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STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0002] The U.S. Government has a paid-up license in this invention and the right in limited
circumstances to require the patent owner to license to others on reasonable terms as
provided by the terms of Grant/Contract No. W911NF-04-2-0005 by the Army
Research Lab (ARL).

FIELD OF THE INVENTION
[0003] This invention relates generally to processing flexible substrate assemblies, and
relates more particularly to a method of decreasing distortion of a flexible substrate

and the flexible substrate assemblies therefrom.

DESCRIPTION OF THE BACKGROUND
[0004] In the electronics industry, flexible substrates are quickly becoming popular as a
base for electronic circuits. Flexible substrates can include a wide variety of materials
including, for example, any of a myriad of plastics. Once a desired electronic
component, circuit, or circuits are formed over a surface of the flexible substrate, the
flexible substrate can be attached to a final product or incorporated into a further
structure. Typical examples of such products or structures are active matrices on flat
panel displays, RFID (radio-frequency identification) tags on various commercial

products in retail stores, a variety of sensors, etc.

[0005] One major problem that arises, however, is stabilizing the flexible substrate during
processing. For example, in a process of fabricating a thin film, a thin film transistors
(TFTs) or thin film transistor circuits (TFT circuits) on a flexible substrate, a large

number of process steps are performed during which the flexible substrate may be
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DESCRI PTI ON OF THE BACKGROUND [0004] In the electronics industry, flexible
substrates are quickly becom ng popular as a base for electronic circuits.
Fl exi bl e wokstwms®2 can i ncl ude a w de varlety of mat er palraseevolosedsng, for

exanpl e, any of a ad of pla tics a.desjred el ronic nent ,
Crroui e or TERedL ey Pt R bSO oA PR SEPEHECT | kPG B8P Rar 6.

the flexiblg,suhsd iRbagk asﬂclbea %M&gshetﬁeti@ex@blg' QdktrAE 9 UGhicRily 't&ﬁ?&ﬁﬁfyﬁt ed
into a further structufe. Typical exanples of such products or ructures

are active maouilek someflyae obearabr dibsipitays tharEI¢yibldisobdireyerartsymoved
|dent|f|catw)ﬁém}a gﬁpnmgarlous commercial products in retail stores, a
vari ety of Ensor f% ?%005] One najor problen1that arlses homever IS

stabi li fl exi bl e subst ces r

ot ocesd O odfmiexeh i SRR hifbrmoc iR TR PR eRdCa o TeTapbl hi n
filmtransi sfg8rdeds’ Sdihﬂa'iec( & Ty;ﬁéz[l Qidh’ie?)sugﬂrﬁesf le%&é o “s‘1g%H’Eb'§htr atre, iut&y ge
nunber of process steps are perfornmed during which the flexible substrate

may be 1 msmmmmh@ﬁ/gw@m@gﬁm@mmmﬁeﬁhc AFdugh FSleviequall proeaskinges,
| t t. t h h
or ocess, ¢ nal PralrBrenabiSio kP PERDt By P b B R e bRiEG R e

type of car rigfrtoidhglingddreors Hhbiddithdghghid aﬂiglnﬁieﬁt &S tahalli@ctarr Befcb®yed
bet ween process steps. [0006] However, the relatively high coefficient of

t her malogynanshenrETR fe8 bhisxi b eth%“*aﬁt &t GSvefPMRRANEO dophpo¥itohél ak@r ri er
substrates | eads to significant CTE induced strain m smatch during

t enper at ur e restbeddogies fagfcouplendT & TleaibleT Fubstratedaia casriocebsiratg Lo Tiwdgate the
phenonenon |ntr§ ﬁ s gnlflcant distortion of the flexible substrate and
can |ead to MEFAMEAgse phot ol i t hographi ¢ alignnent errors, and

| i ne/ | ayer defects. the art to devel op
novel conpositions andgﬁékﬁiﬂﬁ*ﬁgﬁégbwgmp?ggﬂﬁﬁﬁ§6§«$§ex|bIe substrate to a
car 1 erostst at Geligy iRl AUkl ioh AL et Al It@@%mﬁﬁhg'ﬁr%ﬁg&ﬂl ON
OF THE DRAW NGS [0008] To facilitate further descrlptlon

enbodi nent s,provided ol wlowh:ng drawi ngs are provided i n which: [0009] FIG 1

illustrates a flow chart of a nmethod of preparing a flexible substrate
assenbl[900¥ccoidi ngillustrate§ iar Sdwedhwdioffeninethod of preparing a flexible substrate

assembly, according to a first embodiment.

[0010] FIG. 2 is a flow chart illustrating a procedure of preparing the flexible substrate,

according to the first embodiment;

[0011] FIG. 3 illustrates a top view of the flexible substrate, according to the first

embodiment;

[0012] FIG. 4 illustrates a partial cross-sectional view of a flexible substrate assembly after
attaching the flexible substrate of FIG. 3 to a protective template, according to the

first embodiment;

[0013] FIG. 5 illustrates a partial cross-sectional view of the flexible substrate assembly of
FIG. 4 after coupling a carrier substrate to the flexible substrate assembly, according

to the first embodiment;

[0014] FIG. 6 is a flow chart illustrating a procedure of processing the flexible substrate
assembly of FIG. 4, according to the first embodiment;

[0015] FIG. 7 illustrates a cross-sectional view of the flexible substrate assembly of FIG. 4

after cutting the flexible substrate assembly, according to the first embodiment;
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[0010] FIG 2 is a flowchart illustrating a procedure of preparing the
fl exi ble substrate, according to the first enbodinent; [0011]FIG 3
i 11 ustratwe 2a10tmwps42i ew of the flexible substrate, accor@cmgsc@obesdir st

nmbodi : 21 . FIG 4 ill trat . tial. - ti | i f
e a0t s 06 7 ihisGuanp srost SeavOhgizady PRlet frviit SIRGRE Atsnuty al B H &
3 Lo prot i Kind PPN RAEAL UclBich &N fist Shogfpegient | [0013] FIG

5 illustrates a partial cross-sectional view of the flexible substrate
assenbl F -1af LOG: i | exi
substr Mgpfalssggngl %llflﬁlg%%gsr %?ﬁ’gét% %glto ﬁ%‘%ﬁ% gtF {hgi%gnglﬁtﬁrhﬁgg%%bﬁ%ﬁfg%ﬂi s a

fl ow chart idfleustnatinggpatqrioc edtoral 6bmpho desiblersgbittate fdsexblyl eccoutbisg toat e
assenbl y of Elg 4, a(iicordi ng to the first enbodi nent; [0015] FIG 7
i |1 ustrates B BFHELPSUBKNbnal view of the flexible substrate assembly of
FIG 4 after cutti nq the flexible substrate assembly, according tq_the

1

first dAbbdi mEke; 1Gilngraios prossseespet is 0b Srobeate sppae)asmnedly gf FIG.
L ustrates aRLORBRGRL 82lor W @lcdillf Lhipthale SUDHY AbGpRoSAIRLK Of

FIG 4 after renoving a | gnment tab, according to the first enbo
according to the first embodiment; and

[0019] FIG. 11 illustrates a cross-sectional view of the flexible substrate assembly of FIG.
4 after removing the plastic substrate from the carrier substrate, according to the first

embodiment.

[0020]  For simplicity and clarity of illustration, the drawing figures illustrate the general
manner of construction, and descriptions and details of well-known features and
techniques may be omitted to avoid unnecessarily obscuring the invention.
Additionally, elements in the drawing figures are not necessarily drawn to scale. For
example, the dimensions of some of the elements in the figures may be exaggerated
relative to other elements to help improve understanding of embodiments of the
present invention. The same reference numerals in different figures denote the same

elements.

[0021] The terms “first,” “second,” “third,” “fourth,” and the like in the description and in
the claims, if any, are used for distinguishing between similar elements and not
necessarily for describing a particular sequential or chronological order. It is to be
understood that the terms so wused are interchangeable under appropriate
circumstances such that the embodiments described herein are, for example, capable
of operation in sequences other than those illustrated or otherwise described herein.
Furthermore, the terms “include,” and “have,” and any variations thereof, are intended
to cover a non-exclusive inclusion, such that a process, method, system, article,
device, or apparatus that comprises a list of elements is not necessarily limited to
those elements, but may include other elements not expressly listed or inherent to

such process, method, system, article, device, or apparatus.

[0022] The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and the
like in the description and in the claims, if any, are used for descriptive purposes and
not necessarily for describing permanent relative positions. It is to be understood that
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[0017] FIG 9 illustrates a cross-sectional view of the flexible substrate
assenbly of FIG 4 after renoving a protective material fromthe flexible
subst r at evasssnssss2 according to the first enmbodi nent; [POOABR0BIGH2590

illustrates & gr 0ss-secti onal VI ew Iécﬁeff | exi bl e substrate assg}r‘v?glﬁ/ of
FIG 4 aft er'Nf 5P SQUSHY Abniaiesehangs eP APRGPIIG FYSHENREces suph ik the
flexi bl e subgiyratRent@6£QEFNGHL dés!&@ibf:d hé{em%[?@qgf 8&iple, %ﬂaﬂl@@ﬁ%}erﬁicﬁ 11
illustrates a cross-sectional view of the flexible substrate assenbly of
FI G 4 afterinoérpeiienfatidng thyndboseallssitsgad artaghdrvomdesreibed hetear. substr at e,

according to the first enbodinent. [0020] For sinplicity and clarity of
i |1 ustr[@023n, Thhetconaeagld,T googsded,T I“asiples’e “thpligesfiesrl theahkershafld be

constructio d descriptio nd details of well-kno f eat ur es. and
Cochni ques. mgAds BRETHY pal doBt dou Fvmealis Py OB S HSHR T NEBRET on.
Addi tional | Yelec%@a'i‘[‘?nﬁlécﬁamcfaﬁ? AR sTUTSD &rrﬁor@%ﬁecﬁﬁ‘éﬁéléﬁﬂéhﬂs)fn g to
scal e. For exanpl e, he di nensi ons of sonme of the elenents in the i gures

may be exaggaéfrcatu@d:lyred@lqdvém alomtb@emeehmrhlt/sccmmlddeltwm mpmmre medhenistlandi ng

ai trorent T oarass BER RSy S An T s ST GHE BURR W hobS ©

"second, " " tdMdibal elefrﬁumst hay l&d’lﬁlebllitﬁudalllzecdupleﬁh‘buﬁﬁ@tcbé RidcaitaBtoupletihe
clainms, if any, are used for distinguishing between simlar elements and

not necessarGqupling(whetber pily igechapiask oaly electsedjuetst)imy b fethfbhbedi efal
order. It ig;to % Cp%?rﬂ%{e% 89&&1%%¥m%&?1h81$51{[gf(?tqanl“lﬁ%gltare I nt er changeabl e

under approprldt rcunst ances ‘suc e enbodi nents described herein

o I SAREOL P PRSPl G ARES e Rl JOoF6e

"include,” anguplb@veand tiRNEkdyes\HRdE nfah AR tﬁ@@cﬁ@mﬁlﬁ @E ini quesied drQs gover a
non- excl usi ve i ncI usi on, such that a process, system article,

devi ce, or dppardiles t hat conprises a |list of el ements is not necessaril y
limted to those el enents, but may include other el enments not expressly
i sted or inher enlDEifAHsEEiDES(ERE’gsIONr@F hodAMELES&EMy EMBORIMENdS®vi ce, or
apparatus. [0022] The ternms "left,"” "right," "front," "back," "top,"

