WO 2011/ 090641PCT/ US2010/ 061195 METHOD OF USI NG A MASK TO PROVI DE A
PATTERNED SUBSTRATE 5TECHNI CAL FI ELD The present invention concerns
t he manufwotaarignvoed41subst rat es havi ng patterned featurespom/ush@onesnsface,
and nore particularly to the use of nasks that allow patterns with very
smal | features to be fornmed on a substrate. 10BACKGROUND Mboder n
manuf acturing finds nunmerous uses for substrates having a second substance
| ayered on the surface in a predeterm ned pattern. As one well known
exanple, printed circuit boards have a patterned | ayer of copper on one or
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di rensi ons. For exanple, transparent touch-screen sensors have a substrate,
such as glass, with patterned traces made fromindi umtin-oxide. The
pattefPned traces can be formed WERHNIGAL&HRLEY i nt ed mask. Screen printing
t echnol ogy, | i i , 1Nl :

resol ution ofng% rox?%%%éﬁ%hggnﬁgﬁé%%Eﬁgﬁﬁﬁpggﬁ%ﬁ&gkﬁkgﬁﬁg#f@%#§%dstep and
repeat phfeitotes bholgriapificeand 2tae parivelafly Rethefusabimeskselalallbweagerappithac hi ng
25 mcrons, but such a process is not well adapted for producing such fine
patt er ns ¥§vetmlh a%ﬁ%%tpieém%@ DIUOEHEer sized substrates.

Sophi sti cated new products could be nade in the fields of touch sensors,
optical displays, EM shielding, flexible circuits, and active signage

di spll@y units, if an efficient mB&GEGROUNDtechnol ogy exi sted that

al |l owed for fgger%ﬁatte ns or r |arger siged %ﬁ@gtterned substrates to be
manuf act ur ed PPN EHIP{FCUrBERRRPITAR D PSR PR e WP es a way to
produce syBshiRUSRrEPH G sBrfRRLih ApRQEtdrAYRY pattbA. SlstdiRwdIualywin dd@mpigat ur es
t han has previously been possible using screen printing technol ogy, or to

be made mymécdedifcuiibentds hatga paitcapedayares copnet og anc dbath Sprétace tondvidasks on

| ndef i ni tc%nlh?cr‘ggfte tc]ra\é\e/est.)%\/lIor% r8ech Iy,I inal?strgrq{als fRNAGSESfor patterns formed of more

15  exotic materials with ever finer dimensions. For example, transparent touch-screen
sensors have a substrate, such as glass, with patterned traces made from indium-tin-oxide.
The patterned traces can be formed with a screen-printed mask. Screen printing
technology, in a manufacturing environment, has a minimum feature resolution of
approximately 50 microns or greater. Alternatively, step and repeat photolithography can

20  achieve finer feature resolutions approaching 25 microns, but such a process is not well
adapted for producing such fine patterns over the entire surface of larger sized substrates.

Sophisticated new products could be made in the fields of touch sensors, optical

displays, EMI shielding, flexible circuits, and active signage display units, if an efficient
manufacturing technology existed that allowed for finer patterns or for larger sized

25  patterned substrates to be manufactured efficiently.



A method for patterning polyner filns using an elastonmeric stanp is

di sclosed in US Patent No. 6,966,997. However, for certain patterns such as
a repeatiwg2bex@g@mal pattern (honeyconb pattern) wher e PCHAISRONGIOvi1dRIal
traces are nore widely separated, an el astoneric stanp does not work. It
has been found that the contact portions of the 10 el astoneric stanp,

form ng the hexagonal pattern which extends fromthe stanp's body, conpress
too much allowing the stanp's body YMMBRYt o contact the substrate ruining
the fine patt i L1 , ocess
used to nake Sﬁ{e% pg{:saeg 109%??’8 %gﬁg%s%ﬁ%ﬁogﬁ?%%ggg%{%%rh?lgisnélatl;saﬁlgrr%l%g stanp
havi ng sdayrevitreithecaolyfiharfedtess titanchae pteviwislygbcen possitie ush@rgedrody with a
flat, horizonta rface that contact Ct hte[\YESSubstrate in use. Such a

| s
conf i gu_ré)ﬂn&ﬁ_gfwn@ﬂ&y,@ém T MPOFPFG % 28 PRRASAES HRLEAN @8 can 1 i t
the msni M Wed histO8n r%'d@ﬁﬁi{e'IE%hWe%ﬁ?aRﬂHQHSI‘?QmQ%ssF he stanp process.

The i nventors have determ ned at a structured tool, having nore rigidity

t han an el ast oferctlodsbapgtersog pelyntch &ilps shhean obstomorierstempaodistiosadoe when
using an st oner i < pesirably, the structured tool is sem-rigid
auch t natCs PREETRE G AL ey ol R uheie B e Bie SefoPeSs ¢ gi o
than an giRemShogeycomb pafterhPeherdBReInIMaBh&s arclBradeRicadpsadR] dmance
assures that the contact potions of the structured tool can all touch the

subst r at eclastagugricagamy deesmopmerk. t Iy bpebesndowshihptche eprjpnt poionaef tes of t he

i i . dul f ] I h b '
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surface during use. [o]

separ at edcoplréss tetSmAth Al@ptidg B stnfie bplipp&tionns corltdve thembiade Alifinwichout
rui ning those features hy inadvertentla contacting the substrate with the

st ruct ur dénetng8ern; of panieddicxpganabiraces nfdpidienalho tiseprppese ugad tp makgdy r ed
pattern. t I f . ul d be
e <1 gi G AR hOF (AOMIAGIe R IRDR: B bl AN o Bl

anot her nfaitercs aktchdivig fignmhe Rtanipglvely wiklga fat, Yiorizomtal isarfaertyaticostaemcles it wil |
al so he made out of the sanme material as the contact 30 portions. Young's
I\/bdullgs (CHBUTAIE WF- Bl ?anfﬁcgyyaﬂparfortk}lﬁp@gﬁctéaogﬁnaﬁérheét%%%@twgs @Wmmonl y
bet ween gl theinmih@mabiat fo?lellé/?t?iﬁ%%éc%%]roﬁﬁe%% BHROREmB pRoddRde from

pol ydi met hyl si | oxane materials ) the other hand, rigid materials

such as WO 200ht/i0ed6ets PST d8ToMDYd0Bat1odruatuned toamhating swre sgelely thasreh

tungsten have a. Young's, nodul us, .between 69 to 410 GPa. The i nventors have
et or m medndtic R s8hR Tt 98 S FELnlih botiRRer e tung of ERapRte
mat eri al Stdnsp. dD&difaBHy, tHUkrudtusdd t0sl8s k@asrigidanch tat it ein Edrdbch SBhEKitate shoul d

be enployed to allow for nore conpliance during the printing oTperati on. In
vari dls eubsHiteydut muegh lephrgid than an embossing roll or tool made from metal. The

desired compliance assures that the contact potions of the structured tool can all touch the
substrate’s surface (even when there are subtle height variations of the contact portions)
without unduly deforming or embossing the substrate’s surface during use. The desired
rigidity also allows for more widely separated patterns or features to be placed onto the

25  substrate without ruining those features by inadvertently contacting the substrate with the
structured tool in areas that are intended to be free of the desired pattern.

