METHOD OF PREPARING A FLEXIBLE SUBSTRATE ASSEMBLY AND FLEXIBLE SUBSTRATE
ASSEMBLY THEREFROM CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This
application claims the benefit of U.S. Provisional Application No, 61/119,217, filed December 2, 2008,
U.S. Provisional. Application No, 61/182,464, filed May 29, 2009, and U.S. Provisional Application No.
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2009, and U.S. Provisional Application No. 61/230,051, filed July 30, 2009. U.S.
Provisional Application Nos. 61/119,217, 61/182,464, and 61/230,051 are

incorporated herein by reference.

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] 1In 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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[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 h ruc X ical. | .
Irnatrices on filat prggfgg{ldi,ﬁgf)%%,%%&%%%%ﬁé&%%% 0{}%& %gr;gt%% f:tgt@r %ug{gcgsaafﬁ,ggfg/e

reguency i entl n) tags on various commercial
products in retail stb?@st,eatbmmly @fl@érﬁs(ﬂ@,cé%&». beoBpble mderawobsichmipribarigagorsiVever, is
stabilizing the flexib|g, fDSIAIGLNHRG PERGRSSING:FRY &XAMAIR IARGARE-At fabricating @ thin film,
a thin film transistors (Mrs) or thin film transistor circuits (TFT circuits) on a flexible substrate, a large
number of proced$!¥EHsPIASSSEMERNed during which the flexible substrate may be moved through
several machines, ovens, cleaning steps,.etc, To move a flexible substtate th uch a.jprocess,
tho flexibld Ul B Ay TEABORE I SRS SorTE 0 SF A o bbb SRR the
flexible substratesoasuhemavephbeivwe epppracessistepds{ROO6]ckibveveg tiieael aiiVElyihigledoefficient
of thermal expangion (GIE) fon fiexible. subsirates comparedhip Ivpiqal caiier substiates leads to
significant CIF induced strain mismate IalBrlng fempera Ure excursions of the 11T of TET circuit
processing. This ‘ﬁhbr@mmmnhﬁr@@mdes&igiﬁﬁﬁ'm@d@mmﬁhmflﬂmﬂbéGMtrm anddcean lead to
handing errors, RagiolihneiRNic.AUGIRRILRIA R dnalmerdefari: (0RRATReLE(pte, a need

exists in the art to develop novel compositions and methodologies for coupling a flexible substrate to a

carrier subgispig to mediaie the precedingtimitatians, MEW, RERCRIRBRN mFsiERRAWINGS

[0008] To racilitate further description of the emhodiments, the following drawings are provided in

which; [0009]FIGRFHIGERLEES Aot EPEHE Bl HIM P BFIFeS A Ao SR B (e ilery
according to a firgk@mhegimaniions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] To facilitate further description of the embodiments, the following drawings are

provided in which:

[0009] FIG. 1 illustrates a flow chart of a method 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;

2



[0010]FIG. 2 is a flow chart illustrating a procedure ofubstrate; according to the first embodiment;
[0011]FIG. 3 illustrates a top view of the flexible substrate, according to the first embodiment; [0012]Ha
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

paftial cirogs,;s&EUoRRY vial QG lexile Subsiata AssemRM Al Rk s Bl SOURHRG-R PRSTIET

substrate to the flexible substrate assembly, according to the first embodiment; [0014]MG. 6 is a flow
chart illustrating &{otetRirEdRpAIEBsRY the e BIBSGHSE s S8XMABIFYE FIG. 4; according to the
first embodiment; : : . :
[0017]  FIG. 9 illustrates a cross-sectional view of the flexible substrate assembly of FIG. 4
after removing a protective material from the flexible substrate assembly, according to

the first embodiment;

[0018] FIG. 10 illustrates a cross-sectional view of the flexible substrate assembly of FIG.
4 after fabricating one or more electrical components over the flexible substrate,

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 used 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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[00 16]FIG, 8 illustrates a cross-sectional view of the flexible substrate assembly of FIG. 4 after
removing an alignment tab, according to the first embodiment; [00 7] FIG, 9 illustrates a
cross-sectional view of the flexible substrate assembly of FIG. 4 after removing a protective material
front the flexible substrate assembly, according to the first embodiment; [0018]FIG. 10 illustrates a

cross-sectional vigy ghRE.JebIS, AU hARIBASSEIRA ! Eifroaliec RRsaing.ong prparR clectial

components over the flexible substrate, according to the first embodiment; and [0019]FIG, 11
illustrates a erossXeeedERaRyie{IST B YRaxiplelstHtrd B8 IPOFFIED e SARFYENDINSEHNE plastic

substrate from the,Gardebsustiate deccoutingiiethe Jicstomhedinnent HA2Q1Ear simplicity and clarity
of illustration, the drawing figures illustrate the general manner of construction, and descriptions and

details of \yeil2BnownHeatmies ‘andiechrfiguesdyay bepliftetctapiigid undedessielsiobsdubing the

invention. Additiopally, elements in, the drawing figures are not necessarily drawn to scale. For
example, the dimgrr%@xs %rfa%cr)srﬁ)é)%f%dg é?\e%rﬁgtr?tgc in e§ Tit ?(‘avso rr%;rly%%r%xgaalg}léiearresllgﬁ\%g’to other
elements to help #leptovalyncecstandiiy efid@mbobiments dfherpresentdriveatidanithe sameereference

riturierais in differ i the,s | : rms. "first,” "se " “third,"
"fourth," and the Iﬁl(%&}?ﬂ%fﬁ&%%ﬁbEﬁé@@ﬁﬁﬁ%ﬁ%ﬁ;ﬁ? %%%a Ee{ij?s%o%;d?gﬁ r%tﬁ%ﬁﬁﬂaél 1égllt:/veen

similar elements alsthaes ieeebsariRefonidade coiiged partialibe skgticaia srehénbiogieaneider. It is
to he understood fpat{he EERS e QMR INRICRANICRRIALNARE JBPIAPURAIG,FHEMSLAIEces such

that the embodiments described heroin are, for exalgggle, capable of operation in sequences aother than

those illustrated dr QtPERISEIGBSE 58Y MEFEMIEA PRSI IES Fmdpichider ahn gt ®fand any

variations thereofiiake injendagdaleeoelmnpihaxeisietnglasian isdsh that a process, method,
system, article, device, or apparatus that comprises a list of elements is not necessarily 'railed to those
elements, pui24ipy Motudesatbené tmenisi iotexpadss!y fistadvabinhenahtio fkemprodessyankthod,
system, article, degé%%ié)J,’agg(ii %ﬁttaul?ke does not mean that the coupling, etc. in question is or is not

removable,
DETAILED DESCRIPTION OF EXAMPLES OF EMBODIMENTS

[0025] Some embodiments include a method of preparing a flexible substrate assembly.
The method can include: (a) providing a carrier substrate; (b) providing a cross-
linking adhesive; (c) providing a plastic substrate; and (d) coupling the carrier

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

[0026] In another embodiment, a flexible subsirate assembly can include: (a)a carrier
substrate with a first surface; (b) a cross-linking adhesive; and (c) a plastic substrate
having a first surface and a second surface opposite the first surface. The first surface
of the carrier substrate is removably bonded to the first surface of the plastic substrate

with the cross-linking adhesive.

[0027] Other embodiments include a method of fabricating a semiconductor device over a
flexible plastic substrate. This method can include: (a) providing a flexible plastic
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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[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 the terms so used are
interehangeable under appropriate circumstances such that the embodiments of the invention

described hereinﬁﬁ%ﬂ%-@@@%ﬁﬁﬁﬁﬂg sfopgrationaihiern .adentations thandhosguiiwstrated or

otherwise described herein, [0023] The terms "couple,” "coupled,” "could,"coupling,” and the like
should be broad Iy iihds stose Edng st ccairaiifie tes b i SHRRMEE S Sidrhrslerdigically,

mechanically, angigitiethgiige. Two or more electrical elements may be electrically coupled, but not
be mechanically coupled; two or more mechanical elements may be mechanically coupled but not he
electrically @eitijledThwaarnibkerdletidcalelbmants maynbaimeanireaticallyfco upled;akuthoaitbe

clecrically coupled, Cavnlng (whelerenedieniel O eISELiEel Siohmay hedaranyength o
time, 6g,, permanent or Semi-permanent or onfy for an instant. | hie absence of the word
"removably," "rerndwitale, tdhdikermear ahEngbrd \sodpiettthanchtisetliikdinkoe slisotansezm tiebitbise

coupling; etc. in quastionis, QAL [MONABIE: BETAILEDRERGRIELION QE: FXAMELEROF

EMBODIMENTS [0025] Some embodiments include a method of preparing a flexible substrate
assembly. The niether siissneluas o[y PRsoivhdha sdistersuBee asen (iriprstimingsa esd 88 Riking
adhesive; (c) proyiding & plasiaarbeiraiesand @Wheaunhinadhe.aaries smeskstgiadheplasts
substrate using the cross-linking adhesive, i
parallel to the top and bottom sides, or major surfaces of the substrate). For example,
distortion could include shrinkage in the x-y plane of a substrate and/or expansion in

the x-y plane of the substrate.