"bot t orfp025ovEonie ¢nidiemnenits amﬂiucteh@ nicithorl dfprch&igdes dickipld eubsand dsserhbiie.
claims, if , are used, f g@;crlptlve pur poses and t neg ssarllzfor

descri bi ng 3@%@%@}9@ w1 inelige” GoorePing ajemie WgsBucuRIOraroe8 4 Kt
2010/ 065542'?% 20024,Q662 V18ink €1 Tastie 9 &7 Gndl Eﬁgﬁllﬂ eal rHJS!lder
appropriate ci rI{céﬁm;tanceQ E%ci t hat tql;]% 1e odi ment s (r)](fh? %vent ?aon
descri bed heubstrtatoghe plastiexdhapite nsiog pahiressdinkopeadhesion i n ot her
orientations than those illustrated or otherw se described herein. [0023]
The t er[0826]colplaapthet! emﬂ:pdh&d:n’t 4 dlewidle sybstraeoayémbly, ¢anaindludbe (d)iakearaéroul d

be broadly understood a refer connectlng nore el enents or
signals, el é&gwaé%w Sr’é& RAFICE alt) Dy Craﬁd}%ﬂngo%%@ﬁws@d Ph8 Phstipgpstrate

el ectri cal §laS IR ﬁrsf'ﬁbffa@@ afid & gécrohg @uﬂfé’ce%%ggél%qhe Ak siPhecb qh@?ﬁ'ﬁ%ﬂfﬁ@é | y

coupl ed; two or "nore nechanical elenents be mechanical I'y coupl ed

not be el ectdfitieatdryercbplae js rewmovaly bom@debelmﬁnscairfaeb eﬁﬁmtmasnayulbﬁerate
mechani cal |y coypl ed, 1121# a]%lfn be el ectrically coupled. Coupling (whether
onIy rrechanl"& the oSy EAY% etc.) may be for any Iength of tinme,

, pernmmnent or semn -perpanpent or onI for an instant. [0024] The
absence[OB%ﬂt thb\%re&lbOA%v%WBld@ a m%thﬁfé/a fabricatigp sqpaicendugion d¥ice R¥erior d

"coupl ed,” affé@(lﬁl@?l ‘rlg‘guﬁjs%%%. Nohis TRaRod B&T idcifleC PHRYbMGing®] Prexiblt HUGRET ON

is or is not reno
substrate having a first surface and a second surface opposite the first surface; (b)

attaching a protective material to the first surface of the flexible plastic substrate; (c)
providing a support substrate with a first surface and a polished second surface
opposite the first surface; (d) providing a cross-linking acrylic adhesive; (e) spin-
coating the cross-linking acrylic adhesive onto the first surface of the support
substrate; (f) removably coupling the first surface of the support substrate to the
second surface of the flexible plastic substrate using the cross-linking acrylic
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DETAI LED DESCRI PTI ON OF EXAMPLES OF EMBODI MENTS [ 0025] Sone enbodi nents

i nclude a nethod of preparing a flexible substrate assenbly. The nethod can
i ncl ude: We)zopmws#di ng a carrier substrate; (b) provi di RgTAISCH0986625% nki ng
adhesi ve; I.oVi d| sti¢c substrate; and the carrier
Substrare t lpRur i tulpdie e ape Bl Sl G il bt SRR 0526
I'n anot her app . likidd &R @dh%ki%bét@sfe%n ARSKPBOY sﬁ@s‘?ra’ze”ﬁd%ﬁ@ﬂeh%)e
carrier substrate with a first surface; (b) a cross-1linking adhesive; and
(c) a pl astipdastiglssbstatee having a first surface and a second surface
opposite the first surface. The first surface of the carrier substrate is
renovaldD92§ondéd ttion t"hewfngl' sts m@dﬂmﬁnaﬁeanlsahplcasxtaiucresﬂbes&ula&tratev\mdut tahe
cross-linkin dhesi ve. her, enbodi nents i.nclude a net.hod

Fhbrt ot no HeBEh SR duEb WbicleS Brciiban ot r ults) ST SHSEs af e Thi s
met hod can igglpae: Thakehl %@m@g a’ usé@hér*éhﬁm@&rﬁsﬁlb %n%bc{b&%léée%léﬂ@%fﬂg: a
first surface and a second surface opposite the first surface; (b)

attachi ng a sprieteef & yebstrateewitlalrespecttih@ #-xistwhigh fiapepeofdiciie bl thx kdpl end

R L O L R e

cross- | i nki ngeang rid icGrvadihe sk ieess( &) a SPbMraOaLplAge (e, heos§-plamkiwigeae ylic
adhesive onto the first surface of the support substrate; (f) renovably

coupl i ng t herardliekto hatepaend bsfttonhgdesu ppmwtor suaqcs af thet sgbstrasc)s diop M¥amBRIES ace

of the flexi £

2010/ 065542 ﬁ@#ﬁﬂ@b%@@%&@gg@%ﬁﬁg? \f}{e&g “gskgjt’ %?gn%hkég{%'té‘n%lcﬁﬁf &QE%S“%} ¥}o
substrat e anbe kiyeplineendithd eubplrast i ¢ substrate with the cross-linking acrylic
adhesi ve between the support substrate and the flexible plastic substrate.

[0028] [hhE)t emie "tb@M"0T'E Aftdhs@ndieiAl Ms TRAMhekdhe nedany at tharriafl it Habst rate
about a ne |anfpl ane, which is parallel to the top and bottom si des, or

maj or surf acestisient 196 ﬂ@fﬁb@i ﬁ?éltaélsmﬂ(@Tﬁérwﬁlcbvérfﬁirﬁéﬂ)ﬁaﬁleugﬁa Hexr edlereneeans
the linear thlluﬁco q@&tt ul:fou‘?2 r fﬁ@f%{a% ?he%'ﬁﬁ% #F b%“éés@ tﬁa%sa{%%ﬁtt 1(}09 a

z-axis, whichTs prpenlc the and
surfaces of 3%he3%BubiSiTatss us-Eheleteﬁ?ﬂi MpoHilstaantonen’ toa@ m&fpblﬂﬁraaﬂumfaa&aaﬂs) t he

curvature or stress of a substrate in- pl ane (i.e., the x-y plane, which is
paral | el to @helapdbe 4i@CHot t om si des, or mejor surfaces of the substrate).
For exanpl e, distortion coul d incl ude shrinkage in the x-y plane of a

subst rdf (Hnd/T@rm@&gaﬂsa drawiingss HEGx 1 yillpitegins methind Kib&rrast @ancbng] ofThe

term"CTE erei n h a
(et oy et o RS B RS B ARARS, B CTBL Gr
ref erence rrairelﬁﬂf@bnﬂ:bynﬁoaaﬁeﬁth@ethabouo oﬁa%fmrtiaheﬁ@eatﬂan betcbﬁs1&EEE@ a tidiiRy by
| ess than about. 10% 5% 3% or 1%  As used herein, " h" can nean

lap and pol i%Habyicatipg asemispndustesiicyice gyck Hexblefphasiic SP‘eﬁe@tﬂ Migthad AgO § 'ESo the
draw ngs, Fla. §té£eh§b§%g%p8§s ﬁo{rﬁ&g&?t&% én%od%ﬂeﬁg‘@géé dﬁi@ﬁ&;trl]ltel%ﬁq p i 5“9 a

flexible substr according to a ftirst ane
or differ ent10ﬁnmmdmployademhMny&ﬁffemnaembodmmmst dreexaofplaamt bpeatindlyder ed
a met hod of w{ggb“ cat q aprzlem conductor device over a flexible plastic
substrat e. g of bedbrgmy, exerrpl ary and is not limted to the

enbodi nents presented herein. Method 100 can he e Ioged i n man% di fferent
enbodi MEAt Y oM%&%érrb@%@CH@@swé%eﬂv@al Ilyofqupyiding Bexiblesupstrgy Hhee &rm

[0031] Methog 139, sﬁ'cf;sit (e sau&rdogsgﬁir ﬁlea;ﬁ]slaolfreeoéégﬁdel%@gbs@ra{é %&hfhllﬁng a

substrate. The term Bl e substrate’ as use i'n nmeans
free- st andi rtpxshibstataiad vdadprdaslilngdaptt lisxdhbpe dmtseme almbokdinmdnty, q&dctddylreadapt S

its shape. In sone odi ment ocC dur 111 can incl ude. provi di ng
flexible su tr%ﬁne”\ﬂfut%ﬁ ROV BH0EL AT BT Wiffor loyariapts, n%?d}lg\ﬁ/ oFSist i ¢
modul us can QempRNSI B 8dsiRNmBIARS icn TRdHhiEeRll AneaSstiNAPIARPHOXdIREA! Y
five G gaPascals (GPa).

approximately five GigaPascals (GPa).

[0032] In many examples, the flexible substrate is a plastic substrate. For example,

flexible substrates can include polyethylene naphthalate (PEN), polyethylene
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[0032] In many exanples, the flexible substrate is a plastic substrate. For
exanpl e, flexible substrates can include pol yethyl ene napht hal ate (PEN),
pol yet hyl woeoB)/066542010/ 065542PCT/ US2009/ 066259 ter epht habatuezr(o@ﬂ@zs9

pol yet her sul f on PESM ..ol bonat e oI efin.co

br 1 Tquta: orgeRantiah Gran pofudhailrde S aptipnas Pbaterus eut S rat o
can incl ude QpsQalct N 1Lt poRh&. Si des of the flexible substrate. The
coating can i rrprove t he scratch resi stance of the flexible substrate and/ or

hel p prgyedt ?Hhﬁg%iéﬁgyleé)'th@ﬁ&?f) e('s'h Stadd &dgﬁﬁ%lhﬁé‘a%?at&%eat%ﬁé b é)éld%{‘

fl exi bl'e substr at or ot age 0 em ca romthe exr
substrate, .ofMbhe eﬂnxehle stuhﬁractcnatThegccta&ngpdaanmprzee thve sshtdk rofisthinee Hf ¢ha bl e

substrate over .whi c Q)O%[e ed. The coati ngé)il SO can hail.zp .decreg%e

di stortion. fﬁ“@%rﬁ‘é S?é‘?rﬁfl CH ePEedS’E‘i RYLERSS NG CRERED AR Y HE o
the flexibl gusulsbf abaieMus ushaice 51%75{ bigdd legﬁ%ﬁe(‘(ﬁ c‘%lln caRerrbalnd eRi®e In
ot her exanples, the coating is at sides of the flexible substrate. In

vari ous enb@dbfrtmﬁft s Mh@ofvmeﬁlemoetlsgrb@tplamaelzcahﬁ pde pf bwilBatlpsubplratnareized.
For exanpl e, xi bl ea.;ubst rat can upstrate from DuPpont

PEN
Teijin Filns" 18?1? *rtdfk 545 RSO e &&#@f&@e%%&%ﬁﬁ% O planal 8PS

Teonex(r) QGhe ‘codtihgolsNBEat@ITBRIE TBAE Sidedoff theXicRltge SuhehicakBereale BRctrical
pl anarized after being provided. [0034] The thickness of the plastic

substrate calvise WHl badabrigatsd. ofn apsr eximalcsl e Batng ivpebethssides of the
appr oxi mat el y, f]oe syt Qef %%ﬁ?us dhiodfing é‘ﬁle‘%{egcﬁdlé E&%&Q&e ?H'BQgtde‘etds ret e

t hi ckness of ti i'c su rate can e I'n ely 100
m cr onet er s flanagiped. oOKomexaalpye, 20O 1exible b teits car E@S?EN sutstie fenamplPest, t he
flexible substrate can ble provi ded by cutti ng a sheet of anI astic
substrate froHinEHEs of Jrokygelapim spidcundgt gie tsgd eaepﬁgplan%zﬁé U R Q% a

pai r of Cer Jffiobhc? %hl%ﬁ&’ihr%nts' i gl]\éﬁ%le%%st%@% lﬁesplat?afrfz@& aﬁé‘}ﬁe‘n%gprwlﬁed?' astic

substrate e cut s own clean wt a nitrogen gu I'n sone

enbodi Oy TSRS X HIGE baBOL Raloel OELALISr ARFLLOOSs L

proces e part of a roce descri

part of pr oofﬁdttrrﬁetarilto [Q@B@hmmt}hommqﬁwﬁtm&ér@, 1lrconti s o tdiffpeacedur e
112 of preparing.the flexible substrate. is a flow chart

i || ustrati ng"HogEBete they shigkness e‘ﬁfarﬂi%d’l%sﬁé rlrbéstiﬂsr 815 Jiss iR o, 13888 oPldi ng
to the first an include a
process I230 ag?ﬂ%ﬂﬂ ggrqtoﬁedl@%ﬁt%ﬁwgﬁgg%@gﬁgz@ Eﬂrgéinteﬁescf I e|><| bl g substrate

Chat  cdtliTporbe et TplsS AC R HERPIFE, G % ekl foo i B Y50se)

I n sone eXal’ﬁMtﬁS,subthﬁité fexi birell sbisdt plaste mamrlbeu@@g(ecbapeﬂ agted oy acpsimvbake
process. For exanple, the terrperature in an oven contalining the flexible
substrate caSTHECPEREY W aE0RY Cxmptex el @ityng We plastie ﬁrteeat%otljleeut Pheet

appr oxi mat eliy , 180 Bean with a nitrogen gun. In some embodiments of method 100, either or

both of the cutting and blowing processes can be part of a procedure 112, described

below, instead of being part of procedure 111.