At least the contact portions of the structured tool should be semi-rigid. The body
portion of the structured tool could be made of another material having much higher
rigidity, but in many instances it will also be made out of the same material as the contact

30  portions. Young’s Modulus (Modulus of Elasticity) for typical elastomeric stamps is
commonly between about 0.5 to about 3 Mpa. Often these stamps are made from

polydimethylsiloxane materials (PDMS). On the other hand, rigid materials such as



5 invention, Young's Mdulus for the material form ng the contact portions
shoul d be between about 0.5 to about 30 Gpa, or between about 1 to about 10
GPa, or bEOwerrnedsout 2 to about 8 Gpa, or between abouPC3/useoialoeuds 7 Gpa.
In a preferred enbodi nent, the entire structured tool including the contact
portions is made fromacrylate resins having a Young' s Mdul us between
about 4 to about 6 Gpa. 10It is often convenient for the structured tool to
conpri se BUBEH. bt isesl Bad fungstenBay 4 apng'y medulus ketxeen §31e #HhSPeher eon.
These co : [ L] of (S i . whi ch
hoy. t onct oy LAl b KR PR R Bl B ot <

char act ermhatiiads balegingd, but dlsdengesahar thiahafivigit enatdriatksheskl efengploycairtsf er

| ayer renmpved. fromthe substrate when.contacting the substrate w t he

st uct ur é4OPOBI MOEHBINAIEIES i e PENHRARAPSHEE VBY MRS RIS alcer i sti ¢
hei ghts 1 Sn@hneb2Bburtes MbBulul REShORARESI oA thO ol GERRSS sMbuid Be { ransfer

| ayer. In sone enb ments, the contact portions are generally parallel
| i nes or behwgasibeedhd &t dwub§0 Gphl @ystwrentaboutghts. abdhiel CORa,ac befyach iabmg can

have a crpss.secij.on that is tri ul ar,, rectangular, .tr zoi daJ , or
Square aromoe L08Ry Bevwrn abpy bR 1pRE AteRag s of 1 cast
12 m cr ongitir@dtrucRRST todPinblu@li@nhe c@ftadipottRAS is A MdAeRFate RYFR havigghuct ured
tool can be prepared by mcroreplication techniques as disclosed in U S

Pat ent No%oung sivied@iggbetpeeigabay# to baagp Ge2. The i nventors have det ermi ned
t hat en the contact portions of .th uct ur t ool conpr.i a triangul ar
ﬂﬁrh I(fls off%(ﬁ cQ Venleng ?oer t eo %}I}’uc?ur%? J[ro,roﬂo co%%zﬁs??l boay Bngl}t]loﬁzla%% the

Cross section in a preferre nmen i ner erns roduced

in the sybsdalistd cdhfacEpdriénsabetaE t TIBE LomB& poationdBkE ofiss@mdal |y |ine
contact (prismcontact portion) or point cqgntact (pyram d contact portion)
with t he damsicrigtichaghtiyeviieh they texd tpgatepd frgpyihe dpdyr Bsganyeganvericntvbr e

surpri si -1 : i uf f1.Cj r ve the
Cranst or TS U AR e Mk, ERN Bt IR i SO Pl I AR ey
t hr ough trbmotedfishehe sidbgeite wheh hentacthsf thatehstrafeevitlr thangudtarcdcows soedct i on

n0t 30 0P YOS, B oY LG £l 9L LY 0L e SOOLAEt partl on o use
than the thickness of the transfer layer.

In some embodiments, the contact portions are generally parallel lines or ridges
separated by valleys or troughs. The contact portions can have a cross section that is
triangular, rectangular, trapezoidal, or square and have a characteristic height of at least

20 2.5 microns, at least 12 microns, at least 25 microns, or at least 100 microns. Such a
structured tool can be prepared by microreplication techniques as disclosed in U.S. Patent
Nos. 5,175,030; 5,183,597; 7,282,272.

The inventors have determined that when the contact portions of the structured tool

comprise a triangular cross section in a preferred embodiment, finer patterns can be

25  produced in the substrate since the contact portions can make essentially line contact
(prism contact portion) or point contact (pyramid contact portion) with the substrate at the
vertex of the triangular cross section. More surprisingly, this extremely small contact area
is sufficient to remove the transfer layer from the substrate leaving openings that extend
all the way through the transfer layer to the substrate. The triangular cross section not

30  only helps to improve the rigidity of the contact portion in use, but allows for much finer

patterned lines to be formed on the substrate.



I n many conveni ent enbodi nents, the transfer |ayer conprises a wax,

al t hough non-waxy polyners may be used provided that the substance of the
transfer wayert/iesit wo properties. First it nust have aPgrastew/oadbesi on to
the structured tool than it has for the substrate during the step of

wi t hdrawi ng of the structured tool. Second, the adhesion for 5the tool nust
be sufficiently great that it defeats the cohesive forces in the transfer

| ayer so that Ipmignyjcogveignt epbodimentse themnsigh iy pragamnkisena s, dthough ur ed

tool i Sw‘gﬂogln'l%yﬁz‘g&sl%rhgrts EE%S%e‘iﬁ@%ﬁf&%?d%h.tﬁﬁ%%%@ﬁ% q(ﬁtﬂeetréﬂsf&gée}fe\%\gésat%r s

| ai d do e such"that it has a thickness o en about 50
nanomet ergopatiesd dutst B nndschors grédttieadhtdien st thp sofictudet] el alvdnnighaf fot the

structured tool, the predetermned pattern that r ins can have 10features
with a di %ﬁgﬁt%eﬂ%ég S158 _0% W %t_ﬁths Str%%fa{i itq?g-"g?%l,d, F alEsbriRan 50
m croBs, {03 ffu su?@cé%‘ﬂﬁfézé%_@ébtha%@t JBFEHOMS coHQivE £ R0 thObrafMfENa} &8 O

m crons. I'n many i ent enbodi nents, the substrate is a flexible
mat er i al tbatahfads alh epeashtpl tbn subtserate piiteh shaiteic(uPEiMoobrs witidyathyneneny

napht hal ate (PEN). .1 n. t hese enbodi rents, .i.t, is offen.convenient tp perform
'ho. pr ocabenet kimopRiaidiy tlfuangT BHens 14t ven sPibe Bkar ShrbBist B hece
enbodi menhgkndsB8f Bétivded MR 50 a@horkdrs e atut bRsiefoni Metet @BGER ofeb that is
| am nat ed or pressed onto the flexible substrate material or a tool roll

havi ng a withdsaviag ofithenstuetured ok dreepredeteriangs patbodhateamginschehavcep of
cont agt i the transfer layer. with the structured to [ rfor in a
i 80t val R PRy G i W Tl Hhe e B tosk BRSOl BERE

mat er i al stoafndr@fsOPEmScrom)d0 icrdss, 10heichs kateve®ldss 6 aficdas.ei t her rigid
20(nmetallic) or resilient (elastomeric). It has further been observed that
when the procd8dnapy copecsne sehedinepisnthicsubstetqisadloxiplamatarial sushpg) |

process, J.d i f at least 4
feet/m n,ﬂo%%e!ttﬁyrlr%% ﬁéﬁpgﬁ%lﬁa%s(gg\éfzgpgorlgag%@g%)@%‘%ﬁ&g%ﬁpﬁl gﬁgﬁﬁjets e apparat us
and pr ocesshodgneansdi ik ofias casedientotperfotrh ehesprepese bf thictpnckeamnngntiohes a

structured t ool | eavi behi n enings in what 25 had before been. the
cont ilRuouSHP &L P@Peqsailgme%ﬁag%ﬁ%ﬁﬁfé fﬁa;%tgu%tweﬁé@@i C%E@ @t ndRlnits lspetber i ned

pattern igelf @atPRSIhhtcd of PRALAIINUEhE FELTHIORILRRE RSl 8 LtobDrdNBVARRS
followi ng the predeterm ned pattern. For exanple, such a conductive |ayer

coul d comprcike diangitarmin samoxd tescambmdieentsighaitep siumhtatgng dispemsfesldywer , or
gol d applied by sputter depositiqn. As an alternative exanple h

conduct | vt S8l Pt d3p a i e P iy Bl 5Pe 7T RERE pRYSHP vhen
an el ect rglie Brpyndmh@é€thattbibBlant PYRIesd ondRIBLEhe bickB Yol PEanCIBIBBH %gm to
provide a tie or seed |ayer for good adhesion to the substrate. For WO