[0029] The term "CTE matched material" as used herein means a material that has a
coefficient of thermal expansion (CTE) which differs from the CTE of a reference
material by less than about 20%. Preferably, the CTEs differ by less than about 10%,
5%, 3%, or 1%. As used herein, “polish” can mean to lap and polish a surface or to

only lap the surface.

[0030] Turning to the drawings, FIG. 1 illustrates a method 100 for an embodiment of
preparing a flexible substrate assembly, according to a first embodiment. In the same
or different embodiment, method 100 or a portion thereof can be considered a method
of fabricating a semiconductor device over a flexible plastic substrate. Method 100 is
merely exemplary and is not limited to the embodiments presented herein. Method
100 can be employed in many different embodiments or examples not specifically

depicted or described herein.

[0031] Method 100 includes a procedure 111 of providing a flexible substrate. The term
"flexible substrate" as used herein means a free-standing substrate comprising a
flexible material which readily adapts its shape. In some embodiments, procedure
111 can include providing a flexible substrate with a low elastic modulus. For
example, a low elastic modulus can be considered an elastic modulus of less than

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



[0026]In another embodiment, a flexible substrate assembly can include: (a) a carrier substrate with a
first surface; (b) a c.ross-linking adhesive; and (c) a plastic substrate having a first surface and a
second surface opposite the first surface. The first surface of the carrier substrate is removably
bonded to the first surface of the plastic substrate with the cross-linking adhesive. [0027] Other

embodiments inq&%&m@e@%ﬁa@g’%{&m sendusiondavicgvsrnpdexiRig plastigisubstrate.

This method can include: (aproviding a flexible plastic substrate having a first surface and a second
surface oppositedPROhrEes sy iRl Aahg 8 protective material to the first surface of the flexible
plastic substrate; (e) providing a support substrate with a first surface and a polished secand surface
opposite tHfirdt s&?f&??é‘,y(a’fmg?&iﬁbe i‘ﬁ’f g-“fﬁﬁﬁ'ﬁﬂ%ﬁ?lfg Hi[ueegi%ajn(%% Cpine B ARG tﬂ%es
cross-linking acrylictagiksitéconibsthrcfirsTaertaadmf the suppove shbstraieh(fjesmavably daupling the
first surface of thﬁ Sﬁgortgtgr%%tr%tg orthglsecpggn§u5{‘1 ce s% theoflegibée ela%tg%lszg#gﬁratg q;seing the
cross-linking acry e 3Hessweef an (Cg)lfal%iﬁa%lng the §upp(§t substiate a & flexible plastic
substrate with theucfossdfrtkinfachidicddiresivendamaber thelsgp pdrtisubstriaté emdlth dléiekible plastic

substrate, [0028] m '} ing". ag used ' - ry. ' a
S etian slano. Wﬁ.Icpﬁ%fé%’ar ﬁgﬁ%ré%tﬁoepége%% ggggﬂﬁm% Shvaine RLABLRGIAlE 280Ut

his p _ sides, or major surfaces of the substrate. The
term "warping" a¥usédthetenatadeatts wrating alsdispididpiastesenEsieniate Bf WwBGrsRaRlSith

respect to a z-axjge V&B&ﬁ*ﬁg’%@%@ﬁ@&'ism%ra@tﬂaesi@& anghdeitemisides AtmaiefsHfaqes:efdhe

substrate, The term "distortion" as used herein means the curvature or stress of a substrate in-plarte

the x-?,:t plane, WATEF i BhrkaldPbsitREdop ane s LBIgSs 17 rRgdrsitiabder tssebdhate), For
example, distortigi,geuldiRglude shrinkagedntbeixahRlareiekdsuhstiaie andias sypardiprein the x-y

plane of the substrate, [0029] The term "GTE matched material’ as herein means a material that
has R coefficientfotiferrial %%ffme(gﬁﬁﬁ?ﬂ%ﬁ PSP SHRRS tﬁ@%’?@%ﬁ%ﬁ&%ﬁg’%l by loss
than about 20%. Ryigite by, sia clixs tiffar, by lesadbathahadtd:006, pln 3P4 OT d9he#Ss Q664 herein,

"polish” can ItICall to,lap and polish a surf or.to only lap the surface. {0030] Turnin the
crawings, FIG, L UL SRR s 6 e Al SSRGS 7 ArA MG e G ate

assembly, aegyding(o & L MBORIgLD (e, A ar dleaLamBRdiTenh Meled,196 o a

portion thereof Can be considered a method of fabricating a semiconductor device over a’flexible
plastic substrate DNRSEFRRIEIOONS rTaKEREIpIARP amideRstaimitedto the efBddiheftdraSented

herein. Method 10@eamheempleyeddmmanydifigrentembadimants an examalesdohapeciically
depicted or described herein. 510031] Method 100 includes a procedure 111 of providing a flexible

substrate, The tetAR™IERIBIE S4B FAEOBRE 4D HOISH RN LY PUELemfBiRg substrate comprising a
providing L Hetbie GBS 1005 QSRS AURLTES Bt ESATBIAc fo Whid HiSEuRls'can e
considered an elabticicraduitiscofrtes : thah @ppropimatetyafives Gigal aseaisr(GRaj), or a pair of

ceramic scissors. In various examples, after cutting the plastic substrate, the cut sheet

is blown clean 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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terephthalate (PET), polyethersulfone (PBS), polyimide, polyearbonate, cyclic olefin copolymer, or
liquid crystal polymer. [0033] In many examples, the flexible substrate can include a coating at one or
more sides of the flexible substrate. The coating can improve the scratch resistance of the flexible
substrate and/or help prevent outgassing, oligomer crystallization on the surface of the flexible

substrate, and/orjaihersleakage af chemirala s heoiexinit.SubabidieinsMeEeayale thigeogling can

planarize the side of the flexible substrate over which it is located. The coating also can help decrease

distortion. In sonf@@xxpids 2pREcssamsY isl fEAted smprarnd e ¥ thedxilié SIBEHReWhere the
electrical device yjji-beifahricaiad b pihenexamplesnthecaatingds, abdbethsides-oitheflexble
substrate, In various empodiments the flexible substrate can be provided preplanarized, For example,
the flexible substfatetEatPBE" @@W%Wa?@%ﬁ%ﬁé’o%fg}% ﬁﬁ?@‘%ﬁ?ﬁyﬁ%a@aﬁié wider the
tradename "plan@iéz e Tebsieag o655’ hakethésrembrdimets, ¢iglexinecshihatrat@tan bekijlkanarized
after being provided. [0034] The thickness of the, plastic substrate can be in the range of approximately
25 micrometers t%r%%éﬁ%&iﬁ]%t%ﬁ/ 1o lr’r?“lcl%sc’)er%lfetg‘?%.e {nHE\%:b éa%h% Brroaﬁ?(sarlesnf%rﬁﬁlb%%ﬁ r%%n sla%?%
thickness of the pldstiotsubsthateripan desindhensared wisapphorimaltetial 0@micioheférs to
approximately 200 micrometers. [00In some examples, the flexible substrate can be provided by

cutting a siE8Pbf aSplesseesuibstinestiors d F8ildf Yhe plastid iferctiar sty 2 pfeP@iirda pair of
ceramic SCissors,|paHRUSRIAMPIES. AlREGHIENGING:P BslicsubBYAtS olhe.qut aheghishlawn clean

with a nitrogen gun. In some embodiments of method 100, either or both of the cutting and blowing

processes can b&Tfhr Irabli sebHHs a5y cHas &l BB Ry Mo beiflgHif Bbptatctitre il