[0036] Method 100 of FIG. 1 continues with procedure 112 of preparing the flexible
substrate. FIG. 2 is a flow chart illustrating procedure 112 of preparing the flexible

substrate, according to the first embodiment.

[0037] Procedure 112 of FIG. 2 can include a process 230 of baking the flexible substrate.
Baking the flexible substrate can help release oligomers and other chemicals in the

flexible substrate that could potentially leach out later during method 100 (FIG. 1).

[0038] In some examples, the flexible substrate can be baked using a vacuum bake
process. For example, the temperature in an oven containing the flexible substrate
can be ramped up over approximately two to three hours to approximately 160
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WO 2010/ 065542PCT/ US2009/ 066259 degrees Celsius (C) to approximately 200C.
The fl exible substrate can be baked for one hour at approxinmately 160C to
appr oxi newel2g102e8832and at a pressure of approxi nately oRETIUS2@PP662RY mat el y

ten mlliTory. Then, .t t enperature, i e n can be | owered to between
oo oxi mat o (et el L Rat e S G gt B R Eru S 8¢ it Toan b
baked for a%%o%ﬂ%teéﬁbr@iigﬁielﬁq%@@%raﬁypr&iﬁﬁt{d}bébb@ aﬁﬂ%%ﬁﬁ@ss&%%@e

al so be used. After the baking process is conpléte, the plastic substrate
can be wi pedippfaamately ansyto rppiodesiclyrterc ililonl sThehathe wemperigakeaid thé ven| 0039]

Subsequent | rocedure. 112 of FIG 2 incl a_process ;2 9 rovi ding a
orotective tanleaRS e BhsRn ot atE Te i BB 2 R YA o

t he pl acenmenexiie tshigstifalceddnbdbe bakdastor approaimMmelyl cidift MofR! heet iOdker! Hikale

bet ween the flexible substrate and the rollers and/or_ handling mechani sns
of various preessssiag kaisprisnesed) nAlgivthceRalnng eroccishs gamanlelst iheepledifpl at e
S Seet Qlplkh e O LIGKOEAS, Mg R Gnich R ByRgh L ve

tenpl ate can engt h of

appr oxi ly 0,5 m ters), to p mately 1.5 m In her enbodi nent s,
che or PR Vst Safirile reihpkC B R AGhe Bethds R Boptt ol a8tk T o

| engt h of appeeXivERbablAtd). BhdProfeliel @mpldle edico%d Fahalgnidk. (or fhe pldtedi@hi OUS
enbodi nents, as part of process 231, tﬁe'prot ective tenplate is folded in
hal f and rurPfihg gwghlers@bqtr@resasc@ellga.s,amomvvq lgyer he&wm&hgﬁymbk@ sHbstptd sk i n
the fold. Al rrier substrat. . back
si'de of the bt Sk A€oChaRfB bty SR AR TIE SRR, 0 SR,
protective teapbkseheprottivbadasa@tis apipcoxi Metae by aidOckensipp paxii¢crat el y 110C
for approximately five mnutes to approxinmately ten mnutes to help flatten
the prqoeqi)i vaht eppbaie. tehPldd baiPbocesiul anilildeefs) b &5 BmCONK Mdesutwbtdh a
process 232 of applying a protective material to at |east a portion of a
first surfadengh ehapprosinsply Hbgnraneiers) rfosaprosimticddy nbat 81 alprothect i ve
material ca i . ri i f.ace of
the 1 oxi bl B RRL-3he PEFyRL iRy u B Sheus 35 R R SBEC,
applied to aopotdnigthnodhpprbeinidtexidod en Seskd)atbeappk&iddiclyThe pr. olechtives

mat eri al prevents scratches and adhesive from covering the planarized
surface of t¥RPOIMBKIIHIaE PATREPFAsER el therMasctivelgnplde tdpliet an halhand

exanpl es, blt%u%ﬁ%lﬁ%ggeré?g?gg?ggg&lﬁ%&y@ﬁg}pcgggFrg{l‘%rfoﬁﬂu Hgf?n%ahcee of a

Cor poration, paft nu cou e use
prot ective matrérisabstralheanpaled be hiade onghebad sidanf the aploctiva shattedsypa2bof

m croneters to a Xi .ely 100 m croneters thick. For exanple, .the

or o 6cti ve. T 8 ceiid ol (16 RGHETyS Fompgsan be baked al dpproximacly

2010/ 065542 RGHC YSZPRIHAGRERO1 1Teer fb‘f’%ﬁ)?fo%iﬁlﬁb&kﬁvé MiRRELLXPIMiRRtel A&
protective material "is applied by rolling thé protective material onto the
pl anari zed sumfites ¢o bslp tlaterf thexprgtbeivsudsplatt e using a roller to renove air
bubbl es between the protective material and the flexible substrate. [0043]
Subseqyéml]y, Ppscededurie dflPI(af2 ebimizs imel adesceas RBdadsppR3F: afprotwattiveng t he

flexible substrate an rotective material_ into the shape of a wafer. A
punch cut téﬂﬁF%%letoc%tﬁle %g@aowfméé% Lacquat dhe ﬁwgB@ ?Wl?ts%at‘f"h\g%fﬁo_é‘}ﬁ bl e
substrate (Winigdpdtdig®! ANRSL&BR alattial ichn 3 appIRY G/ AT Ichfi€a RoR&L bl e
material. In one enbodiment, the punch cut tenplate is used to create a

t enpor ary orplperimechantact wp thedixdnie fubstrhie. pn etree cxaneplesm therpratecaymmatenal
flexible substrate.at, the sane.tinge...[0044] |If the pressing of the punch
cut tenpl at & BRAPPEG @@W?%&S[‘%ﬁlbﬁﬁﬁl F%raet%i bl e substrate, the flexible
substr I.S rapped because the press cuf can _create cracks in a coating
on the PP bﬁ@esﬁlﬁmﬁ? emeiRH! ;RF%Vﬁaaa@%a?h?so&gﬁo%ﬁeﬁ% PRXCBYEISub r at e.
Aiter the vafigfaishpREh® BPAd MRLUDIN iR IdEXhiN, SregiReldM®s. AN/ Qimd e
protective material using the press, the flexible substrate and the

prot ective ratmpleal blag ove tick dapruletgafean SkisintlhctenBquipmielr Cotbarasiongpart

exanpl es, the flexi'rggg str and protective terial. are cut. usj,ng
cor ani ¢ sci JUBHET AP S IR ol SRS Bl Praed Bull B st BeflYsi S ade
by the punchyrétettifee ARltca®.can be approximately 25 micrometers to approximately 100

micrometers thick. For example, the protective material can be approximately 70
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[ 0045] In sone exanples, the flexible substrate includes a tab extending
fromthe wafer shape in the flexible substrate and the protective material.
The tab csio2bw/esaad to help align the flexible substrat @Crasaccoaseser

substrate when travelj. hrough a | anminator in procedure. 1l of . .FI 1.
FIG 3 il udpicmmeders ﬂe@% Séweg?xaalpﬁqse%@r%eﬁms Al 1%@1?}1%&6?1&% %o a

first enmbodiyye@kbtiverm@%HRl Gnts URSHEREcd I ERMN RS ELB1As B e 394z aANdl1& T ab
351. In many exanpl es, body 352 can have a circul ar shape. Al though not

i |l ustrated thmerF\@ aighubbis bshvotcadhé protastivemiatsirial and the dewibleopbstirdte.exi bl e
substrate 350 also includes a simlarly shaped tab. In one enbodi nent, the
tab i s [A43]paSubsfuttly, puocducul 12 efpilex € amdudes < ptocksse@hhind arttifg dest yl e

into the flexihle substrate and the protectiyve teri.al . [0046] Referring
back o FI GRS sSEbal 816 et Fredtestiagin 1 Bepaet f Wl ocb unghsipr
cl eaning thechhexd Blers UhsE fahRss 1R WARE sRapRMAlLhe fflé}?%lé EBAO with the

non-pl anari zed side of the flexible substrate (i.e., e side wthout the
protective midararized yidesifdmy, wppaul/arcthe gneteesivarmatetiilgolmeers, crobdrementhéhr cal s,

or particles, fte{wrﬂ% 1 he (Pltanari zed[ si de of the fle€<ibl e substrtate
havi ng the protREt VAP P igrT e Flnd ETBERMCT REGPHCHE SHRFIUh™ M ot her
exanmpl es, bgirbicsiidasatefialamng (e FomblpeGbsaal Athddagnired. ean. 8 WO

2010/ 065542PCT/ US2009/ 066259 [0047] Next, procedure 112 of FIG 2 includes
a pr 0C€[§§44@35If)ftheab1‘e9§h$9>f tihe puh&xich! ensihstaal Gomblclt@ (ROAEIPEd YiBxible

tenpl ate. I'n some exanples, the flexible substrate having the wafer shape
with the tabubsirad,itlynidekiblic tshbstiate ik sereppaddeeauwst the prassrduecansurbaie cacks draawn or
made on the protectiye template . .in process 231. The |jne trace of e
carrior subsPpie SholhE A Pyt B g ot DR EFR RSy ¢ ne
flexi bl e subsfigraihe. wieP4BipeSdbseameNinty thd regedukeskdikd afd/drl e plofcbEidides a
process 236 of coupli na@t he flexible substrate to the protective tenpl ate.

| n some enboditpidtusing e picescithe dlexibplps substratej andatheapintegtiveo matesiabagt et i ve
tenpl ate by in rt{ion t f fl exjhbl.e s te to the
protective tsgkn%&gﬁggygﬁg‘?’%xeaaﬁlgloé?&a g.ge%’gﬁ%o X%ﬁoﬂgﬁ’ thgi g%‘dgltea%ugg%gatg %ncglupl e
the tab of tpretettiexinbkeiabwhs touatiBingo cérbiProbREd iapprox@ngtiat ene hilliedrer
exanpl es, a portion of the protective material is peeled off of and renoved
from the taPutsdrihe Frargsiot Bade hetherpyseh r te®pidiced to the exposed portion

of the tab of the flexible substrate. In sone exanples, the portion of the
pr ot ectPOE Imatesomp camplss thedleatbly sibsgatevindndessa tahdexdendlinge rent the veder he

protective t | at j. a i f e i r r.e es, in
P ocedur o 2398y MiaedtooR, aRRk o FLATF e RRUFRR. Tho B 30 BE b B TR
portion the digh thofladible RubdittcdiowdagriGisdbdratapBenirhvelig tidbtigcheshismopael i ng
and renoval of a portion _of the ‘Erot'ective material is _not necessary,