201 1/20908neRdT9) 95 2ep1long lasgmmeric). It has further been observed that when the process of

the present invention is used in a roll-to-roll process, it is possible to advance the substrate
at a speed of at least 4 feet/min, but much higher speeds are possible depending on the
apparatus and processing conditions used.
After the step of withdrawing the structured tool, leaving behind openings in what
25  had before been the continuous transfer layer, one of the ways to make use of the
predetermined pattern is to deposit a conductive layer on the substrate in the gaps
following the predetermined pattern. For example, such a conductive layer could
comprise indium-tin-oxide or other metals such as copper, silver, or gold applied by
sputter deposition. As an alternative example, the conductive layer can comprise an
30  electrolessly plated metal layer. When an electrolessly plated metal layer is wanted, it

may be convenient to provide a tie or seed layer for good adhesion to the substrate. For



exanple, when the intent is to electrolessly plate a copper |ayer, good
results have been obtained by first sputter-depositing a palladiumlayer.
Sone ot hewoentiodbaent s use the transfer |ayer material ®Phatush@s/oadbered to
the structured tool after withdrawal fromthe substrate. In these

enbodi nents, after the 5structured tool is withdrawn fromthe polyner
transfer Iayer the structured tool is put into contact against a receiving
film so cxsmpls, phen thelinignt is ineleetrolessly et ARSI rROOHrehiis 8ave begBr t hat

were sepaj ?*féawhﬁﬁt%ﬁﬁﬁefsa %ﬁﬁ{%%gaah&ﬂhmq & the receiving film The

receiving e at I'mage of the predeternined pattern that
has been | eft ma&he&mbﬁd[rames usentle tra]msfgdaym nhaderiet cleat es athbexd tprtlmcessi ng
such as the addj tio one epbodi nent, the

con ct | Ol a I
i nvent i orttUStuEed{ae ﬁf %a rﬁ tén Hieos ﬂ”@b%fﬂmeaﬁ%s% & thSyer with a
pr edetser rE'txﬂ@t%ré?i%&l% Qv1ﬂ’iﬂra@vnf ﬁ&ﬁ&h@mlg&ﬂgﬁsﬁ@aﬁ tﬁé‘&r&ﬂﬁé& IR & rFutt Hﬁ‘o met hod

conprising: providing the substrate g the transter |ayer the first
maj or surdoataet aganovi dicayyieg iy, yo b toettietnudly trravien theapotomhy oAttt teangfenr al i ty of

contact portions, the 1 orti,ons havjn Youpg' s dul us bet ween
about 0. S5k 8 WetresBac ol I eSivee blip et GOre « he
subst r at &finC@Bh et d MGatif@irhdRMBTHIRS preddt@iminéd Patichethat Kad Weblk RE dno@k; cool i ng
the transfer layer; and withdrawing the structured tool fromthe transfer

| ayer suchbstradg, ap@p@ri gnen tsf repdiec pthanerbegssingypueh asatha pddivompt heandactste uct ur ed
t ool Ieavll neg openings in the transfer |ayer that extend all the way through
thetrans | ayer to 20 the substrate formng the transfer layer wth the

pr edet er mi ned Ip@ht embodibieht, MelinNSion is a mekhibdashTogih s @Rubdtiate K a
di scl osure, the phrase, "transfer | ayer,"” does. not mean that the transfer
| ayer nedtrsies aystwith e pecdstprmined mpten ong fist wajor swéace 9hFE sURsFate. ke t r ansf er

cont act od Byt Rare B o EGMELR SR 2Ry DB R R b6 R b8 ™

urface providing a structured tool having a body and a plurality of contact portions, the
15  contact portions having a Young’s Modulus between about 0.5Gpa to about 30 Gpa;
heating either the structured tool or the substrate; contacting the transfer layer with the
structured tool; cooling the transfer layer; and withdrawing the structured tool from the
transfer layer such that portions of the transfer layer separate with the structured tool
leaving openings in the transfer layer that extend all the way through the transfer layer to

20  the substrate forming the transfer layer with the predetermined pattern.

DEFINITIONS
In connection with this disclosure, the phrase, “transfer layer,” does not mean that
the transfer layer needs to cover the entire first major surface, only that the transfer layer is
25  substantially continuous within some region intended to be contacted by the structured

tool.



DESCRI PTI ON OF THE DRAWNGS FI G |a shows schematically a stage in one
aspect of a nethod according to the present invention, specifically a

st ruct ur edorealovedjiacent to a substrate. FIG | b shows &CIrAiSer10896ug: of t he
process of FIG la, with the structured tool 5pressed into the transfer

| ayer. FIG |c shows a |later stage of the process of FIG |b, wherein the
structured tool has been stri& ed fromthe substrate, causing the transfer

|l ayer to fracture with porPESRBIFHMN QFIdIRORAWENGSo t he structured tool .
FIG 1d shows gd g ?ﬁd)v%ts%ﬂﬁrﬁcah & sBeQ % ST &g)e({%gon .&e?hod‘ﬁé}%@%ﬁ% étﬁe% ructured

tool has 10been noved away | eavihg openi ngs ing t ransfer
| ayer to the first predeatinsentioacecoifichlhea stistmcdt@nl afjatent 2aa siiswatcone st age

in an optional_process of nmetal disposition to the patterned sybstrate of
A Id Fo Bb e laaetréwg%é@l@ pepcethRt 'ﬁaog%s"%lﬂbﬁ‘eﬁr@m@ 9 whi ch the

transiser |ayer has laheem@mitraler l§8oved | eaving a netal pattern on the
substrate. FIG 2c shows a later stage of the process of FIG 2b, wherein

an addi tional et &¢ shoayser latvastabeeftha gdedss o Hlve 1etiaireip dha srugtuoéd tebG. 2b.
FIG 3 shows a schematic vi.ew an a ratus f.or form a substrate
having a tranaf or T BFRAHRP PRt RPa e itk e frePCE PP s
process. 20FI G 4 shigyporfiopSRemlih€atvicBW Rf théBr@tied Rpfle apparatus for
form ng a substrate having a transfer layer with a predeterm ned pattern in

a roll-to-rol IFlpr ¢ ekaws Flagr s@ge hbths proqspeefdiler de.netbrpthetsenetuiad tael Hank
AR EHECRAEN. BRI S R e S
the first major surface of the substrate.
FIG. 2a shows one stage in an optional process of metal disposition onto the
patterned substrate of FIG. 1d.
FIG. 2b shows a later stage of the process of FIG. 2a in which the transfer layer has

15 been entirely removed leaving a metal pattern on the substrate.

FIG. 2¢ shows a later stage of the process of FIG. 2b, wherein an additional metal
layer has been added to the metal pattern of FIG. 2b.

FIG. 3 shows a schematic view of an apparatus for forming a substrate having a
transfer layer with a predetermined pattern in a roll-to-roll process.

20 FIG. 4 shows a schematic view of an alternate apparatus for forming a substrate
having a transfer layer with a predetermined pattern in a roll-to-roll
process.

FIG. 5 shows a predetermined pattern in an ink transfer layer on a PET substrate.
FIG. 6 shows another predetermined pattern in a copper layer on a PET substrate.
25
DETAILED DESCRIPTION
Referring now to FIG. 1a, one stage in a method according to the present invention
is illustrated. A multilayer film 20 is provided, including a substrate 22 having a first
major surface 23 and a second major surface 25 opposing the first major surface, and a
30 transfer layer 24 applied to at least a portion of the first major surface. The transfer layer
24 does not have to cover the entire first major surface 23, although in many convenient

embodiments the transfer layer is continuous within at least a portion of the first major



25 DETAI LED DESCRI PTI ON Referring nowto FIG |a, one stage in a nethod
according to the present invention is illustrated. A nmultilayer film20 is
provi ded,wonelwdbag a substrate 22 having a first maj or PEUATSa@e/02398nd a
second mgj or surface 25 opposing the first major surface, and a 30 transfer
| ayer 24 applied to at |least a portion of the first major surface. The
transfer |ayer 24 does not have to cover the entire first mpjor surface 23,
al t hough &urr%%rly opg spbafisnt dhpensis doer Ehbag ¢ aeneradly ynafpan thigkeesht i nuous

