A LAM NATED PRODUCT, AN APPARATUS AND A METHOD FOR FORM NG A LAM NATED
PRODUCT FI ELD OF THE | NVENTI ON The present invention relates to processes
for formng a | am nated product. Mre particularly, the present invention
relates to an apparatus and a nethod for formng a | am nated product.
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substrates to form |l am nated products including a display panel assenbly,
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cover age whj ing can cause nechanical fitting problens in
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Further, control of the adhesive flow is an important consideration in the lamination
process. For example, “under flow” may occur when the adhesive stops flowing at
an edge before the intended area of coverage on the first substrate is being covered.
Alternatively, “overflow” may occur when the adhesive flow out of the intended area

30 of coverage which upon curing can cause mechanical fitting problems in assemblies
in which the laminated product is used. Still further, overflow of adhesive may cause
problems in the manufacturing process of an electronic assembly such as a display
assembly. For example, the overflow of the adhesive may contaminate adjacent
components in the display assembly, and cause difficulty in transportation in the

35 manufacturing process. As a result, additional cleaning steps may be required prior
to curing and having such additional cleaning steps will increase the cycle time of the

manufacturing process.



The abovenentioned problenms in conventional |am nation processes have
resulted in | ow product yield in production which increases manufacturing
costs since the defective substrate assenblies cannot be used and have to
be di sposed. Further, a | am nated product whereby the adhesive is cured
cannot be reworked. SUMVARY There exists a need to address the
abovenenti oned problens to obtain better yield in processes for formng
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incremental increase of the bond area between the first substrate and the
second substrate. A first end of the support may be arranged to pivot about
a base and the biasing nechanismis disposed between the base and the
support. The bi asi ng mechani sm may include a biasing nenber such as for
exanpl e, E in elenent or a rubber pad or an actuator. The actuator may
be a sprlngS ¥i ston assenbly. 10 The bi asi ng nmechani sm may incl ude two
bi asi ng nmenbers dlsposed bet ween the support and a base whereby each of the
two biasing nmenbers is disposed at one of two opposing ends of the support.
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circunferential periphery of an adhesive print area. By partial curing, it
is neant> to include curing the liquid adhesive to an extent or degree such
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a stencil portion with an aperture of Size corresponding to the surface the

first sibstang ée éﬁ?cqnécfélbﬁfﬁg torecremgntaly é@ﬁésth%é“ta%@s%@t@ﬁ@lthe $eeed ng t he
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may i nclude a ered portion to mnimze |iquid adhesive from
to form he laminated product.

Prior to the step of curing the liquid adhesive to form the circumferential adhesive
20 wall structure, uneven application of liquid adhesive on the first substrate may be

wiped to maintain uniform thickness of the liquid adhesive on the first substrate.

The liquid adhesive may be applied on the surface of the first substrate via a stencil
25 with a cut out aperture corresponding to a shape of the intended lamination area on

the surface of the first substrate. The stencil may be made of stainless steel.

Applying the pressure on the bond area may include tilting the first substrate to lie in
a plane inclined relative to the second substrate prior to incrementally increasing the

30 bond area between the second substrate and the first substrate.

Tilting the first substrate may include:
providing the first substrate on a biasing support configured for holding the
first substrate; and
35 biasing the support between a first position wherein the support is in
alignment with the inclined plane and a second position wherein the support is

biased to apply pressure on the bond area through the first substrate during the



bei ng scooped back to the adhesive print area on the surface. The scoopi ng
back of the liquid adhesive may forma hunp at the edge of the adhesive
print area which 10may cause air to be trapped in the | am nated product.
The stencil portion may include a recess adapted to acconmpdat e excess fl ow
of liquid adhesive fromthe aperture. 15The recess may have a depth of Iess
than the t hinglemeandaldncrease of tbadiond s |b6wv%@rﬁ\dthart'r%tr%1§8t§§t€@m| the sgrIy a

edge of thegglgael ! portion adjacent to the aperture. The first and the
second substrates may be nade of a rigid material, Alternatively, the first
substrate or the second substrate nay be made of a flexible material The
first subst Aaftfﬁt émyobﬁeasdpwt Raube ahﬂﬁgé!ﬂtoa VEMMANY aBR8. ardBle ldiBigpCONd
substrate ma | ass substrate havin Et))ot tom surface for bonding with
the vievt ngmﬁpwlsnﬂ*ﬁed'ﬁmsﬁéﬁﬁ@\tﬂeﬂé'@%b%?e @Wethelsbl%orsubst rate may include a
col oured masking extending froman outer circunferential periphery of the
gl ass substrate to 25an outer circunferential periphery of the view ng
area. Curi nghe réasing meghaisiesnaw inglide Actiasdeg MAMLR) UGB 35 i YaEdIfesd ve on
a circunfer s;?;ﬂrigaéﬂermeﬁﬂ RS pddt§ drCRtSAHOS T é‘ct@étgr Magvé atétﬁng%gw ed
maski ng of t ass substrate. The curing may include curing. 30

Accor di ng t BistoR 3§§9@§b/ of the present invention, there is an apparatus for
form ng;@ | am nated product having a first substrate and a second
substrate, the | am nation system conpri sing tencil pr| nting
devi ce for AppIbjasing merhafisrd neahissiude twa taa%rw et dtSﬁeSqdi pefwesndlihst r at e

for bondi ngs* ¥t dldS4 Péééb\ﬁﬁér%)ﬁeééh dfe 256 BRLIng WRshbers & digpdxea it Bﬁe @evi ce

having: a platen con ured for ding a second substrate and f
appl yi ng pr B¥seRROSHY %T'dB@ﬁtﬂ‘eéEN@@beet ween the first substrate and the second
substrate:

15

Curing the liquid adhesive located on the circumferential periphery of the first
substrate may include partially curing liquid adhesive on the circumferential
periphery of an adhesive print area. By partial curing, it is meant to include curing
the liquid adhesive to an extent or degree such that the liquid adhesive on the first
20 substrate may have a higher resistance to flow during lamination where pressure is
applied on the first substrate such that the first and second substrates are

compressed.

Curing the liquid adhesive may include providing a mask on the first substrate, the
25 mask having an aperture for exposing the liquid adhesive on the circumferential
periphery to a curing source. The liquid adhesive may be partially cured by using the
curing source on the circumferential periphery of the first substrate to form the
circumferential adhesive wall structure. The curing source may be a Ultra Violet (UV)
curing source.
30
Curing the liquid adhesive may include partial curing the liquid adhesive on the
circumferential periphery to form the circumferential adhesive wall structure using a
spot Light Emitting Diode (LED) UV light source.

35 The step of applying a liquid adhesive on a surface of the first substrate for bonding

the first substrate to the second substrate may include:



a support configured for holding a first substrate; and a biasing nmechani sm
configured to bias the support between a first position wherein the support
lies in a plane inclined relative to the second substrate, and a second
position wherein the support is biased to apply pressure on the bond area

through the first substrate to increnentally jncrease the bong area on
whi ch the pressuP®@vidnaasHacl e the sp %‘?eeﬂljewgaﬂr?tysugﬁtl‘ﬂ)te'tﬁ'?@ NCEhNGA r at e

to the second SU_bl%héiﬁE@ﬁtipﬁ viHr A Epéleite @f siRr coteshHind1® thedsiirlcadhesd ve,
wherein the liquid, adhesijve |ocated on a circunferential periphery of the
first substrate f'@tﬁlﬂﬁsérateJQFEeﬁ%""é‘grt'i‘?lgq%9‘i"te€""iena manner such that a

circunferential 3enafh@aginghevajuld &dHedvk bhahe Surfeedt the fRst subsirdté.ng novenent
of the liquid adhesive within the circunferential adhesive wail structure

bef ore p?essure is applied on the bond area by the actuator. The

curing device may be used with a mask to formthe circunferential adhesive

wal | 20structure. Accordi n%éto %n aspect, of the present inveption, there is
gl T B Y

a stencil fohe S5nAY PRGCAIH Fr7 @PpregcRaio Pkediguis ackriMatem
pr gd ;Jct t for _tl)_ﬁnéis;e‘éﬁp%_hil RN ke Belvbdige 9rirititarr§é prii tesdurate gg@ls@oﬁmm@k of
substrate. e stencil may c rise a stencil portion 25 with an erture.
The apertur H‘enlﬁk}"doé&lﬂs'vé ’é?& gﬂg‘o"f‘ ;H@Bcﬁ{dhﬁﬁdg% ogﬂkelﬁﬁﬁé'é‘e &fing ﬁr@af"iﬂ'ﬁgi
substraie faaylcagsd yir fwo@tré;g%uiiﬂtr%dbmﬁiam godidie surface of the first
substrate. BRI EF DESCRI PTI OF THE DRAW NGS

The stencil portion may include a recess adapted to accommodate excess flow of

liquid adhesive from the aperture.

15  The recess may have a depth of less than the thickness of the stencil portion and an

area extending along an edge of the stencil portion adjacent to the aperture.

The first and the second substrates may be made of a rigid material. Alternatively,
the first substrate or the second substrate may be made of a flexible material.

20
The first substrate may be a LCD module having a viewing area, and the second
substrate may be a glass substrate having a bottom surface for bonding with the
viewing area. The bottom surface of the glass substrate may include a coloured
masking extending from an outer circumferential periphery of the glass substrate to

25  an outer circumferential periphery of the viewing area.

Curing the liquid adhesive may include curing the liquid adhesive on a
circumferential periphery of the LCD substrate and under the coloured masking of
the glass substrate. The curing may include UV curing.
30
According to an aspect of the present invention, there is an apparatus for forming a
laminated product having a first substrate and a second substrate, the lamination
system comprising:
a stencil printing device for applying a liquid adhesive on a surface of the first
35 substrate for bonding the first substrate to the second substrate;
a bonding device having:



Enbodi nents of the invention will be better understood and readily apparent
to one of ordinary skill in the art fromthe followng witten description,
by way of 5exanple only and in conjunction with the drawi ngs, in which:

FIG 1A is a top view of a substrate havi ng a layer of adhesive printed on

the substrate with a first stencil; FIG is a cross-sectional view of a
substrate having a | ayé&¥atet ‘é’d‘ﬁ%‘é’?@éorﬂ?qkﬁf‘%@ HFODH suRTiRES ARY EPNAPPHINGhe

first stencil of FlG prb8surd@dnlHooddCaled HtESS dreShst duUdBRAte \UnaWhesedond
substrate having a Iager of adhesive printed on the substrate with the

first stencil of FIGSYRa€ G 2A is a top view of a substrate having a

Iayer of adhesive prlaheébd?fbdnh@:réﬁlhﬁwbﬂﬁ@ g\ﬁshs@osﬁg@oaﬁh stencil; FIG 28
is a cross-sectional view of the second stencil of FIG 2A; 15F G 3is a

top view of an exarrpl 2 bigsing weghanisy seafigused o hipg Jhe, suRRAT: PeIWRER Brfst

m crophone outl et; sitfbn ﬁh&ehﬂihevé@Woﬂflle% iU plahatifclifad irs@tive tayry of
adhesi ve printed on t e substrat- FI G is a front view of anus r formng

a | aminated product pP§ERdtybskaenaNfof; seggpqi RosHign; wherein, gt SYPRAR & an
apparatus for form ngpigsdy wﬁ&e%@éwthé%h@gréa&m&@hItwrrsFé@strété s a

front view of a biasi %glnﬁpewe%rtg" is a front view of a biasing.
support; y lncrease the bond area on which the pressure is
10 applied to incrementally bond the first substrate to the second
substrate;
a curing device for curing the liquid adhesive, wherein the liquid
adhesive located on a circumferential periphery of the first substrate is
cured by the curing device in a manner such that a circumferential
15 adhesive wall structure is formed for limiting movement of the liquid
adhesive within the circumferential adhesive wall structure before

pressure is applied on the bond area by the actuator.

The curing device may be used with a mask to form the circumferential adhesive wall
20  structure.

According to an aspect of the present invention, there is a stencil for printing
adhesive in a process for forming a laminated product for a display device having a
first substrate and a second substrate. The stencil may comprise a stencil portion
25 with an aperture. The aperture may be of a size corresponding to a surface of the

first substrate for receiving a liquid adhesive on the surface of the first substrate.



FIG 8Ais a front view of a biasing support prior to tilting; 25FIG 8B is
a front view of the biasing support of FIG 88 in atilted position; FIG 9
is a cross-sectional view of a | am nated product during a full curing step;
FIG 10A is a cross-sectional view of a substrate assenbly during an edge

curing step; 0B i o - t view of a | am nated product
during a fusgﬁﬁ&%%%@wépﬁﬁsgﬁéwqgﬁs hart of a nmethod for formng a
| am nated product; FIG 12 is a flow chart of a method for curing the
liquid adhesiyve to formthe |amnated product; 10FIG 13 is a side view of
a stenci | pél‘%ﬁ’f“ﬁ'@e’ﬁ%\?ﬂ@ H\YPP{‘?@F wilj P%EF&‘*%H’P‘F&%\?@ ﬂﬂdnrteiaﬂé’ apRgrelkong a
stencil wi tbneéof eefissry SHilGn thélart $rodn trepfollogingolvriiers deserigtiopr bptwaygofdevi ce
during a | i%l(Ji d adhf,\si ve printi ng?g}ltgqgéjaiéar‘l@pa stenciil with a first recess

and a setonPHBRIELLNY qad 7 QNI &v'OWRe stencil printing
device of FIG 14A during a |liquid adhesive printing step; FIG 140 is

a side viewgy A& st t%PP\iiéwafié‘Tshﬂélra(t’@\hiaQiﬂgcﬁ ldveSof HRedle prigd & tHehe
20li quid adhesive printing step; FIG 15A I's a side view of a stencil
printing detibsEat@withafilsbeeAtit ng of a Ii quid adhesive printing step; 25FI G
5Bis a top view of the stencil printing device of FIG 15A during the

I'iqui d adhepjcyqgRE Lbdi%eR iRkl view of a substrate having a layer of adhesive printed on
the substrate with the first stencil of FIG. 1A,

10 FIG. 1C is a cross-sectional view of a substrate having a layer of adhesive printed on
the substrate with the first stencil of FIG. 1A;

FIG. 2A is a top view of a substrate having a layer of adhesive printed on the

substrate with a second stencil;
FIG. 2B is a cross-sectional view of the second stencil of FIG. 2A,;

15 FIG. 3 is a top view of an example of a cover glass for a display device having a

microphone outlet;
FIG. 4 is a top view of a substrate having a layer of adhesive printed on the substrate;

FIG. 5A is a front view of an apparatus for forming a laminated product prior to

lamination;

20 FIG. 5B is a front view of an apparatus for forming a laminated product during

lamination;
FIG. 6 is a front view of a biasing support;
FIG.7 is a front view of a biasing support;
FIG. 8Ais a front view of a biasing support prior to tilting;
25 FIG. 8B is a front view of the biasing support of FIG. 8B in a tilted position;