[0049] Aft erPrecsgpls hly phEIG bxifhpPe3 dipdiatostetapovieweript Jeuble wdsedaPg, the
protective t i hen d | . t I 4
illustrates agg%g?l ﬁglasfcl:r% oss-@%%br@%@? tgl\}h&%g%{e?gfo Fyggilﬁ#g&s%giﬁ%?eﬁgsasenbl y
440 after attaladhinginf meny bkanplabshadyt 252364h heovaaa prietiac tshaye. t Anthbagle nds5,
according ta the fir epgbodi nent. In this exanpl e, tape 456 is coupled
to flexible 19%@%%@‘3‘53}) %ﬁ@r‘ﬁ?%{VEé]ﬂart?féaltl%ﬁ’ﬁthE gviggiitt? 5&1&%@&%5\9&?@

mat erial 453,4159&000hed} Ahifaip! & SHPShbRiRcROthe @6 idRSHakRAAnPHEYIOUS] Y.
[ 0050] In sone exanples, only one side of the flexible substrate is
attached t o auhécipploteeand ve cieiskldand. of fircosthler inéx dlmplflesibld sttistgicdas] dfe t he
flexible substtr a,[te are .alttached to the protective tenplate. [0051] Next,
procedure 1I2°6FEE D% nel udes a process 237 of lamnating the flexible

substr th ratective terial, an h ot ective tenplate. The

Floxi bi L0MIbs Relirang 6°kttﬁé'q§_r S eibe Tt o P %?Oé{tlpﬁ%saw%a@é?%se#%fe t wo
fol ded hal V@ea%fngttlﬂg REPIEGIHs¥Re! eRbAE %xaﬂﬁl@s,f‘[h@%‘écgh@ o?HQ?—bfaﬁﬁﬁzedts%
protective material, and the protective tenplate can be |lam nated using a

hot roll | amfribe Bexible substove (iai.rthd sidb Mathobetheperteethe matetidis drg wmnedtd al
and the protective f epplate and als0. RELRESR L0° AN2!SGL T pRnded side

of the flexible substrate having the protective material is blown clean with a nitrogen

gun. In other examples, both sides of are dry wiped and/or blown clean.
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material and the flexible substrate. In sone exanples, the flexible
substrate and the protective tenplate are placed over a guide sheet (e.g.,
a Lexan(rwoguiodeszbeet) and fed into the hot roll | am naComs2s/oesrsexanpl e,

the ta the flexible s tr nd e protecti. teri.al can be fed
et TG neverhptpgibre 1o o i 2omehidin el PRbes g Shalipnioe o Ryge
tenpl ate argubamidai®ad F}%te@tiw Rapiie o sERPEMIIBRY eleyiiddfle kiubld hRRASCal )
to approxi mately 160 kPa and at a tenperature of approximately 90C to

appr oxi mat elthe vaGC shafsevithathertal isoigwpéadthdha libetragpeioxéamereiupstone draster  per
m nute to appr.oxi mat two _neters; per mnute.,{0052]..After |lamnati.ng the
{1 oxi bl e subr Pateon b phofelE Shbulil BaUCrat odtpbi 5o Bl Piig?
Referring bagksttae Kltgpicdly dghitp thrdQ0haf thEWafer bhapgecdfuBleSe-ablpisgbsgdy e 113 of
providing a carrier substrate. In many enbodi ments, the carrier substrate
can be Bof&k] 8subdquiilyl Prodeaireeiehbr GIGPaNRLddNa SRIREPRO A TBApEnS iR
carrier substrate can"be a panel of approximately 370 nm by 470 nm [0053]
The carrier f&uxigde rsabsiragato it pradective f temptats urlh awwencapeibediswoon thes dickibdbe
opposite the first.surface. In s exanpl. e t .l.east one of the f.irst
SOF face: and RUFELEHREEH MErRETREEATEYF By alieniBof pofithst e Bl s S
that is not friisequentateytocOUre@dctivg fhldtd.eX¥obleRarsplosh padce dfmauBkesdddne

ability of a vacuumor air chuck to handle the carrier substrate. Al so,

pol i shi ng t Heposeanf eptipler thgital of Sgbiiexehle sebsjrateolgphe @ratestivedemplale pinesome
Substrate re t [ .t he f rd i

Substrat ot RARTEDS APAART R BRReLe Bt WS E e B okl 1
the z-axis ahtemdtthe dvatRtdidw wbé s thgpléd exitel exppuhispomivbe.of[tAO34Y of the

vari ous enbodi ments, the carrier substrate conprjses at | east gne of the
fol l owi ng: dIXRlngupsiato3in samg pxaspples. gl ooyl ofdae pegleetive walppHi 8, PDar i um
bor osi |l i cat N Llicat I kh ShldGat e, : i al
Chat s CTE Tearanu® 5Rehe: Al ox b Sharr SRR E1pp R RARES 1A 5"
substrat e shewndcbeissas.chindothor them@eE iof probeduid @22 dfeFKKubkt thatperotective

Non- mat ched CTEs can create stress between the .carrier substrate and the

L ext bl o SUBBHFRHAS PDBSRI TR hERIHER AME LheloouHEh dhe Satbli it Bogur) be
conprise sapplikd W tReind RhkBRDSaIbEE WepH1iBRPSOMNBERLNiVE - ateFhiaRdnot
approximately 1.1 mm The carrier substrate could also conprise 96% al unm na
wi th a thi ckivessaryet ween approximately 0.7 nmm and approximately 1.1 nm In

a different enbodi nent, the thickness of the 96% alum na is approxi mately
2. 0 mMm[004D]andtfieercopphnpltke fidvéble aubstete sobbe r@abdeciiaulcdatbe, ghsiprgieetivar yst al

silicon wafer with. a thi ess of at .Jeast appr oxi nat.el 0. 65 In 10 WD
5010/ 08554 Rer Pt BIDEisReoer thg MibE kPR Blfa FRstroigha Rail cleps-
substrate caubhfaPIRW §€a $leRibl &%3irsb %@ien‘l’m}; Ba@ a_ftgli skdeg i%fxilﬁ_é sh@s@t_ﬁ%e

approximately 0.5 mm In sone exanples, the carrier substrate is slightly

| ar ger t han 3Réo flpestictiie tsubkte 4% ac§adiBg]o Mexiirst erebhddoaiedtOdn ¢lfiis Exa@plg,

i ncludes a proced . 114 of, providing .a cross; | inki adhesive. ln sqne
exarpl o5, t o F oLl 5 rioiny SoMESPILtRrahosd ad PG @UORRRE: 4Rant

appr oxi mat elptodctkvelifatdridionslis E@ipfedn8 e BAOAMBstrAtD 3SOMR dexibpl Pﬁavidub@.
cross-1inking adhesive is thermally and/or UV (ultraviolet) [ight curable.
[0057] [bosqar iPUsneNMBofigiRNichly the GIODF-thb Nkdxsle AdBASIY §s Ia%tadhed to the
cross-linki'ng acrylic adhesive. In the sane or different enbodinent, the
cross- | i nki myotadines toneplits. alrc pdes -dxamiplasg bpthesidey of ghndleible sabstyald are
adhesi ve or rass-J i nkjng viscoelastic polyner. In some exanples, the CTE
of the adhesﬁ%\?&q%:to\%ergfo{e &beete%’ %“red to the CTE of the flexible substrate

and th rri substrate, Ho r, .the CTE of t adhesi.ve i s nqt .

i nport A5 Hec 53k Arpedumbl 9?5%@?% indydeg rae%rloéesérrl)§7s(i%ri€-§]§laflpg éhe Texible

vi scoel asti C‘shBé’t)at&%ﬁé"%‘fbcﬁb@ n{alt&i&'l,bin% tﬁé’B&hé&itv@t afe@ M THEMex3MP I Rhe
because the layer of adhesive is so thin conpared to the thickness of the

f1 exi bl e substlth protastivemateriel ars idxstadadteevednié 8o Bildsldlres ol the pretebiod 100

of FIG 1 includes ocedure 116 of d siting.the cross-1linkin hesi ve
over & 11 rstouiifa EnEheRE Lhte A abtRrRe sl ndy e R e ol
depositing tfag wg %’iﬁinhtbﬂl'ﬁlsﬁ@ _@qmsﬂoldelaﬁﬁﬁitoratcf IrErfidveS ufrflﬁ%lﬁfbét@@erpﬁ{er Ier
substrate can be perforned using at |east one of the foll ow ng nethods:

spi n- coat i ngrotepiiey magatal rigd Gkt pigsictrc deraplateg ang radgoo betvicari thatireisctinwl ot
di e coating, screen |am nation, and screen printing.
9
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[ 0059] For exanple, the carrier substrate can be coated with the
cross-1inking adhesive. The carrier substrate and the cross-1inking
adhesi ve wanoly@esjaan to distribute the cross-1inking adiresivsecoomensa fir st

surface of the c rrie e. In_sonme enbodi r oss I ki n
Sdhearve ) s mepRA s ihe MERB St | oF SBip SErareap: vkl Wi ERS spt e o
substrate Wﬂr@te&tli]\?e e {%@e' Jtﬂe 'ﬂ)ll(dceg owrﬁ@l&@s@'&t @RP, rzpﬁéxrﬁﬁ@%ddegﬁﬁeﬂ) A fed

(revolutions per mnu or appr oxi nat el seconds to
appr oxi mat eligto3ihe et miblbmamion héﬁ agmmmpk@g thehieb edirthe élpmbl@b@bstaate apdl the t he

or - appr oxi HRPery 10t CesHE B ERE L] afty PR ERbS RN < he

carrier subsiro@t@veNeinBlatdie CirdiBstel iahX bRgsué BESIpreximatcHpUID Aita @DPHB¥AINRL €l Y
600 rpmto approxi nately 700|ﬁxgto coat the surface of the carrier

substrate arifl @Mﬁmg;ﬂmiyawmk apd 16y 063sBREEHUSHOeoPEEEREdYadftoxiomat el v
3400 t t
crossrIolmnk:)ngB]Q)(%ﬁﬁg1£l F 8? ﬁr|5%8?§8€%ﬁ¢¥%%éh|ﬁ@' %%%ﬁif%égh Sr ?%g

adhesi ve cannh@wdb&p@ms&dnayHWo@mﬁﬂvpmnangennetr|c center of the carr|er
substrate. In a different enbodi nent, the cross-I|inking adhesive can be

di spengedsnt o\ fRF 18MBRELA ehC ABAIbRY subMRAE Al Srovaéthe ﬁeh\%m@rﬁrb&rduwbsz iate is
spi nning [0061] The thickness of the cross-linkin 8 2 esive over the
a

carrier subsomplee. aR@@Iﬂllﬂ&baCdFetpﬁGt il nggethod 88 Wf &leah insdudse pisegpdure 113

appr oxi mat el d I t r

anot her enbo JH5M?H1 Eﬁ%@% hﬁﬁﬁﬁgégggégl $ Cg&%ﬁ%@%%ggﬁ%gégzﬁh
carrier SubSiBaﬂﬂ(ﬁﬂBeﬁdihe&dep@&wU]ﬂﬁdﬁdﬁﬁ%&ﬁ@e@&ﬂwh&d%ﬁﬂ%ﬁﬁﬂecmlbe
approximately three mcroneters and a7proxinately fifteen mcroneters. In
the same or RIFEQTARPrAXBHEYRMMGY éPPHW@kness of the cross-Ilinking
adhesive over the carrier substrate after the depositing procedure can be
bet weerd08pHr oXihpwesioy sulestrate eanoelude 8 [Hpidsuaiape @1%{) Aepeing suEieFs, epnfiste difet er s.