Wi thin at rtion of the first major WO

2011/ 0906%5%@%%%53@0/ 061195 surface. In one enbodi nent, the transfer |ayer
24 has a generadjhgenutnl the nmltilayakiiesX) idastrgetateddo@ 30" The depicted sAd¢taceint t o
the multilayer. film20 js a.structured togl 30. The depicted structured
tool 30 il DS TRRRIEGTLT? W%w%a%éy 13? W pyrigns é{gﬁt_ﬁ%@?&’ wﬁ?i ons
34 at kachgdy! ant BendeiHoflions IRACAARIAChaRRE | YolTe 3ModflaphQighsflavi ng 2
Young' s I\/bdal us as previously discussed. The co%t act portions conveniently
have a gehsusicdly Thaicémrehportamacoevdnsinkly hhed gbencddli yntrmdhasctetbtic |t has

been observ that it cap hel pful for e, characteristic hei ght. of the
cont act i g etsiskest TP dFhabrhafn Phasri e Woel' B i FERORLSE oo
resul ts haymt BERR coRBerpeRtonMiest [hiker MBRHRGhREKhES bE tHReFAber 2§ec@tGoRASt 2 -
500 tines greater, 10or 2 to 100 tinmes greater, or 2 to 50 tines greater,

or 2 to Ioswishese breaambssrychwhen the chamitrBsficgroight év attlensh? t ARO tiics Risess of t he
transl!(()er I1&yt 00 I‘[i‘ivneI sre%felrlo%\ﬁet% SIOHﬁ}lesasi’e tth?of 5 Eoufd Hrrngg grtte t%l or2 8553 eesfj Into
the l'iqueti’e {r anst &t ayer’, sufticCl At~ vol tme needs®ro bé preSent”in the

val | ey argasgcirinvde thitkeeseofnthaeiangfor i @nst ik Ockdylca\thdt @k tieamacigpbalgement  of
the liquefied transfer [ayer into these regions. BK desi gni ng the contact
porti ons RsessedhintethedigugiiediransEr layst isatficsag velugedisedlytotbginreseptya the ylleyer

aver Bk ShOCREEL PO (PSP RO AESR AL ASERL ot o
tool is rleymwved tiafst esgi@solHynpsighmgsbereorsad pditivenbsthetstractamdttaditto por t i ons
cont det - ponideR ahbe et ks edh S8 ardi g cics e fhe vl Benweer "S- e
adjacent contact portions thereby cleanly severing the transfer layer when the structured
tool is removed after cooling.
In some embodiments, the contact portions are generally parallel lines or ridges
separated by valleys or troughs. The contact portions can have a cross section that is
20  triangular, rectangular, trapezoidal, or square and have a characteristic height of at least
2.5 microns, at least 12 microns, at least 25 microns, or at least 100 microns, or even up to
about 1 mm. In one embodiment, the contact portions comprise a plurality of parallel
triangular prisms extending across on the surface of the structured tool.
Referring now to FIG. 1b, a later stage of the process of FIG. 1a is illustrated. In
25  this figure, the structured tool 30 has been pressed into contact with the transfer layer 24.
In some embodiments, the structured tool has been pressed at least % the distance through
the transfer layer thickness, at least % the distance through the transfer layer thickness, or
substantially through the entire transfer layer thickness. The transfer layer has been heated
to a liquefied state by an appropriate heating source. The heating can be applied to either
30  the structured tool 30 or the substrate 22 and thereby indirectly to the transfer layer 24.
Heating of the transfer layer, can be performed directly via radiant or convective energy,

or indirectly via conduction through the substrate 22 or the structured tool 30. In many



20tri angul ar, rectangul ar, trapezoidal, or square and have a characteristic
hei ght of at least 2.5 mcrons, at least 12 mcrons, at |east 25 mcrons,
or at | ea®0200@9n44¢r ons, or even up to about 1 nmm | n omeTArsR@diosans, the
contact portions conprise a plurality of parallel triangular prisns

extendi ng across on the surface of the structured tool. Referring nowto

FIG |Ib, alater stag}gﬂof the process of FIG lais illustrated. In 25 this
figure, taeBVHeNiEMbeainangythedwatisapplisdio phedgstirediog! dbpiieice figpticaniapte

transfer |aver %qﬁe I ;
pressed a\ltllﬁ?/glgglt%ﬁifféﬁy e di%@%@gﬁ;é rag tE) Sﬁbﬁﬁgé {)ér{g;ﬁéﬂ gltrg Sﬁgé;[{é?egﬁ ?I?’? ?f‘gg s, at
| east 3/ 4ht henstitrdapn@d, ¢dotiog ghapphed to tho shesfed layar24t Hihikmeyp be dae via

substantially through the _entire transfer_|layer thjckness. The transfer
| ayer ha<oB¥ VReBHTEY qr dndjractly yirqoagueiog tiropeh s sy %f‘pf & 18 AERRTY

source. 188 Jeah iy B BRbb&thch® ﬁ!etcti@lﬁn&@tapﬁli&itxfi&'@&ﬂ&u%ﬁoﬁ fedughO or
the substrate 22 an&, thereby indirectly to the transfer [ayer 24. ating

of the trthasifbstratc@Zeor,is ehowktoduppor pessivdiyrte thtd onvirpmmertdi ant or convective
energy, or indjirectly vi nduction through the st.rat. 2.0r -the
truetured todierameavies 1 5ist Shes BbH Prorroes et Hori TRk dh tEh
enbodi Mentisy, thBgrit@@kd kol 3pRh{ BéEnts&iﬁgé@ fioht the i8R y&0Rlin 20 Rédobfatddo first
contact with the transfer |layer 24. After contact IZas been nade between the

st ruct ur edith deim@@Ment thedetaochghposions 2decot tha tramsder lnyey 21t hawpismagebdiveith he

t ranst,er r. .24, Thi done vi a. con td vie ener Lndirectly
vi 2 oBnadaf ¥ty shind ehE e R S R R 0T Bl R b1
many convpati@it24bnbodi ments, the cooling is applied via conduction through

the substrate 22, or is allowed to haPpen passively to the environnent.
Ref erri ng now Hafesring new tg FilGt 4. thg sepstuged torbhysrhsse dwved cempdetalpayay

il lustratied. i I; : yhssl tr d from
t he nul tilﬁ?gg%ér %eltnFHr@ Zq'é.lﬁgses%%?%? }eazygl\(/:\nﬁfiﬁ%h&é@%\l/%%en , htgﬁlgﬂggettg%:nﬁ%g portions
24a of t Heydritatieffast hgyesurde DA v substratc 28 dharelbyhfol@inpen sinsticiaycedithaol 30 so

as to_l eave openings in the transfer |ayer 24 defined by retained portions
24p. 15 pre‘iﬁ?é%)rgwq RS & B F@}lnbsltrﬁfe'the structured tool has been noved

conpl etely away.rh,eR¥inBY BRI @aq%m?z@ta'g@mtdﬁeoﬁﬁ@ﬁasafdamohay&sce%éluﬁﬁ%%di ng all
the way through the transfer layer to the first major surface 23 of

subst r at epr@@nt ineewton stagting frgmahe¢ patteshiaalsubstyate oflfiCh 14 19 Blusteated . elnnthised
pattern on the. trate. . Referring nowto F 2 stage in
P ot | oruT et e Psddenoriop agoenie sPauBt hwalifiush fup AP BeiBF om

t he patt eh@@ensFetgfdr it ¢ pfodGierrhfhed Patkdrh 38t K@ &S nlakerfahi@ hid iene, nateri al
40 has been deposited across the surtace of the nultilayer film 20 having

t he 20ansicepsitedylaiecty emthersstonaaetistns Adaf plstree 23 feramesiOa), whatessi al 40
has been s%%%g)g;ﬂ?é %Algtgpglg{so%’ats o¥erPBepolifed inbdhd SRIR Rl AGS with . Substrate 22

(reference
predetermined pattern 38 (remaining portion of transfer layer 24 and reference numeral

40b). Numerous methods can be used to apply material 40 depending on its nature. For
example, sputter deposition can be used to lay down a transparent, conductive layer of

25  indium-tin-oxide. Sputter deposition can also be used to lay down a seed layer for further
processing.