[0036] Method 1@R-afkiia. A entinuesvuthamasduieot 12:afprgpadngibe fleyiklasubstaie FIG. 2 is
a flow chart illustrating procedure 112 of r? arjnrgﬁtl?e flexible substrate, accordin t(%.the first
embodiment, [00S7FRHGECHBRICEES GBS ca RIERIAL S BRSCALE 0 BRBARAG B floxible

substrate. ing the flexible substrate can help release eligomers .and.other icals jn the flexible
substrate !ﬁgt ul p%l%rr?%a erta%cr:]llprgﬁ? I%%Ielr% ﬁ.r‘?ém m@n%ﬁ!)%q%g)?ﬁ%& 1%6%%%?#&%@ ér:(aamples,
the flexible substlatettanfbefpakeithasilyg 6 Yacuumdbeke processrforiskaniple nthe tdmpéretture in an

oven containing télﬁb%%?éﬁtétm%%% CARRE ARG HB P L ARBIONIPAE S teh DEeR Dety's to
approximately 160 degrees Celsius 5‘C) to approximately 200C. The flexible substrate can he baked

for one hour at apiproxireibe Bt FHOC X MoK ateJIoBOT EnapRrexpretdtird- dfBppldXiAiiely one to

approximately tep llifaehtd NRDHRS ASFARSIAIUTE {RtBR RYEDCRMPRHOW SR DRVGER run
approximately 90C to approximately 115C, and the flexible substrate can be baked for approximately

eight more hoursthesie By proce et salbhpaaieg HehsleloKrisrhse®idking Wrodess & Gomplete,
the plastic substraigieasups:wipetn cleamohaidy mesidbesdr sheolicaspibaicnaretrakad wift (0391

Subsequently, procedur 20fFla2i clu%es a process 231 of providing. a protective template. The
protective templafE Eai %#111 as%%qﬁlgnﬁuydet SrHrr?ge ﬁﬁ'ge%ﬂt%ef E? %glléeé)u%s%% xallrsn%ée::lﬁ as a.
protective Layer bet@eemiipecitéxibtdysubsttateamebtheincliels Andiaithesrsdimgpmeshanidmseof various
processing equipment. Irtl0 ome.e amtBIGeSf Ot{ggtgreo eerﬁgyzget.emplate Is a sheet of Mylar or any

. . mnutes en
inexpensive plastic, P

[0041] Procedure 112 of FIG. 2 continues with a process 232 of applying a protective
material to at least a portion of a first surface of the flexible substrate. In some
embodiments, a protective material can be applied over at least a portion of a
planarized surface of the flexible substrate. In some examples, the protective material

is not applied to a portion of the flexible substrate.

[0042] The protective material prevents scratches and adhesive from covering the
planarized surface of the flexible substrate and, thus, reduces defects. In some
examples, blue low tack tape (e.g., from Semiconductor Equipment Corporation, part
number 18133-7.50) or Mylar could be used as the protective material. The
protective material can be approximately 25 micrometers to approximately 100

micrometers thick. For example, the protective material can be approximately 70
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[00401 The protective template can be 5 nun (millimeters) to 15 mm. thick and cut to a length of
approximatebt: 0,5 m (meters) to approximately 1.5 m. in other embodiments, the protective template
can be 50 micrometers to 15 mm thick: and cut to a length of approximately 0,5 m (meters) to
approximately 1.5 m. In various embodiments, as part of process 231, the protective template is folded
in half and run through. rollers (g,9. ré;gl ami t)p <d A fine s a canier
substrate can alsoﬁ)l E%H%lg%lle%cﬁlw%é %%(El?l LC;I e%ﬂ%gﬁpﬁ% e@i%%@%%%#%%gggr%%?bég)%gggtl%.ﬂé
Additionally, the presteetive resiesiatenaritisenlsaiaides: wptisxntie Neaots terhppreximageyalicnc for
approximately five rRiptIes 10 GReXiaieb 16e miniespasihfaltendie amtesigdemplate. [0041]
Procedure 112 of FIG. 2 continues with a process 232 of applying a protective material i.0 at least a
portion of (st purtaaeafidieifieklesusrateoiNome emhedimeniscasprotecivecnaigritlecan be

lied t legst t fapl ized surf f the flexihl bstrate,.| les, th
Proteetve matoral & H, SHATGH . FRFREH 1 DRSHAIDN SURSHARS. ToOEIRe MeRBRHLe Material

prevents scratchesmpidiadhesiveufrahtcoverngdheafianhsize thgurtfacl of the fibxible suldtréte and,
thus, reduces defects. In some examples, blue low tack tape (e.q,, from Semic r Equipment
Corporation, part %%% lg?%lélf%B} .@B’)? gpwgro(r:(\)%ﬁdpﬁ%t%cgg gg%ﬁ%%ro%ét?&ﬁ%%%ﬁ%? #gg
protective materighush lsetaepyorimatelyedStonizeotn ctdespogyproxipsatesiyeno dnmisssivretershihick, For
example, the pro ﬂc‘!@ti%%tjéljiﬁ%@&@B@@B‘f@%ﬁfﬁb‘a@aﬁﬂgr&m@%.thiCk' In some examples, the

protective material is applied by rolling the protective material onto the planarixed surface of the

flexible sugisate usinga raletite remaveitdaubilashaheenihe Rigesvenraaiarialanehdne flexible
substrate, 0043? Subsequentl {;%roceduerpgllz of F%ﬂgincludes a process 233 of cutting the flexible

substrate and proteRiRERfRer oSS Ee FesereRRRh RS 2RsH I ATEH: TR AR H5 FBER I LRE to press
the wafer shape igtaithe Bexible Selkibleatatwitiethient phasariaed it giianythpllanskostberatotective
material, In one em odEi:%]ent, he punch cut Eem Iatte iaBUSEd tglcreage:[ attem[a?ra%or (ﬁénj[lanent
impression in thef)‘ ettt &' HateMaPEHY M8 HEKiBIE S BstrSta A (e %5%r1eeat1|1m8.r[ 4&% fhlé’epressing
of the punch cut termplate wuibg chenpletelytibriugibltheubeixittte Budbgteapeo thve fiexiblersubstratet is
scrapped because.the press cut can create cracks,in. a coatin the, flexible su h

propagate througﬁglﬁq%ﬁ%e %&F%Igv }subg%rcgte(.) r'er?hne \S/f/)éll gres agn epel% g&ﬁir)ﬁe%‘%ﬁeo%ﬁg gg%ib?é1 c;ubstrate
andlor the protectivetentivsrialaieing the grésssithie fresible scivstraterprekinaiphotestvetimeial am cut

simultaneously W%’iltﬁﬂ%h%%ﬁﬁré&&%%@é‘ﬁ?%ﬂkﬁ?zﬁbﬁ’Jlﬁmglﬂébsnate and protective material are

cut using ceramic scissors approximately one millimeter outside the impression made by the punch cut

template. [BGge]) In sprOgRXamRIeSs the:flexible substrateiinglddes atabexiendimaiom: the mafer
shape in the flexible substrate and the protective material, The tab can. be used to hel alige the

flexible substrate 13RCHY s LeelF S HEH A RHREIRTOYG A THANIN SRS AT RBOSASRE ©LFtt FiG. 1.
Ha 3 illustrates a tjp:viaw ffxabilexibiersihstiaderdatudceardingtotatdlisianboeginenhikdetibie
substrate 350 can include d ndala 1. In many examples, hody 352.can h a circular
shape, Although ﬁ@ﬁﬁ%esatlrg?e#iiﬁi?él’é .3, the %rﬁflésc f{\}gsrﬁa é’riX}fi‘s"}ljg(ff:éiltéﬂ )BP\B/IS:T i é’)%?f) 'éegﬁ)étrate
350 also includesaasirditar iy shapeehtabdimane Erxiiddimbsitathé Yalbds mohypiars bbdye3 plinch Tut

template and is cut.freehand or freestyle into the flexihle substrate e ecti rial. [0 46]
Referring back to G?%i,]'prr‘lc()%}:gl ure ?L%éllgreb%gd%eg%%t?ﬁae%%vﬁ% agi E)]ercl)lf:%sssB 528?%:4 o‘?lgrlea méﬁf e
flexible substrate.ilhgoned axiiipshthprewcbndorinoslplaeeaticedvsiddeaftlsesiestiple Stbslrate (Le.,

the side without e Rrgles e AP UAILiR aBIPSrR. Ieme A AORDSS RPRY Ghemipalano

particles. Alleiwards, the planarized side of the flexible substrate having the prokttive material is blown
clean with a nitrog8h PlEEotREr BxawhJreshtstnosideswylardnty thapler e sebBigiFnadédhe [0047]

