplanly illus lral ink

In the active region AA. a region in which the unaae IM is
displayed and a region in which an external input is sensed
nmy be separated from each other, but the embodinient of
the inventive concept is not limited to any one embodiment.

The peripheral region NAA may be a region covered by
thc bezel region BZA. Thc pcnpherul region NAA is ad)s-
cent lo the active region A.A. Thc pcnphcral region NAA
nmy surround the active region AA. In the periphemsl region
NAA, a driving circuit ore driving line fiir driving the active
region AA may be disposed

The display module DM includes a display panel DP and
a circuit board DG,

Thc display panel DP may be a mimponcnt wluch sub-
stuntially gencralcs lhc uuage IM. Thc image IM generated
by thc display panel DP is visually roc0gni2cxf by a user I'rom
the outside through the transmissive region TA In an
embodinient, the active region AA and the periphemsl region
NAA of the display module DM may substantially mean the
active re ion AA and the penpheral region NAA of the
display piuicl DP. Tlial is, thc display panel DP may include
lllC CullIC dlSpla)'UIIBCC IS 111Cludiilg lllc dClivc ICglon AA
and thc peripheral region NA.A.

I'he housing I IU is coupled to the window WP. 'I he
housing IIU is coupled 10 the ivindow WP to provide a
predetermined internal space. The housin HU may include
a plumshty of sideivall portions. and the plumslity of sidewall
portions ol'hc housuig HU and thc window WP mdy
provide a prcdctcnnmcd internal space. Tlic display module
DM may bc rcceivcd in lhc inlcrnul spucc.

I'he housing I IU may include a material having reLstively
high rigidity Iior example, the housing I Il.l may include
glass, plastic. or a metal. or may include a plumlity of f'rames
and/or plates composed of a combination thereof. The
housmg HU may stably protect compouenm of lhc display
dcvicc EA accommodated in an internal space Ibom dn
cxlcnial impact.

lil(i 3 is a perspective vieiv of a display module accord-
ing to an embodiment of the present invention, and I'l(i 4
is a perspective vieiv illustrating that a portion of the display
module illustrated in FICi. 3 is bent.

Rcfi:rring to FIG. 3 and FIG. 4, thc display module DM
according to an cmbodimcnt of lhc present uivculion has d

rccuiilgiilar shiipc which hBs loilg sides 111 lllc firsl dilccllon
l)RI and short sides in the second direction DR2 which is
perpendicular to the first direction DR I 'I'his is an example
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of a specified shape of the display module DM Iiir conve-
nience of descnption, and the present invention is not
particularly limited lo thc shape ol'he ihsplay module DM.

'flic display module l)M niay display the imaae IM (see
FIG. I) Suough a display surf'acc IS. The display surface IS
is parallel to a plane defined by the hrst direction DR I and
the second direction DR2. The nomial direcrion of the
display surface IS, that is, the thickness direction of the
display device DM. is indicated by the third direction DR3.

l I illic display surface IS includes the acuvc region AA in
which the image IM ls displayed and the peripheral re ion
NAA aillacclil lo llii: active ri:gioiiA.A. Tlic Jctivi: rc ioiiAA
is defined in a centnsl region of the display inodule DM. 'I he
pcnphcral region NAA is a region ui winch thc unagc IM is
not displayed. 'I'he penpheral region NAA is defined to
surround the active re ion AA on the display surface IS. The
active region AA may be a region in which a pixel VX is
disposed. and the periphemsl region NAA may be n region in
wluch lhc pixel PX is nol disposed. 20

The display module DM includes the display panel DP
and thc circuit board DC Tlm display pimcl DP displays thc
image INI. Substantmlly, the display surface IS niay be
detined on an upper surface of the display panel DV

In the display panel l)V. a plurality of regions NI3A I. BA,
and NBA2 arran ed in the first direction DRI on a plane
may be defined. I sch of the phuality of regions NBAI. BA,
and NBA2 is dcfincd accorduig to the iypc ol opcrauon of
the display pmiel DP.

Specifically. on a plane. a first region N13AI. a second so

region Nl)A2, and a third region IIA between the first region
NI3AI and the second region NIIA2 are defined in the
display module DM. The first region NBA1 includes the
active region A,A. and overlaps a portion of the peripheral
region NAA. Thc Iirsl region NBAI is mit beni. )s

llic second region NBA2 is dcfincd on one side of thc
display panel DP in thc first dirimuon DRI. Thc scwmd
region NI3A2 overlaps another portion of the peripheral
region NAA 'I'he second region NI3A2 is not bent. 'I he
circuit boiard DC to be described later may be connected to so
the second region NBAZ

llic llurd region BA is a region bent uround a bcnduig axis
BX parallel to lhc second dirccuon DR2, and is a rc ion
subsuuilially lonns a curvature. Hcrmnaftcr. lhc first rc ion
NI3A I. the second region NI3A2, and the third reaion BA are
respectively referred to as a flat region NI3A I, an opposing
re ion NBA2, and a bending region B %.

As illustrated in FI(i. 4, when the bending region BA of
the display module DM is beni, a poriion ol'hc display
module DM corresponding to lhc opposuig region NBA2 o

may bc disposed below a poruon of the display module DM
corresponding to the flat region NI3A I. 'I lmt is. the opposing
region Nl)A2 may overlap a portion of the flat region NIIA I

on a plane.
A width in the first direction DRI of the tlat region NBAI . 2

may be ddli:rent from a width ui the Iirsi direction DR1 of
the opposing region NBA2. Spixifically, lhc width in lhc
Iirst dirccuon DRI of thc flal region NBA1 nuiy bc greater
than the width in the first direction Dl(l of the opposing
region NI3A2. I'herefore, when the display module DM is so

bent, the opposing region NBAZ may not be visually rec-
ognized due to the flat region NBA2.

llic circuit board DC is conncctcd to one sale of thc
display pmiel DP in the Iirsl dirccuon DR1. Thai is, thc
circuit board DC is connected to thc I'1st rcgron NBAI ol'hc ss
display panel DV 'I'he circuit hoard I)C mav include u
flexible tilm ('13 and a drivuig circuit DV

Thc fkcxiblc lilm CB is connected to lhc flal region NBAI
of the display panel DP 'I'he tlexible film ('ll may be
electrically connected to the display module DM through an
adhesive member 'lite adhesive member niay be a transpar-
ent adhesive or an anisotropic conductive film.

The driving circuit DV may be mounted on the flexible
Iilm CB. Thc dnving circuit DV is elcclwcally coruicctcd lo
thc flcxiblc film CB tluough circuit wires (uot shmvn)
included in the flexible tilm ('13. I'he flexible filni C13 may
electrically connect the drivin circuit DV and the display
panel DP, and the driving circuit IXV may generate an
electncal signal to be provided to the display panel DP or
process an electrical signal provided from the display panel
DP

Thc display module DM may uicludc a bcuduig portion
pmtective layer BVI. overlapping at least the bending region
13A I lereinafier, the bending portion protective layer IIVI,
will be described in detail later

FICi 5A is a cross-sectional vieii of a portion of a display
device according to an embodiment of the present invention.
FIG. 5B is a cross-sectional i sew ol' poruou of a display
dcvicc according iu another cmbodimcnt of thc present
invention, FI(i 5A and 1 if(i. 513 illustrate cross-sectional
views of a display module according to an embodiment of
the present invention

As illustrated in FI(fi 5A. the display module DM may
include the display panel DP, the reflection prevention layer
RPP. protoclive Iilms PF1 and PF2, a support pmicl SPP, and
thc circuit board DC.