Referring now to FIG. 2b a later stage of the process of FIG. 2a is illustrated. In
this figure, the transfer layer with the predetermined pattern 38 (remaining portions of
transfer layer 24 in FIG. 2a) has been entirely removed by solvent or heat, leaving only

30  material 40a forming a second predetermined pattern 41.
Referring now to FIG. 2¢ a later stage of the process of FIG. 2b is illustrated. In

this figure, an additional layer 44 has been deposited onto the second predetermined



sone of the material 40 has been deposited instead on the transfer |ayer
with the predeterm ned pattern 38 (remaining portion of transfer |ayer 24
and ref erwoceimynanal 40b). Numerous net hods can be use@Crasapplogiigst eri al
40 depending on its nature. For exanple, sputter deposition can be used to
| ay down a transparent, conductive |ayer of 25indiumtin-oxide. Sputter
deposition can al so be used to Iafy down a seed |l ayer for further

processi ryttern 41 of mugerggl A0pg Onesefpl qmlmdimentpfithy iayenflondevalyessspet@ss ocess of

FIG 2a isg.JJd:l I i i I tth th
or odet or rcRed et P2HTRsgy oF plflifick LOME Sl IRk BRR! 0, PV R ), T e i
2a) has dsimrobnt plaahy ta émpoyiean bddisalal &ytr 44 of@atiuctiveasppg tantsyor3tbe mat er i al

40a formn second .predeterm ned pattern 41. Referrin w to Fl 2c a
| ater st aﬁ@go@fpr? etﬁ}lrgf‘@e@ételalr‘fnlﬂ@pr g tge ﬁffqdflgxqrgf eﬁ.{ drlﬁ“ﬂﬁxsgratﬁsigh?@; an
addi tisonal, | ayer 44 has been deposited onto the second predeterm ned WO

2011/ 090641PCT/ US2010/ 061195 pattern 41 of material 40a. One usef ul
enbodi ment of Inheothevenbadomentninsiced of slptitg @ copep byict dmig thee fersedajoayer  of

| | adi t he. i.llustrated iin FI.G, 2 ' | ect ol
et n. rundEboe bR Rt Traydrmit ptephan by GEReS 56 2f PRES o
t he secongpRéReRL arfiistedoPak a8 D3 4dmpAYTRE b Sbp@r Iher GerBylfévang @f pal | adi um
illustrated in Fig. 52b. I n anot her enbodi nent, instead of plating a

copper | ayelfilayat Blm pempriying a pejsoptcsuedppeelage 4nd a transtep dyichgEh@®potr t he
predet.ermi.ned pattern 38, the transter | r. 24.can be .appl,i € er a first
P or0sun pATr BRMIELA S ok Mt AR m, B ¥l 80 5 IPp B BREUSGRET oy er

fil m coniniosinng tlbss bbsiil & the adt S0P RESputtay&Yatiaf dr evdpoanist elctdl @yging. The
copper 10l ayer or netal |ayer such as silver, alum num or gold can be
appl i ed Hyndedbhpicdeteanipgd R¥isRm 3¢ &1 the debsier laxqi 32 is formed ethg exPsGE FORST sput t er

coati ng i ve: iFng. . 1 n 38 in
the trans %aﬁ%?g%&éd?q%?}@egir%ggstotk ﬂg pé%g@yb?&%%&e}g%g?% %?Chﬁg%gvgl ayer in
openi ngs 186/10f a pledetorreided patndrm 88 ipdictcopper 38/cc anmbal kityehefthr asvayvall efitheng a

pr edet er m ne% attern 38 in the copper layer or netal |ayer after renoval
of tHe 15F4nsiREia¥Er PSRyt sol vent s. Referring nowto FIG 3, a

schematic vi ey GfRB nBRPBFAGUS, f RhcthMWiRE of af UPSIEAL SorfaMhiRg a JubPla)dTer
| ayer with a predetérm ned pattern in a roll-to-roll process is

i |1 ustr athagingMpalyheryleycrfwithna p@détsrnaidvdipattedn img wllatorrod poatewseisnllwstrsteduct ur ed

tool in the. for f,a.topl ral.l, 30a and a back roll. .50. The t.ool roll 30a
has a body b eRHEn 28t Sfenisdibiogr Bareag T rEdo/ e BT SERGR por t1 ong
24a of thglBoassd £badkayesll 3d. TROtIIErcIERIA HaS BBOAY B Md dbntdeepddiohs 34l 1 30a
so as to | eave openings extending through the transfer |ayer to the

substZPat dn2is visay, deipchiasnertens24e oaherteansicalpaer U ¢an be sgeeeraaeing Held that t er n
o8 e oy )2 A LN n RLIBAAL o0 EIPEDAE BRI O 2
that is axpvanebdfdriigrghamfsaa@navith Ppratdtbrniiheal petn 3®OUdfined by retained
portions 24b. Optionally, the detached portions 24a of the transfer layer can be placed into
contact with a receiving film 54 that is advanced through a second nip with the tool roll
25  30a and a second backup roll 56. The detached portions 24a can then adhere to the
receiving film 54 forming a negative-image 58 of the predetermined pattern 38 on the
receiving film 54. If needed, a suitable cleaning station such as a brush roll with a solvent
bath and a dryer can be provided to remove any residue from the tool roll 30a after contact
with the receiving film and then dry the tool roll for contact with the transfer layer 24
30  again.
Referring now to FIG. 4, a schematic view of an alternate apparatus for forming a

substrate having a transfer layer with a predetermined pattern in a roll-to-roll process is



2530a and a second backup roll 56. The detached portions 24a can then
adhere to the receiving film54 formng a negative-inage 58 of the

pr edet er mvoedip@bd4ern 38 on the receiving filmb54. |If necaas01@/0sups abl e

cl eaning station such as a brush roll with a solvent bath and a dryer can
be provided to renove any residue fromthe tool roll 30a after contact with
the receiving filmand then dry the tool raoll for contact with the transfer

| ayer 24 iHpdgiads Multilayer foln 80 i ayancod inte amjipsbetacen a selibredk 32cand; ahpckep an

al t er nat a 7] i r wth a
predeterﬁ?ﬁgg'gg%gg?%eégggﬂ?%Pﬁ%?3@#§€%&%%gé@§g6€@0€?#ﬁ%@?é%gg#§%€ItiIayer
film 20 imvagwbuded2bahd cantadtpobraineddh. Sudofiling arobvailBledron @Voackup rol |
50. The structured tool in this enbodinment is in the formof a structured

film 30b $RIDPHYOR Hdthyl axbhsoddas ¥dnitae (Brigingspahawe KKl Tynied are
i | abl i t. Vi Kuj 1 i
Enhang ng RS R RO iy R RO AR, el b HOS FHONE0S,

of 90 degueesd aa applichthjzkhedd bofwe2d 6@1to 305 [unm Araundlaataga pHihieahbdilimbkites s
between 62 to 275 | am advant age of this enbodinment {s that the

wi t hdr awitﬁa s thﬁ%rayﬂr}&@?th? SRy 0 50h Sk %@C%@&%ﬁ upe _lﬁﬁﬁﬁi‘edﬁh&; ely.
The t enpoEahyrabAliakioR'd s fle diBusdd iG] %@Qldfﬂlﬁl@ﬂ%zgpﬁ%‘@o% telvANEH u{p' I'm 20
may be wound up into a roll so that the wthdrawng step can be perforned
| at er at iatocowenitietthe witedrawthglstpl @ode performed later uaar ¢anysnientrodé amht s of

t he HBven ion, the transfer |ayer can conprise waxes, polymer resists,

i nks, orl%ﬁﬁtoinageable resists such as Furturrex NR-9 1000PY. Suitably,
the transfer laxgafio&AmbRIiRSHYELhc3RRULoPAINNRAANEUSSS chiPcARftite waxBs,Crons
thick. In sone enbodi ments, when using a structured tool having a

t ri angul aolunogssigadnksoaaphotsinmpgorhe ropiststiurih perutyregxd¥ RO 100PBYs can resul t

I'n open Sfta‘blr}]r re%%%tf%{ @ygrgc%n%%tbtetewre%ng S0t gﬁl@t%{&l]tg%%o%%a@li aobnos.L{fl'c%p
m crons, ess”’t han abou m crons, or even | ess an abou m crons.