Next, procedure 1}giefR\Gnadgludes a process 235 of aligning the flexible substrate with a
protective template. In some examples, the flexible substrate having the wafer shape with the tab is

aligned withoths fineRegaei of Bacarricr 1Sy stpasedidwnlardNale. arcthepraiedtve feaoplaEsmqirocess
231, The ne trace o the Garrer sybsitate s typically. sighiy arger thah the weler shape of fhe fleiole
of the flexible substrate (i.e., the side without the protective material) is dry wiped to
remove any oligomers, other chemicals, or particles. Afterwards, the planarized 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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[00481 Subsequently, procedure 112 of FIG, 2 includes a process 236 of coupling the flexible
substrate to the protective template. in some embodiments, the flexible substrate is attached to the
protective template by attaching a portion of the tab of the flexible substrate to the protective template.
For example, a piece of double-sided tape can couple- the tab of the flexible substrate to the protective

template. Ipg@e %amgﬁ?éeeﬂwtiqa ok throprotartivg.naiorialds peslet aff fiandHemeoysd from the

tab, and the double-sided tape is coupled to the exposed portion of the tab of the flexible substrate. In
some examples, tHeshaRiBABRIRE G e ivamititerialear seipadrsdheifg e srbiddndadreoe cut

from the DrOteCti\iﬁé%@ﬁ&ﬁaﬁi&éi%tﬁiﬂl@ifaﬁfi%[ g seissarsiiie gtherdxamplessipsptasadirg 232 of
FIG, 2, the protective material is not applied to the portion the tab to \%?ic;h the dogf(bzlggided tape will

he attached so pQEIE AN rEH RIS SEY D BB IRPHEE VS mAtsriARfs Fsen &Y' fB049]After
coupling the flexibi® sttt teathesppatactiveceoatingc thefpretaptive tenplatddsibamfelded over the
flexible substrate. FIG. 4 illustrates a partial cross-sectional view of a flexible substrate assembly 440
after attacliiig &lexiSlebsupstrtie i@ ¢duacpidfectiviEl(eniplatéudss papcordingio tHecfinsliepiiodiment, In

I lexi 50 tecti plate 4 rotective
Rfet% td fg%%%%%‘féﬁ&gﬁa{%ibegﬁ%&ﬁg %ﬁ&}}’ iemplate 43R R

this example, a tap %FGg G
material 453 is coueg‘llede toﬁflfexr% e subst scr previously. [0050] in some examples,

only one side of thefleibie sitisbrdte ibarmitrtyedamelprotectieckeras amtim ofhée édapiphss, both
sides of the flexibie yhstag.are Altachedidbe RiaieciversMalale Il085dbext iprareduEg 112 of

FIG. 2 includes a process 237 of lamina ing?rt]he flexible substrate, the protective material, and the

protective templat@PeTHE Fekmifethebehrafe bbbl protetive indberpPHdincisian Bem@eiPthie two

folded halves of the,pratactivie.tesiplate:e Theitlaxiblssupsiratectha prRleChve Ratedal randithe
protective template can be laminated usijng a hot roll laminator to remove air bu Iesgﬁ)e})\geen the
a

protective materidt artPthEpritiifvd demigRitd aherRISH HetieErRe hRSISER 8 Rfthe
flexible substrate flsxistena exaimeplds, shedlexibleissbsisaierdaoa theterptecibve damyplaie ase ptaced over
a guide sheet (e. .,e?éliexant %ide shee andbfed i{“ﬁ thet ot roll I%minta%qua,%s an exglmglre fhe tab of
the flexible substfate and the p BTV MAEEiAT CAn 1héTed firdinto e Taminator. tne ekible
substrate arid thecprotéctivésternpldte atedarmangted, ananpressue DFZapprokimatetirel gvkPave
(lopascal.) to apRMEtely JORUER and A foleMPRIRLYS PLARRLOKIMALELY80G 0 appigximately
110C. The lamination speed can be approximately one meter per minute to approximately two meters
per intinute. [0052}&flesd afnimetihgahindesiblevsl sstrateahanpdtdbaveresrabratenproeedaradti2 is
complete. Referriﬂ&&@gg,_to FTC. 1, method 100 of FIG. 1 includes a procedure 113 of providing a
carrier substrate. In many embodiments, the carrier substrate can be a 6, 8, 12, or 18 inch wafer or

panel, In spinggmbogimentsthe cayiersihstaeear he apapriediarRpPreximatele3pbittnwy 470
mm. [00531 The carrier substrat n include g first surface and_a secanpd surface opposite the first
surface, In some & ?&,‘%?I}e%g‘l?@ngvﬁ %‘éaﬂ%ﬂgﬁﬁg 315 sgc&at?ﬁ??a%gﬁ%?6é%sﬁ'polished.
Polishing the surfaeedhalt 1$enob SulBeduienip aeupleddnihe fexitster sutastrate flnpbbyestientability of a
vacuum or air ch 0 handle the carrier supstrate. Also, polishing t urface that is subsequently
coupled to the fleé%géos%Brs%%?gvr%fﬁrgyglswtggég&f@é?%%%&?@g gfr g}%érrr;%oraé%lgno’f tfirwlgﬁclgr?%n gﬁ%strate
that could cause rotaglanéss of thaffletiltte Sebbteasetassembiy innthewaxisaftemiietediiplingwith the

flexible substrat invari | carri jses at | fth
following: ahmind C30) e e G g e A e, Sl e

silicate, anglieal silisateey aRataEMaiRyabibaliis GIE matabediio shesfiexble suhsizate The GTE of

the carrier substrate should be matched to the CTE of the flexible substrate. Non-matched CTEs can
create stress betWERFFtE darRlpEubdtr A en G HEmesitietiutideagf the flexible substrate are

attached to the protective template.

[0051] Next, procedure 112 of FIG. 2 includes a process 237 of laminating the flexible
substrate, the protective material, and the protective template. The flexible substrate
and the protective material are located between the two folded halves of the protective
template. The flexible substrate, the protective material, and the protective template
can be laminated using a hot roll laminator to remove air bubbles between the

protective material and the protective template and also between the protective
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[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 nun, in a different
embodiment., the thickness of the 96% alumina is approximately 2.0 mm. In another example, the

carrier substrate cotld,be,m single chfstaliilicnn walerwith a.iickngssieldidsastanerpinately 0.65

mm. In still a further embodiment, the carrier substrate could comprise stainless steel with a thickness

of at least appro@WAERIVE0SIRIHS FespifEbRuthplesihehesl thet st hstrarig g shseRageridan the

flexible substrate,{9QB6 ket methedl08 ofFiGadinclides aracedeka kldefipievidinga
cross-linking adhesive. In some examples, the cross-tinking adhesive outgases at a rate of less than
approximately 2 erée?BYﬁlﬂ’é‘Fgrﬁéﬁg’égSnf&filﬁrébWé’ é@&h‘ﬁf@%f%e@?%é—’f?ﬁﬁr%‘%&ﬁ?sﬁ?é?@?hermalIy

andlor UV (ultraviedesyfighicentsaides{0amniedaays ssnhocimeits:i e ctyo) ibkigglapiresive is a

cross-linking acr\élic adhesivetl tf:! aﬂ,e or d'ffe,[ent. tembod;rmentdttha(la clrrgssl,n-lémin%ﬁgl{ge%i)ve Is a
cross-linking pre JuPRERRERE ac ??f?c ddfhedlVe 6 aacroeénéj-ﬁ%akln% ViscORIAtC p(ﬁymer. n some
examples, the CHpmbiieadlyesieds vehe |angeedmpared teathécGiperokithetflexible swbstiate and the
carrier substrate chl)l\l/gee%eg trrlex%lélge ftgvhg I%gthégsi\é Ii][%n%'important because_ the adhesive does not
create any stress (he., vis e%stlcny between the flexible substrate and carrier substrate because the