I'he display panel DV inay be a flexible display panel, fiir
exon)pie, an organic light emittmg display panel. I lereinaf-
ter, the same description given above may be applied to the
description of the display panel DP. In addition, although not
illustrated, an input sensing unit ISP (see FICi 8A) may be
disposed on thc display pnncl DP. As illustrated in FIG. 8A.
when lhc uipul sensing uiul ISP is directly fonncxf on lhc
display panel DP, ihc drw mg of lhc input sensing uml ISP
nmy be controlled without a separate circuit board.

I'he retiection prevention layer I(VV may include a polar-
izin film anc/or a phase retardation film. Depending on an
operation principle of the reflection prevention layer RPP.
thc mmibcr of pliasc retardation Iilms and lhc phase rctar-
dulion length of a phase retardation film may be dctcrmincxf.
Thc rcflccuon prevention layer RPP may include color
filters.

I'he protective films VI'I and VI22 are disposed on a rear
surface of the display panel DP In the present embodiment.
a protective fihn PF may include a first protective film PFI
and a scmond prolccuvc Iilm PF2 which arc dtsposcxf spacixl
apart from each other. Thc first prolcctivc film PF1 may bc
disposed incorrespondcncc lo the flat rc ion NBA1 (FIG. 4)
of the display panel DV, and the second pmtective film F122

nmy be disposed in correspondence to the opposing region
NBA2 (FI(i. 4) of the display panel DP.

The protective films PFI and PF2 may include a plastic
Iilm as a base layer. Thc protective films PFI and PF2 may
uicludc a plastic Iilm containing any onc sclixlcd Irom lhc
group consistuig of polycthcrsulfouc (PES), polyacrylatc
(VAI(), polyetherimide (VEI). polyethyelene napthalate
(VI!N), polyethyleneterephthalate (VII'I'), polyphenylene
sulhde (PPS). polyarylate, polyimide (PI), polycarbonate
(PC). poly(arylene ethersulfone). and a combination thereof.

A material consululing lhc protective films PF1 and PF2
is nol limited lo plastic rcsuis, and may uicludc an orgamc,'iorganic

composite malcnal. Thc protective Iilms PF1 and
VI22 may include a porous or anic layer, and an inorganic
nmtter filled in pores of the organic layer
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llic support panel SPP arc disposed on back surfaces of
the protective films Vlii and Vl 2 and support the display
panel DV and the pmtective film Vl'I he support panel SVV

may be a metal plate having rigidity greater than or equal to
a reference value. The support panel SPP may be o stainless
steel plate. The support panel SPP may be block in order to
block ex(cruel light uicidcnt on thc display panel DP.

llic circuit board DC may bc conncclcd lo onc cnd of'hc
display panel l)V to generate an electrical signal to be
pmvided to the display panel DV or process an electrical ia
signal provided fmm the display panel DV. Iil(i 5A exeni-
plarily illustrates that one circuit board DC is connected to
the dispLay panel DP. but the present invention is not limited
thereto. mid an addinonal circuit board may bc connected to
the other mid spaced apart Ibom one cnd of flie display puncl is
DP to which the circuit board I)( is connected On the
additional circuit board, a plurality of passive elements and
active elements and the like may be niounted 'I'he additional
circuit board may be electncally connected to o motherboard
of a display device through an electronic component con- mt

Ilcclol.
FIG. 5A excmplanly illustrates the reflcction prcvmilion

layer l(VV separately provided, but the reflection prevention
layer l(VV may be omitted 'I'he mflection prevention layer
l(VV may be integrated into the dispLsy panel l)V through o
continuous process. In an embodiment. color filters disposed
on an encapsulation layer ECI. (see FRI. SA) moy have the
funcnon of thc rcikcclion prcvcnlion layer RPP. In an
cmbodimcnt of thc present uivcnlion, lhc protective Iilm PF
may be omitted

Among each component described above, a first adhesive
member AM I to a hfth adhesive member AM5 may be
disposed. Each of the first adhesive memberAMI to the fifih
adhesive member AM5 may be a pressure sensitive adhesive
(PSA) Iilm, an optically clear adhcsivc (OCA) film. or an )s
optically clear resin (OCR). The first adhesive member AM1
to thc fifth adhcsivc member AM5 mcludc a pholocuring
adhesive matenal or a heat-curable adhesive material, and
the material thereof is not particularly limited In addition,
some of the first adhesive member AMI to the fifth adhesive so
member AM5 may be omitted.

llic display module DM includes a protective layer PTL
disposed on onc side oi lhc display panel DP. The protective
layer PTL may include a bending porlion protecltvc layer
l3VI, and a connection portion protective layer ('Vl .

'flic display module DM is bent around the bending axis
BX. and may include the bending portion protective layer
BPL disposed in the bending region BA (see FIG. 4) of the
displav panel DP 70'!o or morc ol thc total arcs of thc
bending portion protective layer BPL may bc disposcil in thc o

bending region BA. A portion of thc bendmg porlion pro-
tective layer l3VI. may overLsp the flat region NI3AI and the
opposing region NI3A2 '!'he bending portion protective
layer BPL may be disposed in the bending reyon B.A, and
perform a function of reducing stress generated os the . s

display module DM w bmil. Thc bcndm porlion prolixlivc
layer BPL may gencralc a neutral plmic ol thc bending
region BA defined dunng bending rnljacmit lo a circuit layer
MI -I) (see Iii(i. SA) of the display panel l)V

'flic display module l)M may include a connection por- sa

tion pmtective layer CPL disposed at a connection portion
where the chsplay panel DP and the circuit board D('re
conmxled. lite connection pornon protective layer CPL
may bc disposed at a boundary portion where flie display
panel DP and the circuit board DC arc coruscated, and nmy ss
come into contact with one side surface of the display panel
l)P and one surface of the circuit hoard D('I he connection

portion protcctivc layer CPL may prcvcnl pmietranon of
moisture, oxygen, and the like to prevent corrosion of a pad
part and the like disposed at a connection portion, and may
serve to reinforce connection strength between the display
panel DP and the circuit boiard DC to ensure connection
reliability.

Thc protcctn c layer PTL includes a polymer rcsui. Thc
prolccnvc layer PTL may include an acrylic polymer, or a
tluol-based polymer I'he protective layer Vl I, may include
a monomer including a chain portmii and a fiinctional youp
portion, and may include a polymer formed as the nionomer
is cured The pmtective layer PTL may include a plumslity of
polymer chains formed as chain portions of monomers are
connixtcd.

Flfi 5B iflusnaics a cross-section ol' display module
l)M'ncluded in a display device according to another
embodinient of the present im ention. As illustrated in I'l(i
5I3, the display module DM'ay include a display panel
DPL a flexible printed circuit board FPCB, a reflection
prevention layer RPP, a protective film PFI', and a circuit
bourd DC.