EXAVPLES 13Qoinx @dbéindents, when uéing dBghi¢tated tha\Hani@iga thifgisdrefoss 8y@iongIDNP M290
Near - Edge Wax/ Resin Thernmal Transfer Ri bbon (Dai N ppon Printing Co., Ltd.,
Tokyd? JHsampiryiaimer tenséerilsy ceofndetultip oReHngeBtsietEmipg paHPRlev®gl i cat ed

film act id?lgthgg%s%‘ tﬁéxlréﬁﬁﬁft‘@%if%av' loss ﬁle:ln%B&qu%i%%fng,g&levgﬁ)[gg% 18f doéut 5

rect angul ar portion 3 ng a plurality o ontact portions 34
at t ached r@tamst he body portion simlar to the structured tool 30 shown in
FIG la. The contact portions conprised parallel, triangular prisns
(i sosceles triangular cross section) having a height of 100 [tm a pitch of
200 [tm and a 90 degree angle at thesg@iteting tip between the equal
sides of the triangle. The DNP Transfer R bbon and m croreplicated
st ruéOur dixanpple lwere fed into the

A substrate having a transfer layer (DNP M290 Near-Edge Wax/Resin Thermal

Transfer Ribbon (Dai Nippon Printing Co., Ltd., Tokyo, Japan)) was placed in contact
with a section of PET microreplicated film acting as a structured tool. The structured tool
comprised a rectangular body portion 32 having a plurality of contact portions 34 attached
25  to the body portion similar to the structured tool 30 shown in FIG. 1a. The contact
portions comprised parallel, triangular prisms (isosceles triangular cross section) having a
height of 100 pm, a pitch of 200 um, and a 90 degree angle at the contacting tip between
the equal sides of the triangle.
The DNP Transfer Ribbon and microreplicated structured tool were fed into the
30  lamination nip of a ChemlInstruments Hot Roll Laminator (Faifield, OH), with the DNP
Transfer ribbon in contact with the heated roll. The temperature of the hot roll was set to

180 degrees F, the Speed Control setting was positioned between 10 and 20

10



30 lam nation nip of a Chem nstrunments Hot Roll Lam nator (Faifield, OH),
with the DNP Transfer ribbon in contact with the heated roll. The

t enper at Wwe 20f1/mb@1hot roll was set to 180 degrees F, tRETSSedd/ 0aans rol
setting was positioned between 10 and 20 WD 2011/ 090641PCT/ US2010/ 061195
(approximately 2.5 to 5.0 ft/mn), and the nip pressure was set to 2 psi.
After exiting the lamnation nip, the |amnation was al]lowed to cool to

room t eng@pRiPwimEtely 2.5 to Sythe/npRp aid ghestie Prassusp Biss ieido pasl edftereaitingribe
m cror eplil Gal.66, iyt HE MR bRl Bbwld H%%%Bﬁfofrb&ﬁ.t%}gﬁqg%%ﬂ the ribbon to the

contact portions the structur ol and | eavi openi ngs in the wax
transfer | ayerTlexXdNAdiragfdreibbbe wiaks pséledripmrths tridracpliodted steucturad&boling,r i bbon.

The openi ngs.were approxjimately 20 [tm w de. on 200 [tm pitch, |eaving
stripes GTATB R Wi ragy{ébe hbar oahe bo BPERBt ef the ﬁgaétb%efitt%qlﬁnééeavmg
appr oxl ngy %hﬁ{lgs'LﬁlOﬂFllE g&;ﬂgﬁgﬁﬁge@&&ﬁ@%%& filsPInQRE PR ofthetdRsfcrr to the

pattern shown~in anpl e substrate conprising a
portion afbban5 Thidopchingk woiceappraximpielly Apsmwwiidé on a290 nhrajikadbn kdving tstripgs bl ack

Fi ne/ Chi sel Super Sharpi.e . Twi n Ti er,manent, mar ker fard Corporation,
Cai B 0010 ) B B e BBl TR 60 MRS sur f ace
whi ch wasepdraegdyi20 | G90p@Gigs\WetsimAarth ehOpRRH $at@dn$IGUEd.ured tool . The

structured tool XSConprlse a rectangul ar body portion having a plurality

of parallel, trapezoidal-shaped contact portions attached to the body

porti.,an. s section, the height and pitch of the trapezoidal - shaped
el emelﬁt S -]%%-Hg'g—l%?‘s [tmand 350 [tmrespectively, and the horizontal top

portion of theAtdudgezotdaprisiappettiondr astmip eHiéh ®ivcd off RE Wby ulisraity ng t he
transfer |ayer was agi)roxi, mat el y 200 E[ftm,wi de. 20The substrate and
ni cr or eplhlexers with abtagk Eine/Gliscliuper $hegpip dwvan THepsran et mskerdSpniord a

Cheml nstr l r,.(Haif | g i fer

| ayer in %%@?%%@%&E’ g&ldtq%grgrag I“Ilﬁ.?{FBIILSE&'Ei aeyrrepgea%g%éllj\frhtesp%l%ﬁ t? ﬁ%r@eﬁgwlﬁo | was
set to 18QGasgegredes contadt mathSpmedorCplidatal stmetutrédtgoivdbheposicturaitedl bet ween 10
and (approximately 2.5 to 5.0 ff/mn), and the nj ressyre. was, set to 2
psi . et ap -S?ﬁbecmguhaah?%aﬁ%ﬁn E%V;sr}g%ﬁ@rﬂﬁw B, Gers7odarhgiRt 1o cool
to room tSARET JrHE®s attached to TRELEHIRIAGH. &nWasks sE&RnPEHE lh@%%l{ z‘i%@ifch(’of the

mcroreplicated structured tool, "transferring portions of the ink transfer
| ayer fr dmpehedd-shipedtddrodntPEeret 17 Strme andiithen rpspettivehs aofl theHwrizontal top

B A
wi de on apdRRRihitelooGhn wa@d. eavi ng stripes of ink transfer layer materi al
'n 2%r edeter n%hneesubsp‘)u?attet ggdnm?c:?orggl?cra?e)g st[rr?ltct?llrgd tool were fed into the lamination nip

of a ChemlInstruments Hot Roll Laminator (Faifield, OH), with the ink transfer layer in

contact with the heated roll. The temperature of the hot roll was set to 180 degrees F, the

Speed Control setting was positioned between 10 and 20 (approximately 2.5 to 5.0 ft/min),

and the nip pressure was set to 2 psi. After exiting the lamination nip, the lamination was

25  allowed to cool to room temperature.

The substrate was then peeled from the microreplicated structured tool, transferring
portions of the ink transfer layer from the 5 mil thick PET to the contact portions of the
microreplicated structured tool and leaving openings extending to the first major surface
of the PET substrate. The openings were approximately 200 um wide on a 350 um pitch,

30  leaving stripes of ink transfer layer material in a predetermined pattern 38 approximately