[0062] Met hqd L g,gfagg Iﬁsgiﬂejex&ﬁgfek'r‘go?egast"%ne%f%ef@%f‘&%%g % %f%co%gﬁ the

cross-1inki ng adhesi've € Cross- e5|ve can

be baked t o Haertve poiikivent Polishdig ecasplaec thditelscﬂcmmbédanmr}gc@qjm to/eéhecan be
baked at 80C for thirty mnutes and then baked for fifteen m nutes at 130C.
[0063] In otlffaiblesubshriesmprenss dhatulity; ofid wpusBnesaiyehycs tnbandgksgcarts

exanple, i f 4,084 098cd | MAGLANDSHING AIPR ARy dBuARY (& thy paLBe 2

bake is not necessary. reov Cross-| I ng adhesive Is very
Vi scous, solsubsitage rm}ovevmpobn@@ljfbadlretsmﬂth@smfa@s of thertairivg selchrati that doold

decrease the viscosi bef t hesji ve | ited.i cedure 115.
[006aT At t orcbiuehiegs ey Ry Dk SRETe et Tpi b caint i RebpRBHEEE v
tenpl ate. Theif I@ficRltte sutkgiicate is already coupled to one portion (or
hal f) of the protective tenplate as shown in FIG 5, and the carrler

substr g@ﬁ%zﬂ‘et it PR 'én%dﬂﬂ?xﬁg hﬁl%' Y&riGAN DSl %S&erg’e%eéméaﬁ? iﬁ e (or

hal f) protective te I n sonme exanp Cross- i ng
adhesi ve i s fetlowingt nallimgnai chizﬁ)@)n atlicomni $ovponI‘tE gldsas, stehe sm:{qmtre,erbamuhst rate

coated with the.cross-1inking. adhesiv an.be stored hori zant
appr oxi mat el RPresiye, tsad%uklﬁ?eo%hﬁﬁ?e% | S s AR rRalgER @abbﬁﬁo@d wi th
the fl exibl %ﬁb’llib?ittﬁ%@ﬂe)[@@@%stwwhm 18 hEQQ s%sg‘ate]sh'oﬂﬁll BédBstcRed

procedure 117 of coupling the carrier substrate to the flexible substrate
using the cﬁo$@a€TEbfﬂgfkaﬁéssmgnﬂhlEkmbnmhh@h®§E$ameseacewﬁmbawEﬁnﬁsimeen

the protect Ic\elllerletresu stra e anG%ilé/ﬁembl-ghSIelbs%ragond surface of 12

[0055] For example, the carrier substrate could comprise sapphire with a thickness
between approximately 0.7 mm and approximately 1.1 mm. The carrier substrate
could also comprise 96% alumina with a thickness between approximately 0.7 mm
and approximately 1.1 mm. In a different embodiment, the thickness of the 96%
alumina is approximately 2.0 mm. In another example, the carrier substrate could be

a single crystal silicon wafer with a thickness of at least approximately 0.65 mm. In
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WO 2010/ 065542PCT/ US2009/ 066259 the fl exi ble substrate can be placed over
the first surface of the carrier substrate with the adhesive | ocated

bet ween twe 20mues¥2surface of the flexible substrate ancnctrmsztimmsdz%urface
of the carri subst rat nso exa the carrier rate is
coupl ed to (U 4 [EFbr iR A UL oE A EPUSEOMIPRT S aSE L8 by

l'am nating tifirkhdse¥t Bl 18asp Hﬂ%bﬁﬂa%el?%)%eﬁﬁi ymtaeﬁl\ee%an@*a@ tRE BArB6t gu‘tsetréte'fgﬂl ate
hal ves to renpve air bubbles between the carrier substrate and the fl exible
substrate. [sighthatargry thangh¢ flexiblsisebymtst rat e i nvol ves first aligning the
carrier substrate with the flexible substrate so that, when | am nated, the
carri er[082]st Nake nagtod h@) 6f BXG. bl mchidbst paicedweellaloif pnadding laemosstlméirey i gned
structure ca be f through hgt r ol L‘"JF tor whi ch can be t he sanme

| ami nat or of2BFH¥EEs'Y S9BH FRMPICE the Crof; IP&? SéVes%%@tS?Sa%té S rl‘BqlS)}haé]an be
| ami nat ed aty ﬁfbx%ﬁﬂ%&xi et $OeaHerof epsél:oh@ Qn@oﬂﬁte%&pfé‘é‘rth@d?é@sﬂmkh%oml
Al so, in various enbodi nents, the protectlve material may stick to
protective tashpdiv is thremlly and/nabi¥dultoidstdlighttduiablor obl em  a shi el d

material can be | ocated between the protective tenplate and the protective
mat er i gDOHASF ode xtahieud ambodimants, othe pcrrosselﬁﬂdli’@?adhm%oris rar omesﬁn]ﬂﬁg actyle

Shi ol d mat erEPSITE. il sHAY PG IEBGBH BeIPPUHD b BOSETIVRE RYRSRFAT SGHER
acqui red frqmddye,eRaH éﬁglﬂ{f@'éc?[l@g@lﬁlswler@)r%@os%ﬁﬂﬁl Vlgjdofefa§tr1<,eﬁ61 mer. In
enbodi nents, sonme of the cross-linking adhesive can be squeezed out from

bet ween t he soarrdxempéasdthie] €XE oif éhes mdﬂmswatleszemrgqtgcdnmamdatq ibn @Fiel olithieere to

the first si t.h the fl bl bst I I b

e Lo ot o S0 sl oBoThe bt b B A ra Rl PRSI B

slightly | ariggorthitaBedali®e fheetiildseeSUbS! hat @reafﬁhﬁnﬁrsﬁ’éﬁn@% Of\flsb&ﬂadﬁ'bﬂf')em ive

material, however, prevents this problemfromoccurrin The cross-11nking

adhesi ve t hdlet\geﬂuébq Esxipletsubsithtaambeasscn ybstirdc begsuet the faycppbadhiesivg és so

mat eri al e th r because the
I (i n[ﬁ c%g‘%)l%ed 10%he tlhfcﬂl%)% o ﬁ{'ét}fetx ‘tge gl). él[rgte aﬂﬁ%%’?%ﬂ&?ogg%tg] us

protective mat enove i'scar FIG 5

440" af (80 oustpige WP ERLAYE TR, PR SR y

440, accor didégstimkime alihdstle evhodi ARAt surfaBe tdH thee Vel NRBétrat@ CIPOSHadyl NKi ng
adhesi ve 552 couples a surface 561 of carrier substrate 551 to a surface

562 of fl exiwitodgugys. rdepesi@gpthepresdmkingeadigsive padr UB6t pyfice edtlaicaver a
surface 556 0 L exible s t shi 4 i

bet ween pr ot e%%tlIa\geeCAr?a ?eryqt%ﬁlﬁéggl%ﬁ? eals'Abencet .féﬂé@ errpl%éé %e%gb ﬁl %Oa?? %
tenpl at e 455pis-doatifigd cstigdion r@htlﬂg,opeﬁbmvelahﬁmﬂoa; &ldt5id &oaﬂusg; é&eéﬁD
2010/ 065542PCT/ US2009/ 066259 | ocat ed under a surface 563 of carrier
substrate 533MinpHeR a&@é“@%h‘ll@@gprot ective tenplate 455 to flexible
substrate 456. [0070] Referring again back to FIG 1, nethod 100 conti nues
with a [Q%ﬁiedﬁpeemsple,fthprqaeeewuhgrattmearf bexpilré vellbtieraes-ladsrnidhesivel G 6
is a flowchart il.lustrati pocedur 118 Rr.oges |n X|ble
substrate asser‘r%afmer %%bégrarl Egld {ho Ctrﬂss'lfnkn%gt aLgl)hrﬁ) ydi fent. ‘?ﬁbg)l]d hr &éeeghre 118
of FIG 6 i rt@d)slsdﬁﬁn@ eﬂmes:s oeao aofirgt Udurfang éthend logpeich| €SS T ak esome
assenbly. In sorre exanples, a pair of ceramc scissors is used to cut the
protective t&Hs eltegge &&Séé@ﬂt%eacﬁlleﬁlgﬁﬁ%ﬁft’mt%teéf on Hie ¢rEgy HIbstralgyt r at e

| ocat ed bet P C Qﬂﬁil

removed ent Ygﬁﬁ{ﬁ %‘et crea?ﬂ%u%u;b %ltﬁagtét ?‘Iteecg?ﬁ%nﬁ%’g @reggg rags i)g{vgpnétéllyh
protective trpnpl(aatveluuams er pmaiue@} awalyi 0D r epm ofor o peoxinmesly elfbwecbrids otn t he
shield materi al %ﬁf gcarrler strate. by hand.. FIﬁJ%@?lllustrates a
cross- sect i GRAIOVMRIFYOFO sreandpa@dps spupingadeespiisr sbstralerwih dig 19 t he
flexible subifital @ RSSRTRL Yarphskif@iBY g0t Hﬁnptroma%?&kﬂl@atél?”}%(ﬁi §pma¢gor di ng
to the first enbodi nent. More specifically, rotective tenplate
455 (FI Gs. apgr&xmatelhypél 45®n@Flth’)0 dec@ndy) | Immdﬂ@b@t@%hmﬁ%ﬁéx il earrier
St 358(1)1b£][ra¥ee V‘tlll ether ecpoos\s/?lnking adhesive is spun at approximately 600 rpm to

approximately 700 rpm to coat the surface of the carrier substrate and then spun at
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[0072] Referring again to FIG 6, the next process in procedure 118 is a
process 631 of renoving the shield material by hand. In sone exanples, the
fl exi bl e wobkstwmsam2assenbly is placed at an edge of a tablrasasmwhed2se shi el d

material facin The flexible s rate asse is slo noved
off the t ablepiimachns Gl f payerimlly dadl sih (e SEEoT bl e Shinhe
flexible subgtdalkipsapelly. That is, the shield layer can be renpved by
puIIing the shield material downward away fromthe edge of the table mhile
the fl &i]e ?’FLQ? g ﬁ}glﬁ A3 hé/ cfo%s ﬁg a!aﬁéélgeo%lai)é Mlsp&fse& r25'1?1‘[0'[ @Ib!)\eer

sone e flexidl e substr I'S not properfy centered on or

ot herw se algegmemmenter bﬁéleaarmarenbmtrstlnatcﬁffatfehmmbc&hmenmgletdnessslhlkaigj

| ayer, the plastic sybstrate can be slid into a me th the carrier
substrate. POBSHIC eI oo g o e g Mecrrims G b oess
632 of renmpvipgniig alignment tab fromthe flexible assembly. In sone
exanpl es, the alignment tab can be cut fromthe flexible substrate using
ceram Go5¢11°Sahe mtFe i B0 MR IMPIMENAer Afc UBHCTWBIERL oAby LS

fl exi bl'e substrate 1n the z- rectlo ative to the carrier substrate)
m ght cause dipediimg npitocedurof cztrhebef I betwbd:re spmsxlmteéy f fioen theomaterd eand

substrate. |If de- Iangp§§|on Qccurs ge fl substrg{ enbl can be
Cee 14 VIO 20TOIUEBEALPER TSoBo S 59n Aot at odppest B9 INGRETapbdic
Cross-secti Qhals 1wk &fheilbé‘&&'tﬁe sifst fidt@ard Aok Mefdti @Eedh%%‘ﬁ'w t he

al i gnment tab, according to the first enbodi ment. [0074] Xt, procedure
118 of FIG.tﬁhwﬂmkmmagnampbdbgssnﬁﬁﬁnﬁﬁs@héapmngnmﬁ@yﬁﬁﬁmnbhengub$$rbme

oSl |0 O SR B SR SRRt SR

assenbly andasiiraxibigat Rech exadGHsRitg! cdiuRt et bY ekl iproxifatcdf tdnhe
protective material is cleaned, the exposed surface and edge of the carrier

substrate |snmmﬁﬁﬁm@Bééﬂmmp¥mﬂﬁéxaﬁ@§eHP@DHEFﬁProcedure 118 of FIG 6
continues with a process 634 of curing the cross-linking adhesive. In the
sanme or[006F]f e Mathoke hfbdi Fnt ] cartmuey wgb-al prodduge Atthelsbakeng Eheuvb&sdmng For

exanpl e, the IeX|b e subst Ss an. be osed to ht for

oo ox it erghEn oo R Re TR S e SRR BN S b heab Fhove
cross- i nki rkﬁl»%ﬁﬁeSFMeexahﬁ‘)l&QH@ cﬂﬁbgelkﬁgrudﬁesw@arpb@mkéd pkeore agheriyve can
be cured with W Ibg inthe W lig range of approxi mately 320 nm