Thc display panel DP'uiy include a display subslralc AP
and an encapsulation substrate Iip I'he display panel DV
nmy be an organic light emitting display panel. '!'he protec-
tive film VI'I'ay be disposed on a rear surface of the
display panel DP'nd protect the display panel DP'rom
physical impacts. Hereinafter. the same descnptions given
with rcfcrence lo FIG. 5A may bc applied lo lhc rcfleclion
prcvcntion layer RPP, tlm display panel DP', thc prolixnvc
filni Vlil'nd the circuit board DC

I'he tiexible printed circuit hoard I'VCI3 may mclude a
plumslity of signal lines. 'I he flexible printed circuit board
FPCP may be connected to the display panel DP'nd the
display panel DP and the flexible printed circuit board FP( 'B

may bc clcctncally conmxlcd to each other by thc plurality
of signal lines included ui thc flcxiblc pnntcd circuit board
FPCB. Thc flcxible pnnlcd circuit board FPCB may bc bent
around a bending axis IIX''he

display module DM may include a protective layer
disposed on one side of the display panel DP, that is. a
connection portion protective layer CPL-I disposed at a
connixtion portion of tlm display panel DP mid lhc flexiblc
pnntcd circuit board FPCB. The connection portion prolcc-
tivc layer CPL-1 may bc disposed on onc side surlhcc ol'lhc
display panel DV. and disposed at a boundary portion where
the flexible printed circuit board Iip('l3 is connected, and
thus. may prevent the penetration of moisture. oxygen, and
the like to prevent the corrosion of components included in
thc display panel DP mid thc flcxible pnnlid circuit board
FPCB. In addition, lhc coiuiection portion protcctivc layer
CPL-1 may perform a funcnon of reinforcing coiuieclion
strength between the display panel DV and the flexible
printed circuit board liVCI3 and securing connection reli-
abihty.

The display module DM may further include a heat
dissipating mcmbcr HRL wluch absorbs heat gcncralcd in
thc circuit board DC and then disperse lhc heal lo the outside
on a plane. Thc heal dissipatuig member HRL may bc
disposed below the protective film Vl'Ik and the heat dissi-
pating member I Il(I, may include a layer or material having
a thermal conductivity of 200 W/mK or greater. For
example. the heat dissipating member HRL may include a
metal layer. Thc metal layer may include copper, gold.
silver, or aluminum. Howescr. lhc malcnal of lhc heal
dissipating member HRL is not 1inutcd thereto. For cxamplc.
the heat dissipating member I II(I. may include a graphite
layer, lint a metal layer
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Among each &x&mponcnt dcscnbed above, a lira& adhcwvc
member AM I'o a fourth adhesive n&e&nber AM4'&ay be
disposed I Iereinafter, the san&e descriptinn given with ref-
erence to I'ICI 5A may be applied to the adhesive men&hers

FIG, 6A is a cross-sectional view schematically showin
a protective layer included in a display module according to
an embodunm&t of the present u&venuon. FIGS. 6B and 6C
are schematic v&cws schemal&cally showu&g some compo-
nents of a protective layer according to an embodin&ent of
the present invention l&I(i 6I3 and I'l(i. 6C schematically &n

illustrate the coupling-crosslinking relationship benveen
polymers of a plasma pmcessing layer PLL and a base
curin layer CRL in the protective layer PTL.

Rcfcrring to FIG. 6A together, thc prot&mt&vc layer PTL
accordmg lo un embodiment of Ihc prcscnl invm&lion
includes the plasma processing layer Vl.l and the base
curing layer ('I(l.

Referring to I&ICI 5A, I'ICi 5II. and I&l(i. 6A together, the
protective layer PTL may be a layer disposed on one side of
the display panels DP and DPL and the plasma processin &0

layer PLL may bc a lnycr d&sposed on thc uppermost portion
of thc protccuvc layer PTL In an cmboilunm&t, v,hen thc
pmtective layer Pl'I, is the bending portion protective layer
l3VI „ the base curing layer ('RI may be a layer disposed
adjacent on the d&splay panel DV, and the plasma processing
layer PLL may be a layer disposed on the base curing layer
('RL to be exposed to the outermost periphery. In an
cmbodimcnt, when Ihc prolcctivc layer PTL is lhc connec-
t&on poruon protect&vc layers CPL m&d CPL-1, thc base
curing layer ('Rl, may be a layer dispnsed adjacent to the &n

circuit board I)C or the flexible printed circuit board FVCII,
and the plasma pmcessing layer PI I, may be a layer
disposed on the base curing layer CRL to be exposed on the
outermost periphery.

Rcfcrring lo FIG. 6A to FIG. 6C, the prolcctive layer PTL &s

may include u plural&ly of polymer chmns fi&nncd by cross-
hnku&g china potions of n&onon&i:rs u&cluihng &I chan& po&-

tion and a functional gmup portion 'I he functional gmup
pnrtion may include an acrylate group, a thiol aroup, or the
like. More specifically. the plasma processin ~ layer PLL 40

may include a first polymer chain PC'I includin a first chain
portion CHB1 und a Iirsl I'unctional group port&on FBI. a
a&mond polymer chau& PC2 u&cluihng a scmond clrnn portion
CHB2 m&d a second funcuonal group porlion FB2, nnd a
third polymer chain VC) including a third chain portion
('I II33 and a third fiu&ctional group po&sion I&133. 'II&e base
curin Layer CRL may include a first base polymer chain
PCI-1 includ&ng a first base chain portion CHBI-I and a hrst
base funct&onal group portion FB1-1, and a sctxmd base
polymer chain PC2-1 includu&g a second base chain portion 0

CHB2-1 m&d a second base funcuonal group portion FB2-1.
'll&e plasma processing layer Vl.l, may be a layer in which

additinnal crosslinking has nccurred between polymer
chains included in the protective layer PTL by pLssrna
processing. More specifically, at least one of hu&crional
group poruons u&cludcd in lhc plural&ly ol'olymer chau&s
includcxl m thc plasma proccssu&g layer PLL may fi&m&

additional cross-l&nku&g w&lh an adjacent funcl&o»al group
portion, or another polymer chain As illustrated in Fl(i 6II,
the plasma processing layer VI,I. includes a first polymer sn

chain PCI, a second polymer chain PCZ, and 0 tlurd polymer
chain PC3, and in addition to fonnin ~ the cross-linkin
between lhc Iirsl lo tlurd chau& portions CHBI, CHB2. and
CHB3 by a cunn process of monomcrs, un add&tional
cross-lmk ADBl &0 thc fom& in which a funct&o»al group ss
pnrtion I&331 included in the first pnlyn&er chain V('I &s

cross-linked &vith the second polymer chain V('2. an addi-

t&onal cmss-link ADB2 &n thc form u& wh&ch adjacent
funct&onal group portions FBI included in the first polymer
china PCI arc cross-hnkcil 10 cack Other. ad&funnel cioss-
links ADI33-I and ADI33-2 in the form in which a plumslity
of funcl&onal group porl&on FB2 u&cludixl &n the sixond
polymer chain V( 2 are cross-hnked to the third pnlymer
chain PC3. and the like may be formed. The plasma pro-
cessmg layer VI,I, may be a layer having a higher mndulus
of elasticity than the base curing layer CRL tluough the
add&tional cross-links ADBI, ADB2, ADB3-1, and ADB3-2
formed between polymer chains.