150 um wide separated by 200 wm openings 36 similar to the pattern shown in FIG. 1d.
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150 i _tni w de separated by 200 [tm openings 36 simlar to the pattern
shown in FIG id. WD 2011/090641PCT/ US2010/ 061195 Exanple 3 A
subst r at evbavivyoait r ansfer | ayer (Tektroni x 3-Col or Tr 03fuseo1Rob119% f or
Phaser TM Thermal -wax Printers, Reorder No. 016-0906-01), Beaverton, OR) was
pl aced in contact with a section of PET mcroreplicated filmacting as a
structured tool. The structured tool 5conprised a rectangul ar body portion
32 havi nwﬂéal ity of contact portions 34 attached to the body portion

simlar to the ?ﬁtfs't{ﬁgeq{a@glgualotpelnség)lérgpw}k{rgn&b olofTrahBfr 8nt(?o(ftPhQ§élfTMons

conpri sed para trian I soscel triangu Cross section)
havi ng a Terghltwat PAdtersaReardpi Ncmlﬁio%ﬁmlm Bmdrt@n QIIR)dea;rIﬂecedmg tentadt t he

contactlngtlp bet the e es qof the trian OThe
Transfer ‘Bilb 6%1%33?}?5@%19@5%@5&6@&” q@talcﬂ’&% Bt 2¥TYcHErd (e lﬁ%ﬁmcmr%

| am nat i QnfpRed] rdtd Q?ﬁm DSdy pUFEOR 32 h‘&%ﬁnﬁh urdiffop E‘&Réct ﬁogﬁilofn's j@l_lrl] gttac@éﬁi , With

t he 3-Col or Transfer bon’in cont act t he” heat ed
t enper at up dle(ﬁodtyhne)rtlrmt simgdht towhs staeturedto@B80 slegyread1s, 14. hTEth.mm’ctt Cont r ol

tt iti b 1 d 2 5.0 ft/
and the MepiRSolbincpbladyinnd dar SEms b SRR RS Fihe i3 Hithech i p
the | am nRid@ef YeEu@l 4 pi@toft 0GR ant @ J0RBTd ﬂ%@ra@EMr&ntthl@g ?Bétw%&hx
3-Col or Transfer ribbon was then peeled fromthe nmicroreplicated structured

t ool i ng, the aﬂm@iéldf:ﬁﬁghmngk‘@mthe ri bbon onto the contact portions of the

str uclbur ed tooﬂ‘heajne o?% tr%@bq{]o'nna%a rfn@rotreb V\{aé %& %E?oollv&?e\f e]delﬁttoetﬂg Ing to

the first major surface o ransfer m cror éplicated

st ruct ur d@mimaebn nipi dffa smIbstarsdey HbaRel Laﬁﬁ@ed”tqﬂalﬁeldt bel)cwhh d@et3-polori ons
(simlar to reference nunmeral 30 in FIG 1c), was placed intg contact with

a 5 m| thpeserpbbopde epringigvith thecdhegted radly Ih?tt@npﬁéturea% thabpigrllnyas seftot he Hot
Rol | Lamdﬁgoa%greegﬁ%égpg r@étﬂfo?s&méoneg&g Ifé'dbe n%t ngg 0230 degrees F,

t he Spee set g was posit Ween (approxi mat el y
2.5 to 5.(@pprokimandly 2and Sthé/nninp apd éestip prosqse 24s edst td @ p21 psfiter cAftingrthexi ti ng

the lamnation nip, the |amnation was allowed to cool to roomtenperature.
The PeT qé@g}avplﬁa%p fheﬂ?%@eﬂ%gﬁs Eylé‘éW?éﬁtochBIrﬁotrﬂ%mé?rP%f“HFeed tool forming a

negat i ve- i magerftdigniRr a6l THMRRY BBt %@thei[ hec1B¢ a8k e rma%%heitea he
predeterm ned pattern conprised a plurality of 'stripes simlar to FIG Id

appr oxi nmestrektyredsooting, thensgerriag wax from the ribbon onto the contact portions of the
structured tool and leaving openings in the wax transfer layer extending to the first major
surface of the transfer ribbon.

20 The microreplicated structured tool, with wax transfer layer attached to the contact
portions (similar to reference numeral 30 in FIG. 1c), was placed into contact with a 5 mil
thick PET receiving film and fed into the lamination nip of the Hot Roll Laminator. The
temperature of the hot roll was set to 230 degrees F, the Speed Control setting was
positioned between 10 and 20 (approximately 2.5 to 5.0 ft/min), and the nip pressure was

25  setto 2 psi. After exiting the lamination nip, the lamination was allowed to cool to room
temperature.

The PET receiving film was then peeled from the structured tool forming a
negative-image of the predetermined pattern. The negative-image of the predetermined
pattern comprised a plurality of stripes similar to FIG. 1d approximately 75 pum wide on a

30 200 pm pitch with the openings between the stripes approximately 125 pm wide.
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30 200 mpitch with the openings between the stripes approximately 125 m

w de. WD 2011/ 090641PCT/ US2010/ 061195 Exanple 4 A transfer | ayer

was fabriweted/d9ge4extracti ng i nk from an Expo vis--vis PeT/USe@s®cHMNe Poi nt
Pen (Sanford Corporation, OGak Brook, I1), diluting the extracted ink to
5.8% sol i ds-to-sol vent (neasured by mass) in isopropyl alcohol, coating a
section of 5 ml thick 5 PET with the diluted ink using a #4 Meyer Rod from
RDS (WebdExamplrd)  and al | owi ng the sol vent to evaporate. The dried ink

t hi ckness of t r | ¥ M Vis-a-vi ET
substrate wt h&?r ﬁ%gf?ﬂr}agl%r%%yﬁca@;oﬁ \l%rlgs ;% acgllgyrl1 %%X nt ealcs:tawmel-g?%gcti on
of m cr orkpd Peiat Beh Sahford CheporatonpOelp Bradkt, Hol diluting detdxngctad irk totSr8%6t ur ed
tool. The 10structured tool conprjsed a rectapgul ar. body portjon. 32 having
a plural i89{1)8 @reaﬁaxﬁfiibaﬁg@%hmdﬁqpéw AL ﬁ%ﬂﬁs&yﬁeﬁ@mfjéﬂﬂgitwlf ar to
the str ugisr @dh uROiIAQ) HROU NG orlifhd T8 READNRELRONY). O HBURE Sed
paral lel, triangular prisns (isosceles triangular cross séction) having a
hei ght ofth@s@vgrto evapptath dhe Bripdnnkahidkizes9 0f the grassfenlayérevat apphximatetyact i ng
tip betweifg t he equal sides of the triangle. 15The PET substrate with the
ink transt2lMayer and the microreplicated structured tool were fed into
the | am nati onryy BEO§ubtrkH SMhNEE ikniisfer HRker Wad plabdsh@et «iah kéelbd, O ,
with the fabricated transfer filmin contact with the heated roll. The

t enper at Wwienigforgisated filmothe nperprepdicated fillg @cdrgscesiructurehiwoBpEled Cont r ol
setting S si tioned en 10 20 (. Xl 5eto 5.0 ft/mn),
and the roReBRaL bl P RR G REL LS bR Bb A B B BEUMEH R R 3 SRR on i p
the | am nities Jwastaedddav@t Bodygoeiont dmil@oamthesmenatdifodl 30 shown thIT@GPEL
substrate was peeled fromthe mcroreplicated structured tool, transferring
i nk f r omthez98tet ParYEy cogttriscd Aeabenrgagulpoprisnrésosselesidanguiaicressed t ool

| eavin N : [ - f rate.
The. open Rearyi s SRR S 3 ubl'S ritch S 3 WEL 3ha 19D BERe fhe JeF ko BN 2" O
i nk tr angfpeetwegnethe nauiad sidas off the Aoengfir edet er m ned pattern 38 approxi mately 2

m W r m in wn in Fl = I
" q% sepa atﬁge lﬁi}/T gubstrgtg %vq{h tgg i&acra%ssfe? acgler aI{(P the m%ro?eplicatgggm?cu?red

tool were fed into the lamination nip of a ChemlInstruments Hot Roll Laminator (Faifield,

OH), with the fabricated transfer film in contact with the heated roll. The temperature of
the hot roll was set to 180 degrees F, the Speed Control setting was positioned between 10
and 20 (approximately 2.5 to 5.0 ft/min), and the nip pressure was set to 2 psi. After

20  exiting the lamination nip, the lamination was allowed to cool to room temperature.

The PET substrate was peeled from the microreplicated structured tool,
transferring ink from transfer layer onto the contact portions of the structured tool leaving
openings extending to the first major surface of the PET substrate. The openings were
approximately 3 um wide on a 5 pm pitch, leaving stripes of ink transfer layer material in

25  apredetermined pattern 38 approximately 2 pum wide separated by 3 um openings 36 as
shown in FIG. 5.