FIG. 9 is a cross-sectional view of a laminated product during a full curing step;



FIG 150 is a side view of the stencil printing device of FIG 15A during
the liquid adhesive printing step; 30 FIG 15D is a side view of the
stencil printing device of FIG 15A at the end of the |iquid adhesive
printing step; FIG 17 is a front view of the wiper of FIG 16; and FIGS
18A, 18B and 18C i]lustrate exanples of wi pers with different cross
sectional aFas!0ATEe Eroppgastiogahyigw Rh %Hbé&ﬁte[ FSSERNIYING 2t 9 EWHed
nmerely for idpustrative purposes. DETAILED DESCRI PTI ON A process for
formng a | am nated product having a first substrate and a second substrate
begins with §£p| ing liquid adhesive on the first substrate. Applying of
the liquid B éQ\B/\r%a@fpSﬁﬁ@ciﬂqnaéwewbgﬂ%ﬂ@teﬁ@yoqﬁ@t Ayie il siNeStePiprint i ng
the liquid 15 adhesive on an intended print area of the surface of the
first subst . r r I Ol j printabl e adhesi ve
whi ch may bgﬁsﬁéﬁ%gf'g‘gn ?\'tqéhgénneﬂjt]%gg#ﬁ?@ﬁagjgééﬁaﬂp%g?%g a stencil 4 as
showmn il FIG 1A FIG 1A shows a top view of the stencil 4 for printing
adhesive in the process for 10 form ng a | am nated product. The stencil 4
has a stencil portion 5 with an aperture 6 of size corresponding to a
surface of BIG.itZis sulhsy rchag o 4 onethedt dorveuripgathel tpuidl agbiesiva V@ fgm dhe
printing arga.: LSt substrate 1. FIG |A illustrates shows the first
substrate 1%\?\'njlr§)%e%&|%fjtdhtid adhesive layer 3 printed on the first substrate
1. The liquid adhesive 3 may be applied on a surface of the first substrate

1 by a stengj ' I q@eq? ri.at I iy ngil: A4 s used
for thefésteﬁlcc%'lﬁé)frsirgnglpﬁg 0 lat %e&%?cgtﬂrlg{lﬁﬁg\gﬁgabgfgrhqgiagan&]ieﬁlgg inpfsir%d
substrat e 1steRebingr stendlovithla3ecess: t he stencil 4 has a stencil portion 5
with an aperture 6 of a size corresponding to a printing area on the

surface of the first substrate 1 for receiving a |Iiquid adhesive 3. The
printing arEiS.medA isea thef Vienw dbf loysteiad printieg dedce antinggi lgnidaadiwsive tpRetno t he
first SubstL@hlshododdiGuBerAaleSbliA] Sadofitoignn) and may be dependent
on the vol ufs ot Pi qui adhes| ve required rn formng a | am nated product.
For exabhpl e, the thickness distribution of the |liquid adhesive |layer 3

i nted i st .St rat wi:t hin 5% of i D ek
o E o, HIE 4 ¥ L8 e S PR eSS lgness
| am nat ed paduhsie rioting e@p;

FIG. 14C is a side view of the stencil printing device of FIG. 14A at the end of the
20 liquid adhesive printing step;

FIG. 15A is a side view of a stencil printing device at the beginning of a liquid

adhesive printing step;

25 FIG. 15B is a top view of the stencil printing device of FIG. 15A during the liquid
adhesive printing step;

FIG. 15C is a side view of the stencil printing device of FIG. 15A during the liquid
adhesive printing step;

30
FIG. 15D is a side view of the stencil printing device of FIG. 15A at the end of the
liquid adhesive printing step;

FIG. 16 is a front view of a wiper with a substrate with liquid adhesive printed on the

35 first substrate;



Due to the rheol ogical properties of liquid adhesives, the |iquid adhesive
3 may not be released conpletely fromthe aperture 6 of the stencil 4.
Referring to FIG 1B, to obtain a required thickness Ti of a liquid
adhesive | ayer 3 deposited on the first substrate 1, the stencil portion 5
may have a thickness T2 equivalent to or greater than the thickness T1.
Still further, it has been observed in the process of printing the liquid
adhesi ve 3 Fl@at17tidgfeniWayw RetheSHPSHUIFYS. 1, apdhesi ve 3 whereby the |iquid
adhesi ve Iayer 3 has a hunp profile 7 as shown in FIG 1B. Alternatively,
there may be "tailing"” of the |iquid adhesive 3 whereby the |iquid adhesive
llayer 3 hasrpsg.aiga, RBBfdnde! st nestii® Wharhples bowibers Rith afferit eNBBREsonar
planarltg is an |nportant factor in the process for formng a | am nated
product .> HeA®&Ssuch "scooping” and "tailing" effects are not desired in the
| am nati on process because it may result in an uneven layer of the liquid
adhesi ve which, upon lamnation, may result in voids in the |am nated
product . 15@%&“@6@@0!‘%‘ ﬁ'@s‘ﬁ’”b@ iSRele odnft &ge i intepdrd Fb"ﬂeffﬁ% i0g el to
ensur e that pgpBsdght Hl of the hunp profile 7 of the scooping or a height
H2 of the tarl profile 8 does not exceed the thickness TlI. Alternatively,
during substrate and stencil separation, a stencil design may be nodified
to address beTAREIYDPESCRAPTION | i ng ef fects. 20FI G 2A shows a top view of
a stencil 10 for printing adhesive in a process for formng a | am nated
product having a first substrate 11 and a second substrate (not shown). The

stencil 10 ha&oées%tt@F\%rtmr@ét Ib@ihaled Wotjhctarﬁ‘avﬁlbeétﬂrlf,tesubgtr@te &8 second
correspondin a part of the surface of the first substrate 11. For

exanpl e, théY étet Qﬁg@\sl\gltmagplwgg dquid pdesivs on s il vg s aAPPIFERIRE pri nt
area on theji§iid as6sid oRStheh@rsf bilsdirafd! by’ 56 QIok8- byTQl%n§F ghgtirdg He fiduid her

i ncl udes a recess 14 adapted to all ow excess flow of |iquid adhesive from

t he apet? urddhesiveqean 'é‘tf‘é’@@dPﬂ”rﬁ?aﬁetmﬁﬁﬁ%%°5?eéﬁt§#€ raig Bratedlatg al ong
an edge 16 puid B&heshv@nhby bdargrinfibleldReivaa@idh hay bB&teHRR plittES oh3ne ilde ar ea
15 may be detined by a distance 17 betmeen the edge 16 and an edge 18 of

t he aperturé“%atelk‘@ﬂ@r? piegct dagpewnig FibhéAr ecess 14 may have a 30depth 19
| ess than a thickness 20 of the stencil 10. Printing of the adhesive on the
first substrate 11 may be done b?h screen printing |liquid adhesive through

the apertur /G414 6h‘t‘t‘r°east8P fvigne obfher $1endgil; 4 49r RiinGEY @QP%S'VEUEI thg piPsessi fRg

et hods @ Uchhrigsd BRfidtedPpiodlictn Orher'stétRn Ashds! NateAEIRAisH 5 Uit dReperaretd1r ough
35 the aperture 14. FIG 23 shows the first substrate 11 with a liquid
adhesi ve | a9fe?'zel‘i°rfﬁspﬂ’t‘€@9 e sytace o pdE sybstfate 11fonreeeidng atindd @dhesivii ng
the stencil oddprirtkihg dréd &h tre st Judbatdl. rFﬂG bﬁllﬁj@trratéééﬁwlﬁﬂweﬂ‘rrdt%strﬁlf@

i quid adhesive | ayer 22 may include |i Ct cal ly clear

adhesi ve (Lw&j‘ a ligyid 3rgeeie 1ayer AtrApdan Bafiest ﬁqlgstrage E}r Fh% ligrac gdlestsivens

stenci | pri plage( Afied RAVE burfdendt th¥ firstistbstr28 106y b%t&éﬂ%hfe?@ab&blé e
stencil 10. Therefore an advantage of the stenci] is that the print head

woul d s?t i Rrintig adbesives. 1Whaferal 4 is usad fndhe stragi! Ftrﬁ‘é'”g Rf brAgYid aghesive
stencil 10, |a§é|,b;§§.qmyﬂftrgtysuﬁgm@11_2| ng or elimnating the scooping effect at
the end of the printing step. In this way, excess |iquid adhesive materi al
may be adhered to a surface of the stencil 10 while the print head is

lifted fronRERfridg tbFIGSHRSthE teRicil & HaB & S6cill RAWNDwithan labakird esthesiee 22
in the intended print area on the first substrate 11. 10 A second recess

(shown in FPQEreS:PQ’/l@'ﬁg G %PEP@TQC%feﬂ ORiiee suasp of dre trebihbaia | 195 eebdesa £ | ow

of adhesg Velrcﬁﬂd alisiviecd. UdRd priftiigres heiydd delided B eheSifepaed fa@rﬁﬁ@c@n@é’a have a
depth less than a thickness 20 of the stencil portion 12 and an area

ext endi ng aPefgea e dsipubairieof apfdhe sesrnd S‘ﬂﬁtrﬁfeorﬂoiﬁhﬁ‘ﬁib)ognq &a¥hke edge

16 of the sygmdentdH theQdlukde ofAlqht%MtﬂfebV@'ré’quu‘éGme\'Bﬂﬂnﬂ@ HRAnfndiéd ploagss of
the stencil _10, the stencil 15 por i nclude a tapered portron

(not _shown) Felo®seRiamioast Ekne%e SR 0,0 e sk Pefess veHayes  LrETed B0 thy

further i nchr.a,tisu@tr%ec¢nﬂaﬁeerw.mrre5%%ﬁérea§ﬁee,%I thrcnﬁéésr Qafué?det.ﬁe@bt%
selective printing in_situations such as for accommpdati ng pl acenent of a

conponeht ofeq&'rﬁ"‘gﬁﬁﬂaﬂéwee’d“%r‘“Mrtﬁ?éam'r‘%tﬁérpf?dh’ﬁt'ﬁé‘sﬂG 2, the first
substrate 11 nay be a cover glass 21 for a nobile phone or a di spI ay device
and



20t he second aperture may be of a size corresponding to an opening in the
cover glass 21 for a mcrophone outlet in a touch screen phone device. The
stencil 4, 10 nay be nade of a material suitable for printing adhesives
such as for exanple, stainless steel. The thickness of the stencil 4, 10
may vary acagrdl ng to the required thickness of the adhesive. In an

erhodi ment , DURAO e ealogieRbRPRRTiEs Phiald Arhagnest hediausiatherie & may nele

partially CUé?Qeﬁe‘deon‘é{ﬂbtéﬁP%}H{hﬁébéﬂﬁfébﬂ’&th@ skl 42 FefsARG temies Bt to a
first substrate havin adhesive printed thereon. FIG 4 shows a top

view of a fPP&n §155%{"%9 '%§@P923T1/m°f R 'Q“fq gafiesivadiRe 3 dlepasiied o thg: first ed

thereon. Prg@stiate ﬁptﬁb)étéi@n I%ﬁﬁ)ﬁtg mawab@radtha;kﬁ@é;someaubaéﬁtatbeartgﬁeéteﬁ first
substrate 23 t he ll@{{l@ ive 24 | ocated on a circunferenti eri phery

of the f%rstaguBeth S%?na%}'"tfeﬂwr Bhag begr opgerved i Medirpeatad PERtnGl

adhesi ve watHe IjuldusdHesRe 3othastheOMay ibB “Sddepind’ of Adnislve PRhERBY B RfuRA t hat
curing the I|qU|d adhesive 24 located on a circunferential periphery of the

first 35 suBdRgsivedayss Shap a4 Hempaectie f as shewn & - éBpfr’tﬁf"@F'V@hrtﬁerPdFakur ing

or hardeni ngel taﬂm?dofaﬂhaqwumeaa{é@,waob Wherebly rths! it gt etthesile MBJek BNRdsya 241 of the
print area 27 to formthe ci rcum‘erentl al adhesi ve wal | structure 25 while

l'i qui d adheBiile &as §hen 17 kel C.c AdReRIYePERDESS OnRipnardy st inrertanf fagami ns

uncuredid n @ dheqmdésgtf&tfsﬂ h§ a%hﬁ#é'f@oe?r@fmétal-leﬁéﬂ”'ﬁﬁihvQCd@Hg ahb uglivge 25
may be forne artla Iy curing the i d adhesive on a circunferenti al

peri phery 28#%93/ gregiqt desitgdeln they 'a(‘EF?t@Grﬁr%@éﬁtqeﬁ?us@dF BRY retffdn@BeH a si ze

of the pri ntalyegoarneeanqm.beamerswrmm&wnmb&l |RARSRINY gndBldsuR iRt Vdidd W ehe2S MBY
have a circunferential width 28 in the range of 1 to 4 millinmeters. The

partial curl@Yn3HeyPWEUEtt 10 to 20% of a full curing step or a full curing
cycle of a liquid adhesive such that only liquid adhesive around the

Ci rcum‘erentl al ﬁ?e“ phery 26 of the print area 27 is hardened while |liquid
adhesi v& 24PRERT RORMTRES Biay denpEp@tfeddn thgplintegrrieeansdo 2asprenata haigblired in

a liquid stayeftidd hithp brdbits nepfr@cs;cabgﬁg ohatheRt H2adf thetah Hréfie sRicke8hot O
appl yi ng pressure |s to harden the |i1quid adhesive 24 around the

ci r cunf er enBXeeed JB¢ ithteys J4d- ‘P"t?rﬁét"’ﬁ}y’ (ering s4bsirate gng siRsich sepgate™ rbvenent

of the |iqus@naiesgniBaybé moafticl &S bddreéLhe$odHing ndliafinglcBectddhesi ve flow
out of the outer periphery of the first substrate 23. In other words, the

circunferential adhesive wall structure 25 forned as a result of the

partial aeur Frg 26 shbRs la gl terddies isvtch 4 026k Drihtid adReshved @ é';ﬁ‘écés@ fbhe flow
of the uncured liquid adhesive on the first substrate 23. The

ci rcunf er en{q"alngaamagﬂ%d REaducihaving 3 fiest supsiiale, 1hapd 3| ﬁ%@"‘hs'&lﬁ"a@ et 1 ow

of the |iquikbwagheshyestsriieno Ha8Ss WtenaAPprties @wtﬁgart hgech@edi Hohf odized
second substrate to the first substrate 23. Still further, excess fl ow out

of the |iqufresBRRENY & APast Shthgi ?Hrfﬁicﬁé’élﬂﬁﬁ/f'ﬁshé“?ﬁtﬁa&ﬂﬁ erfORaxampPied i ve

wal | struct gpétu® 13 may be of size corresponding to an intended print area on the surface of
25  the first substrate 10. The stencil 10 further includes a recess 14 adapted to allow
excess flow of liquid adhesive from the aperture 13. The recess 14 may be defined
by an area 15 extending along an edge 16 of the stencil portion 12 adjacent to the
aperture 13. The area 15 may be defined by a distance 17 between the edge 16 and
an edge 18 of the aperture 13. Referring to FIG. 2B, the recess 14 may have a
30 depth 19 less than a thickness 20 of the stencil 10.