Thc base cunng layer CRL may bc a layer &n wluch chain
portions nf monmuers are cross-linked to each other during
photo-curing and thc like. Thc base cunu layer CRL may
include the first base polymer chain VCI-I and the second
base polymer chain PC2-1, and an add&tional cmss-link may
not be fom&ed between the tirst base polymer clmin V('l-l
and the second base polymer chain PC2-1.

A ihsplay module accordu&g to un embodiment u&cludcs a

bending region in &vhich a display panel is bent, and a
prolccnvc layer lonncd through a polymer rcs&n al a con-
nectmn portion where the display panel and a circuit board
are connected, and on the outermost periphery nf the pm-
tective layer. a plasma prncessing layer forn&ed through
plasma processing is disposed. Through the above, when the
polymer resin includin an acrylic polymer. a thiol-based
polymer, or the hkc is photo-cured or thcnnal-cur&uk even
when Ihc curing react&on is u&h&biloxi duc to oxygen and Ihc
like in the atnmsphere, and thus. an unreacted pnrlion is
formed, a plasma processing layer in which a curing reaction
and an additional cross-link formation reaction have
occurred is fomted by plasma processing, so that the reli-
ab&l&ty of the display module may be increased.

FICi 7 is a plan vice of a d&splay module according to an
cmboduucnt of thc prcsm&t nn cation.

Rcfi:rring to FIG. 7. the d&splay panel DP includes a
display region DA and a nnn-display region Nl)Ann a plane
'I'he display reginn DA may correspond to the active region
AA illustrated in FICI. 3 and F1&1 4. The non-display region
NDA may correspond to the penpheral region NAA illus-
trated &0 FIG. 3 and FIG. 4. Thc uon-display region NDA
may surround lhc d&splay region DA by beu&g dclincd along
thc cdgc of Ihc display rcg&on DA.

gpec&fically, the non-display region NDA includes a hrst
non-display region NBA I and a second non-d&splay region
NDAZ. The first non-display regna NDA1 is disposed to
surround the display re ion DA. On the first non-display
rcg&on NDAI, conductive pauems CPl and CP2 to bc
dcscribcd later may bc d&sposcd. In Ihc prcscnl cmbodimenL
thc Iirst non-display region NDA1 and thc display rcg&on
DA n&ay entirely overlap the flat region NI3AI

I'he second non-display region NDAZ is defined adjacent
to one side of the first non-display region NDA1 &n the hrst
direction DRI. The second non-display region NDA2
u&ch&dcs a winng rcg&on NDA-CL und a panel pad rcg&on
NDA-PDA.

Thc w&ring region NDA-CL overlaps thc bending rcg&on
l3A Although the wiring region Nl)A-('I, &s &llustmsted to be
the same as the bendin region l3A m I&I(i 7, in another
embodiment of the present iment&on. the winng region
NDA-C:L may be dehned v ider than the bending region BA
ou lhc display panel DP.

Thc panel pad rcg&on NDA-PDA &s dcliued on onc side of
thc second non-ihsplay rc ion NDA2 u& the Iirsl d&reel&on

DR I 'I'he panel pad region Nl)A-VDA overlaps the oppns-
ing region NIIA2
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On a plane. thc dmplay panel DP ulcludcs a plurahty of

conductive patterns CP1 and CPZ. a plumlity of si nal lines
DL. GL, PL, SL1, aud SL2, a plurality ofpunel pads DP PD,
and a plurality of pixels VX

11&c pixels PX Bre dmposcd ul thc display region DA.
Each of the pixels VX includes an or anic light enutting
element and a pixel driving circuit connected thereto. The
signal lines I)I„GI., Vl, SI I, and SI,2, the plurality of
conductive patterns CP1 and CP2. the plurality ofpanel pads

I i 1DP-PD, mid pixel duvulg circuits may bc utcludcxI ul a

circuit layer CL illustrated in FIG. 4.
11&c signal lulcs DL. GL. PL. SL1, dnd SL2 arc formed

across Ihe entire regions DA and Nl)A of the display panel
DP. Thc signal lines DL, CIL, PL. SL1, und SL2 ulcludc scBU

lines (ii„data lines I)I, a power line Vl,, a tirst signal line
SL1, and a second signal line SLZ.

Each of the scan lines (il, is connected to a corresponding
pixel PX among the pixels PX. and each of the data lines DL
ls connected to B txirrcspoudulg pixel PX mnong thc pixels IO

PX. The power line PL is connected to the pixels PX The
Iirst signal linc SL1 m connioted to a Iirst mmducuvc paucrn
('Vl. and the second signal line SI.2 is connected to a second
conductive pattern ('V2

'Hie conductive patterns ('Vl and ( V2 are disposed in the
first non-display region NDA1. The conductive patterns CP1
and CP2 include the first conductive pattern CP1 and the
sicond conductn c pattcm CP2. Thc Iirsi conductive paucrn
CPI and thc sixond conductive pauern CP2 are insulutcd
fmm each other lii(i 7 illustrates that the first conductive Io

pattern CVI and the second conductive pattern ('V2 are
disposed spaced apart from each other on the tirst non-
display re ion NDA1. However, in another embodiment of
the inventive concept, the first conductive pauern CP1 and
the sixond conducuvc pauern CP2 may bc disposed on Ii
difii:rent layers from each other. In this cusc, lhc Iirst
conductw c puttcrn CP1 and thc sccoml conducuvc pa(lcm
('V2 may be disposed overlapping each other on a plane

'Hie hrst conductive pattern CV1 inay be connected to
power lines PL extended from the display re ion DA The do

power lines PL may be connected to a sin le first conductive
pat(em CPI mid provide a Iirst power voltage ELI/DD (FIG.
9) ol'lm mime potential to each of thc pixels PX.

11&c second conductive pattern CP2 is conulctcd lo an
organic li ht emitting element OI.I ID and pmi ides a second
pmver signal. 'I'he second conductive pattern ('V2 may
provide a second power voltage ELVSS (FKi. 9) of sub-
stantially the same potential to each of the pixels PX.