layer of adfjgsive issgRiNinGeMRaad Relhmthickaess ahingiruble sibsiialeAndsadier sypstrate,
[00581Subsequently, method 100 of FIG. | includes a procedure 116 of depositing the cross-linking

adhesive over a fiPstRigadzesrig daglelosiidratcthondA) erfdSuimstedeeh 886 R 13

cross-linking adhgsjygvaviab a tirstisksaca At the earmieesubairaie candaprifornediysngmntdeast one
of the following methads: spin-coating, spray-coating, extmsion coating, preform |amination, slot die

coating, screen [8nfinkdidH, Bt Sbreart ARG [HEULESPERAMSIS te A S LRBEIAMAETAR be
coated with the ciQesdinkingpastiesive; THemarter0bsitate and the cross-linking adhesive can be
spun to distribute the cross-linking adhesive over a -first surface of the carder substrate, In some
embodimdhts3he diossainking eathesisa isshite co fitedsorfite aalderesubbtnate dsyospiniinghthe carder

substrate with the,grassnking ashesivept-anpioximatel 300 7B IRYolutions BermInyigL 1100

rpm for approximately 20 seconds to appfoximately 30 seconds and then spinning the carrier substrate
with the cross-linkingbaehesiiehed agirbsdimatély sudacepihalolapiiosiviamisndsormptadide the
approximately 1Q75eaandsd:3Q secrnds ik awdifferant embadiment theicamahaditaigwith the

cross-linking adhesive is spun at approximately 600 rpm to approximately 700 rpm to coat the surface
of the carrier subBtbPstEndAheh Eﬁliﬂ“d]tg the surface that is subsequently coupled to the flexible

substrate removes topological features of the surface of the carrier substrate that could
cause roughness of the flexible substrate assembly in the z-axis after the coupling

with the flexible substrate.

[0054] In various embodiments, the carrier substrate comprises at least one of the
following: alumina (Al,Os3), silicon, low CTE glass, steel, sapphire, barium
borosilicate, soda lime silicate, an alkali silicate, or another material that is CTE
matched to the flexible substrate. The CTE of the carrier substrate should be matched
to the CTE of the flexible substrate. Non-matched CTEs can create stress between the

cartrier substrate and the flexible substrate.

[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 subsirate could be

a single crystal silicon wafer with a thickness of at least approximately 0.65 mm. In
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approximately 3400 rpm to approximately 3600 rpm to control the thickness of the cross-linking
adhesive, [0060] Prior to spin coating, the cross-linking adhesive can be dispensed onto or over a
geometric center of the carrier substrate. In a different embodiment, the cross-linking adhesive can be
dispensed onto or over the carrier substrate while the carrier substrate is spinning. [0061] The

thickness of the s kg adRSSEAVEILE Gariar s TAR AN e depnslingaarageslyre can be

between approximately five micrometers and approximately fifteen micrometers. In another
embodiment, thetthidteseselot thestroBerkikiigadiieBive bueraserannssHIstatsTHBPHRE depositing

procedure can bg hehnepR.apprRimaisliras migrometers and approximately fifteen micrometers, In
the same or different embodiment, the thickness of the cross-linking adhesive over the carrier

substrate afigsdhe drposiisgaaroceddrEeIGan heheabyegirappieximatelyptea dmgrorretersrkme

approximately Twelve micrometers, [0062] Method 10Q of FIG, 1 continues with a pracedure 116 of
baking the cross- L\%hvge'a SN 1R el}f%ﬁ{ﬁ%ﬁ' @ﬁ‘&gjﬂ@ecsrlggé’-‘ﬁtﬁﬁlsﬁ %( rgs%’g%astﬁ &baked to

remove solvents.abproakamgile 2thel 6FbFoririking pethesivelcan berhakeeanail8)Ehforthistjinkingtes and

then baked for fiftegen minutes at 130C..[0063] In othe mples, the cross-linking adhesive is not
baked. For examp e??fvtﬁésglgggﬁlﬁk?ﬁlglggﬁgs@u B’le?ie%r?;%nk%ﬁ? 1ﬂeﬁlaer'wy sols'ents, a bake is not

necessary¢{orpovel, e cresmipinmactiesive s MARHISARIS IO NCRISMAURKER DRAdiled (0 the

cross-linking adhesive to decrease the viscosity before the adhesive is deposited in procedure 115,
[0064] Afterward@diissivarrrikepanae diicraitaiation el stestiie tBim B s Akt

substrate is alreagy.caupled if-ReRipoRion Y halbsabtbePpectiviterpiale as showmdn FlG. 5, and

the carrier substrate with cross-linking adhesive can_be placed on another portion (or half), of the

protective templat@Th SBMBlekdhfplets thi tRrodiffim i AGhe s SLRarr 48t fofmathi&hoint.
Thus, the carrier gelisikatgteaatedmithdhergrssiinking atlhesive tanGEEsiOrke aikzostallydor

approximately eight to a oximat(-‘;i twelve .hours before being coupled with the flexible sug, trate,

[0065] Next, met%%laof@glgi@%?iei gﬁj eg%?oég%surneoilcfe(%%gaﬁlirsﬁtéetsr%e{ég'rrié“rsgﬂ tféa%zlactl ?o the

flexible substratelgsingihbecflestlinkihgrathesivemibileubgthts bosiratethateytocdtedthbetweesnthe

proteciive templayg halyes, 10e secandsurtase ol A2 dhe I sble subsirals can g placed over the
ersub located

. 1
first surface of the carri strate W|t?1 the adhesive located between the second surface of the

flexible subsfale arduhe lEshsuHREGA! IHE srie) SUBRiale; IDPRRLINROMSE srampigantecarrier

substrate is coupled to the flexible substrate using the cross-linking adhesive by laminating the flexible
substrate assemRPHSHEaE tAEPTBTe NG tenfBitcs AN Es 16 1BGHESTr BitbIES betheBiitHe carries

substrate and the.fipdblesHtpiaitaminatiosthediexiblasukstiatedmolvesiistalisning: the carrier
substrate with the flexible substrate so that, when laminated, the carrier substrate and the flexible

substrate are alighaiTaH&A? (P RGBS HIERIPE (6aTH BRerah T RI AR SET P tSnTiNRISP2iich can be
the same laminatgsrof-poagegs 23BfNGecitihpe fiexiine subsitiatieqsstmblyecandiad, asirated at an

approximate speggof 0:410,0:6 melers, et minute

[0059] For example, the carrier substrate can be coated with the cross-linking adhesive.
The carrier substrate and the cross-linking adhesive can be spun to distribute the
cross-linking adhesive over a first surface of the carrier substrate. In some
embodiments, the cross-linking adhesive is spin coated on the carrier substrate by
spinning the carrier substrate with the cross-linking adhesive at approximately 900
rpm (revolutions per minute) to 1100 rpm for approximately 20 seconds to
approximately 30 seconds and then spinning the carrier substrate with the cross-
linking adhesive at approximately 3400 rpm to approximately 3600 rpm for
approximately 10 seconds to 30 seconds. In a different embodiment, the carrier
substrate with the cross-linking 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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[00 7]Also, in various embodiments the protective material may stick to the protective template when
laminated. To avoid this problem, a shield. material can be located between the protective template
and the protective material before the lamination of process 237 and/or process 232. The shield
material can be, for example, wax paper. In one embodiment, the shield material is originally coupled
to the protective materiahwhenags ﬁﬂt@%&bi&ﬁmyf%w%n{qg%%ihﬁé?&%%@'3&9{1%“_
embodiments, some of the cross -linking adhesive can be squeezed out from between the carrier and
flexible substrate€ eRirtigiaEHAERS and adhere to the first side or the top of the flexible substrate,
particularly because the carrier substrate and the qverlying cross-linking adhesjve layer is slightly
larger thai%g%jllexiﬂéo&ﬁ%%é:f’ﬁ%p SERLE" p?gl?gﬁlﬁ\?ecﬁqa r&f,p oW \Pé?,op%\%ﬁlfsgthis
problem from ocgringrit henceoss tinkingiadhvesivedhdd salifferas ouib@hchadhbres éesthiekiog of the
protective material,{instead of th flexi%% substrate) js inconsequential hecause the profective material
s eventually romBla o e DO o e e R R et
substrate assemidygidfindter coupling a carrier substrate 551 to flexible substrate assembly 440,
according to the first embodiment. In this embodiment, a cross-linking adhesive 552 couples a surface