Printing of the adhesive on the first substrate 11 may be done by screen printing
liquid adhesive through the aperture 14 to the surface of the first substrate, using
printing methods such as stencil printing or depositing/dispensing adhesive through
35 the aperture 14. FIG. 2B shows the first substrate 11 with a liquid adhesive layer 11
printed on the surface of the first substrate 11 using the stencil 10. The first substrate

11 may be for example, a LCD. The liquid adhesive layer 22 may include liquid
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20 It will be appreciated that there are several nethods .for performng
the circunferential cure. For exanple, a nmask having an aperture for
exposing the liquid adhesive to a curing source may be used for performng
the circunferential cure. If the curing source is an Utra violet (U\/)

i ght b I t] t I d ted
For bl ocki ngPioah FeRadiprie (RicRD ot rgimplng pLathsEvEre Pintdiet iios: ve.

printed ont @tehdsne pfintes {natuSisdwrgt gorddlly Tite omsk iseguppbsed havineasteagierour e f or
o0t o chnb i Ol BT BB bl R LRLB MR BBt o
sour c;a maysg mlhuﬂes mm’namﬁéy the tﬁfckrhééﬁLdfgh? stenicit uo,rnngb@emdmﬂy (rh:Eimz)l ngaor anged

inaline rra or a C

Al t er nati ve?v%”?tf{é e FEPOPIEY ﬁgga\l%q% eﬁaé’f @i’rer E{ffﬁ?’grsg‘?ﬂ' ?!ﬁ‘?ﬁ‘&%ﬁe $5%f the

print ar eabrmyd bénazaetmatklial neayrle@ladweré@tm b€acei of chndtenaint( whileaitibesinte wal |
structure i

an appar at ué é(drsf(?t ﬂgcﬁg@ﬁ)t}w?g\étpgﬁﬁaﬁ% ”Teé yn'ﬁ?\élagnﬂfenlmeﬁ'g’[b ‘ﬁ?\ﬂvﬁézdnitee: gtl >

substrate amgred @aotdtes uh g fattssubs$tigteappar at us i ncl udes a stencil - 12 -
printing device for applying a |liquid adhesive on a surface of the first
substrate for bonding the first substrate to the second substrate, a

bondi ngi@eviacrcbid rdeesgl{showh e FiG.r s4A sykﬂ’éweatennmbémwasmomuhﬂbﬂ@ e, and

a curing device for t he dh q dhesi ve | ocated
onCa o S conpiseantivw o BbERemey bt e ¥Enal i b RePrR et byt he
curing devi pgve md@tmsemarsamfbkhbﬁ 2<aor>thé<stm1i:¢pemtm ap aadbasreeeexwwmg

structure is forned f& im.tin ve within the

ci rcunf er enfi°89 23f7R8 \?ggﬁ/aﬂflth%g}eﬂﬁ'}/t?? '°Be ?Ftégl‘glil%lé% 896} gg zﬁh(’f 8'&?“8'[: t he

bond area byottibe 12¢tAletr@tivelyheepamndingdortlay tricknesy ob¢helstacii10h tree s®akil havi ng
curin urce to, formthe

an aperture f posi the li UId dhesi Ve to

ci rcunf &t enf’?"gP” qé "5'?[\989 Relppe §'fjr ?ti ?huﬁ“('ﬂg? aagqrgﬂpéﬁgfex%sg 3% di ng

El)evljI ce i 3 i bt u@ﬁe"s&/;eedﬂ?@ stehtil 15Amﬁy1mrﬁieam&me Flsecormfapertuae fim g steneiw of a
ondi ng devi ce 30 r form a | am nat.ed duct for a_display device

conprising B° '%P? st? g @g?‘f”a?"gg“é'feawa‘t'ag 'Qcﬁ'ﬁ@?grﬂﬁo&?%taé ?é.a‘%ﬁ#/'}?é’at{%

151 am nat i oplapementss a doRtpoemdifrodisisisy aevicd) myemmdlamabemgim F&G.vatheim

envi ronment flrssys&)sﬁate 101 maxggglcoVer glgsascéjufmr g%o hgne ora alsglay dewceF‘l:xn oA

20 the second aperture may be of a size corresponding to an opening in the cover glass

21 for a microphone outlet in a touch screen phone device.

The stencil 4, 10 may be made of a material suitable for printing adhesives such as
for example, stainless steel. The thickness of the stencil 4, 10 may vary according to

25 the required thickness of the adhesive.

In an embodiment, the liquid adhesive printed on the first substrate may be partially
cured prior to applying pressure to bond a second substrate to a first substrate
having liquid adhesive printed thereon. FIG. 4 shows a top view of a first substrate
30 23 with a liquid adhesive layer 24 printed thereon. Prior to applying pressure to bond
a second substrate to the first substrate 23, the liquid adhesive 24 located on a
circumferential periphery of the first substrate 23 may be cured so as to form a
circumferential adhesive wall structure 25 as shown in FIG. 4. It will be appreciated
that curing the liquid adhesive 24 located on a circumferential periphery of the first
35 substrate 23 may include a full cure or a partial cure for curing or hardening liquid
adhesive around the circumferential periphery 26 of the print area 27 to form the

circumferential adhesive wall structure 25 while liquid adhesive 24 within the

- 11 -



The vacuum chanber 40 has an upper part 41 and a | ower part 42 in sealed
connection with the upper part 41 to define a vacuum environnment 43. The
upper 20 part 41 may be novable relative to the |ower part 42 to provide an
outlet 44 to allow air to enter the vacuum environnent 43 when it is
desired to return a pressure setting to .the vacuum chanber 40 to

at mospher i cCiisHEdIaRtal WAl KHHCluR e 29 a ERIIAIND r WAR% 'BefelMfesAhe Essure
of the air MeUFdrERIHIEANEsTE Rl SFichas iZBNmay e YreBU BYDp&FSNY euriny tHae
vacuum chanber 40 m,a\)/ be set close to P rfe%é fxr/acuum or 2%5‘al57réfess rle up to
5000 pascallquighaghesiverQty a girgumiegintigl %‘H@P'@’I Bt B HURL 36R 27 (e (RMRc harber
40 may be s@hrg'pt Dapatifent Bh Ghasderf tHer BEaiHg ar&e | thavchOOFepassiohdhebiveovalr
vacuum chanber pressure wi| | .resugt in a Lpo¥\§r ?]r essure, ijn t,he vacuum voi ds
present 3 n SR ESPaY Bavgsa Siipfrpierantighuid inyihe reRge Bkl 9 f PINESS Sui d
adhesi ve. Spedipartisl dsihg snayene 4li 9IRS ofd fulifcuting sep s tarfall euraissatel of a s
brought from a 30pr edet ernj ned va_cu_gm ressure taq at rmsr{.;)therl_c Erep%sure
wher eby t heiGyibadifstediychriaaicaninilify! @Sﬁﬁ?%"sérquﬁg e ictigurpigrential DHIRRGEY
;/i si EI Ied_t 0 tder tﬁabﬂgt &uﬁ QzTﬁfaragrgsﬂ \prﬁledﬁ;}aidfa&ihaei;é_as \Aﬂtlhm tAk %mc@ﬁfefe?m‘éi gur ed
or holding a second substrate ...The platen i1s also con red for
appl yi ng pr&dLsifEtya 23 BERINSHNEYedR \Rg'tgﬁ'dtsﬁ%tesgt \fll’@gtapg[ﬂﬁa??ihgfjgi & t h
liquid ﬁ;dhe&erP SHbr 16| dBpBthd PrRIss@d iand Hangers @ROIli¢ wlRédiad @4 3doudthe
exanpl e, the platen 33 nalX be p%rt of aﬂgreﬁs machi he cog_ﬁl ed within the
vacuum chanfigHmigrential pgrichent 28" qf PR &7 %o FoPANSENSRITARIEY & P¥hort 34
configured ffquid BohebiveOwm Hed Festrictaddsd Batte ndihinansl aghddivasiidvg olieeh el suteS
configured to, bias the ,supBort 34 b(let \Mﬁen a flg_lstcwpos tiaqn erein the
support 34 Perighepyofhe fitsh sUbsirate A3y n aihgt words; the grsunisceni! adive¥d 32 and

g Sgcond poitiddt&ﬁ ZBﬂ@h}ﬁ:drbstélﬁésglmp%tpag?l cariny erardligud laftmswemmymeehonbt hg
ond area through the first substrate to increngent incre t he bon
area onlwhi 2 Pafrfee t91ee dawerfite Arpieddiatl aFnesyhett @'sb%%trﬁg?egiﬁr?{
substrate 3dirduthférantil aRBsves WA birddtere JBNEs6 HPRKE adplideipr hew fod theelicardpl e a
plate or a planar su [

, ort adapted or. configured for hol din e firs
substrate 3iqhq3|V€U"§gPPr§s%t"?? Plied\Augnge ﬁ?e Q%@'W@isﬁﬁo W%ga%goft%‘? {'rfs&)rn‘i ng
a | am nat edsyys@etect3.i retmEeiad excesh @bVt bhtheplqatceadrdsive Ss bRvatimited appl y
pressure to press bond the second ubstrat§$32 to the first substrate 31.

By having tRetheigrermisendier agheste Wai STHEY$€i ned pl ane rel ative to the
second gubstrate 32, the liquid adhesive 37 on the first substrate 31 wll

cone into contact with the second substrate 3% i nctqec’nsgt ala%%f b’é' 1. gh

i ncr enent al {tyWilhdee 20PMRFAIEE BghdtnSre LB SREER (PREINTGS Jpr o5aligndne

Subist r ﬁt ets &ﬂoutnﬁé’relmfal mgzg. azor: esEfbleas nﬁ%kih@flipgraﬂ@pbﬂafeﬂ‘brd ERysing th?lﬁ:ﬂ:id )
apply heat on the |liquid adhesive so as.to qrarily decreas e

vi scosity ofdnasivetp Gfuing frEeVBaYy ge Hé?%*%pf’ﬁon’%i“?g &@I %@E eﬁ‘h’ﬁ Y&gdEsi ng
fromthe suipst&@ingSsoufdteiseh®nBira ivitfetf (UVS tightlBeireat e Jhasi@ihalpendvaca enent al |y
bonded to the second substrate 32. | ncrenent

| bonding or 20 seali of the
subst r at®es 2bstrugtngaigpibrortipn agaptad fof RIeRNgY light &Wé:?qq oA Ceigr B%rg d
substrates glihe 3duid BaRedivd HiintSd!BAtortAd BrsBdubbiitd 23 The nidie nMyesliso hawd amed at
an angl e of 0.1 to 2 degrees relativ tot he second sut%s} rate 32. _
Al t er nat i vePREMUe don &XgRRtiNG e H'@“'idne&‘eﬁé’& BN h STREYTeRNtE! PeiBNSY (R #7 et er s
(M) . FIG Bdisdapwsoriniy steBRIthe Bkt sitsbtiabie2d it giengy WgkthetureaN Ble UnClighdes two
bi asing source may include a plurality of UV Light Emitting Diodes (LEDs) arranged in a line

30 array, or a UV lamp such as for example, a Xenon lamp.

Alternatively, the liquid adhesive on the circumferential periphery of the print area
may be partially cured to form the circumferential adhesive wall structure by using a
spot UV LED light source.

35
In an embodiment, there is an apparatus (not shown) for forming a laminated product

having a first substrate and a second substrate. The apparatus includes a stencil
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25 nmenbers 37, each di sposed at one of two opposing ends of the support 34.
The two biasing nenbers 37 are di sposed between the support 34 and a base
38 such as a fixture. The biasing nenbers 37 may include spring elenents or
rubber pads or any resilient nenber capable of applying pressure on the

bond area through the first substrate during the_incremental [ncrease of
t he bond arRithatdgNeA feharRlying @ '@Umﬂ?é%a?l&”ffﬂ‘? gﬁ@gﬁﬁs%sqybgl{qtg? | t

\(Ni |rr|) be ?ppb&rdiﬁgt metfr&di@,hpéutwq ﬁilﬂﬁﬁ%é&bor?i“sl{mvlatlb,a&bf)ﬂdiﬁb ate\n@fﬁ:r obndifly triecT ﬁns
pn) or less so as to maintain a substantially planar surface durjng, the
i ncr ement al firshépksiate & t'lehéemﬁds%géteb@mﬁeﬁx‘ﬂ’fﬂa%ﬂ'?%t°rs%§‘9r'g?é'q§ and

Sepgnd S%Sédrfésﬂ/e?ghé)nadtjiﬁrwhbwve 35&alta1t ke bﬁ@?hiﬂ@jﬂ@k&rﬁ@lhﬁé}ipﬁaw gmthleufdgt a
gui de menber | ocated on the support not - - S an vabl e
towards % cesirale Tange cuar tﬁgfi’%“goq‘e 49N SUPRYIY S8a"N %@ élcir‘@‘ﬂ“{goﬁeé’%?! rst
S@Jlblst [) ate V‘b&ﬁbsﬁv?&nééﬂ?ﬁ@l{aﬂjtrﬁ 1o Ehed ﬁ)trmmitﬁfg rh@\/eammitpr ﬂ@dlwmﬁsfc_llfeeive within 1t

Wi e appreciate a e support na ve a tilted confiquratjon, as
Shown | - SHIhe. SigURRICMALadhese Bl S bt PEETUE T APREATbIRE PHVE & sA
and FI G 88archltfp the asthieh TheTofAG eddinag e Abb®Withfa rAaskRMgtanbertared
tilted configuration according to an aspect of the present invention, The
51 may havefod $Ppeing &Ry ligyidas €dia 8 P8t S%B‘?Jtoafo%g ¢ SYCUries r&@[ ng

mechani ggn 54dnesivdi walas@euRet Maeier §6talibief tha$ending avdcaisskeeakdendlGB0f the
support 51 | ocated opposite to the first end 52 of the support 51. The

bi asi ng nmecARthF 4 may include a spring elenent, or a resilient nmenber.
FIG 8A shows a third configuration of a support 71 in a tiltable

configuration prior tois tilting according.to an aspect of th t
i nvention. FI& 588 ashoptyianel %BBS‘B?Q device ﬁgémtfPT”F'BQJ aﬁa@I“?FeSrR’O rfcgrfﬁeagort

71 may be aﬂkﬁ@gﬁgyi&@c&hyﬁﬁingﬁbﬂk& s@bdiaEeL3 ¥ andih sdcdrid stibsestd 323 Dafring fitse
support 71. There is a biasing nechanism 74 di sgos d between the basF 72

and a sttont@nupgiionpregess.fhe QRIS devise PO MAYRF IBFHELIN 8 VERETY PPUPRNERET 73 of
the support sych asldeekingsié, ROvavRGRINaRBer 40 BR¥hdWEINUEIG. BADI asi ng menber 76

The vacuum chamber 40 has an upper part 41 and a lower part 42 in sealed
connection with the upper part 41 to define a vacuum environment 43. The upper
20 part 41 may be movable relative to the lower part 42 to provide an outlet 44 to allow
air to enter the vacuum environment 43 when it is desired to return a pressure
setting to the vacuum chamber 40 to atmospheric pressure quickly. The vacuum
pressure determines the pressure of the air void trapped during lamination. The
vacuum pressure in the vacuum chamber 40 may be set close to perfect vacuum or
25 a pressure up to 5000 pascal. Most preferably, for high yield production, the vacuum
chamber 40 may be set at a vacuum chamber pressure below 5000 pascal. A lower
vacuum chamber pressure will result in a lower pressure in the vacuum voids
present in the substrate assembly if there is air trapped in the liquid adhesive. Such
air voids may disappear after the substrate assembly is brought from a
30 predetermined vacuum pressure to atmospheric pressure whereby the pressure

difference will compress the voids to a size not visible to the naked eye.