11&c plurality of pmlel pads DP-PD arc disposed in thc
panel pad region NDA-PDA Thc plumfity ol'anel puds o

DP-PD include u Iirst signal pad PD), a scv:ond signal pad
Vl)2. and a plurality of display signal pads l)VI). 'I'he hrst
signal pad Vl)l is connected to the first signal line Sl I 'I he
second BI@IBI pad PD2 is connected to the second signal line
SL2. The display signal pads DPD are connected to corre- . 1

spondulg data lines DL.
Substantially, signal lines DL. GL, dnd PL connected to

the pixel PX cousututc most ol'he signal lulcs DL, GL, PL,
SI I. and SI.2 I'he signal lines DI „(il,, and Vl. connected
to the pixel VX are connected to tmnsistors 'I'I to 'I'7 (ill(i so

9) of the pixel PX. The signal lines DI, GL, and PL
colulected to the pixel PX may have a single-layered/ntuiti-
lilv'cl'ixl slrac(UIC, Bnd nla)'c B shlglc boil&; ol BIBv lnchnlc
two or morc parts. Thc two or more parts ure disposed on
difii:rent layers. aud may bc conncctcd io each other Ihrough si
a contact hole passing through an insulation layer disposed
betiveen the two or more parts

In FIG. 7, the circuit board DC electrically conncctcd to
the display panel DP is additionally illustrated. The fiexible
Iilm CB of thc circuit board DC muy include board pmls
I)('-Vl) electrically connected to the display panel DV. A
region in which thc board pads DC-PD arc disposed ls
dehned as a hoard pad re ion I)('-VDA. and the board pad
region DC-PDA may be detined in correspondence to the
panel pad region NDA-VDA of the display panel DV 'I he
board pad region DC-PDA and the panel pad region NDA-
PDA may bc clcctncally conucctcd through an anisouopic
conductive film (ACF) or the like. or pads disposed in the
bourd pad region DC-PDA and thc pmlcl pad region NDA-
VDA nlay be directly connected to each other through
ultrasonic bondulg or thc hkc. Although not illustrated, thc
tlexible him CB may further include signal lines which
connect the board pads DC-PD and the driving circuit DV.
'I'he dnving circuit l)V disposed on the circuit hoardD('ay

be directly mounted on the display panel DP.
FILI SA ls a cross-sectional vww of a display module

accordin to an embodiment of the present invention.
Referring to FIG. SA. the display module DM mdy

include the display panel l)V and the input sensing unit ISV
'I'he input sensing unit ISV may also be referred to as an
input sensing layer

The display panel DP may include a first substmte BS1.
a circuit layer ML-D, a disphay element layer EML, and the
encapsulation layer ECL. Thc ulput scnsulg unit ISP mdy
ulcludc a base layer ECL alxl a scnsul circuit layer ML-T.
'I'he encapsulation layer Ii( I, ofthe display panel l)V and the
base layer E('I, of the input sensing unit ISV may be of the
s;IIUC Colifigumiloll.

Accordin to an embodiment of the inventive concept, the
display panel DP and the input sensing unit ISP may be
fornax! ul a scncs of processes. That is, thc seming circuit
layer ML-T may bc directly disposed on the encapsulation
layer ECL. Thc sensing circuit layer ML-T may include a
plumlity of insulation layers and a plurahty of conductive
layers 'I'he plurality of conductive layers may constitute a
sensillg electrode coniigured to sense an external input. a
sensillg line connected to the sensin electrode, and a
scnshlg pili conncctixl to lhc scllsulg hnc.

Thc display panel DP accordulg to Bn embodiment of thc
prcscut invention may bc a hght emittulg-type display panel.
but is not particularly limited thereto Iior example, the
display panel DP may be an organic hght emitting display
panel or a quantum dot light emitting display panel.

The first substrate BS1 may be a silicon substrate. a
plasuc substrate, a glass substrate, ml ulsulation Iilm. or a
lanunatcd structural body includulg a plurahty of ulsulation
layers The Iirst substrate BS1 may bc a display substrate on
which a circuit layer, a display layer. and the like are
disposed

The circuit layer ML-D may be disposed on the hrst
substrate BS1. The circuit layer ML-D may include a
plurahty ol ulsulation layers, a plurahty ol conducuvc
lavcrs. Iuul B scnucondUctor lavcr. Thc plUIB111)'l conduc-
tive layers ol'hc circuit layer ML-D muy cousututc a control
circuit of signal lines or of a pixel

I'he display element layer IIMI may be disposed on the
circuit layer ML-D. The display element layer EML may be
a layer which generates light or which contmls the trans-
nuttancc ol'light. For cxmnplc. a displuy elcmcnt layer EML
of Bn orgdulc hght cnuuulg illsplav'BBCI BIBV ulclUdc an
orguruc light emittulg material. A display clcmcnt layer
I:MI. of a quantum dot fight emitting display panel may
include at least one of a quantum dot and a quantuin load
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A display elemmlt layer EML of a liquid crystal display
panel may mclude a liquid crystal layer.

11ICI 8B is a cross-sectional view of a display device
accordin to an embodiment of the inventive concept

Referring to FICi. 8B, a display module DM-1 may
include a display panel DP-1, an input sensing unit ISP-1,
and a couplulg mcmbcr SLM.

lllc display panel DP-1 may include a Iirst substrate BS1,
a circuit layer Ml,-l), and a display element layer IIMI,. 'I he
input sensing unit ISV-I may include a second substrate BS2 in
and a sensing circuit layer Ml.-I'achof the first substrate BS1 and the semlnd substmlte
BS2 may be a silicon substrate, a plastic substrate, a glass
substrate, an ulsulution Iilm, or a lamuritcd struclurc ulclud-
ing a plurahty of insulauou layers. The Iirst substrate BS1 ii
may be a display substrate on which a circuit layer, a display
layer. and the hke are disposed.

'lhe second substrate 1152 may be disposed on the display
element layer EML. The second substrate BS2 may be an
encapsulation substmlte which encapsulates the dispLay lo
panel DP-I Bctwcml thc sccoml substrutc BS2 and thc
display clmncnt layer EML, a prcxictcnuincd space may bc
detined 'the space may be filled with air or inert gas In
addition, in an embodiment of the present invention, the
space may be filled lvith a filler such as a silicone-based
polymer, an epoxy-based resin, or an acrylic resin. However,
the present invention is not limited thereto. There may be no
space dciincd bctw ceo the display clcmcnt layer EML and
the second substrutc BS2, and ihc display element layer
EMI. and the second substrate BS2 may be in contact v ith io
each other.

'lhe sensing circuit layer Ml,rl'nay be disposed on the
second substrate BS2

Between the first substrate BS1 and the second substmlte
BS2. the coupling member SLIvi may bc disposed. Thc li
couplulg member SLM may couple dlc Iirst substrate BS1
and thc second substrate BS2. Thc couplmg member SLM
may include an organic matter such as a photo-curable resin
or a photo-plastic resin. or an inor anic matter such as frit
seal, but is not limited to any one embodiment. Sc

FI(h 9 is ml equivalent circuit dia ram of a pixel accord-
ing to an mnboduncnt ol'hc prcscnt mvcntion.

Rcfcrring to FICi. 9, au enlarged sigiml circuit diagrnm of
onc pixel PX among thc plurahty of pixels is excmplunly
illustrated. Ill(i 9 exenlplarily illustrates the pixel VX con-
nected to an i-th scan line (il.i and an i-th liaht enlission
control line ECLi.

The pixel PX may include a light emittin element ED
and a pixel circuit CC

lllc pixel circuit CC may include Ihc plurulity oi'Imnsis- o

tora Tl Io T7 and u capacitor CP. Thc plumfity oi'transistors
'I'I to 'I'7 may be formed through a low temperahire
polycrystalline silicon (I;I'VS) pmcess or a lov temperature
polycrystalline oxide (LTPO) proces~.