561 of cartkidubstfite Bkesss sfirtheenee bisiagigrhetivetre 350 cavistetiRdrpatlif 1S3 is
located over a suifaceifmb gfrfiexible substrate 3elvahielshmaigrialdp4 fxdocateshhrivweenprotective

material 453 and protective ten#()EIate 455. Protective template 455 is folded_such that protective

template 455 is BB ISEAIEDUNISFE QUFFARESER ofitAMRLhs pahalinss thaplakeeeb bty

protective templaterdShiaflexilessehsisate 4&6:i Qv iRefaringrgripobsiek inddallsenathied 100
continues with a procedure 118 of processing the flexible substrate as eg}gbl , FIG, 6 is a flow chart
lustrating procedGT FEBPBRREHA IS TISHane SRt R ASSEIS, AUESh A e ik
embodinicitt, [007H4 Fraceddiéfcidd efmbtal inktlube shichiesesSie36 afs dirtting tithdtexibieestistrate
assembly. In some examples, .a pair of ceramic, scissors is used to cut the protective template and
cross the alignneH s o T b e DL e Bt esan i S TN B8, e
alignment tab is mokremavedehtipplyiifleatdpting wheftexibiécsubstrate assembly, the protective
template can be peeled away from or otherwise removed from the shield material and the carrier

substrate b§08ahd. Micthor il(16tPAtEK A bressuineesivifh) ¥ iresfiaxii R dubrdtingehsse@ntifp4ng after

cutting the flexiblggubstats asaemply s dar NG dbeIRIatactivrtermRriatsAsgItogdadhe first
embodiment. Mote, specifically, in FIG. 7, protective template 455 (filers. 4 & 5), tape 456 (FIGs. 4 &

5), and tab 351 ofHEsbe S B SHraaPis I Ha G el IAEnAGER Y fOBroPRBISRINY &Jain 1 D6, the
next process in progaidrand h8ndak pIaeeasiEanghiemavingihe 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 @8] Thinflekivle sulystratchassesmbiylimgladiysinevetaffttiiedabkowbiletple, stfigld layer is
removed (e.g., p . the flexihle trat . That is, the,shield layer emoved
by pulling the sh%%%r%lé{t{g}% 31 ?\gv?;es)lvx&}gréi %%%,@f&%ﬁe%g%‘& Sooﬁﬁle%l%éerb\%%legsth%XﬁeI%%?é% bstrate
assembly is movééehurizontally ototditdting. idhssime iexamiplesoifshrolferiblasubserabs ildet properly
centered on or otheise aligned yithhe LRTHeL KSR /Bty Brod R i shiRdlaysisithe plastic

substrate can be slid into alignment with the carrier substrate.
in procedure 115.

[0064] Afterwards, the carrier substrate can be placed on the protective template. The
{lexible substrate is already coupled to one portion (or half) of the protective template
as shown in FIG. 5, and the carrier substrate with cross-linking adhesive can be placed
on another portion (or half) of the protective template. In some examples, the cross-
linking adhesive is still in liquid form at this point. Thus, the carrier substrate coated
with the cross-linking adhesive can be stored horizontally for 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
12



[007 3] 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 7.-direction (relative to the carrier substrate) might cause de-lamination of the flexible substrate

from the carrier subsiyate,  de-anminalion aseurene flenble Sybstle Assambi pane o

laminated, FIG, 8 illustrates a cross-sectiorial view of flexible substrate ss mbly 440 after removing the

alignment tab, adberaithgstvethesfiest erhbesditheseqosirairRexiphscBeride1st8som andbiisditles a

process 633 of clgaping thg flexihle suhaiate assembly. In some examples, the flexible substrate
assembly is cleaned with hexanes. The hextmes can be applied by spinning the flexible substrate

assembly prgbsprayingifiehexpradpndiaarapatine matapak Aftae hexetadivemaitiiahis
cleaned, the exposed surface and edge of the carrier su%%tr%ie is wiped clean V\{itl-&kh%axaneﬁ.1
[0075]Procedure 28 SF¥(eS & ﬁﬂ'ﬁuﬁ% RN RS s a3 ?éﬂﬁl?%a%ea SR SRS SiH&ive. In
the same or diffefgpteernadiment, iihie arassetinkiogi adtisisivebiswbdctikechriiar exampiarhéiexible
substrate assem n be exposed ta UV light for roximately 15 to econds arid ro
temperainre to Cﬂ%@ﬁé}%&%ﬁﬁ&&%&ﬁ%ﬂsﬁgﬁﬁ %%?nf%e Sé)f% trgtt wﬁlgr(\) g,e ﬁ%%r%é%ﬂﬂ%ﬁ%g C;agi%%}sive can
be cured with IN kghdtiattheild hightxiatgeibftegsproximgtelye8 Janintgdationsetdes saostapigrandmately
390 mu and with an intensity of rQxi 75,.1nWicing.: (mili iBElen: A
Dymax 2000 G 1 e e B

Connecticut, caniod Usesihtdocureiinl eroskelitkintmaHesinaifoozalivssficdd tafBied; thee
cross-Linking adhesiye s termalleHied during e hakinginpiasessieas psane examples, the

edges of the cross-linking adhesive are uv cured, and the rest of the cross-linking adhesive is
thermally cured du@6HEStRE BHRING of process 636. [0077] Subsequently, procedure 118 of FIG, 6
includes a process 635 of removing tqée(:? %rotectiv material from the erxibIe.stll%st ﬁte aigembly. In

some exaHPI8E] thé Bt avE SRR CRITHE T reTHE G SRRy Rk 8 Y& DR HRE S

é'removal
process, the protegtiptamaieiallisnkentds flat aspogsibiedolavpid déeldminatiab dhe fiexisleesubstrate

from the carrier substrate, In other examples, the protective material ¢ bff re le_by 133 fight, In
ihese examples, 116 BAAL B ALCH AP b IS Pk AL ae00 P ot
illustrates a crosspssational\dedjoniflexibic 3ubSthatehadd enatsiviad 48nstier frarerovimeteaproapetive

material from Ihe fieaiRle SURRITRIS, Areoll araoiing o R tsh embacReRL NSk ek

procedure 118 of ludes a process 636 of baking'the flexible substrate assembly. Baking the
flexible substrate siBseandlyitcdrithelhdesrantetier:5

[0068] In the same or different embodiments, some of the cross-linking adhesive can be
squeezed out from between the carrier and flexible substrates during lamination and
adhere to the first side or the top of the flexible substrate, particularly because the
carrier substrate and the overlying cross-linking adhesive layer is slightly larger than
the flexible substrate. The presence of the protective material, however, prevents this
problem from occurring. The cross-linking adhesive that squeezes out and adheres to
the top of the protective material (instead of the flexible substrate) is inconsequential

because the protective material is eventually removed and discarded.