The bonding device 30 has a platen 33 configured for holding a second substrate 32.
The platen 33 is also configured for applying pressure on a bond area between the
35 first substrate 31 with liquid adhesive 37 printed thereon and the second substrate
32. For example, the platen 33 may be part of a press machine coupled within the

vacuum chamber 40.



20 such as for exanple, an actuator. The actuator may be a spring based

pi ston assenbly 76 having a piston or cylinder 77 and a piston rod 78
reciprocating in the cylinder 77 to raise the support 71 to a tilted
position relative to the base 72 as shown in FIG 8B and to | ower the
support 71 to lie alongside the base 72. A spring member 79 or a biasing
menber is provided in the spring based piston assenbly 75 so as to provide

a bi asing f qheaRBingh&ReNgo @is%amuaaey@hswwf 34 shnfigthsd fc#trﬂaldihg? iaNfirst he
i ncrenental increase of the bond area between the first substrate and the

second subsfykit@te Af prg a piasingdaeHanisIhal F‘H’[f'éu@ﬂ tp YiasdheaePnog Hketyvesrst

substrate 3} ﬂf‘éttﬁbsFtltiﬁ \A}h'eﬂ#r'\ %é&:p%heﬂ 168 iR & Randnefhdd @8 td PiefREbmd
substrate assenbly 3 is required to cure the Iiquid adhesive 37to

form t hed | aftptaé) 3gr @mhét seqond, Pasition wherehs fiesgernognat isibiagedsior arply

substrate ag%@@rle%r?’%e%ddn&eﬁ thrslgh @Nar filk0 sSi<tidte BN t& ||r@ren9entél n&egend
substrate 32 is a glass substrate wth no col oured naskin the first

substrate 3ihg §oad @w RBAMNieN the fipssuLsy i @peliedalp mw%gr{w%m Hist
substrate aggedizhey/38% e séé&mwt%irs{eymélrs@p;sdwsat ?'Uéf@ﬂééﬁd(@a%?até @r bond

the first and second substrates to formthe |am na E)ro uct. -

Optional ly, & nobi | e devi ce
3iRANGT SRR agaptadacPBiairedion haléma the fishsuksirate

whereby the | am nated product is a touch screen display and one of the t wo

substraies EpLieid ARLRALEH &&@H&Ad.ﬁ%&.g@y@%r%m 4 BRIl A b

periphery, a two step curin rocess I emen to cure t quid

adhesi ve i nOPH@tIOIarwhﬁmHydhemlaiGES@ lsﬁpmereﬂotq a@ha PEgseyre- wepnerd pand \Ih%w of a

substrate asseli dioSaBas BhdnlERLuTAY £1.08y Wilifg tnd 1|£Pé®sﬂgt€e§1' Hane 2V er

64 printed on a surtace of the L ass substrate

havi ng a sufrfcired pond aatlysriditigyseasnd IsebstGite F8diiediaeid., ad’ﬂh@V%ﬁ?andbe GB"t of t he
gl ass subst C ut er

G Fount or ent il oe AL PHRE o Rt SeRe e 2y P Mo o

ci rcunf &% enmcsamwéaliyph@reysmtrw bcmbar@aéwtwynatheélrsifanﬂrﬁ@cmsbsuhsérmeé ¥1. The
col our ed MRl NG KEYerDE,dh SeEON ALk ﬁ??'ﬁe'd&%ﬁ‘{ mjla Biyehell Bfiknd Mg aver
or a white ink layer extendi ng about romthe outer
circunfer entaﬁmSI\p':eW phde Jeramoradly tdecreaae dhe giseasifiiod tamtiquid ageesiyenterlelB2 i nt o
the view n he
outer of rourarl, BlesPl s gRSHRS i g Suprfptee A hE RO ARG Vi gl

col our ed nmaSkinmy hﬁmcnemegtadixboe@ﬂstﬁortm ee@Rdrpuistiate 8ar mrmeréai b@d@'@g@ure by
L7 09ushn sBaidd dr R SuslrbRS!d1Y 32%endle8ARS bY BuBKAoR bf % HEOIMY ddtofid &

10A. 20 I'S a cross-secti ona Vi ew o ubstrate assenbly 60
with a full suwtealgse3hé2f dimeditstobsiatesiionay ke i the sianslipclioed ebare engleef el y
i o schel® ISR AR OuD LBl e daraihEhnal 1y (G b 1

t enper at urel%@@immmabﬁet%tqﬁﬂw eteess(min)-t he first and second substrates
to mnimse substrate warpage caused by differences in the coefficient of

[T oht - sour &g RGP (e pand B SRR PERTHE 8 Adudky s biaghE, co
The advasit agesnatfersi87 rapchMispBSed atoreeoffteo oppesinggends dftile suggoltBB. Jbertwe i s
method 80 1 SPoPgn e nEers 7 MRt bEEER el dplde facd Rsidfida” °
first subst fiaues. affte masa@mwmmsf medyencliide spiriag Mnerits qumbbamtb%wanpray be
PO e somo R IR bRt gV e RO B o=
circunfer enBubétrqmerdquhgrlyleOIhcrcelmritalr mbreaae)safr tieebomy doea detvesbnt thef diirs’n a
adnesi vad | suBiRS A5 ERelBin atelRhe appi i ed on a bond area betueen the
first substrate and the second subst rate in a vacuumto increnmentally

o1 mor ementaP T PopRRECERG Tef D gt dy A £hinBhe of A pRamno ' = ©

pressure nayessesoagsptoineaintam asulmtarmailyeplanalosuﬂane dat‘lnga.tl’fe merdnr@etal incgease a

vari abl e set tally i

nccording ¢! TR S BRMERT Heral b e B edond SRR U GE MO0y, o,
substr ase ark bbmjn@de)mia S8 bstyriatiede hrgusteemeBer okatediauihd sapipart 84 éndiet ween
the first and second substrates is cured to formthe |am nated product.
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Step 83 may include tilting the first substrate to lie in a plane inclined
relative to the second substrate prior to increnentally increasing the bond
area between the second substrate and the first substrate. Optionaily,

after step 83 and prior to step 84, a pressure., in the vacuum chanber may

be set at at nospheric pressure to conpress all vacuum voi ds created during
the 15 | am ARAWDRNErERveRs towands gegenbal Ippgifugiiabdes Phihe stpro3tiouatioe fighber to

enabl e the ﬁ#sagmrtraermsﬂnéeeé&drmgﬁae%se%uyﬁug%eme quickly. A
conpressive force may be applied when the two substrates are in a
conpressed position to elimnate voids that may be present after the

substrates angl lb@"éi)%?ec‘l’éte&ftr%@ tlge?sum@?mdﬁfh'fav@% ﬁlt*é@ ddnf§@afor! s€dhseipnt s of
t he adheS|ve used in the | am nation process and the 20 substrat es to be

| ani nat et W'@s&%é t*f‘%b'%é“r‘ﬂ%}"ﬁ@”\?érsh@‘ﬁn HeBGH BARIOICHR. exanpl e,

wher e one of the substrates is a LCD display, the conpressive force may be
in the range of _1 to 4.5 kgicnR. 25FIG 12 is a flow chart of a nmethod 100
for curing tKe 1igeme ﬁo??ég'i‘@émﬂfbg‘#rﬁ‘i'% Pheé PeRRORaPEdNpR JHEE t configratistanyl e,

in touch sca@&ﬁd.a%%Iaﬁaetsb@asofsm@fpr@s%na.r{vemm STHESN MBPhhR Qev:ttcee]deer eby
one of the two substrates in the | am nated product is a cover g ass with a

col oured pePiRPRSA/IORIVE RERM! 7 hagg &3- mA'asugtwf@n@m etrs digresed eqfay be

i pl eneqy ediHeddrs3 drfdea kééwucénacﬂwun@ shipbdrt & ioéé‘fbﬂ%bb@éite% QeLRsSt SRy af ter
applying pressure in s In step 101, an edge WV cure may be applied

to Iiquid aﬁ%@gmﬁew@ﬁo'éf’g T%W@P@mQ%P"'E@rﬁ“ﬁHEY V‘Cbﬁdet%@r!’_’wlm'ﬂr&ﬁ e and
under the cpdspicRmBgbephery or masking of the glass substrate: followed by
atop W cure of the liquid adhesive in step 102 to fully cure the liquid
adhesive to bond the glass substrate and the LCD substrate so as to form

the | am nat g5 8K a thiARtcoRMAlrAton & AlppBATRNG aRiItBEIBS RNt dridk kpduced
by provi di nglpa si de gui de on t e biasing structure to align the first

subst rat® pHifiee a?@rqi'asaﬁm aechef the Péﬁﬁeﬁh'”vqm'ofh 6. %ﬁhoé’tsctbﬂéu%‘l%ﬂ? at es

prior to cup AgitedPoditshOEPid QMibpHEPI ARY bal HfnB8d tbeEHERA ot taskvoPacd for
defects priogr to subjecting the substrate assenbly to a conplete UV cure as

shown in FI st 8pd 73 @bthecsWPREY 1t nheryis %PW'”&&P‘?Q"@F@@ 74 dispasesh hedwesfes,

m sal i gnenthebisweeidhessdohd lehat78%f td SuppBHdS 188atédBppdskte theffirst &R 73
i nspection step, the substrate assenbly with the uncured adhesive may be

di sassenbl e8f thel BpRed Jr et Sidgingr Mpehdniked4 MAkeingdarm Bigaingfmargber 7

rewor kafg | i &ucrpés tfhe et ah chRSGNMDITMe RickRtort rﬂa;f/ cuema r@rlh@%alsaanuib%red
prOdUCt is i rrportant to mnimze material costs due def ecti ve parts

because t hed%f5¥ly 46 H3vieg @rPigion PCBY'PHQ&UI76§“§rae°'§téf‘y’°‘é5§trP‘§)pr°F@}f”9H6rthe itis

nore envi r ogfimataly ){o fré.s@rmlé xuﬁﬁbrbeﬂblaem&éa h&4ifch ﬂéT'&hvEeetWhlé B8 as
substrates because gﬁ anounts o is required in the roductl on of

gl ass subst pRAWEIN F.L@ a5f t%fﬂ‘i‘(?tﬂ|”F%?pr°%ﬂé\f€Heé’ﬂﬂﬂgﬁ@ﬁtth%l%a“éﬁ7 i §erPang

adhesi ve onpjcfifhed ook EaQﬁa%lr{@eﬁﬁeWsRﬁ&lébﬂ RAhé sprrhaseB Hiskn és%efﬁb‘)m@g t he
circunferential adhesjve wall structure for Iimting novenent of the liquid

adhesi v& THR afitpEroviagy2 Biasvafpice P thedposd erea thrwghnthp it depsieaie dyring

printing thgelih&indnRfing®Ys ofihd baha @F&ecsbtﬁemhtehﬁét s8Bsthi8 ahd el et
adhesive is printed on a substrate, the wi per simultaneously w pes any

uneven appl pelstieln of i qui d adhesive. The advantage of wiping the Iiquid
adhesive is to maintain uniformthickness of the |iquid adhesive in the
aperture and to control planarity of the liquid adhesive printed on the

substrate. 28¢ e eropd sybsirale 37 énbepded @tﬁ“ﬁcﬁrﬁt prbstieteng ! dwthi & A duri ng
a |'iquigh adh@sdsiR 37 printed thereon to form a substrate assembly 39, it is required to cure

the liquid adhesive 37 to form the laminated product. FIG. 9 is a cross-sectional
view of the substrate assembly 39 during a full curing step. In FIG. 9, the second
substrate 32 is a glass substrate with no coloured masking and the first substrate 31
is a LCD module, a full UV cure may be performed on the substrate assembly 39 to
35 completely cure the liquid adhesive 37 to bond the first and second substrates to

form the laminated product.
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printing step using a stencil 104. The stencil 104 is provided on a first
substrate 106 and is simlar in design to the stencil 10 as shown in FIG
2k Specifically, the stencil 104 has a stencil portion 105 with an aperture
(not shown in the side view but simlar to the aperture 13 of the stencil

10 of FIG 2Ag of size corresponding to a part of the 30 surface of the
first substPREieNApeN deplayeprtigntiens i ap laugh §ciegl) MRbils dery whershy dnondi ng

to an intenggdnfed fﬂﬁ'odilfc?% SModdhesedrf GﬁglaS’fathfhef off tﬁte ta,ubssjbgﬁtétes Jehe The
stencil 104 further includes a recess 107 simlar to the recess 14 of the

stenci| 10 BMipated psodughds ansPveh&lase uths 2 1eploured pﬁﬁprﬁ!ﬂép’t‘ WO tEPALYHW excess

flow of Ii qyto@ewhﬁylb\éambre@rmmé@toaa% tHe munﬁédrl;éswena tRe ldnélNatnaHbaskve
printing ste qui d adhesive 113 is di sEense froma di spenser 108 such

as for exanp s 19ad5 aiershocsestion yiewerli subsEate ReseBlY B0rhaving @ys¢l? gicdule 1g -