( nanonet er s)miyteag 6@ﬁﬁﬁk@$@rﬁgﬁﬂhﬁmaﬁﬁ amlB®Gn intensity of approximtely
75 mMNcn2 (mIliWatts per square centineter). A Dymax 2000- EC UV Curi ng
Fl ood L&6gs] mimwftec teanmplelythByorese-1Ddrmpoadicsivn iphofTbakedngf@nexa@pimet thecut

can be used to cure the cross-Iinki hesi ve. [007 n. var ous exanpl es,
The orosoe | iRl tenagrSh% Bosh Bl e B dohghing PHE BaRPhg rshr obess
636. | n somaviexai® &Sthe ChRsEHRRS d@hediNteisCreds Sistourkbd1gerAdhRSicven BE adddd
cured, and the rest of the cross-1linking adhesive is thermal |y cured during
the baki ng df thy vewslinléapadicsioy 1 df&m@@awemqoylty brlowcbie pdhesivg 1pfeprpigd 6

i ncl udes a RLAces wﬁ%§50f renmovi ng the protective material fromthe

flexible subspﬁgFe assenbly. In some exanples, the protectlve mat eri al can

be slo ed usi ng tweezer ring the renoyval oces

o ot eottPUE iy utioho BT Subja ul Bp gliasiicon HeayBleat o ik e Ty ¢ he
flexible SUQ&tx'ilﬂé @utfsﬁ@tféh& E]l@ed%l?rcbhﬁléd st IE(J%/{I@H (drfhaﬁ? B?ihe%@t@&i\%&emf)ia%
protective material can be releasabl e by n these exanples, the

protective ratsbowain SulSdandde catrisr sldwa@uvlthwgoa -linking ghhesies p@isbﬁr placdd G 9

illustrates a cr S-3 ction of .1l X i bl uhstrate ass 440 after
oot na ¢ e HRRE PRGN @F Bot e BrandiS¥ ek aR b Bk ARRRE Y oS

accordi ng t gidkhes 4dhesive andoitidinneid for@Q &lis Peit., TR ek @er kiBstale Edated 6
i ncludes a process 636 of baking the flexible substrate assenbly. Baking

the flexi bl eviduHstrasdinkingepdiicyive san he sjoraelerigs@lly Har approximately eight to

approximately twelve hours before being coupled with the flexible substrate.

[0065] Next, method 100 of FIG. 1 includes a procedure 117 of coupling the carrier
substrate to the flexible substrate using the cross-linking adhesive while both
substrates are located between the protective template halves. The second surface of
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WD 2010/ 065542PCT/ US2009/ 066259 di stortion, bow, and warp in the flexible
substrate. In sone enbodi nents, baking can al so cure the adhesive. [0079]
In some ewenplogssssehe flexible substrate assenbly can becChalseaonsizsy a

vacuum bake or exa ete ture i n oven containjng the
Pt Bl o2 Bt PerRR abgha SRR Piotd vl Bt SUfel iy et o aE R e it o

appr oxi mat elye &&%@vﬁa%@a@&ﬁ@%@@ﬁ Bk ¥edbBl Surdfeo fthe X bibg SuhsdiE ﬁﬁ&t@%ﬁ@@' y
can be baked formﬁpﬁ‘aom mately 50 m nutes to 70 mnutes at 180C and with a
pressure of sappeoxthacatiyr substrdtti torr to approximately 10 millitorr. The

tenperature in the oven can then be | owered to between approximately 90C to
115C, dAdot]he If ben¢ bramsed) toratrecrasbermd i coapiedbe) 1ﬁ1alfked1bimubai}nq:te oxing#icel y

seven nore hours.to approxi mately. nine nore O her b rocesses
o he ol oo B nbene” RS R Fikiofn oD bR Sy Shembly Loy Ban Tt o
substrate asp?@t’é@t'l\leet%m%[a@e EAI@&W@%@B‘&E A 8esfled BRHRAEIOUE Barier @RREAXIARR! Y 90C

to 110C for m ni mum of approximately two hours. [0080] After baking the
flexible suldbetxntldc substrgientlamingmgdbe llewblk1@ibsisate ormol vt @rstmégemgltlmgcaagm n

back to FIG nmet k 190 .incl udes a procedure 11 fabrica or
mor e el ect r BB Han A BT PR & Bl TR futhaeing BRiG SR VAR
some exanpl age ﬂ@ﬂBle%bﬁM@ar@@hEM&i dENEnC @S aliBndl strubfudd &inSBeOfed khratigh passi ve
devices (e.g., resistors) can be formed over the first surface of the
f1exibl e subsl rlamenatqry whigh sanrbe dhe qine drmmatos ffortoaesat237t HeFBne2 or Thtor e
eleotrical SRSl KRR S WEyhfed g PhBRHRR 48 B30 Wplde
| i ght em ttimgedipetlesnutel ect rode arrays, fleld ef fect transistors, and/or
passive structures. [0081] FIG 10 illustrates a cross-sectional ViEM/Of
f1 exi bljgosbstAlg, en aaE6NEMbARcE! BE prabéiveainhidealongy fickR dicgir8@ttivecal
conmponents 1058 over surface 556 of flexible substrate 350, according to
the first eribodiatgerhen ﬂ@mazqed Refaepyqishdhia quolemoa shisld matasisl lsev be docatsd FI G

the carrier Subar ar oS FANEdedbhtind BE DA BEN oS0 R E ARLRAIG oL o7

renoved fromprodess Q3T indor pwb@‘s rzajz eThy slmelell magriilhan beatr iegariplesivaapepdrr om
the carrier substrate by h illustrates a cross-sectional VI ew
of flexible wﬁ%@m&p@%ééwfyeldwt%ﬁ%lé%orﬂ%ﬂ%bf GRyPrerds tha Rosah mateEakllso

2010/ ng5zg|g<§5re?ﬁ§§% b3 B0 et nod 100, as descri bed herei n. and
Si | 2rigfRNOGE el LOWALARS LEROAMLRY 008 P IBE, RhARS LAl commanent

onaflex | e su Z6ro0 OfF a east m ni na | ess

t han or apprsqumad ey frbmebdtivednt theGhrridieng drRaibld vilbisyratef daﬁngémlnﬁmcﬁﬂﬁm
manuf act ured by Azores, Corporation of WI m n(lgton Massachusetts). Prlor art

met hods of f%ﬂb@liectatth%@r@ P the| top Gpbh SetidIcorrbstiics paliswpidy Setuies Hice
suffer fromg I thy N

errors, phot 0 ﬁggérig%% agl%é/% rTgH% %(Sr%?cl)@gﬁlg ggﬁlf‘ﬁfeéy Frg%ceg%é@e’? ec tll{%F\0084]
Al t hough t hehe ﬂmahtel scuhsthacs beepreskese of bedrofcttive @bterieln hewe‘cersmemrﬂts this

enbodi nent s, be understood by those skil|ed in the art that various
changes may P;S%blﬁ%ééo%of%{}flg diE%P‘i"iS%émflPﬁﬂ&lE%éVest FraHoGgrs QWapd asFerF?n

i nvention. FRAE (GXAMRE Brotédiiviinhdierd (18REH by tlﬁmﬁﬁgguﬁsﬁ@ﬁ Mh@ﬂs@@f@nﬂ@lak' ng
and/ or cl eani ng procedures can be added to nethod t he manual
procedur es desarse biEbrheceyame@raloe cpantialymenioingd andrasdaided. and aut omat ed.

Addi ti onal exanples of such changes have been given in the foregoing
descri gooe]. AtGo$ dlilusgiat_;es at]girretudi@@dsesecmmabfnee/ndﬁbﬂléxi’ﬁats_slbé.tsltd msemtiydd40o be

illustrative of th ope . of helggen"tehnb |s not i e ed to.be
limting. It fleg cou T U DIRLe B IPH SURHFERESBRY AT FeBRING 19 ¢ ed
only to the tﬁé(tfﬁﬂtenﬁlﬁﬁlﬁhérﬁd Ili&Ythishén‘@&Qﬁ@ﬁeq &GbaLkin lefé@f%e%zoédﬁbr&@fay
skill inthe art, 1t wll be readily apparent that t%e fl exi ble substrate
assenbl y andurfetchd6s i satiss sbstretce bl ey belicepb@refitibaible sabstetd 869. of
enmbodi nent s

embod mont o BB oPeHAEda 201 TPl B A ath orpiob Tl RS syt fortor ar

possi bl e emhaghidBAtcsial 54 RescatddRiwieindirbeetidassktipt48mnafprébaidranwpngs, and
t he draw ngs thensel ves, disclose at |east one preferred enbodi nent, and

may di scl oset5al tquﬁqﬂVqée@p{g&jﬂﬁ@m dolded such that protective template 455 is also
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[0085] Al elenents clained in any particular claimare essential to the
enbodi nent clainmed in that particular claim Consequently, replacenent of
one or nowe 20lciehd el enents constitutes reconstructi onPamaSR@V/O6@PAI I .
Additionally, benefits, other_advantages, and l uti ons..to probl ens.have
been descri HBEFH HR dfTicE Coamicrrid SHBGT Aht ol tPPHE CaHBI puoreetne
advant ages, s@blid H3SotRx OIS E: 480d any el enent or el enments that may
cause any benefit, advantage, or solution to occur or becone nore

pronou h . e 1C u Li Leal ' )
essentﬂgﬁﬂpea?%gﬁgﬁ%ﬁg%é%g%géqg?‘éhgﬁgﬁhaﬁﬂ)gﬁmgﬁgggﬁgﬁﬁgaﬁ?g%%gﬁgé%
Mor eover, emnbodissiegtthe aikible ubsttdtoressailsdgl o58a. bhersea nflaw echaat ilbedtatost ed t o

t he public under, th octrine.of dedication if the odi nent s and/ or
i Dot ons Doty 01806 biasgsstia B ORSEASPOT K SOSTORO FSSRO apr ddst
clained in the@lAefs; and (2) are or are potentially equival ents of
express elenents and/or limtations in the clains under the doctrine of

equivaligi . plitcfiRe20k05ORP A2 Rl dS2003EAEF3B%r cutting the flexible substrate

assembly. In some examples, a pair of ceramic scissors is used to cut the protective
template and across the alignment tab of the flexible substrate located between the
protective template, but the alignment tab is not removed entirely. After cutting the
flexible substrate assembly, the protective template can be peeled away from or
otherwise removed from the shield material and the carrier substrate by hand. FIG. 7
illustrates a cross-sectional view of flexible substrate assembly 440 after cutting the
flexible substrate assembly and removing the protective template, according to the
first embodiment. More specifically, in FIG. 7, protective template 455 (FIGs. 4 &
5), tape 456 (FIGs. 4 & 5), and tab 351 of flexible substrate 350 have been removed.