The pixel circuit CC controls the amount of current .1
fiow ing tlu ough thc hght mni tung clement ED in correspon-
dence to a data signal. The light cmiuulg clement ED nuiy
cnut lighl to a prixlclcnnincd lumulancc m rxlrrcspondcncc
to an amount of current provided from the pixel circuit CC
'I'o this end, Ihe level of the first power voltage EI51)D may so

be set to be lugher than the level of the second power voltage
ELVSS. The light emitting element ED niay include an
organic light emitlulg clmncnt or a qumllum dot h hl emit-
ting clclncnl.

Each of thc plurality of transistors T1 Io T7 muy ulcludc si
an input electrode (or a source electrode), an output elec-
trode (or a drain electrode), and a control electrode (ore gate

ch:clrodc). hl Ihc plcscnt disclosure, anv otic of Ihc inplil
electrode and the output electrode may be referred to as a
first electrode, and the other one thereof may be referred to
as a second electrode for convenience

The first electrode of a tirst transistor T1 is connected to
the hrst polver voltage ELVDD via a fifth transistor T5. and
thc second clue trode of Ihc Iirst I raus istor T1 is connected Io
an unodc clectrodc of Ihc light emitting elcmmlt ED via a
sixth transistor 'I'6. 'I'he tirst transistor I'I may be referred to
as a dnving tmlnsistor in the present disclosure

I'he first transistor 'I I contmls the amount of current
Iiov ing through the light emitting element ED in correspon-
dence to a voltage applied to the control electrode of the hrst
Iriinslslol T1.

A second Iriulsistor T2 is conncctcd bc(ween a daui lute
I)l and the first electrode of the first transistor 'I'1 In
addition, the cmltrol electmde of the second transistor T2 is
connected to the i-th scan line Cil.i I'he second transistor T2
is tumed on lvhen an i-th scan signal is provided to the i-th
scan line CiLi. and electrically connects the data line DI and
thc Iirst clcctrode of the Iirst transistor T1.

A tlurd transistor T3 is cotutectcd between the sixond
electrode of the first transistor 'I I and the control electrode
of the first transistor 'I I 1'he control electmde of the third
transistor'I'3 is connected Io the i-th scan line (il,i The third
transistor T3 is turned on when the i-th scan signal is
provided to the i-th scan line CiLi, and electrically connects
thc second clue trode of Ihc Iirst I raus istor T1 and Ihc control
electrode of Ihc first transistor Tl. Accordulgly, when Ihc
tlurd transistor 'I'3 is turned on, the first transistor T1 is
connected in the foml of a diode.

A fourth transistor I'4 is connected between a node Nl)
and an initialization power generatin unit (not shown). In
addition, the control electrode of the fourth transistor T4 is
conniwtcd to an 1 — i-lh sc;m lute CiLi-1. Tile fourth transistor
T4 is tumed on when an i — I-th semi signal w provided Io Ihc
1 — I-Ih sciul lute GLi-1. mid prowdcs an nutuilizauon volta c
Vint to the node Nl).

I'he fifth transistor I'5 is connected between the power
line PL and the first electrode of the first transistor T1. The
control electrode of the tifth transistor T5 is connected to the
1-Ih light cnussion control linc ECLi.

A sixth Iransistor T6 is connected bctwccn Ihc sixond
electrode of Ihc Iirst transistor T1 and the anode clcctrodc of
the light emitting element ED. In addition, the contml
electrode of the sixth transistor 'I 6 is connected to the i-th
Iigtt emission control line ECU.

A seventh transistor T7 is connected between the initial-
izalion power gcncratulg umt (not shown) and Ihc anode ol
thc hght cmittulg clcmcnt ED. Iu txlditiou, Ihc control
ch:clrodc of Ihc scvcnlh Ilansistor T7 ls colulcctcd to an
i+I -th scan line (il,i+I I'he seventh transistor T7 is turned
on when an i+I-th scan si nal is provided to the i+I-th scan
line CiLi+l. and pmvides the initialization voltage 'v'int to
the anode of the licit emitting element ED.

Thc seventh transistor T7 may ulcrcasc black cxprcssion
capability of the pixel PX. Spccilically, when the scvcndl
transistor T7 is tunuxl on, a parasitic capacitor (not shmvn)
of the light emitting element ill) is discharged. 'I hen, when
black luminance is implemented. the hght emitting element
ED does not emit light due to a leakage current from the hrst
transistor T1, and accordingly, the black expression capa-
bility muy bc ulcrcascd.

Additionally. FIG. 9 illustrates thc rxlntrol clcctrodc of Ihc
scvcnth Iriulsistor T7 bculg connectid to Ihc 1+1-Ih scan lute
(iii+1, but the embodiment of the inventive concept is not
linuted thereto. In another embodiment of the inventive
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concept. Ihc control clectrodc of the scvcnth translator TT

may be connected to the i-th scan line CILi or the i-I-th scan
lute C)Li-l.

'lhe capacitor ('V is disposed benveen the power line Vl.
and the node ND The capacitor CP stores a voltage corre-
sponding to a data signal When the fifth transistor 'I'5 and
the sixth trmlsistor T6 are turned on in accordance with. the
volta e stored in the capacitor ('V, the alnount of current
flowing in the first tmsnsistor Tl may be determined

1 I 1

In the pl'i:scut ulvcntlon, an ixlutvalcnl cucutl 111 Ihc plxi:I
PX is not limited to the equivalent circuit illustrated in FICI.

9. In another embodunmlt of thc invcnuvc concept, thc pixel
VX may be implemented in various forlns to allov the hght
cnuuulg clcmcnt ED to emit hght. Although FIG. 9 illus-
trates a VMOS as a reference. the embodiment of the
inventive concept is not limited thereto. In another embodi-
ment of the inventive concept, the pixel circuit CG may be
composed of an NMOS. In yet another embodiment of the
present un cnuou. thc pixel mrcult CC may bc composed ol lo
a combination of an NMOS and a PMOS.

Hercurafter. a method I'or mmlulhctunn a display module
accordin to an embodiment of the present invention v ill be
dcscubcd with rcfi:rmlcc to the accompmlyulg drawulgs.

I1IC) 10 is a tlolv chart showing steps of a method for
manufactunng a display module according to an embodi-
ment of the present invention. I'l(i I IA to IilG. IIE are
cross-sectional views sequentially showing each step of a
method filr manufacturing a display module acmlrding to an
embodiment of the present invention. FI(IS. 12A and 12B
are cross-sectional views schematically show m some com-
ponents of a method for manufacturing a display module
accordmg to an embodiment of thc present mvcnnon. Here-
inafter, in describing the method for manufacturing. a display
module acmlrdulg to ml cmboihmcnt ol the present invmltion
with reference to Ill(i ill, Ill(i. I I A to Ill(i I lfi, and )1ICi

12A and FICI. 12B, the same reference numerals are given to
components which are the same as those described above
and detailed descriptions thereof will be omitted. so

Rcfcrring to FIG. 10. thc method lilr manufacturing a

display module according to an embodiment of the present
hlvcntlon hli:hlili:s provlihng a protccttvc rcsul on tule sale
of a display panel fS100), and applyulg plasma on thc
pmtective resin to form a pmtective layer havina a plasnm
pmcessin layer filrmed on the surface thereof (5200).