106. The sleﬂ with & 11 mSae lAyek 8l phRARdf ¥ a E@FRe\df Mk LCOUhSHRIBE Y]y an
outlet 110 for di spenS| qui d adhesive and a assagqtgway 111 in

comuni cat i 8@SHiSEAStAR Ggﬁlaé‘tnglﬁlﬁuﬁﬁ‘@ PR doropenditg R peduagéwalier1l may

be confi gur egdca eal drame blaSdibshsadfenhy clle Recot PREARSKING BQ@feH@in?%hﬁt 110.
It will be appreciated that the slot die 108 is positioned such that the

slot di e 108" g8e" sEeuBisrdiat Perehary ff PfaliRegiese sioskateq®dntor AR Pytekt

substraie 16eumidrehtiat pérfb‘ﬁé? 63 & BRPvieRn @r@aaofbmet pobskichaeesof tihe sl ot
die 108 and a top surface of the printed adhesive. The stencil

printing deGfewedgBaskindcBayiksus éifcf"@‘t%% '%V‘&B‘F @‘%Hﬂ"&g Rl 8 danenics &0 as

to print |igHits imdRgst \éﬁteﬁldlﬁgeib‘b@mfhﬂmé@ﬁé) Q trcihd @helfaﬁter%lrwﬁf%&er%ﬁ may
be coupled to the stencil printing device 103 at a rear end 113 of the

stencil pri H‘F’i‘ﬁ?&“ﬂ@@lt‘éé"‘elegtef GFCWfﬁf%a'u%@BﬁWa??pﬁt%gﬁ YRVHS 4’P%|L9if éhe
adhesi ve 11Bcprmédusispn the first substrate 106. The w per 112 may be
configured to apply a controlled pressure to w pe any uneven application of
liquid Bhesive. The wiper 15 112 may be adjustable along its length to

control theThé aglid aaﬁ&ﬁ\ﬁé emeoﬁ mé:!smeﬁé.rcwf%ﬁnal hri @2aP @id LCB nduldre
stencil. The w per 9"3‘@ % be configured to be novable relative to the

stenci| prifteRY 4e rech Masking f A 9'&[515 yURRTALS BAIMay P ey Pyfast
appl yi ng prgggaéfe 89 ifthRusihg AV nérﬁfa.rtewyomh%heé,.V@e&gee@mé sHd¥h iRgfigre

W ping. An actuator 114 nay be coupled to the wiper 112 to enable the w per
112 to be | &%Rred 20 towards or raised away fromthe stench i 104 along the
verticajgdirection. Still further, the wiper 112 may be nobved across the
stenci| 104_via novement of the stengi| printing device 103 and has a

curved prof Fi% PBsis ielpssseratiopalwisy RGthe: wistieta Aseambly 69wt 8 Tull Micaren

uni form t hi péRemeddn thaesubkfiste hsBEMBR alcﬁtolé&naetetwguéItﬁémq@u@héﬁ\t/@tol%
For exanple, the thickness of the liquid adhesive 11 be controlled

within 25 1098dhe #migaiedArodat. th@ErFé’é'gg of 819 \I%Jlfﬂéﬂh%\@ 'b\yuf/h‘"é"? &Yi Reenent s
of an end pp&bitaiedidl rodmh fenddifuterdn @Wr&ﬁ%&érm.&&me pldlRrisRinel 12 may

be an el ongate rod member 116 having a curved profile 115 for |ine contact
with the | it andascesd\asbatized e HEMse sypstErip varraas cayged Bip Adferanses imui d

adhesive 1l@el &eﬁicmemernw%xpémg’ﬁresetweeﬁ b firkt Sid SedBRY cabRralddfs 0¥ 3.
nmovenent of _the stencil printing device 103 in a first direction 117, the

wi per 112 sTR&IMY; argé'ba%wrye Fa¥daciuiR @ HGLER SRBbiant souish: @13 UNdamp gaHige:

adhesi ve 113nh@LpRagedf Ldifg UV SEDSIREIE ik @uARP id haf OWLIED sBLRBAE isbhd of the
liquid adhesive 113 and to naintain a consistent volune of the liquid

adhesi ve 1133EQARASFHIONHEORIN HESRAY be done 35 after printing of the
l'iquid gghesive 113 on the first substrate 106 is conplete, w ping the
uneven appl ication of the |iquid adhesive 113 sinultaneousl z with pr| nti ng

of the IiquitP-ddnasi fipy dhest eramedod &ire ferBrng A Igspipaige Rrediict {rE 1redisniame
required i nqéviehraving Bffirst sliBstrate and a second substrate. In step 81, liquid adhesive

may be applied on a surface of the first substrate for bonding the first substrate to
the second substrate. In step 82, the liquid adhesive located on a circumferential
35 periphery of the first substrate may be cured to form a circumferential adhesive wall
structure for limiting movement of the liquid adhesive. In step 83, pressure may be

applied on a bond area between the first substrate and the second substrate in a
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substrates with printed adhesive to a separate process nodule or station to
performw ping. In high volune production, such reduction in production
cycle tinme lead to significant savings in time costs. After the printing of
the liquid adhesive 113 on the first substrate 106 is conplete any excess

liquid adhesive wi ped by the w per g/ be noved tgroug nt of the
stenci| priYRSHHE tgdisrementgty 'tnﬁre?ﬁ% ”?eeE‘EE’s red pelyreenibe dsd sbgira ebﬁ” t|“ﬁe wi per

112 may furidrend isipstHle & irdknskhtaly Bkiethd ¥8stfsabstiay itd ghed Becopd GeBstrdié.qui d
adhesi ve onto a next substrate to be used for form ngba %@1 nat ed product.
1 d

10 FIG 14AThe; peessHie MasvboaPalies: Bnai YacHrmnerviignien! SN 53 i qui d

adhesi ve pr‘lrd?fablégse‘iﬁ@ i.dSind&nfentdI§Nadreasding the br@ss%rélarpﬁﬁed 8€%ENgd &2thed
second recess 123, and a aperture 124 extendin e fi rséerecess 122

to the secoffremenialdnorease "thBe Poad éreq, petwesh th% figst r?Pn}’saIFat? GneHee 3p8¥ure 13
of FIG 2A amdirsdel lIn %@f &E il IREMUPSETbsivB tetiddhethe Hifdt ahll seddif SubkBateard

second recesses 122, are conféaur ed for accommodati ng excess fl ow of
liquid adhe%‘i@%t%@fmﬁ'@e@"]"ia(ﬁﬂ Rfodéfiesi ve printing step as the stencil
printing device 120 is noved across the aperture 124 in a first direction

125. 20 FIG.  14B is a side view of the stencil printing device 120 during
the |iquid S€RSS way Biaudeitiipodhe rshsupdrata ko s iBfpipng sielined E??%‘\‘/?&% ®n a

first sypstgabfd %trﬁe”bh&r tof thekdiBertbiBNGickedRigNtHengoske \dre® bbBveedf tHel G 13,
the stencil printin ‘% device 120 has a slot die 127 for dispensing |iquid

adhesi ve an®PRE SYPEFS ADIeirsTYPHEIFce 120 is configured to 25be novabl e
across the aperture 124 so as to print |iquid adhesive dispensed fromthe

slot die 127. A wiper 128 conprising a first WILP menber 129 akr)td a second
wi per nenbeppticy@'lwaft%éteaﬁﬁm&@awbw TR 84 tBRIEFTUD M HEIVAGU B GABOST 4PY or

Wi pi ng uneves sappt brddpREri®brestErei g @iﬂrﬁ‘tﬁéss\/ all Jfﬁéuum ivBilde cbréuted Rarihd &
substrate 126. Specifically, the first wp e{;lmtél‘%ls attac to a

rear entp 13|f"b'tat'9ﬁé”%<teéﬁc |'°I" 'BRY RE| PSS H‘éo ihZ’oV%FH "@66‘?}8”%% nenber
130 is att aghesbdr@résstiFeotreseatmddpidrict ftessiirs GGitkly. P A Jﬂébéﬂl%\/fbﬁb@ n&0. Each

of the first and second w per nenbers 129, 130 nmay be_a

ust.apl e ng its
length to comepeliedween thadYVB S&Bﬁ?é?ﬁ/éret'ﬁlacmgssﬁ@r%@of‘ H‘é el ‘%‘gspert ure
of the stengi} mbdlbe Slebént didF tHeCEubstrBRsWrd ®bndetBain@¥p 182, Mep&ieAt bo%% t he
stencil 121 via novenent of the stencil prlntlng devi ce 120.
process requirements of the adhesive used in th& lamination process and the
20 substrates to be laminated, the compressive force may be varied accordingly. For
example, where one of the substrates is a LCD display, the compressive force may

be in the range of 1 to 4.5 kg/cm?.

25 FIG. 12 is a flow chart of a method 100 for curing the liquid adhesive to form the
laminated product. For example, in touch screen applications such as a touch
screen mobile device whereby one of the two substrates in the laminated product is
a cover glass with a coloured periphery as shown in FIG. 10A, a two step curing
process may be implemented to cure the liquid adhesive in the lamination process

30 after applying pressure in steps 83. In step 101, an edge UV cure may be applied to
liquid adhesive on a circumferential periphery of the LCD substrate and under the
colored periphery or masking of the glass substrate, followed by a top UV cure of the
liquid adhesive in step 102 to fully cure the liquid adhesive to bond the glass
substrate and the LCD substrate so as to form the laminated product.

35
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The wi per 128 may be configured to be novable relative to the stenci
printing device 120 in a substantially vertical direction for applying
pressure on the stencil 104 to contact the stencil 121 before wiping. In
particular, an actuator 114 may be coupl ed each of the first and second

w per menber 129, 130 to enable the wi per nenbers 5 129, 130 to be | owered
towar ds f orOpligsiahy asraligamsairacesy ®n&n intiedused Ry providing a sisie widend e each

of the wi pey r&ur@%@ah&@ﬁe% shB&Fd{Q%n@ﬂo%rﬁl'ﬂg@érﬁorr 0GR Hersthddi ng a
curved proflia 32, 133 a for wping |iquid adhesive and to maintain

uni f or m t hi 9688 sukstragserior EFUingdhesi ve 131 on the first substrate 106.
For exanple, the thickness of the liquid adhesive 131 nay be controlled

wi thin 10% of an adhesi ve 10t hi ckness profile defined by the requirenents
of an erfd phoiiseection sier Bravtae peftiedueas toriBeRest quéet%&jpﬂqrﬁo &UPIPeined

adhesi ve prt'h@téuB&ra?é%Esé%ﬁbl?li’@‘é’rbo'rrfblé’_té GV 446 ast dMwhi ih FIGWM BRI DTBID #fay129 i's

| owered towards the stenci for applying pressure on the stenC|I 121

whil e the ingudedisierrigliere Pare siieichas misaiapmernbaiweRlt theseepifateh afwaifst r om
the stencil or%ﬁéhk@sAttth@ irlsh@&tiod s’ﬁ%‘% Ybsthait dssebHRAMPIRE uAOHePBRERE ON the

first substrate by novenent of the stencil printing_device 120 in the
first dir ecmabanzﬁsa&sn@bﬁdr steagiegepr rekeRs ol 2werkad t ahle R4veNiAeRed any

uneven gppl iGRAHBMLL b mbesuﬂs@}'éléj @éﬂmy \bﬁoﬂﬁalfd?ﬁilr@;t ﬁ‘fé Rhidisd fokddRkt is

substrate 126 to control planarity of the |liquid adhesive 131 and to 20
mai ntai n a EReSEBt enminiaire materdal chats|dugup fefamtiea pods Pegause |t sybstrates 4 si de

view of t hes@h\‘ﬁlbchZD Pr'idd@ﬂésné}e%w &ty AEUrfier, lithig nedte ePlirdritgerltaifUishdpdiResi ve

printing ste ere d adhesive 131 is printed on thé first
substrate 1&% ablaf tperﬁuw] én@ rre\mrk st subslales fecauwdies |WUI‘§1°fo?\”ecr9ﬁé I5f i r st

substrate 126 & ﬁ.‘,Qﬂp RldBiction?o? gBIRY sBx&estss.| 1 qui d adhesive wiped by the
first w per nenber may be noved to the first recess 122 of the stencil

121 as H¥hown in FI G 15A Each of the w per nenbers 129, 130 nmay further
include a gy g¢ eRbiRRRL, lﬁévér‘i’%pﬁﬁb‘éh&g of h@m@é@ﬁé§vé bAUhE sastiRtd WRyd 0 a

next substrate to be used for formng a | am nated product as shown in FIGS.
156 to FI G WipS.usingea irest PiAr pe formingh e drsomiigntiss adesivecwalh stay@yreder £ rom

the stencilgdg meﬁ{é%t %P%nﬁhdm EQﬁedN’e”b%e 13%er Yy Be ®xpraded stentipver ed

to apply pressure on the stencil After renoving the first substrate
126 with th@rmtinqmealcadﬁ@erlnﬁ@gﬁt;q Ilﬁwﬁrﬂdéas'vmé%@ﬁane%sgqheﬁha #s e tichg

device 320 ééhé%tve@spﬂ‘ﬁ'ltéd @h é’fsuBQl?aténﬂweotvlp%rléuﬁMtéﬂ\e WiYes BRY Uhkh St ep,
i.e. adjacent or at first recess 122 of the stencil 121. As shown in

FIG 15c afRRligations Pfr lz,qw% @gBesive: e Thegdvaytage of yvRiBgl thm david adbesivR i 10121 | s
provi ded onpbbgaif i dnirbrm tl%ékness Sdfbtﬁérlﬁﬂ]hﬁi 3% Mt et apdHRird &indl todstrftrol

adhesive printing step for formn am nat ed product having the first
substrate 1B8nafiy okthedigud@dsasie P%ﬂt@d on the substrate.

25 FIG. 13 is a side view of a stencil printing device 103 during a liquid adhesive
printing step using a stencil 104. The stencil 104 is provided on a first substrate 106
and is similar in design to the stencil 10 as shown in FIG. 2A. Specifically, the stencil
104 has a stencil portion 105 with an aperture (not shown in the side view but similar
to the aperture 13 of the stencil 10 of FIG. 2A) of size corresponding to a part of the

30 surface of the first substrate 106. For example, the aperture may be of size
corresponding to an intended print area on the surface of the first substrate 106.
The stencil 104 further includes a recess 107 similar to the recess 14 of the stencil
10 of FIG. 2A whereby the recess 107 may be adapted to allow excess flow of liquid
adhesive from the aperture.