[0072] Referring again to FIG. 6, the next process in procedure 118 is a process 631 of
removing the shield material by hand. In some examples, the flexible substrate
assembly is placed at an edge of a table with the shield material facing the table. The
flexible substrate assembly is slowly moved off the table while the shield layer is
removed (e.g., peeled) from the flexible substrate assembly. That is, the shield layer
can be removed by pulling the shield material downward away from the edge of the
table while the flexible substrate assembly is moved horizontally off the table. In
some examples, if the flexible substrate is not properly centered on or otherwise
aligned with the carrier substrate after removing the shield layer, the plastic substrate

can be slid into alignment with the carrier substrate.

[0073] Subsequently, procedure 118 of FIG. 6 includes a process 632 of removing the
alignment tab from the flexible assembly. In some examples, the alignment tab can
be cut from the flexible substrate using ceramic scissors. The cut should be made
slowly as any movement of the flexible substrate in the z-direction (relative to the
carrier substrate) might cause de-lamination of the flexible substrate from the carrier

substrate. If de-lamination occurs, the flexible substrate assembly can be re-

14
655233



CLAIMS What is clained is: 1. A nethod of preparing a flexible substrate
assenbly, the nethod conprising: providing a carrier substrate; providing a
cross-| i mkDngleadhagi ve; providing a plastic substrate; aoa/usealoserg?t he

carrier substrate t he.pl astic substrate using .the cross-1|inki

adhesi ve. . 2. TG e TG BRI heRoss FURBR RO U IRy TRa S RPNt st r at o
to the plastdier fiRAIKAHS afOREASES 'acéiﬁcﬂ’iﬁg kd 1R Girkientolifg&n! | nki ng adhesi ve
over a first surface of the carrier subsirate; spinning the carrier

subst I ahgrANdNDe ibasrd 1 MG ia0ReRIN AL @ Hoslt B3l er LibsAE ARS Tl N
adhesi ve over thé Tirst surtface of the carrier subsfrate; an pl acing a
first surfacebgfatd msepblystln somebsim@tse tiovexiblhsubstrast assemblaceclednet vath

carrier substrate with the cross-|inking adhesive |ocated between the first

St face of diiasadh GBS EHh bR BIHOHAP G 1 Qe B Bp g R e Caph K

substrate. gpraying the hexanes on the protective material. After the protective material is
cleaned, the exposed surface and edge of the carrier substrate is wiped clean with

hexanes.

[0075] Procedure 118 of FIG. 6 continues with a process 634 of curing the cross-linking
adhesive. In the same or different embodiment, the cross-linking adhesive is UV
cured. For example, the flexible substrate assembly can be exposed to UV light for
approximately 15 to 25 seconds and room temperature to cure the cross-linking
adhesive. In some embodiments, the cross-linking adhesive can be cured with UV
light in the UV light range of approximately 320 nm (nanometers) to approximately
390 nm and with an intensity of approximately 75 mW/cm® (milliWatts per square
centimeter). A Dymax 2000-EC UV Curing Flood Lamp, manufactured by Dymax
Corporation of Torrington, Connecticut, can be used to cure the cross-linking

adhesive.

[0076] In various examples, the cross-linking adhesive is thermally cured during the
baking in process 636. In some examples, the edges of the cross-linking adhesive are
UV cured, and the rest of the cross-linking adhesive is thermally cured during the
baking of process 636.

[0077] Subsequently, procedure 118 of FIG. 6 includes a process 635 of removing the
protective material from the flexible substrate assembly. In some examples, the
protective material can be slowly removed using tweezers. During the removal
process, the protective material is kept as flat as possible to avoid de-laminating the
flexible substrate from the carrier substrate. In other examples, the protective material
can be releasable by UV light. In these examples, the protective material would lose
its tack during a UV light exposure. FIG. 9 illustrates a cross-sectional view of
flexible substrate assembly 440 after removing the protective material from the

flexible substrate assembly, according to the first embodiment.

[0078] Next, procedure 118 of FIG. 6 includes a process 636 of baking the flexible

substrate assembly. Baking the flexible substrate assembly can help decrease the
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3. The method of claim1l1l, wherein: coupling the carrier substrate to the
pl astic substrate conpri ses: depositing the cross-1inking adhesive over
a first swoPRaweesds2t he carrier substrate using at | east pomasedootobeso

foll owi ng tegchni ques: I.n-coatin ray-coati

br ef or m | am JEOTH: Bey-GRIaTER SoME gt oS Be it Pt HRPPOHER S0 O InEr s

met hod of clgigeule thd aQhestve. f Urt her conpri si ng: after coupling the
carrier substrate to the plastic substrate, renoving the plastic substrate

from tz[ﬁs M1 os té%&rh?ﬁ? the-flck e Thishag é%fserﬁll)lgpc%‘be hed %Fﬂﬁfﬁga[ ;é%@&‘dﬁ”g the

pl asti strate rom e carrier substrate conprises: peeli e plastic
substrat e frtake timecesar rk@r esmigse,r te etemperafire irrmm(odemfcontlamiing ihe PlexiBle 4, or

5, further copprisin af ter ling the ca er substrate to
ol act] o cubcrpgis HPdplvcat it spRgt B of o go Baes bl S omonmaty WAL 4
surface of ttbeaﬁﬂrgﬁhﬁ{&‘%sw@}gtr alhe flexible BLBRL Qfcfbd BAD bel BhldNE o

conpri si ng: after fabricating the one or nore el ectfical conponents,
renovi ng t hewpptaxemnitelys $0s nriawtes ftoor)t henwes rat ek 8 Ghsnd awvath a pressure of

approximately 1 millitorr to approximately 10 millitorr. The temperature in the oven
can then be lowered to between approximately 90°C to 115°C, and the flexible
substrate assembly can be baked for approximately seven more hours to
approximately nine more hours. Other baking processes can be also be used. After
the baking process is complete, the flexible substrate assemblies are cleaned and
placed in an oven at approximately 90°C to 110°C for a minimum of approximately

two hours.

[0080]  After baking the flexible substrate assembly, procedure 118 is complete. Referring
again back to FIG. 1, method 100 includes a procedure 119 of fabricating one or more
electrical components over a surface of the flexible substrate. In some examples, one
or more active devices (e.g., transistors) and passive devices (e.g., resistors) can be
formed over the first surface of the flexible substrate. In the same or different
embodiment, the one or more electrical components fabricated over the flexible
substrate can include one or more thin film transistors, organic light emitting diodes,
inorganic light emitting diodes, clectrode arrays, field effect transistors, and/or

passive structures.

[0081] FIG. 10 illustrates a cross-sectional view of flexible substrate assembly 440 after
fabricating one or more electrical components 1058 over surface 556 of flexible

substrate 350, according to the first embodiment.

[0082] Referring again to FIG. 1, method 100 of FIG. 1 continues with a procedure 120 of
removing the flexible substrate from the carrier substrate. In some examples, the
flexible substrate can be removed from the carrier substrate by peeling the plastic
substrate from the carrier substrate by hand. FIG. 11 illustrates a cross-sectional view
of flexible substrate assembly 440 after removing flexible substrate 350 from the

carrier substrate, according to the first embodiment.
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8. The method of claiml, 2, 3, 4, 5 6, or 7, further conprising:
thermally curing the cross-1inking adhesive after coupling the carrier
substratewoaoﬂhmﬁﬂhastic substrate. 9. The method of clabWﬂmzmﬂmm3594 5,

6, t ' th k h
o ravi PSR! | AGSETRL RS gBir v A4 F relbee oo ey HRG e e
substrate. Z{} md@. el@gﬁﬁcaﬁ"%%ﬂ@gn&{ts 6h %' Mxible Zubstratwith, zeho o at %ast%m@mal

further conprising: baki ng the plastic substrate before coupling the
carrier subglistattient(e.gt ess pliwals@n appsabstelt dic limits Théenenbigditpof ehahsares, 4,
5 6, 7, 8, or 1 furt n tta C

matorial to 2007 RadihebipI(FRELERR os wRhRRd MhsSieRiRbeE ot an
coupl i ng t hen@asds ef fmla&ﬁﬂgaélec&l@alt bEnfinastsi ¢ SebEENiBlesubstratReffei from
coupling the carrier substrate to the plastic substrate conprises coupling

the plastic ssgideanhtdistorgion psellema thefr ¢ac kadftotmadimg stroes, Phibwlithegephi ng
the cross-| 'aqléh&gntae%?sc‘,'a}{g line/layer defects.

[0084] Although the invention has been described with reference to specific embodiments,
it will be understood by those skilled in the art that various changes may be made
without departing from the spirit or scope of the invention. For example, it will be
readily apparent that additional baking and/or cleaning procedures can be added to
method 100. Also, the manual procedures described herein can be performed by a
machine and automated. Additional examples of such changes have been given in the
foregoing description. Accordingly, the disclosure of embodiments is intended to be
illustrative of the scope of the invention and is not intended to be limiting. It is
intended that the scope of the invention shall be limited only to the extent required by
the appended claims. To one of ordinary skill in the art, it will be readily apparent
that the flexible substrate assembly and methods discussed herein may be
implemented in a variety of embodiments, and that the foregoing discussion of certain
of these embodiments does not necessarily represent a complete description of all
possible embodiments. Rather, the detailed description of the drawings, and the
drawings themselves, disclose at least one preferred embodiment, and may disclose

alternative embodiments.

[0085] All elements claimed in any particular claim are essential to the embodiment
claimed in that particular claim. Consequently, replacement of one or more claimed
elements constitutes reconstruction and not repair. Additionally, benefits, other
advantages, and solutions to problems have been described with regard to specific
embodiments. The benefits, advantages, solutions to problems, and any element or
elements that may cause any benefit, advantage, or solution to occur or become more
pronounced, however, are not to be construed as critical, required, or essential

features or elements of any or all of the claims.

[0086] Moreover, embodiments and limitations disclosed herein are not dedicated to the

public under the doctrine of dedication if the embodiments and/or limitations: (1) are
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12. The method of claim 11, further conprising: providing a protective
tenpl ate; and coupling the protective tenplate to the plastic substrate,
wher ei n: \Noznhmmmﬂotective naterial is at |east parti al lPgTIUSC@VBG25€t ween

the protectiyv at astic strate. 13. The nmethod of claim
12 bher e nimOL GUBIERHG THERABHGE HURs: Kb A bevy heopmialy FauugtrRark
conpri ses: CAYRkE BEmLRG aRA/BF BfmlithihstiR AR aaﬁlst&ld@f tROubtARe Of cdudildhast i ¢
substrate using tape. 14. The nethod of claim 12 or 13, furt er conpri sing:

21 WO 2010/ 065542PCT/ US2009/ 066259
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providing a shield material between the protective tenplate and the
protective material. 15. The nethod of claim 14, further conprising:

| am nat i rgotzhw/wsF42i er substrate, the cross-|inking adhesirus2omioes2s® astic
substrate, the protective tenplate, the protective material, and the shield
material. 16. The nethod of claim1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, or 15, wherein: providing the carrier substrate conprises:
providing the carrier substrate wi thLaiMPBeast a polished first surface. 17.
The nmethod of claim11, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, or
16, wheWaatrs clgtmasd idi ng the carrier substrate conprises: provi ding the
carrier substrate conprising at |east one of the follow ng: alum na,
silicon, $tah nietssl dipeglaringe feahbhsubstratd 8sseiby, thet hetiodtomprasing:1, 2, 3, 4,
5 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17, wherein: providing the

carrier substrate conprises:. . . providing the carrier substrate conprising
a materi al gﬁgpdpgafngkﬁgﬁ%ngzto the plastic substrate. 19. The nethod of

claaiml1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18,
wherein: pr grbdiimg atdiessplinksid /lhssibgt rat e conprises: 22

providing a plastic substrate; and

coupling the carrier substrate to the plastic substrate using the cross-linking adhesive.