Referring to FICI. 10 and FIC). IIA to FICI. IIE together,
in the method for manufacturing a display module accordin
to an cmbodimcnt, a protective resin BR is pmvtdcsl on onc
side of the display pmlcl DP. The protective rcsulBR may bc o

provided on thc display pmlcl DP through a supply nozzle
RS 'I'he protective resm II!3 may be provided by various
methods. liar example, the pmtective resin l3R nlay be
provided on the display panel DP by various methods such
as jetting, slit coating, spin coating, transfer coating. or the . 1

hkc. FIG. IIA to FIG. 11E cxcmplanly illustrate provldulg
the protective resin BR to a ponion where the display puncl
DP ls to bc bent, first is, fomnng thc bcndmg portion
pmtective layer l3pl„but in the nlethod for manufacturing
a display module according to an enlbodinlent, the protec- sc
tive resin may be provided to a connection portion of the
display panel DP and the circuit board DC. thereby fomlin
the connection portion protcctlvc layer CPL fFIG. 5A)

lllc protective layer BR may include ml acrylic monomer,
or a tluol-basest monomer. The protcctivc resin BR nuiy ss
include a monomer including a chain portion and a func-
tional group portion, and a polymer chain may be fornled by

thc fonuatlon of cross-links bctwimu monomcrs utcludcx) in
the protective resin l3R during a cured process and a plasma
pmcessing process later

In a preliminary protective layer Vl-)3VI, filrmed by
providing the protective resin BR, a process of curing by
primarily providin light or heat may be perfomled. In an
cmboduucnt, hght LR of a first w avelcugth region cmluixl
from ex(cruel light source LU may bc provided to thc
prelinnnary protective layer V I-IIVI to form a secondary
prelinnnary protective layer P2-)3VI. As the light I,R of a
first wavelength region is provided, a plunslity of nlonolners
included in the protective resin BR are polymerized, thereby
curing the protective resin BR The light LR of a hrst
wavelength region provided from the ex(cruel hght source
LU may bc ultraviolet hght. Tlm ultraviolet light may bc
ultraviolet light having a center wavelength of about 545
nut

After the secondary preliminary protective layer V2-IIVI,
is formed according to the curin process, plasma PLS may
be applied on the secondary preliminary protective layer
P2-BPL tluough a plasnul device PU. thcrcby Ibrmulg a

plasma processing layer PLL. Thc plasma processing layer
Vl I. may be formed on the outer penphery portion of the
bending portion protective layer l3VI through a processing
pmcess of the plasma VI,S As a result of the plasma VIS
processin process, the bending portion pmtective layer
BPL on which the base curing layer CRL and the plasma
processing layer PLL arc scqumltially stacked may bc
fornlcx! .

In the method for mainlfacturing a display module accord-
ing to an embodiment. after the bending portion protective
layer l3VI, is formed, a step of bending the display panel l)V
alon the bendin axis BX (see FICI. 5A) to have a prede-
termined radius of curvature may be further included.

Rcfi rring to FIG. 11A to FIG. 1 1 E, aud FIG. 12A and FIG.
12B togcthcr. in thc metlxld I'or manufacturulg a display
module according to an cmbodimcnt, thc secondary prelimi-
nary protective layer P2-l3VI. formed after the curing pm-
cess may include the base curing layer GRI, and an uncured
Layer UCL fomled on the upper portion of the base curia
Layer CRL. When the protective resin BR provided to the
display pa ml DP is curcxl tluough photo-curing and the hkc,
radicals gcncratcd by hght are rcmovcd by oxygen mid thc
hkc ln thc atmosplmrc, thereby ulhlbitulg thc reaction, and
tints, the uncured layer 1.)('I may be formed Sonic of the
monomers included in the protective resin l3R nlay not be
polymerized by the curing process, and may be included in
the state of unreacted monomers or oligomers ln the uncured
layer UCL. In an cmbodnucn( 80%6 to 95% of thc mono-
mcrs included ul thc protcctiic resin BR arc polymcrizcd to
form a polymer clmul tluough the photo-curing, but 10% to
15% of the nmnomers may not be polymenzed and included
in the uncured layer I)GI.

In the method for manufacturing a dispLay module accord-
ing to an embodiment. the uncured Layer UCL formed after
thc curing reaction may bc plasma PLS processed to I'onu
thc plasma processing layer PLL In an mnbodlmmlt, the base
curulg layer CRL of thc bcndulg poruou protccuvc layer
l3VI, nmy be formed through a curing process in the step of
pmvidlng the light I.R, and the plasma processing layer VI,I,
may be formed throu/1 a plasma processing pmcess there-
after.

In thc method for manulbcturulg a display module accord-
ulg to an cmbodimcnt. a plasma processing layer wluch has
bimu fonucd tluough plasma processing m formed on thc
outermost peripherv of a protective layer filrmed at a bend-
ing portion or a connection portion When a polynler resin
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includmg an acrylic polymer or a tluol-based polymer is
photo-cured or thermal-cured, the curin ~ reaction may be
inhibited duc to oxygen mid the hkc in ihc annosphcrc. so
that an unreacted monomer may be forined, and the unre-
dCICd lllononlCr llldy bc plcsC111 ds all illlCilrCd IiiyCI 011 ihC

surface to cause process defects such as out-aassing in B

subsequent heat treatment process, or the unreacted mono-
mer may penetntte into the protective layer to cause chmni-
cal cracks. and the like However. in the method for mami-

I i i
faciuring a display module according io mi cmbodmicni of
the present imention. a plasma processing layer in which the
unrcacied monomer is I'urthcr rwictcd by plasma processing
is formed. so that the process reliability of a display module
is uicrcascd. and a display module with mcreased durability
may be manufactured

FI(IS, 13A and 13B are cross-sectional views schemati-
cally showing some steps of a method for manufactuung B

display module according to another embodiment of the
present uivcnuou. FIG. 13A and FIG. 13B schcmnticully 10

show a process after the preliminary protective layer
P1-BPL is fonucd. Hcrcinaficr, in descnbing a method lbr
manufacninng a display module according to an embodi-
ment of ihc prcscnt invcnuon with rcfcrmicc to FIG. 13A and
lil(i. 13l3. the same reference nuinerals are given to cons-
poncnis which are ihc same Bs those dcscitbcxf above and
detailed descriptions thereof will be omitted

In the metlxid for mamifacturing a display module accord-
ing to an embodiment of the present invention, a curing
process may be omitted, and a plasma PLS-I processin
process may bc I'onncd on Ihc prclunuiary proiccIive layer
PI-BPL fomied by providing a protective resin. Tluough the
plasma PLS-1 proccssuig, a plasma proccssuig layer PLL-1
may be formed on the outerinost periphery of a bending
portion protective layer BPL-1, mid flic protective resin
inside may be cured by ultraviolet light and the like gener-
ated in the plasma PLS-I processing process to foun B base
curing layer ('Rl -I At this time, as the outermost plasnm
processing layer PLL-1 Is first formed by the plasma PLS-1, dc
and tlmn Ihc protective resin insale is curn! ni lorm Ihc base
curin layer CRL-I, a groove may be formed onthe bendin
portion protccuve layer BPL-1. Thc bending portion pro-
tective layer IIPI -I having the groove fiinned on the surface
thereofmay bc applied to a benduig poruon, thcrcby luiving
a bending resistance due to a gmove stmcture

As a pmtective resin applied to a bending portion of a
display module, an ultraviolet curing-type resin is used in
consideration of need in a process. However. When Bn

acrylic resin Bnd the like arc cured ui Ihc atmosphere. thc
curin reaction may be inhibited by dissolved oxygen,
thereby gcncraung au uncured layer. Thcrcforc, the prcsmit
invention provides B display module ivith increased rehabil-
iiy mid durability by prcvcntin ihc occurrence of an

. 1
uncured layer in a pmtective resin through plasma process-
llig.