35
During a liquid adhesive printing step, liquid adhesive 113 is dispensed from a

dispenser 108 such as for example a slot die 108 to be printed on the first substrate
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FIG 158 is a top view of the stencil printing device 120 during a liquid
adhesive printing step whereby the stencil printing device 120 is at the
position of the end of an earlier liquid adhesive printing step and is
nmovabl e in a second direction 139 opposite the first direction 125 for

printing |iquid_adhesive on the first substrate 138. Referring to FIG 15G
t he second Whefherglrbdie 198hap andiletcti¥dar weevipadnwd adborivalgniavdelst!dfer | 121

for applyi n9|sPér?§ﬂ%'ﬁcﬁJl@@dﬁéh¢ve35r?d‘§'dasgé’g"eVWSH 18 hienirhiftaishRat £8 RErber

129 is retrac in an upward_position away fromthe stencil 121. An

excess |iquil®® aaAd8e \Pé‘t'?tr bHA- t Hee eaepagawayi i Bandisecerfiguisd tntallay I is
bei ng m)Veda&YesWéeto%Cd?s‘,bian%d)%mrfﬁ@’%Gﬂet313@ tthmkP%e%BFé%!atté‘djth\ét fh'é s'ldt‘ilﬁé d
adhesi ve 140 di spensed fromthe sl ot printing o first

substrate 1388 isspasitiened: gich that ti‘&l§|°ta§'et"r?§ @Qeén’@f?tlc%fchhtth%bq%\?ﬂﬁ%s"@zo

moves in thSn&@E%H%&'ﬁr"s?&Iﬂs@Qte%% Jn@rthﬂrthé}bhé‘ggbﬁﬁewe%'a%&{@ﬁﬁsﬁ]rﬁé@e gn the
first substrate t he second w per nenb si mul t aneously w pes any

uneven appl tf@aﬁbt&*ﬁ 3p8 ﬁn@altwqawéﬁcgd}ﬁé@q Riéntad iyt pgnesiveonl herdendl psipting
substrate 138,i¢& 1691 rc@hﬂgQJré"d‘?J bé%né\fabié“gcﬂobg‘tﬂéi apéipe! Y)eaé‘ﬂcp pAMdlidu

mai ntain a consistent volunme of I1quid adhesive 140. FIG 15D i1s a side
vi ew of t headhesiveidispensed frag tﬂ%ﬂpb@eﬂ% at the end of the liquid adhesive
printinggstep of FIG 158 where 20the |iquid adhesive 140 is printed on the
first substrate 138. After the printing of the liquid adhesive 140 on the
first substfarieen B may bemsueted to kg sterelbrdénting glgvige 4R ia@anpped1H9f t he
second wi pefhe”&@i‘i@lrpr#@igg RYicda 08 eHipi &Meﬁ%&ﬁﬁ&tiéﬁ%@ﬁ@ id 2dn&jivd 3
stencil 121 in a simlar manner as shown in 15A for reuse in a next
l'iquid adheBfiRted o e figt sybsgateriQfse Toe WiRgr %2 83y Pe gantpusemhde iapaly a

m ni m zes 1 Bentiagd %@@ssgfe to Wlﬂedarﬂ/dlh}?e?/'eﬁeap‘ﬁﬁééilan rd?ﬁthlHSadh%sNBt efreAipgPSt S

savings. More inportantly, vol unme of I'iqu hesive to be applied on a

substrat® fé#2 ff@ﬁYr’rPﬁga(&th%ﬁ’t‘? r?éﬁf@d it Jgrath é‘? é’anE@'eWBI Nauigh pdbesiveo Hitkgpsed and
hence the vgluae tf whbie el(g)eﬂUf'éjofatﬂges‘iéﬁb@ e \m%epqlil@'n%;ﬁﬁ% coﬁ’f%uFétho B is a

front view of a w per first substrate i qui d adhesi ve
152 print ed"‘@Ha'i’lﬁée|ﬁt'\fesft° tae; pteneipenting deviog1i0idn a qubatantbﬁ"adﬁwawreﬁmmu ng
step, the Sera%B$|n§§§eé%furé B tHe Sl RARS ToM@clRe sEHn'cf‘ﬁ@&j befdrd m% g
substrate 151 nay not be planar and hence the |iquid adhesive not
have a uni f 8¢tHRioh{l tk Mayde orepler davine Wiren H2 tfeenapﬁéWM@Rﬂrmad%@iqu 2 has
a non- ufp f ofgRardd 6KBRSE ARY DM MR étéﬂ&ﬁ‘éﬂ%l&{g' tHé véﬁn@él ectidie Striiass, of the
first substrate 151. As shown in FIG 7, to maintain

pl anarity ofhet Wiper ildgingabnaaqved %ﬁm%@e\/ﬁtgnqﬂgw‘& He rmp\f%menieqﬁ thptenpit] ude a

hol der 153 Bamingtedidal 1133 ridt rYasO:i cé‘r%&'%?&'ﬁ& ¢1§H@ﬂﬁé& %r%ﬁﬂm?@laﬂ’iﬁ%@hé@&e
adjusting a height profile of the w resgg he surface of

the |iquid authésmaintaipryifern fucknesg o tf@r "Q%ad}i‘?ﬁé\fe 15pon the figgd jsukstatd e

supports 1540@Hvorb@xafn?p$é qn@frﬁcmesscaf e fo@diadRb MY 13MaliR dodGolital iein t O
obtain a desired helc% profile of the w per 150 according to the profile
Gpiye

of the 3urfAge dfana é!u%@werqa‘ﬁq ¢rfiagd & the eagwsemants of parengdpaefiick, in
FIG 17 wherewhidh thé Gthidadhselye .slfz.geas 'Iﬁ‘\re' \mpeﬂﬂé“n%sﬁbeaatn élbﬁgaqsraé@r of

t he i ntended adhesive print area, pr of i of the w per may
be adj usted”l??‘heﬁ&ﬂ@ﬁéi"h@aé’uﬁ@idg}ﬁ@f"?ﬂ1%f%g'ﬁ?éP“tB@rW'ﬂbﬁ'?ed'ﬂU*E’r?é’hﬁﬁ']&ﬂ1?150 to
forma 10cupyew psfubkRattapeso as to remove nore adhesive at the centre
during wi ping. Wpers with circular cross section areas having a quadrant
shaped sl ot have been used as exanples in the description for the wpers in
FIG 133 Fl & tﬂé"ﬁq&lg abhEsivé 143 |§-%pbﬁsé059wd HF?H\%H% thetfirdd $Ubshstea B at ed
that wipers with other cross section 15 areas of other shapes nmay be used
as long as Pe¥emeplepisthraiency rRentRnedeyiee 0B dn adfirehdiegaton 117 n@ec‘ﬁ'ﬁ?%léiz with

the liquid éﬁﬂﬁﬁhé/cﬁjsWipBQ ammneeerpépsn.last.dd Gfuﬂhg lﬁQﬂeé‘dh\é&v@”H%fﬁm?éab&Uate
to control the printed adhesive planarity wt % of a adhesive wei ght

and adhesi vihetfifplcgubstate ph0gtp (centgel falanagtynsf thﬁéqw@qdm%vﬁem%a@ﬁ thma@tﬁm
product in W@oﬁgsfeh?v&@rﬂbr@tﬂ?@Iuﬂfl@gﬁﬁésnbes1%emthgdg(ﬁsthemﬁin? 480
illustrate enlarged 20 cross sectional views show ng exa of dlfferent
wi pers 3%0, aftgprintiep ofdhediadidradeeeve 183 08 dhestirst $l&$ﬁﬁtea1r0§d§ CQ@BleteleQwS

respective, th%ﬂﬁ‘fév@ﬁ aEBl?caﬁér?éﬁth%Qiﬁhi'd%lesﬁé 835 shdandbidbly WBP phAchforgke ved
profile 166 , respective to obtain a line contact with a surface

169 of the ['q%ﬁﬁh%ﬂwaﬂm redyqicadn Breductionyeledinee 'FFIPW?Q)"U{#RSF%IOf
planarity of the printed adhesive 170 during w ping. 25 The present

i nvention may be used for lamnation of two or nore substrates to forma

| am nat ed product in various applicati- of® Wwhich use | am nat ed products such
as for exanple, displays. The | am nated product may include a touch screen
assenbly, a display panel, a conposite |lam nate, or a | ayered product



30 bonded together wth an adhesive | ayer. An advantage of using the

bi asing structure in the |am nation process is to obtain a good sealing
effect in the | am nated product. Consequently, good di nensional accuracy,
optical clear appearance, good holding strength as well as good capacitive
or resistive response can be achieved in | am nated products such as

di spl ays wi B¥Pstraieeviteridited e@q@rvsderats%rat%BrOAP%mgwerqr@mom BefMs have

been used agigheaR B§h lva|uh{éep@9@¢t@ndmrﬂeea¢t@n .ﬁ%oadaﬁoﬁamé EuﬁqEEIéad B the
| amination process, it wil|l be appreciated that a flexib

substrate h§99ﬂ6“53?WP$kﬁé§§3%ﬁ§ rigidity suitable to forn1a planar surface
for stencil printing of the liquid adhesive, may al so be a substrate. For
exanpl e, the flexible substrate may be made of a material include but not

limited to PBeYBERsINting,8f henicyd a@ﬁesme. htSaen heptsl Rehstair 896 il conplig

mechani cal and dxB&dsRGuidr apRSveeRipedi bpkhe iper 5|1zf REY BE rh&BdN&#Hr86h
products. The first substrate and the second substrate nmay include nore

t han one | ajevement ofithq stepcilpripiieg devieay! Ahigithe rrReegsih@s piike ﬁ?@ﬂ"?%t'ﬁ‘@

| anmi nation RiREEIe MBPHikheRGhcllR ¥4 Add kerfade w@%rl moanyaﬁ@@%&evnqrumrent
For ease of description, UV curabl e adhesives and curlng of the liquid

adhesi ves 18dlesie B NEESUPHiFE tch%@ ¢ foplarming g lamingteserradiéds st ood t hat
ot her tygpes of printable |iquid adhesives or other curing nethods such as
visible Iight curing may be used in the process for formng the | am nated
product. The printable adhesives used in formng | am nated products may

incl ude adhpmd vem KdatiBptvie %ftahbtéﬁ&f Bﬁhtﬁ\goée\f&nﬁ@'d&ﬂﬁd %pnqh.d)%ewééwi t hat
t he adhesive material is able to flow freely into (gerture of

stenci| andPiHBA SiRRcERIRG a&tﬁ”@l&ﬂ@ h Befirplsrecessuigy gfs(egpn FCRES Hed: aFH@

printabl e asmﬁjré/aw@deddn@l 16le R hpstindessshdl fotha é€c§ﬁ<9$éée¥s'1'23t hend ange
of 15,000 centi poi se E?to 100, 000 cps at a shear rate of 1 see or
f

adhesi v&s haRahie ézﬂd%\éF“' &89 arerture d 3| of ilFd 2Acanss vilends thsudiscusred imhave

good 20vet t funtleP dRRAN t | e I st BAY éécoﬁbokﬂcgsé&t 1bizOW29f bRy ceh@_ éd1Gom thin
a specified processing tine, such as for exanple seconds

mpl e
manuf act uri ﬂ@commq%ﬁmgmﬁfsgzﬂomfd'ﬂg'dfaﬁheag% dufingya §9wa;?§he%lvﬁepmt@e.sépp
adhesi ve mays R s?eﬂdil%hﬁ”ng%’é\)lc%aﬁows tldval atdRs Hevaberutd 11 B AREM BRcfidH t abl e

for bondlng dlsp ay

20
FIG. 14B is a side view of the stencil printing device 120 during the liquid adhesive
printing step where the stencil 121 is provided on a first substrate 126. Similar to the
stencil printing device 103 of FIG. 13, the stencil printing device 120 has a slot die
127 for dispensing liquid adhesive and the stencil printing device 120 is configured to

25 be movable across the aperture 124 so as to print liquid adhesive dispensed from
the slot die 127.

A wiper 128 comprising a first wiper member 129 and a second wiper member 130
may be arranged on the stencil printing device 120 for wiping uneven application of
30 liquid adhesive 131 printed on the first substrate 126. Specifically, the first wiper
member 129 is attached to a rear end 131 of the stencil printing device 120 and the
second wiper member 130 is attached to a front end 132 of the stencil printing
device 120. Each of the first and second wiper members 129, 130 may be
adjustable along its length to control the liquid adhesive thickness across the whole
35 aperture of the stencil 121. Still further, the wiper 128 may be moved across the

stencil 121 via movement of the stencil printing device 120.
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2Ssubstrates such as glass, plastics, LCD, touch screen substrate or the
like. The liquid adhesive may include a WV curable adhesive. Still further,
liquid adhesives of different viscosities nay be used for printing on the
first substrate. Table 1 lists exanples of l|iquid adhesives that may be used
in 30 form ng a | am nated product such as for exanple, a touch screen LCD

di splay devie&eWiPend2d mayibe capkised esdeariiieelative 40 thetmignsil @riptingydevise

Vi SCOSI ty nﬁaﬁwsrgﬁsgtanm;lwmégl &v&&.o@f&%y.ﬁ Pesg@re% fh‘fe Qe@911d4010100
sec' at 25 degrees Cels CO). hp. 1 Shear Rate

(1/ Sec) ocqMant the q}gq@lomq, qf(pr]etwlplng 1|l{|1 g_aggg;plgr@ an actuator 114 may be coupled
each of the first and second wiper member 129, 130 to enable the wiper members

5 129, 130 to be lowered towards for wiping or raised away from the stencil 104. For
example, each of the wiper members 129, 130 may include an elongate rod member
having a curved profile 132, 133 adapted for wiping liquid adhesive and to maintain
uniform thickness of the liquid adhesive 131 on the first substrate 106. For example,
the thickness of the liquid adhesive 131 may be controlled within 10% of an adhesive

10  thickness profile defined by the requirements of an end product in which the

laminated product is used.

In a liquid adhesive printing step as shown in FIG. 14B, the first wiper member 129 is
lowered towards the stencil 121 for applying pressure on the stencil 121 while the

15 second wiper member 130 is in an upward position away from the stencil 121. As
the liquid adhesive 131 is dispensed and printed on the first substrate 126 by
movement of the stencil printing device 120 in the first direction 125, the first wiper
member 129 simultaneously wipes any uneven application of the liquid adhesive 131
printed on the first substrate 126 to control planarity of the liquid adhesive 131 and to

20  maintain a consistent volume of the liquid adhesive 131. FIG. 14C is a side view of
the stencil printing device 120 at the end of the liquid adhesive printing step where
the liquid adhesive 131 is printed on the first substrate 126.

After the printing of the liquid adhesive 131 on the first substrate 126 is complete,
25 any excess liquid adhesive wiped by the first wiper member 129 may be moved to
the first recess 122 of the stencil 121 as shown in FIG. 15A. Each of the wiper
members 129, 130 may further include a guide surface 137 for moving the excess
liquid adhesive onto a next substrate to be used for forming a laminated product as
shown in FIGS. 15B to FIG. 15D. The first wiper member 129 may be retracted away
30 from the stencil 121 and the second wiper member 130 may be extended or lowered

to apply pressure on the stencil 121.

After removing the first substrate 126 with the liquid adhesive 131 printed thereon,
the stencil printing device 120 is at a position of the end of a liquid adhesive printing
35 step, i.e. adjacent or at the first recess 122 of the stencil 121. As shown in FIG. 15C,
another first substrate 138 may be loaded and the stencil 121 is provided on the first
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substrate 138 to start another liquid adhesive printing step for forming a laminated

product having the first substrate 138 and a second substrate.