[0069] FIG. 5 illustrates a partial cross-sectional view of flexible substrate assembly 440
after coupling a carrier substrate 551 to flexible substrate assembly 440, according to
the first embodiment. In this embodiment, a cross-linking adhesive 552 couples a
surface 561 of carrier substrate 551 to a surface 562 of flexible substrate 350.
Protective material 453 is located over a surface 556 of flexible substrate 350. A
shield material 554 is located between protective material 453 and protective template

455. Protective template 455 is folded such that protective template 455 is also
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distortion, bow, and warp in the flexible substrate. In some embodiments, baking can also cure the
adhesive, [0079] in some examples, the flexible substrate assembly can he baked using a vacuum
bake process. For example, the temperature in an oven containing the flexible substrate assembly can
be ramped up over two to three hours to approximately 1 60C to approximately 190C. The flexible
substrate assemblal fufRkad 408 sepgroxmetelinies 1,40 ssindissel 1bic.and with a
pressure of approximately 1 milliton to approximately 10 millitom The temperature in the oven can then
be lowered to betwepkiagporithatdile 90GeeP9C, and the flexible substrate assembly can be baked
for approximately seven more hours to approximately nine more hours, Other baking processes can
be also b YEHY. ARSEHEB ARG %@e@s%@oh oth M singsb Stithe dessribtied Hetleaned
and placed in angyessahappeoxisaiely 206iriee1dlemtoy.a miimenisof.approxinateiubiathours,
[0080]After baking the flex(iﬂ sybstrate ass mkﬂ? ?oce ure 118 is %amplete. : efe[rri a0, in back to
FIG. 1, method 100 5HeHiG %%%&’688"&%“%1 o oty Bt BPHbTe St Hic At cmponants over a
surface of the flexihte dustrate, 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. fit the
same or dif#érdnt eRrooetinrent] $hef GHE of mishedeteetrivaiessmifbnéststiapribatderdlerstistfidxible

substrate can inCAHQe%lagﬁ qh 0Re L HsUansislor Seprarniciiaht emiting Aiodes. Braanic light

emitting diodes, electrode -s, field effect transistors, and/or passive structures, [0081]FIG, 10 illustrates

a cros sectional VW BiTIanthsTosh skt i gusem R Mol Er b fcabrgn L G eAde whsEtial

components 1058, guer;skiagsl aety0f fiexiblesuhstiate3p0 Aseordingirdl. Airsl-emiaadiment,
[0082] Referring again to FIG. I, method 100 of FIG. | continues with a procedure 120 of removing the

flexible substrate!trSthltnauBsiEs: atisatPiYe, s SBRIECEYA L th &M XbIRCEls YR JErPh@Temoved
from the carrier spiasiate BynReelinfgiialRlaptitdsuasiralafdmetbertariesssubstatedy, e, 7FIG, 11
illustrates a cross-sectional view of flexible substrate assembly 440 after.remaving flexible substrate
350 fror tho oo bt ST A BN ey LS HIREHE bR SRS o e R oriba
herein, and simildteriblihadssaate aliexntdpricationmoforgetbe motecalectricplaomponeiityg on télexible
substrate with ze r at least minimal distortion, (e.q. an ar roximatel imits of.the
sensitivity of an glz(%(s)gr)ees 2 ,lerr;r}llanu argtﬁpgal&t%a ’o%és drp’o%‘%gﬁfc)‘)%&Wtﬁ?ﬁtgtgé?vgggéﬁ%setts),

Prior art methods bftiabricatiitelettidal sohipohthty OnxtéctiaRitelsabsirare btifferefronedignificant
distortion problems that can lead to handling errors, photolithographic alignment errors, and line/layer

defects, [OOBFERAItHREGH & 38%8KoRINa S LBE T EsERISEs Wit RaeheRch fo 8 fepiresetmbtdfents, it

will he understoogd: Ry hgsenskiled dnthe it hatatouschaneesmayde Madrwibosideparting from
the spirit or scope of the invention, For example, it will be readily apparent that additional baking

and/or cleaning proEBtYdS Riafefe Hibrdethe e b e sBidenisHaLs B o iR e tribed
herein can be perfesibrdsaysaamashinehndsadtamaiedvaridiianaliedamplis afessidbléhanges have

been given in the foregojng descriptjon. Accordin the disclosure of empodiments, is intended to be
illustrative of the %%%eeé? ’iR%éﬁ%Po%%’i@% %%’&ﬁ\f%esr@é 46 BE ?%tﬂ?'ngr?ﬁaitsllsh eﬁggﬁf&ﬁ:alyﬁ%’e scope
of the invention staillHzertimited diglpadithetex il deopaired lyothesaiod ende drokainhs. clgoonetof ordinaty
skillin the art, it wil e, ipadiyapparsntat ihe fledhis, Subsirata assemblyiandmethapls dipussed
herein may be imp emented In a variety of embo |menl§, and that t e?oreg ing discussion of certain
of these embodiremnts doewphst nedusskriplreprbsent atonipheepdbs captiord ofmIbp odeibiase

embodiments. Rajher, fhedetalleddsschiotion afihestiawingsand e.drawigs demsslves, disclose
at least one preferred embodiment,and may disclose alternative embodiments.
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-
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[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 elementjgr.elementsdatimakaause 30y REnGl AAVANERESINE SOINHAR IQLREY g4pecome

more pronounced, however, are not to he construed as critical, required, or essential features or
elements of any 8FEITEPMHETR M3l E00B6Y Meoreevising iube e rabkasdameakations disclosed herein

are not deﬂ_} d tg the public. under the doctrine.of dedication if th mfgc()aiments ndéorﬁ are not
cxprossly C0iAbal 1 GHe PSRRI P araOr &irpotuGalR) SN AantS S BRRECCILRNES andlor
limitations in the sidnstendermible. dbciome of @opinea ibntdexlAdMbS M atsentbiedetsicl)witmethod
comprising; providing a cagriet substrate; providing .a cross:linking.adhesive, the cross-linking adhesive
being contgurec T Bt S e G Le AL e S LLEN S Tt e e L
providing a plastispsyhsgrdbe; bewdnes 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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c.oupfing the carrier substrate to the plastic substrat 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 ubstrate; spinning the carrier substrate and the
cross-linking adhesive to distribute the cross-linking adhesive over the first surface of the carrier

substrate; and plaging:RAIreh ILYAES I RIASEG SRIBAISOVer taeUiShBHifarsQf thefatie"

substrate with the cross-linking adhesive located between the first surface of the plastic substrate and
the first surface ot EsErErstiBErate. 3) The method of claim 1 wherein: coupling the carrier

o the carri b e Teh GAES Bhe L BN, FErTRALED B PR L g ApeE g,
extrusion coatingbgkefprotdsmindionx sigtld]etcoatingeanserée ntamisationtdhhbetheefliadbtef claim 1
further Comprismgﬁbstrate assembly can be ramped up over two to three hours to approximately 160°C
to approximately 190°C. The flexible substrate assembly can be baked for
approximately 50 minutes to 70 minutes at 180°C and with 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 clectrical components fabricated over the flexible
substrate can include one or more thin film transistors, organic light emitting diodes,
inorganic light emitting diodes, electrode 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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after coupling the carrier substrate to the plastic substrate, removing the plastic substrate from the
carrier substrate. 5) The method of claim 1 further comprising: after coupling the carrier substrate to
the plastic substrate, fabricating one or more electrical components over a surface of the plastic
substrate, 6) The method of claim 1 further comprising at least one of: thermally curing the

cross-linkingyadhesiyealtes GOURIAG B AAIRS UNSIRISID He RIRsUE SRSV EHITS e

cross-linking adhesive with ultraviolet light after coupling the carrier substrate to the plastic substrate;
baking the plastic®s iR HEfGFCeBRPNAR tHE cafliaibatsshatattoHb prsRE SUB&tFaBIBRBhking the

cross-linking adhggive:afese; couplinghtie saFisnsURErale Indite astic sRalEIRr anThesmethod of
claim 1 further comﬁrising: attachifri% a E;rotective material to at least a first surface qf the plastic

substrate before COUPIMGIHEHIFEPS Sreparatiasicalmietes; MasrahuselBing e arrier

substrate to the phastiedBubSHaiaRamPERescal pling sheneavietrubsiidle ksaeondfsiface of the
plastic substrate léli%nni%(tigl?t Cc[g?c?l:tlilgg 'B?oﬁl%&%s't\ﬂ?at' can lead to handling errors, photolithographic

alignment errors, and 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 1o 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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8) The method of claim 7, 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. 9) The method of claim 8 further
comprising: providing a shield material between the protective template and the protective material 10)
The method of clagn &ty epmpisingi e s spte b Rle-m crssiniing dnesive.
the plastic substrate; the protective template, the protective material, and the shield material. 11) The
method of claim EXprrseeitraetsastdnelonipiovieinghnelvarispdupbe desEomprisasvaleviding the
carrier substrate with at least a polished first surface;
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providing the carder substrate comprises providing the carrier substrate comprising at least one of
alumina, silicon, stainless steel, or sapphire; providing the carrier substrate comprises providing the
carrier substrate comprising a material that is coefficient of thermal expansion matched to the plastic
substrate; providing the plastic substrate comprises providing the plastic substrate comprising of at
least one of polyethylene naphthalate, polyethylene terephthalate, polyethersulfone, polyimide,
polycarbonate, cyclic olefin copolymer, or liquid crystal polymer; providing the plastic substrate
comprises providing the plastic substrate with an elastic modulus of less than approximately five
GigsPascals; or providing the plastic substrate c&hﬂM@s providing the plastic substrate with a
thicknessgvrhthe ran eegﬁsapproximately 100 micrometers to approximately 200 micrometers. 1 The
C

method o gfr'r? wheérein: providing the cross-linking adhesive comprises providing a crosslinking

acrylic adhesive. 13) The method of claim 1 wherein: providing the cross-linking adhesive comprises
providing tha siesedigkingrisMgesive having a thickness of approximately five micrometers to
approximately fifgeen micrometers. %é} A flexible substrate assembly comprising:

roviding a carrier Substfate,

providing a cross-linking adhesive, the cross-linking adhesive being configured to outgas
at a rate of less than approximately 2 x 10 Torr-liters per second,;

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.