Althou h the imentive concept has been described v ith
reference to embodiments ofthe inventive concept, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without depnrtin
from the spint mid scope ol Ihc invcnnvc conccp1 as sct fiirih
in the folloii in claims.

Accordmgly, ihc tcchrucal scope of'mbodunenis of thc
invcniivc concept is uoi intended io bc hmiicd to thc si
contents set forth in the detailed description of the specifi-
C'itioi1

Thc uivcniion claimed is:
I A display module comprising:
B display panel includin a flat region, and a bendin

re ion adjacent to the flat region;
a protective layer disposed on at least one side of the

display panek and
u circuit board connected 10 onc mid ol'he display panel.

whcrcin BI least a portion of the circuit board is
disposed to face the flat region of the display panel. and

wherein the protective Layer includes.
a base curing layer disposed on the display panel: and
a plasnia processing layer disposed on the base curing

Iavcr,
wherein Ihe proicctn c layer is disposed on al least onc of

the bending re ion or a connection pot(ion ofthe circuit
board and the display panel,

wherein the protective layer comprises a monomer includ-
ing a pluralitv of chain portions and a plurality of
fuucitotntf group portions,

wherein Ihc plasma processing layer comprises a first
polymer chain and a second polymer chain that are
fomied by connecting the plumtlity of chain portions of
the monomer. wherein at least one of the plurality of
functional gmup portions included in the hrst polymer
chain is cross-linked 10 the second polymer chaui, and

wherein thc base curmg layer compnscs B first base
polymer clmin and a second base polymer chain that are
fomied by connecting the plumtlity of chain portions of
the nionomer, wherein the first base polynier chain and
the second base polymer chain are not cross-linked to
each other.

2 Thc display module of claim 1, whcrcin thc proiixuvc
Layer comprises an acrylic polymer ore thiol-based polymer.

3 The display module of cLaim 1, wherein the protective
layer overlaps the bending region

4 'lite display module of claim I, wherem the display
puncl further composes an opposin rc iou ixljaccnl to Ihc
bending region, ihe opposing region faces thc flat region
v hen the bending region is in a bent configumttion,

5 The display module of claim 1, wherein.
the display panel and the circuit board are connected to

each other at the connection portion, and
the protective layer is disposed in the connection portion.
6 Thc display module of claun 1, whcrcin
thc display panel compnscs a base layer, a circuit layer

disposed on ihc base layer, a plurality of display
elenients disposed on the circuit layer and generating
light, and an encapsulation layer covering the pluntlity
of display elements; Bnd

the display module further comprises an input censin
layer disposed on tlm micapsulaiion layer.

7 A display module comprising:
u display panel includm a flat region, a bcnihng region

adiacent to the flat region. and an opposing region
adi scent to the bending region and facing the flat region
v hen the bendin region is in a bent configuration; and

B protective layer disposed on the bending region.
whcrcin Ihc proiixtu c layer uicludcs a plasma process-
ing layer disposed ai mi uppermost portion ol'hc
proiccnvc layer,

wherein the protective layer comprises a monomer includ-
ing a pluralitv of chain portions and a plurality of
functional group portions.

wherein the plasma pmcessing layer comprise s a hrst
polymer chain Bnd a second polymer chmn that Brc
fonuixi by connecting thc plurality of chain poruons of
111C nlonolllCI; WhCiclll ai ICBsl Orle Ol 1110 pluralltv 01
functional gmup portions included in the hrst polymer
chain is cross-linked to the second polynier chain, and

Petitioner Samsung Ex-1034, 0028



21

US 12,527,206 B2
22

wherein lhc base cuung layer ruimpuscs a lirst base
polymer chain and a second base polymer chain that are
fornuxl by connecting Ihc plurahly ol Chain porluins of
lhe monomer. wherein the first hase polymer chain and
thc second base polymer chauh arc nol cross-lurked to
each other

8. A method for manufacturing a display module includ-
ing a display panel having a flat region and a bending. region
adjacent to the flat region and a circuit board connected to
one end of the display panel, the method comprising:

pl'ovidihlg a protective rcsuh 0th at least unc snlc ol lllc
display punch aud

applying plasma on the protective resin to form a protec-
tive layer having a plasma processing layer on a surface
of the protective Layer, and

wherein in the step of providing the protective resin, the
protective resin is provided on at least one of the
bcndmg region ol lhc display pmhcl or a cohuhccnon
portion of Ihc display pmhcl and Ihc mrcuit board,

ivherein in the step of applying plasma on the protective
resin, lhe plasma treatment layer is formed on top of the
pmtective layer. and a base curing layer is formed
below the plasma treatment layer.

wherein the protective resin comprises a monomer includ-
ing a plurahty ol'hain portions and a plurnhty of
huhctional group pomona,

ivherein the plasma processing layer comprises a hrst
polymer chain and a second polymer chain that are
formed by connecting the plunslity of chain port+ms of
the monomer, wherein in the applyin of pLhsmm at
least one of the plurality of functional ~Cup portions
hie 1 Oiled 111 tllc 1 i rat polvnlcr clul ni Is cross-1 ihlkixl lu lllc
second polymer chain, and

wherein lhc base curing layer compnscs base polymer
chain and a second base polymer chain tlmt are formed
by connecting the plurality of chain portions of the
nmnomer, wherein the first hase polymer cham and the
second base polymer chain are not cmss-hnked to each
other.

9 Thc method of claim 8. whcrcin thc 1'ormuhg of Ihc
prolccuvc layer composes.

irradiating light on the protective resin to form a prelimi-
nary protective layer; and

applyilhg the plasma on the preliminary pmtective Layer to
fomh the plasma processing layer

10. The method of claim 8, wherein the forming of the
prolcclivc lavcr ulcludcs.

ls fomnng a base cuung layer on thc display panel, and
fornung the plasma processing layer on the base curing

layer by applying the plasma on an uncured portion of
the hase curing layer

11. The method of claim 8, v.herein the protective resin is
ic provided on the bending region of the display panel.

12. The method of claun 8, whcrcin
thc display panel mhd thc circuit bourd arc coiuhcclcd lo

each other at the connection portion, and
the pmtective resin is provided in the connection portion
13. 'I'he method of claim 8. v herein the protective resin

comprises an acrylic monomer or a thiol-based monomer.
14. The method of claim 8, wherein.
lhc providing of Ihc protective rcsuh and lhc forming of

thc prouunve layer arc pcrfouncd in a slate uh wluch
sc the display module is flat; and

the metlnhd further comprises bending the display module
after the forming of lhe protective layer

r s s
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