FIG. 15B is a top view of the stencil printing device 120 during a liquid adhesive
printing step whereby the stencil printing device 120 is at the position of the end of
an earlier liquid adhesive printing step and is movable in a second direction 139
opposite the first direction 125 for printing liquid adhesive on the first substrate 138.
Referring to FIG. 15C, the second wiper member 130 is extended or lowered
towards the stencil 121 for applying pressure on the stencil 121 while the first wiper
member 129 is retracted in an upward position away from the stencil 121. Any
excess liquid adhesive from the earlier liquid adhesive printing step is being moved
by the second wiper member 130 to be deposited with liquid adhesive 140
dispensed from the slot die 127 for printing on the first substrate 138. Similar to FIG.
14B, as the stencil printing device 120 moves in the second direction 139 for printing
the liquid adhesive on the first substrate 138, the second wiper member 130
simultaneously wipes any uneven application of the liquid adhesive 140 printed on
the first substrate 138 to control planarity of the liquid adhesive 140 and to maintain
a consistent volume of the liquid adhesive 140. FIG. 15D is a side view of the stencil
printing device 120 at the end of the liquid adhesive printing step of FIG. 156B where
the liquid adhesive 140 is printed on the first substrate 138.

After the printing of the liquid adhesive 140 on the first substrate 138 is complete,
any excess liquid adhesive wiped by the second wiper member 130 may be moved
to the second recess 123 of the stencil 121 in a similar manner as shown in FIG. 15A
for reuse in a next liquid adhesive printing step. Reuse of any excess liquid
adhesive minimizes the wastage of liquid adhesive which results in material costs
savings. More importantly, the volume of liquid adhesive to be applied on a
substrate for forming a laminated substrate assembly may be controlled and hence

the volume of the liquid adhesive may be consistent.

FIG. 16 is a front view of a wiper 150 with a first substrate 151 with liquid adhesive
152 printed on the first substrate 1561. During a liquid adhesive printing step, the
surface 156 of the liquid adhesive 152 printed on the first substrate 151 may not be
planar and hence the liquid adhesive 152 may not have a uniform thickness. As
shown in FIG. 16, the liquid adhesive 152 has a non-uniform thickness across an

intended print area of the surface of the first substrate 151. As shown in FIG. 16 and
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S5Exanple "I Exanple 1 is a thixotropic liquid optically clear adhesive

havi ng a viscosity over a shear rate range of 0.001 to 100 secl as listed
in Table 1. Exanple 1 nmay be printed on a first substrate such as a LCD

di spl ay panel using a stencil as. The 10 aperture nmay be of a size: 481.7
millinmeters gomr)7 by 273.8 mllineters é whi ch. may be bigger than a

vi ewi ng ar el t'l‘?é"?;@"b@ﬂ'@”%?f the fiqyi LyesdyripgyWiring,dhg i'P8 MaYi ckness

nmay be aboumc@@& eﬂ’h@fd@ﬂfﬂ 5épﬁewngWat ;Buu@ntyobferaams@b@f sdpbortaaszu gaéméd (Fer) -
Prior to appl g press bon ver glass to W th

printed |i q@ﬂl%ﬁt'ﬁarﬁeﬁ?'gﬁt Prtoﬂ'é ?frth?lﬁ"é‘t?ra@ﬁe‘g'#\/éesﬁﬁ‘? tBethﬁéPff?%ﬂ B@the liquid

ci rcunf er enfdrakhvi¥ acldsstHE &hgtPof !hm\ﬁlpéﬁ)‘lmme QcﬁjuétEBieHuﬁHbr‘tjs Mﬁﬁly\ldé by W
light curing based on 15% dosage of . a full UV curing of the li

adhesi ve. THaERpISAHHER ARG Ftalip dfithi nothetm@ebéﬁ P'i’télnlﬁjd%%ﬁeéd“eéﬂﬂgé‘?fkf'eo may be

2 mllinetephs vﬁB@FNSOTé’&oFHlﬁgPl@ﬂﬁeﬂﬁ&ﬂé oMHelsUrage loF Agtiidl aéﬁéﬁi\ﬁé M‘iht&! bﬁTaEd

t hereon and a cover gl ass 20 bonded or | am nated |y ng

pressure i nsYpstraieubimh wm%r\rﬂrﬂﬁ 'Jewhese the liguickadhesives! 52 dppP ﬂﬁ%‘ggl e{‘SF for ocess
condi tions @s &aksrdrhgd |ﬂté‘nd5|dciadh5§wéflﬁln5§reaswi§ﬁéll?ﬁtnbrloﬂle &t tRE @RS B500f 2

kg/cn2 may be applied on the cover glass and di

anel under
at nospher i cm@bRAIEAIUSHY RYrIngPAERHAEINE! raeipTe gf tﬁ‘? Wines 1ahie e ds

remai ni iy addredd br@frbm%tsls%s th phrhowadolYadhesi08 Bt Be&eckive Bl Wigmgd on process
conditions as described and shown in FIG 106. The conplete W/ cure is to

bond the substrates to forma |am nated LCD panel . After curing, the
l'am nat ed L@fgpaiph d?f@@l%r BRJss %@@%n%r@ﬁ@ﬂﬁﬂn%fa glefeesit shapsdsis hdwy b&sranpl e,

yel | ow band, rnura, void. An advantage of t present invention | hat the
over fl ow of U?rqdqﬁ.ﬁ QKagtRSsin\fiae ﬁﬁ%ﬁ“ﬁﬁorb%ﬁfr}eo‘i‘"lz’%@ inEds. Bdip Kot %rfﬁ' 2 is a
t hi xot r opi c14A @ihgpOPHbwaIrY it GliE BE AHRLTAYE tHha Ulipérs witrABgier @fosyls%@w ty
measur enent s Iower than the viscosity nmeasurenents that of Exanp

Exanpl el2 n@fpapel gien shapasomay Re|ushf Rat e Bf dMuviPesnbeve? Cb?’@éé’é%f"e s

condi tions gEYinkeIi artadt vma tﬁé ighe thé’éi\Qaséurﬁfféﬂﬂlbtanﬂ?ehé mu.d eamsm drhe
| am nat ed product using the |iquid adhesive e 31n

Exampl e 3, “é‘enﬁﬂ’?ﬂrﬁﬁex@t PP tlI‘EP @UP*GdcﬁﬁhPE'&FIR}a’Iﬂ”S/aW'tBﬂﬂh&’f’\fg 3{1&9%"% | ower

weight and adhesive thickness profile defined by the requirements of an end product
in which the laminated product is used. FIGS. 18A, 18B and 18C illustrate enlarged
20 cross sectional views showing examples of different wipers 160, 161, 162 with
different cross sectional areas 163, 164, 165 respective. Each of the cross sectional
areas 163, 164, 165 has a curved profile 166, 167, 168 respective to obtain a line
contact with a surface 169 of the liquid adhesive 170 printed on a substrate 171 to
control planarity of the printed adhesive 170 during wiping.
25
The present invention may be used for lamination of two or more substrates to form
a laminated product in various applications which use laminated products such as for
example, displays. The laminated product may include a touch screen assembly, a
display panel, a composite laminate, or a layered product having at least two layers
30 bonded together with an adhesive layer. An advantage of using the biasing structure
in the lamination process is to obtain a good sealing effect in the laminated product.
Consequently, good dimensional accuracy, optical clear appearance, good holding
strength as well as good capacitive or resistive response can be achieved in
laminated products such as displays with touch sensitive properties.
35
Although rigid materials have been used as examples in the above description for

the substrates in the lamination process, it will be appreciated that a flexible
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viscosity than that used in Exanple 2 may be used. The process conditions
in formng a | am nated product using Exanple 3 may be simlar to as the

process 15 conditions for formng the | am nated product using the liquid
adhesi ve of Exanple 1. The above viscosity neasurenents nay be determ ned

over a shear rate range of 0.001 to 100 sec’"' at 25 degree | si.us .CC

usi ng a rhedthstrate RayEw %Q"Q'@Ps%ﬁﬁ‘gr[@'@'%s%ﬁ%l?o@%mar F”%ﬁ?&oﬁﬂﬁ stepdlh eztl by
TA | nst r unepfisting &1 Uhd RQGld \tidhBside, 4RayThlsb ibdes 8Ubst(ate) Fai axahme, thy flklibrone.
Advant ageously, after curinpg, the | am nate

, ] 20 LCD panel s or product
formed usi ngtstate NavPe mefcei 3 Betera! Eﬁ'&%%&&"ﬁtﬁmﬁt,e%iﬂ@@eﬁsr’ T
presence of odgiRatie pelyAter afaté@ ha¥ingPhethaliesll an fhamtal prdertiesVaitdble Aorf ur t her
advant age of the |pr esent inventi g_n |fs th@% the overflow o IE) uid adhesi ve
2 Renfist Ay Ko

may be cont [NING'aMERed) HERIYCEY i Bl 6P 1BBePCEI SHODR!E HRaY

invention, xgjuRg héte RARAENEErS It Willbet Aifreambd gHatathe athesise usbeth s far in
each enbodi nent bei ng onl éoone exanpl e, the invention can be appropriately

i le,. .
modi fi ed wi PPABIAICAEHEEP RECYY Bk Renw'atis b Esest N @cUURFIYEIYY | dea. Al so,
it is also acceptable that the configurations described in the individual

enmbodi nrents_are used i n combination unless th confli it h ot her.
30 - 26 - Coneaes of dassriptinnddY Grrapisraghsgives ﬁ%ﬁ”é(a%ag bﬁ&"@%t"gﬁg‘sgﬁég% ? irrst

substrai® apgvedbSRCcONdrised hbiedt, dut it LtdBS DAGreRBR that diigerttpsessdfepmtable
applying a liquid adhesive on a surface of the first substrat gﬁf or . bondi ng

d ac !
the first slwed pdresives o pthes cuBpMethods syeh: as yisibls, fgh GUingEMRY §6iYgeddhesi ve

| ocat ed on gheGirbédérTr@ifemiingtheNminabRl pro@ictt he first substrate so as to form
a circunferential adhesive wall structure for limting novement of the

liquid adhesive within the circunferential 10adhesive wall structure;
The printable adhesives used in forming laminated products may include adhesives

15 that are thixotropic or non-thixotropic provided that the adhesive material is able to
flow freely into the aperture of the stencil and then recover quickly to resist slump
after printing. The printable adhesives may include adhesives having a viscosity in
the range of 15,000 centipoise (cps) to 100,000 cps at a shear rate of 1 sec” or
adhesives having a lower viscosity. The liquid adhesive should also have good

20  wetting properties in that it should not flow after printing within a specified processing

time, such as for example, 20 seconds.

For manufacturing of laminated products for use in displays, the liquid adhesive may
be a liquid optically clear adhesive with properties suitable for bonding display
25 substrates such as glass, plastics, LCD, touch screen substrate or the like. The

liquid adhesive may include a UV curable adhesive.

Still further, liquid adhesives of different viscosities may be used for printing on the
first substrate. Table 1 lists examples of liquid adhesives that may be used in
30 forming a laminated product such as for example, a touch screen LCD display device.
The liquid adhesives Examples 1 to 3 have a range of viscosity measurements

measured over a shear rate range of 0.001 to 100 sec™ at 25 degrees Celsius (°C).
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c) applying pressure on a bond area between the first substrate and the
second substrate in a vacuum environnent to increnentally increase the bond
area between the first substrate and the second substrate to increnentally
bond the first substrate to the second substrate; and 15curing the liquid
adhesive to bond the first and second substrates. 2. The nethod as cl ai ned
inclaiml, wherein the step (b) i n&XAMBLES tilting the first
substrate to lie in a plane inclined &ghgqlve to the second substLate pri or
to increnentally incre |n th ond—ar g tyeen . th (e 20substrate
and the first substf E&a gRﬁﬁiLﬁCLzuu °gfz.'¢g:g1in g?%IQUﬂ wherein
tilting the first SBEMpE fmlud? : P'uﬁi iR vﬁg-.rat ubstrate on a
support confi gured ﬂ%@ﬁﬁﬁﬁﬂ i HECPere @T?SFEQ% 68 £ ¢ d 25 asing the
support between a fiﬁxﬁifﬂﬂlﬁl ition using A 451 dsitng fec 3.§5<r3\ﬁ‘ upled to the
support wherein the support is in alignment with the inclined plane and a
second position wherein the support is biased to apply pressure on the bond
area through the first substrate during the increnental increase of the
bond area bEtmeeE ihe first substrate and the second substrate. 30 4. The
net hod as c n claim3, wherein one end of the support is arranged to
pi vot about a base and the biasing nmechanismis di sposed between the base
and the supﬁort 355. The nethod as clajmed in claima4, wherein the biasing

mechani sm i RATRIBS' & ®Etrpic b pptically, plear adiesivenaving AYFCASHCPE fed i n

claim5, whgﬁearﬁafeh@nge aﬂslormnnmhw sediChdidasd angable: 1.2 ERIhpE EhRysy . a
rubber pad, ct ua he nethod as clainmed in claim®6, wherein the
actuat or i sp%ﬂt%‘gpﬂr?g 535§gastrate such as a LCD display panel using a stencil as. The

10  aperture may be of a size: 481.7 millimeters (mm) by 273.8 millimeters (mm) which

may be bigger than a viewing area of the LCD panel by 5 millimeters (mm). The
adhesive thickness may be about 300 microns (um), with a tolerance of +/- 15
microns (um). Prior to applying pressure to bond a cover glass to the LCD panel
with printed liquid adhesive, the printed adhesive may be partially circumferentially
15 cured to limit movement of the liquid adhesive by UV light curing based on 15%
dosage of a full UV curing of the liquid adhesive. The circumferential width of the

partially cured adhesive may be 2 millimeters (mm).

The display panel with the liquid adhesive printed thereon and a cover glass may be

20 bonded or laminated by applying a pressure in a vacuum environment set at a
pressure of 100 pascal or process conditions as described in FIG. 5A and 5B.
Subsequently, a pressure of 2 kg/cm? may be applied on the cover glass and display
panel under atmospheric conditions or atmospheric pressure to eliminate any voids
remaining after lamination, followed by a complete UV cure based on process

25 conditions as described and shown in FIG. 10B. The complete UV cure is to bond
the substrates to form a laminated LCD panel. After curing, the laminated LCD panel
does not show presence of defects such as for example, yellow band, mura, void.
An advantage of the present invention is that the overflow of liquid adhesive may be
controlled.