4) The method of claim 1 further comprising:
after coupling the carrier substrate to the plastic substrate, removing the plastic

substrate from the carrier substrate.
5) The method of claim 1 further comprising:

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

electrical components over a surface of the plastic substrate.
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a carrier substrate with a first surface; a cross-linking adhesive, the cross-linking adhesive being
configured to outgas at a rate of less than approximately 2 x 104 Torr-liters per second; and a plastic
substrate having a first surface and a second surface opposite the first surface, wherein: the first
surface of the carrier substrate is coupled to the first surface of the plastic substrate with the
cross-linking adhesive. 15) The flexible substrate assembly of claim 14 wherein at least one of: the
carrier substrate comprises a polished surface opposite the first surface of the carrier substrate; the
carrier substrate comprising at least one of alumina, silicon,s steel, or sapphire; the carrier substrate is

coefficientlofRRERFAPE PSR A f‘r\'&?@ﬁéﬂ’?@rf'ﬁi@%ﬂéﬁ%séﬂﬁgt?gte; the plastic substrate comprises at
least one of polytetnyleihe cawipltiisdateosoliykihy ladkesve phithalateplpw yibthesudosebgolienidde
polycarbonate, cyﬁlg's{p&@mgpgglymer, or
curing the cross-linking adhesive with ultraviolet light after coupling the carrier substrate
to the plastic substrate;
baking the plastic substrate before coupling the carrier substrate to the plastic substrate;
or
baking the cross-linking adhesive before coupling the carrier substrate to the plastic

substrate.

7) The method of claim 1 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 carrier substrate to a second

surface of the plastic substrate using the cross-linking adhesive.

8) The method of claim 7, 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.

9) The method of claim 8 further comprising:
providing a shield material between the protective template and the protective material.

10) The method of claim 9 further comprising:

laminating the carrier substrate, the cross-linking adhesive, the plastic substrate, the
protective template, the protective material, and the shield material.
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iquid crystal polymer; the plastic substrate comprises an elastic modulus of less than approximately
five G gaPascals; or the plastic substrate comprises a thickness in the range of approximately 100
micrometers to approximately 200 micrometers. 16) The flexible substrate assembly of claim 14 further
comprising: at least one of the following are located at the second surface of the plastic substrate: one
or more thin film transistors, organic light emitting diodes, inorganic light emitting diodes, electrode
arrays, field effect transistors, or passive structures. 17) The flexible substrate assembly of claim 14
wherein: a thickness of the cross-linking adhesive between the carrier substrate and the plastic
substrate )T tR&ehee FrekaiprdMhriER ARl iensrhkters to approximately fifteen micrometers. 18)
The flexible substaitieiagseanblyrier Galistrate fosthpriszanppeibitiey therateeti wabsziérialitbvar [dastsecond
surface of the pla?%%sq*&sﬁ;g{ghﬁa%)tective template over the protective material; and a shield

i ]

material between the protective material and the protective template. .
providing the carrier substrate comprises providing the carrier substrate comprising at

least one of alumina, silicon, stainless steel, or sapphire;

providing the carrier substrate comprises providing the carrier substrate comprising a
material that is coefficient of thermal expansion matched to the plastic substrate;

providing the plastic substrate comprises providing the plastic substrate comprising of at
least one of polyethylene naphthalate, polyethylene terephthalate, polyethersulfone,
polyimide, polycarbonate, cyclic olefin copolymer, or liquid crystal polymer;

providing the plastic substrate comprises providing the plastic substrate with an elastic
modulus of less than approximately five GigaPascals;

or

providing the plastic substrate comprises providing the plastic substrate with a thickness
in the range of approximately 100 micrometers to approximately 200 micrometers.

12) The method of claim 1 wherein:
providing the cross-linking adhesive comprises providing a cross-linking acrylic

adhesive.

13) The method of claim 1 wherein:
providing the cross-linking adhesive comprises providing the cross-linking adhesive
having a thickness of approximately five micrometers to approximately fifteen

micrometers.

14) A flexible substrate assembly comprising:
a carrier substrate with a first surface;
a cross-linking adhesive, the cross-linking adhesive being configured to outgas at a rate
of less than approximately 2 x 10™ Torr-liters per second; and
a plastic substrate having a first surface and a second surface opposite the first surface,
wherein:
the first surface of the carrier substrate is coupled to the first surface of the

plastic substrate with the cross-linking adhesive.
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19) A method comprising: providing a carrier substrate; providing a cross-linking adhesive, the
cross-linking adhesive being configured to outgas at a rate of less than approximately 2 x 104
Torr-liters per second; providing a plastic substrate; and coupling the carrier substrate to the plastic
substrate using the cross-linking adhesive, wherein coupling the carrier substrate to the plastic
substrate using the cross-linking adhesive comprises: spin-coating the cross-linking acrylic adhesive
across a first surface of the carrier substrate such that a thickness of the cross-linking adhesive is in
the range of approximately five micrometers to approximately fifteen micrometers; using the
cross-linkﬁb%}'lﬁi"glﬁﬁgﬁgal@ aseprrinafiaia ddadeerind [easi@ns fistrate to a first surface of the
plastic substrateharndridEnndsigttheooamirrssa pslikisdaudfzhe piastitesihbdirsitewvibethetioeassrianking
acrylic adhesive I%ggqgllggtween the support substrate and the plastic substrate. 20) The method of
claim 19 further comprising: after coupling the carrier substrate to the plastic substrate, fabricating one

or more electricieSApEhHHSHol SYBREHAG A RRShOR Pl i stiign. stainless steel, or

sapphire;

the carrier substrate is coefficient of thermal expansion matched to the plastic substrate;

the plastic substrate comprises at least one of polyethylene naphthalate, polyethylene
terephthalate, polyethersulfone, polyimide, polycarbonate, cyclic olefin copolymer, or
liquid crystal polymer;

the plastic substrate comprises an elastic modulus of less than approximately five
GigaPascals;

or

the plastic substrate comprises a thickness in the range of approximately 100

micrometers to approximately 200 micrometers.

16) The flexible substrate assembly of claim 14 further comprising:
at least one of the following are located at the second surface of the plastic substrate:
one or more thin film transistors, organic light emitting diodes, inorganic light emitting
diodes, electrode arrays, field effect transistors, or passive structures.

17) The flexible substrate assembly of claim 14 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.

18) The flexible substrate assembly of claim 14 further comprising:
a protective material over the second surface of the plastic substrate;
a protective template over the protective material; and
a shield material between the protective material and the protective template.

19) A method comprising:
providing a carrier substrate;
providing a cross-linking adhesive, the cross-linking adhesive being configured to outgas

at a rate of less than approximately 2 x 10 Torr-liters per second;
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providing a plastic substrate; and
coupling the carrier substrate to the plastic substrate using the cross-linking adhesive,
wherein coupling the carrier substrate to the plastic substrate using the cross-linking
adhesive comprises:
spin-coating the cross-linking acrylic adhesive across a first surface of the carrier
substrate such that a thickness of the cross-linking adhesive is in the range of
approximately five micrometers to approximately fifteen micrometers;
using the cross-linking acrylic adhesive to couple the first surface of the carrier
substrate to a first surface of the plastic substrate; and
laminating the carrier substrate and the plastic substrate with the cross-linking
acrylic adhesive located between the support substrate and the plastic
substrate.

20) The method of claim 19 further comprising:

after coupling the carrier substrate to the plastic substrate, fabricating one or more
electrical components over a second surface of the plastic substrate.
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