2. The method of claim 1, wherein:
coupling the carrier substrate to the plastic substrate comprises:
depositing the cross-linking adhesive over a first surface of the carrier substrate;

spinning the carrier substrate and the cross-linking adhesive to distribute the cross-

linking adhesive over the first surface of the carrier substrate; and

placing a first surface of the plastic substrate over the first surface of the carrier
substrate with the cross-linking adhesive located between the first surface of the plastic

substrate and the first surface of the carrier substrate.

3. The method of claim 1, wherein:
coupling the carrier substrate to the plastic substrate comprises:

depositing the cross-linking adhesive over a first surface of the carrier substrate using
at least one of the following techniques: spin-coating, spray-coating, extrusion coating,

preform lamination, slot die coating, or screen lamination.
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WO 2010/ 065542PCT/ US2009/ 066259 providing the plastic substrate
conprising of at |east one of the follow ng: polyethyl ene naphthal at e,

pol yet hylwoeotoawseqat hal at e, pol yet her sul f one, pol yi m de pCpaiSg@anbanat e,
cyclic olefipn copol r,.o i guid crystal. .polyner. 20. The nethod of claim
0% %0 & ﬂ}e%‘:?tﬁ#gg?la@}i’ljo?rq#f‘}“ffé,c"%fl“g&; 15, 16, 17, 18, or 19,
wherei n: providing the cross-Ilinking adhesive conprises: providing a
cross-1inki rlﬂteﬁ%ﬁ%l‘iﬂ-‘g adheskive substratel e tﬁ@?l&ﬂc Qlib&tadd, Metovihg the Plasty 6,

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 26, wher ei n: providing
t he crosssulisiRicdipnatisegines selsitiorc ses: providing a cross-1linking adhesive
that outgases at a rate of less than 2 x 10-4 Ton-liters per second. 22.
The met hod of claiml1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, or 21, further conprising:

5. The method of claim 4, wherein:
removing the plastic substrate from the carrier substrate comprises:

peeling the plastic substrate from the carrier substrate.

6. The method of claim 1, 2, 3, 4, or 5, further comprising:

after coupling the carrier substrate to the plastic substrate, fabricating one or more

electrical components over a surface of the flexible substrate.

7. The method of claim 6, further comprising:

after fabricating the one or more electrical components, removing the plastic substrate

from the carrier substrate.

8. The method of claim 1, 2, 3, 4, 5, 6, or 7, further comprising;:

thermally curing the cross-linking adhesive after coupling the carrier substrate to the

plastic substrate.

9. The method of claim 1, 2, 3, 4, 5, 6, or 7, further comprising:

curing the cross-linking adhesive with ultraviolet light after coupling the carrier

substrate to the plastic substrate.
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baki ng the cross-1inking adhesive before coupling the carrier substrate to
the plastic substrate. 23. The nethod of claiml, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, MQ208/063342 15, 16, 17, 18, 19, 20, 21, or 22 BOEUS2009/0p626%i di ng

P 2t G RS LSRR S P PRl BB o g L

flexi ble substrate assenbly conprising: a carrier substrate with a first

surface; a oaRfg- tHenkiabee adbesie defdd touplidy RhdShirfer SHBSitAtatts MBVHRAYIA
first surfﬁfe and a second surface opposite the first surface, wherein:
substrate.

11. The method of claim 1, 4, 5, 6, 7, 8, 9, or 10, further comprising;:

attaching a protective material to at least a first surface of the plastic substrate before

coupling the carrier substrate to the plastic substrate,

wherein coupling the carrier substrate to the plastic substrate comprises coupling the
plastic substrate to a second surface of the plastic substrate using the cross-linking

adhesive.

12. The method of claim 11, further comprising:

providing a protective template; and

coupling the protective template to the plastic substrate,
wherein:

the protective material is at least partially located between the protective template and

the plastic substrate.

13. The method of claim 12, wherein:
coupling the protective template to the plastic substrate comprises:

coupling the protective template to a portion of the plastic substrate using tape.

14. The method of claim 12 or 13, further comprising:
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the first surface of the carrier substrate is renovably bonded to the first
surface of the plastic substrate with the cross-I1inking adhesive. 25. The
fl exi bl e wokstwmsam2assenbly of claim 24, further conpri ®CmFIS2009/06ed259 east
one of the foll.qwi n re.located at the second.surface of the flexible
SUbstrat e: OREVIOMEnar QUG HOETifmbE PYHa) BF oROCHY QAR Gh (B RIDIREYS

di odes, ippfganic light emtting diodes, electrode arrays, field effect
transi stors, or passive structures. 26. The flexible substrate assenbly of
claim?24 or 25, wherein: the cross-Ilinking adhesive conprises a pressure
sensitive acrylic cross-1inking adhesive that outgases at a rate of |ess
than 2 x 104 Ton-liters per second. 27. The flexible substrate assenbly of

cl ai m 24, fl]g.sl’“he%etﬁgd Oﬁ\ggﬁi%ﬁmhﬁ%{’ﬁghgﬁgess of the cross-Iinking adhesive

between the carrier s at’e an stic substrate is in the range of
approximately five mcroneters to approximately fifteen mcroneters. 24
28. The fl exi blamisatbst thatcerrees sebddtaye, ofic cloas-tmiddg adbesi B theopla@it, sublseate) n:

the protective template, the protective material, and the shield material.

16. The method of claim 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, or 15, wherein:
providing the carrier substrate comprises:

providing the carrier substrate with at least a polished first surface.

17. The method of claim 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, or 16, wherein:
providing the carrier substrate comprises:

providing the carrier substrate comprising at least one of the following: alumina,

silicon, stainless steel, or sapphire.

18. The method of claim 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17, wherein:
providing the carrier substrate comprises:

providing the carrier substrate comprising a material that is CTE matched to the

plastic substrate.

19. The method of claim 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18,

wherein;

providing the plastic substrate comprises:
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the thickness of the plastic substrate is in the range of approximately 100
m cronmeters to approximately 200 mcroneters. 29. The flexible substrate
assenbl y wb 20106639424, 25, 26, 27, or 28, further conpri CAFIS2@9p65%€Ct i ve

material over the.second surface of the plasti bstrate. .30. .The flexible
SUbst rat e acseHBIAIEH (BY 4TS SOMGHE HamiBsHi PLihdoeh Popblty JUIREHE: at o
over the pr W TBiRHihAdte, BOYcRyRhb QbpAMhRLd aﬂolMe\ﬁﬁ%nE,h?o@ﬁﬁfd@,ctl ve
material and t'he ‘protective tenplate. 31. The flexible substrate assenbly

of cl ai m 30,polyratteantecayepe okilmgopalymeper ighielrasystal pohengsr ot ecti ve tenpl ate
is coupled to the flexible substrate with the tape. 32. A nethod of
fabricating a sem conductor device over a flexible plastic substrate, the
met hod conpri sing: providing a flexible plastic substrate having a first
surface and a second surface opposite the first surface; attaching a

pr ot ect i veo.rEteaenéthbd bbcialme 1f 2y Bt4, Su6f AR 9010t He 12) BXill| &5,pl6ad7, I8, suldgf r at e;
providing a support substrate with a first surface and a polished second
surface oppo¥i¥enthe first surface;

providing the cross-linking adhesive comprises:

providing a cross-linking acrylic adhesive.

21. The method of claim 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or

20, wherein:
providing the cross-linking adhesive comprises:

providing a cross-linking adhesive that outgases at a rate of less than 2 x 10™ Torr-

liters per second.

22. The method of claim 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

or 21, further comprising;:

baking the cross-linking adhesive before coupling the carrier substrate to the plastic

substrate.

23. The method of claim 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

21, or 22, wherein:
providing the plastic substrate comprises:

providing the plastic substrate with a elastic modulus of less than approximately five

GigaPascals.
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25 providing a cross-linking acrylic adhesive; Spi n-coating the
cross-linking acrylic adhesive across the first surface of the support
subst rat evo 2010085539 t he cross-1inking acrylic adhesive PoTSaw9Ad2$9 coupl e
the first surface of the support substrate to the second surface of the
flexible plastic substrate; and | am nating the support substrate and the
flexible plastic substrate with the cross-linking acrylic adhesive |ocated

between the AURRMIE sgishaleradentohpgsiid-exi bl e plastic substrate. 33. The

met hod of claim 32, further conprising: after |am nating, renoving the
protective material fromthe first surface of the flexible plastic
substrate. 3Jucarisupdiabowithe festaPHRAE3, furt her conpri sing: af ter

renoving the protective nmaterial, formng one or nore transistors over the

first surfacaecrggs_ﬁlﬁgné éc@ééi%;%nﬁ' astic substrate.

a plastic substrate having a first surface and a second surface opposite the first

surface,
wherein:

the first surface of the carrier substrate is removably bonded to the first surface of the

plastic substrate with the cross-linking adhesive.

25. The flexible substrate assembly of claim 24, further comprising:

at least one of the following are located at the second surface of the flexible substrate:
one or more thin film transistors, organic light emitting diodes, inorganic light emitting

diodes, electrode arrays, field effect transistors, or passive structures.

26. The flexible substrate assembly of claim 24 or 25, wherein:

the cross-linking adhesive comprises a pressure sensitive acrylic cross-linking

adhesive that outgases at a rate of less than 2 x 10™ Torr-liters per second.

27. The flexible substrate assembly of claim 24, 25, or 26, wherein:

a thickness of the cross-linking adhesive between the carrier substrate and the plastic
substrate is in the range of approximately five micrometers to approximately fifteen

micrometers.
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28. The flexible substrate assembly of claim 24, 25, 26, or 27, wherein:

the thickness of the plastic substrate is in the range of approximately 100 micrometers

to approximately 200 micrometers.

29. The flexible substrate assembly of claim 24, 25, 26, 27, or 28, further comprising:

a protective material over the second surface of the plastic substrate.

30. The flexible substrate assembly of claim 29, further comprising:
a protective template over the protective material; and

a shield material between the protective material and the protective template.

31. The flexible substrate assembly of claim 30, further comprising:
a tape,
wherein:

the protective template is coupled to the flexible substrate with the tape.

32. A method of fabricating a semiconductor device over a flexible plastic substrate, the

method comprising:

providing a flexible plastic substrate having a first surface and a second surface

opposite the first surface;
attaching a protective material to the first surface of the flexible plastic substrate;

providing a support substrate with a first surface and a polished second surface

opposite the first surface;
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providing a cross-linking acrylic adhesive;

spin-coating the cross-linking acrylic adhesive across the first surface of the support

substrate;

using the cross-linking acrylic adhesive to removably couple the first surface of the

support substrate to the second surface of the flexible plastic substrate; and

laminating the support substrate and the flexible plastic substrate with the cross-
linking acrylic adhesive located between the support substrate and the flexible plastic

substrate.

33. The method of claim 32, further comprising:

after laminating, removing the protective material from the first surface of the flexible

plastic substrate.

34. The method of claim 33, further comprising:

after removing the protective material, forming one or more transistors over the first

surface of the flexible plastic substrate.
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