30
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5pi ston assenbly. 8. The nethod as clainmed in claim3, wherein the biasing
mechani sm i ncludes two bi asi ng nenbers, each di sposed at one of two
opposi ng ends of the support, the two biasing nenbers being di sposed
bet ween the support and a base. 10 9. The nethod as clainmed in claim1,
wher ein curing tge liquid adhesive |ocated on the circunferential periphery
of the firs&X ate includes partially curing liquid adhesive | ocated on
a circunferential periphery of an adhesive print area on the first
15substrate 10. The nethod as clained in claim9, wherein partial_ curing
the |iquid SIRERRZESiHIGHERC liquid optically digasadhpsiye haviag R rerge ¢e/iscopiy
substrate, hh@siwemeniavivegthan tﬁ@@i%édﬁtﬁ MeAsurRPARARO N8 ERMPIE QUIEkappResi ve
on the circ%nfer%ntlal Bq%hghery of the adhesive print area to a curing

a

source; and? May be ysef; (B 13RS Arediist @nd dhedirgesss ropgiions may be

ci rcunf er entindlar 64 tAERFILe8E coithtiond MGTbiv@ang fHeNbmii8a $rodi@Ushg e nqsuid
circunferential adhesive wail structure using the curing source. 2 11.

The method 2¢NegidhE@MRlect-ai m 9, wherein the curing source is a spot Light
Emtting D ode (LED) |ight source. 12. The nethod as clained in any one of
the preceding clains, wherein step (a) 30incl udes: provi ding a
stencil on the surface of the first substrate, the stencil having a stencil
portionigi t ExampRd®rture of size corresponding to the surface of the first
substrate for receiving the liquid adhesive; and stencil printing the
iquid adhesive on the surface of he first substrate. 35

In Example 3, a non-thixotropic liquid optically clear adhesive having a lower
viscosity than that used in Example 2 may be used. The process conditions in
forming a laminated product using Example 3 may be similar to as the process
15  conditions for forming the laminated product using the liquid adhesive of Example 1.
The above viscosity measurements may be determined over a shear rate range of
0.001 to 100 sec™ at 25 degrees Celsius (°C) using a rheometer such as for example
a AR2000 Rheometer (manufactured by TA Instruments) equipped with a 40
millimeters (mm) diameter by 1° cone. Advantageously, after curing, the laminated
20 LCD panels or products formed using the liquid adhesives in Examples 1, 2, and 3
do not show presence of defects such as for example, yellow band, mura, void. A
further advantage of the present invention is that the overflow of liquid adhesive may

be controlled.

25 A description has heretofore been given of the invention, using the embodiments, but
the configuration described so far in each embodiment being only one example, the
invention can be appropriately modified without departing from the scope of the
technological idea. Also, it is also acceptable that the configurations described in the
individual embodiments are used in combination unless they conflict with each other.

30
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- 28 - 13. The method as clainmed in claim11, further conprising w ping
uneven application of |iquid adhesive on the first substrate prior to the
step (b) to maintain uniformthickness of the liquid adhesive on the first
substrate. 14. The nethod as clained in clainms 12 or 13, wherein the
stencil portion |ncludes a tapered portion to acconmodate excess flow of
l'iquid adheSHMMS 15 The nmethod as claimed in any one of clainms 12 to 14,
wherein the stencil 10portion includes a recess adapted t o accommodat e
excess f|OM/Of Iiquid adhesive. 16. The nmethod as clajned in claiml5,

wher ei n t helr eceAsMEROf e foranis  'ainplessPiodurt hawng gi WRhadsirale 8pd ast enci |

portion andsgdndkaEstexd, esinathoal ORBriging @oey oft he stencil portion adj acent
to the aperture. 15 17. The method as clai med in any one of the &réecedl ng

clai ms, Swherein $he faRRING 7 lqyidiadhgpive iMeasadtace Juibs: frst subsi@tSdele of a

rigid material. 18. E&%lﬁ%@ﬁ%t@ﬁbﬁﬂaﬁémﬁebébo@aﬂ)éu@étﬁat@f the preceding
cl ai nB, wherein the first 20substrate or the second substrate is nade of a

flexible materiaP) 19ringhie fipdadnesiedpeatenen A gireipfersntalperiphey gthe 1o 17,

wherein the first subgbf aiRtrb® o hEW AU Grdimiératia adhed @afsfastu@nd the
second substrate is a gl ass substrate having a bottom surface for bond| ng

with the view ng areaf©r limiting moygmenf gf hgligyld agbegive witgty tha ckepynigrengal

wher ei mg he bottom susdreRealltdh@clitedss substrate includes a col oured

maski ng ext endi n% from an outer circunferenti al peri phery of the gl ass
u

substrate to an ®ut er2RAIYIRARIESPWRIANA bRt PisAAEPVRAN TRAIS)iSuRiRlEe apdfe 21

The nmethod as cl ai medsddanglsabstratd in ¥NBERIND eRUFINREEN Iﬂﬁlnbféﬁhérﬁblﬁdﬂi‘@éééée
i ncludes curing the Iiquid adhesive on a circunferential perip er% of the

LCD substrate and und@f BoRd azea befveen Medicstrybaifate rad é’F%%%COQGEHa??t glo

3522, The nmethod as clat/aekntdly d0Kd ARSI subbeato e R WeBoh s bistibte; #erein t e

I'i qui d
9 d) curing the liquid adhesive to bond the first and second substrates.

2. The method as claimed in claim 1, wherein the step (b) includes:
tilting the first substrate to lie in a plane inclined relative to the second
substrate prior to incrementally increasing the bond area between the second

20 substrate and the first substrate.

3. The method as claimed in claim 2, wherein tilting the first substrate includes:
providing the first substrate on a support configured for holding the first
substrate; and
25 biasing the support between a first position using a biasing mechanism
coupled to the support wherein the support is in alignment with the inclined plane
and a second position wherein the support is biased to apply pressure on the bond
area through the first substrate during the incremental increase of the bond area

between the first substrate and the second substrate.

30
4, The method as claimed in claim 3, wherein one end of the support is
arranged to pivot about a base and the biasing mechanism is disposed between the
base and the support.

35 5, The method as claimed in claim 4, wherein the biasing mechanism includes a

biasing member.
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adhesive is a thixotropic |liquid adhesive. - 29 - 23, The nethod as cl ai ned
in any one of the preceding clainms, wherein the | am nated product is a

| am nat ed substrate assenbly for a display device. 24. A display device
having a | am nated product formed according to any one of the preceding

clainms, 25, An aratus for. formn | am nat ed. product, havin a first
substrate &nd a%géﬁ‘ﬁﬁl?gﬁ? img é’]CI?%ég’a‘ﬁrﬂ)%{PQﬁhg%B’(%W;grm?mﬂ:mcﬂésso[n@nciI

printing deyf 6&pfifYy eldfehly bigbter badUrtadeiesi ve on a surface of the first

substrate for bonding the first substrate to the second substrate; a

bondi ng device having: a platen configured for holding a second
substrate apd f orhepRithddgs PSSt rEciaim 8, hherirairaakeiteerna shind basid
substrate and the seclond 15substrate; a support configured for holding a
first substPiglo8:assemb% bi asi ng mechani sm configured to bias the support
between a first position wherein the support lies in a plane inclined
relative to_the . . . . I .

8. The method as claimed in claim 3, wherein the biasing mechanism includes
two biasing members, each disposed at one of two opposing ends of the support, the
two biasing members being disposed between the support and a base.

10

9. The method as claimed in claim 1, wherein curing the liquid adhesive located
on the circumferential periphery of the first substrate includes partially curing liquid
adhesive located on a circumferential periphery of an adhesive print area on the first

15 substrate.

10. The method as claimed in claim 9, wherein partial curing the liquid adhesive
includes:
providing a mask on the first substrate, the mask having an aperture for
20 exposing the liquid adhesive on the circumferential periphery of the adhesive print
area to a curing source; and
partial curing the liquid adhesive on the circumferential periphery of the
adhesive print area to form the circumferential adhesive wall structure using the
curing source.
25
11. The method as claimed in claim 9, wherein the curing source is a spot Light
Emitting Diode (LED) light source.

12. The method as claimed in any one of the preceding claims, wherein step (a)
30 includes:
providing a stencil on the surface of the first substrate, the stencil having a
stencil portion with an aperture of size corresponding to the surface of the first
substrate for receiving the liquid adhesive; and
stencil printing the liquid adhesive on the surface of the first substrate.
35
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second substrate, and a second position wherein the support is 20 biased
to apply pressure on the bond area through the first substrate to

increnentally increase the bond area on which the pressure is applied to
increnentally bond the first substrate to the second substrate; a curing

device for ring the |iquid adhesive, wherein the |i Uld adhesi ve 25
| ocat ed on gm r COFrBPOAY | &% GRTEBhE 9'36‘? Thﬁ"'tf‘?? ﬁon%'ﬁ@gr‘é{tpé‘gi $"e\fed by

the curing d@;wcgﬁbri @r mqumaamrsnéuﬁhtrkh&ét a.beirétetpmelt@mes ébp Asheshaiatanal |
structure is _Eﬂorrre for Limting novenent o uid adhesive within the

ci rcunf er ent rméﬁ'ﬁ'@ﬁ%@%ﬁl'ﬂ”@taﬁﬁ‘@?'ﬁ? Q”H?ffg?tes“gﬁté%tgure is applied on the
bond area by the actuator. 3026. The apparatus as clainmed in claim25,
wherein the curing device is used with a nmask to formthe circunferenti al
adhesive’ wal | structure. 27.The apparatus as clainmed in claim?25, wherein a

first end ofi4t heTR4IRRGthéd i% claimed & lcREEd 2t @r ABY Athefdi® Uke dtdrS porish t he
bi asi ng nmechanismis di sgosed bet ween the 35 se nd_thg support - 30 -

28. The app@FWﬁ%aé%oeé‘Fda QN forPcePRMRdgS ‘?3?‘39?,5] WhP2EY &V® the biasing
mechani smincludes a biasing nenber. 29. The apparatus as clainmed in claim
25, wherein_ the %I asi n mechani sm 5i ncl udes two biasi ng nenhers, each

di sposed at Tene 6fe tm\/% Shpo SIATGeR N, PNE 19F CRiBD IR M helRn fieasteng

el ement g beRMomrﬁ:m&@d ré@dsweghpiel € S6HIRMIddadNExcrsH AW of lidl adhesivenci | for
printing adhesive in a process for formng a | am nated product having a

first substrate and a second substrate, the stencil conprising: 10a stencil
portion withsan FReMdIh® 88 cRiii6d GPERRS ABNAhBit thedretbsd BSEndh ddpth of

less than the thickness of the stencil portion and an area extending along an edge of
the stencil portion adjacent to the aperture.

15
17. The method as claimed in any one of the preceding claims, wherein the first

substrate and the second substrate are made of a rigid material.

18. The method as claimed in any one of the preceding claims, wherein the first

20 substrate or the second substrate is made of a flexible material.

19. The method as claimed in any one of claims 1 to 17, wherein the first
substrate is a LCD module having a viewing area, and the second substrate is a

glass substrate having a bottom surface for bonding with the viewing area.

25
20. The method as claimed in claim 19, wherein the bottom surface of the glass
substrate includes a coloured masking extending from an outer circumferential
periphery of the glass substrate to an outer circumferential periphery of the viewing
area.

30
21. The method as claimed in claim 20, wherein curing the liquid adhesive

includes curing the liquid adhesive on a circumferential periphery of the LCD

substrate and under the coloured masking of the glass substrate.

35 22, The method as claimed in any one of the preceding claims, wherein the liquid

adhesive is a thixotropic liquid adhesive.
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first substrate for receiving a |liquid adhesive to be applied on the
surface of the first substrate for bonding the first substrate to the
second substrate. 31. The stencil as claimed in claim?29, wherein the
portion includes 15tapered portion, 32. The stencil as clained in

stenci |
claim?2

al | ow exces

9,

rei thes ncil portion |nclu es a first recess adapted to
11 oo M§ P‘h‘ﬁ %E‘@Qﬂveaﬁ‘yr%?ﬁ © @%BECFG'PS claigiggwh ‘F'F%Pg}eenci |

as clai med jamigatad prodlet |y\/aeﬁrﬁmateafsabémea§sémrymawus@w&v% | ess than the
thickness of the stencil portion and an area extending along an edge of the

portion adjacent to the aperture, 34. The stencil as clained in

claims 31 op4. 32 AfdigdidiedeviRMvVing 8 thinfinste€ PRstiuteafied dbafiéing &slabpord bow
excess fI ow of #g‘w d adhesive fromthe aperture. 35. The stencil as

stenci |

cl ai med 13

NgCAMS s 31 to 33, further conprising a second aperture

in the stenC|I portion for accommodating pl acenent of a conponent. 30 -

31 -

10

15

20

25

30

35

25. An apparatus for forming a laminated product having a first substrate and a
second substrate, the apparatus comprising:

a stencil printing device for applying a liquid adhesive on a surface of the first
substrate for bonding the first substrate to the second substrate;

a bonding device having:

a platen configured for holding a second substrate and for applying
pressure on a bond area between the first substrate and the second
substrate;

a support configured for holding a first substrate; and

a biasing mechanism configured to bias the support between a first
position wherein the support lies in a plane inclined relative to the
second substrate, and a second position wherein the support is
biased to apply pressure on the bond area through the first substrate
to incrementally increase the bond area on which the pressure is
applied to incrementally bond the first substrate to the second
substrate;

a curing device for curing the liquid adhesive, wherein the liquid adhesive
located on a circumferential periphery of the first substrate is cured by the curing
device in a manner such that a circumferential adhesive wall structure is formed for
limiting movement of the liquid adhesive within the circumferential adhesive wall

structure before pressure is applied on the bond area by the actuator.

26. The apparatus as claimed in claim 25, wherein the curing device is used with
a mask to form the circumferential adhesive wall structure.

27. The apparatus as claimed in claim 25, wherein a first end of the support is
arranged to pivot about a base and the biasing mechanism is disposed between the

base and the support.
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28. The apparatus as claimed in claim 25 or claim 26, wherein the biasing

mechanism includes a biasing member.

29. The apparatus as claimed in claim 25, wherein the biasing mechanism
includes two biasing members, each disposed at one of two opposing ends of the

support, the two biasing elements being disposed between the support and a base.

30. A stencil for printing adhesive in a process for forming a laminated product
having a first substrate and a second substrate, the stencil comprising:

a stencil portion with an aperture of size corresponding to a surface of the
first substrate for receiving a liquid adhesive to be applied on the surface of the first

substrate for bonding the first substrate to the second substrate.

31. The stencil as claimed in claim 29, wherein the stencil portion includes a

tapered portion.

32. The stencil as claimed in claim 29, wherein the stencil portion includes a first

recess adapted to allow excess flow of liquid adhesive from the aperture.
33. The stencil as claimed in claim 31, wherein the recess having a depth of less
than the thickness of the stencil portion and an area extending along an edge of the

stencil portion adjacent to the aperture.

34. The stencil as claimed in claims 31 or 32, further comprising a second recess

adapted to allow excess flow of liquid adhesive from the aperture.

35. The stencil as claimed in any one of claims 31 to 33, further comprising a

second aperture in the stencil portion for accommodating placement of a component.
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