Example 5
A substrate having a transfer layer (Tektronix 3-Color Transfer Roll (for PhaserTM

30  Thermal-wax Printers, Reorder No. 016-0906-01) of Beaverton, OR) was placed in
contact with a section of microreplicated film (90/50 Brightness Enhancement Film from

3M Corporation, Saint Paul, MN) with the film acting as a structured tool. The structured
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A substrate having a transfer |ayer (Tektronix 3-Color Transfer Roll (for
Phaser TM 30 Thermal -wax Printers, Reorder No. 016-0906-01) of Beaverton,
OR) was pvaced/idmdeont act with a section of mcroreplic&Cedstiloms(199/ 50
Bri ght ness Enhancenent Film from 3M Corporation, Saint Paul, M) with the
filmacting as a structured tool. The structured WO

2011/ 090641PCT/ US2010/ 061195 t ool rised a rectangul ar body portion 32
havi ng a tpplsomnrisgd @)fecé?@ﬁtﬂé&bocb’omﬁl 2 baving ¢ RBEEHY PHCQHECt POHPNPAFt i on

si m | ar E??tagﬁ%% tﬁtﬂfeu&td f %E’n s%ulg'rotosd?é)%’iﬂéhlc'nﬂef 11 36 owil 3 e ACTppor ti ons

conpri sed paral |an u risns soscel es |angular Cross section)
havi ng a daﬁtaghpombn%mpnseda.pqﬁ‘allﬂhtrraﬁglﬂﬁ)r prmnsa(MS@I@Orld@meer@ngémoa) t he

contacti 5bet t he equa i des e triangle The 3-Col or
Transf er VB]lScfnh éﬁjﬁmﬁ?g FBb 8pIFR Y }E Sy mf*g% %‘5 g%gr%mg%rthe ?@Hathgélpt he
| am nat i qnpidd RE ¢ a{:g;g@g S¥she H{gﬁgks Hot Roll Lami nator (Faifield, OH), wth

t he 3-Col or Transf r bon Iin contact with the heated roll. The
t enper at ure of Thh é-(hdmr Trahdfelv%lbb@eand: wi2@0pldetpdetisicfared thel Bpreddd Tomtheol

e i), TARMERRE R ) e BeasEmae RRED S ERN GIAER. B, Fif depsColo

| am nat i orramifes RibBén InddBnt@t wan theiscattdd roMe ghé &nﬁ%@ituﬂe%fﬂ%ﬂt t@MRAs t4d e.
The 3-Col or Transfer Ribbon was peeled fromthe mcroreplicated structured

t ool i ng, 23Palegrees Fi thg Spesd @mﬁmlsﬁéng webpesiiarited b@tv@ee@dﬁtaadtmportu ons of the
stru ur i gs. 8 fll‘ urface
A R A e R R R R

t r ansf er rigdinaeisn aipg &fehaduiaaoﬁ has aqumaictb ool foiroers térﬁpéi‘hﬂu&f reference nuneral
30 in FIG 1c) | aced into contact with a 5 ml thick PET receiving
filmand fed Tfheo? fiﬁ r (Taas A RiRhennvas nseled Romthe nesrarenligaicd strugturcthe

t enper at L{B@hr%trﬁﬂﬁelj?ﬁ 9' ﬂoﬂi‘%ﬁ&%ﬁﬁﬂﬁg cgr‘?t%t Oftidns otfh% ?ﬂt‘é%ﬁeg trol

setting was sitione et ween a appro rrately t/mn),
and t he ningd [gavéessapceingasxt2idieg td the Zirgsnajorutface ektht tmgsfetdbtoam nati on ni p,

the | am nation was. all owed to cool, to roomte ature, and the PET
 ecei ng fil T icEpal Cated e R tAgl. P gﬁf&}l&”ﬁ?@%ﬁﬁ%ﬁ@%&@? santagol

| eavi ng g R6ER éblﬁﬁ‘l'air PRGN R RERLATID 1H@‘I'pr’c2t @agﬁpl@&-dtl% doRtel Withq sfhdim s
surface. The PET receiving filmwas placed into a vapor coating apparatus

and t he rtbrcb|REITrtgcehvﬂng1ﬂ1\msmdégbmtq:thatlzﬁdmmldzmnlam)f dppiod® atht @hynatb@0The
nanormet ertgm%grlaﬁllée of the lilot roll was set to 230 degrees F, the Speed Control setting was
positioned between 10 and 20 (approximately 2.5 to 5.0 ft/min), and the nip pressure was
20  setto 2 psi. After exiting the lamination nip, the lamination was allowed to cool to room
temperature, and the PET receiving film was separated from the microreplicated structured
tool leaving a negative-image predetermined pattern on the receiving film’s surface.
The PET receiving film was placed into a vapor coating apparatus and the
receiving film was vapor coated with an approximately 100 nanometers thick layer of
25  indium-tin-oxide over the entire surface similar to FIG. 2a. The negative-image
predetermined pattern formed from the transfer layer was then removed by gently rubbing
the vapor coated surface with a heptane soaked rag. The PET receiving film was left
bearing its patterned ITO layer comprising parallel ITO lines approximately 10-15

microns wide separated by 50 microns on center in the second predetermined pattern

30  similar to FIG. 2b.
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25i ndi umtin-oxide over the entire surface simlar to FIG 2a. The

negati ve-i mage predeterm ned pattern fornmed fromthe transfer |ayer was

t hen renoweadotyoge@mt | y rubbi ng the vapor coated surf aceP@irtus2aoiepdane
soaked rag. The PET receiving filmwas left bearing its patterned I TO | ayer
conprising parallel 1TO lines approximtely 10-15 mcrons w de separated by
50 microns on center in the second predeterm ned pattern 30simlar to FIG
2b. WO Zxemple®s41PCT/ US2010/ 061195 Exanpl e 6 A portion 5 m| thick

PET film vacu ted:\: tee Al ! niformy
marked with a Ar;'ggﬁ@?nsgﬂ \glh%l?l)gﬁar p gacglgr mat(r%tee#%91 rt‘rar tg]freeifgg%ﬁlroé)\@ro gor ation,
Qak Br ooksilved, was anidoriiie maplcaloeith & rtdoFiae Rbme Shavpichpeammcnt omeel (Satfed

structured 5toal. The st tur topl conprised a rectangul ar body portion
having a %m?rarlp%ﬁ%r%rﬁa@ ad i a%e%m@@mm&é@ aclam{g@l Bqdﬁtraﬁ%l?ed
attached (@ e RAdYrRBE1 B rirkéebl %L%e%%gﬁl%fé%@&aorﬁ&?h%@?@lu@ﬂﬂy Brtch of the

t rapezoi dal - shaped el enents mand 3 m respec ely,” and the
hor i zont glardlish tpezdida-sbhiped ventactgpetaisdidthelsiddp du aptpadionpdnciask s¢atiotd al |y

t ouchi he .t fer. | : i.matel y 200 i de. . 10Th bstr at
with the prReiehdnden pRY R RhEHd i S P o et Y08h were fed
i nto the fbativally,Ad fhdhdzoAta e PoRedn RO 8pdz8idaReHabed-adhtnabefionFai f i el d,

OH), with the transfer filmin contact with the heated roll. The
t enper at upgiaby tqugbingdhe wrayisferdayer ses appyoligotdegp@em widet he Speed Cont r ol

setthg ves pogtl ued. REL YRS 19na06%: 5, SAMERH IR Sl ulyliel ot/ T 1)

; t .
and the nip pressure exI e amnation nip,

the | am rfad imé thvdsmadationvaih ¢fa Cladhinsteurh @ROHLERPIE Laiitacor (Faificld, ORD, $ithst rat e
was t hen tgeel ed fromthe mcroreplicated structured tool, transferring

porti ons 8¢ tremderflm ingrnfaetapidh ge healpd rolf o Thaempsratwe of herhof emkswass set toe

St r uct ur egol ol FEAY A ARSIAAREX WAL Hb 0oL teheaiIbYer Jpoat ed i1 st

maj or surface~of the substrate. e’ su e was p into a MacDerm d
Copper M(8pprekiectalpless S fitniing abathe ipacDarawds s&@o Dakerbftieryexitidp)thé or
APPr Q1 MR e it nip, Tha IS mination was Slowddio ol 5206 temperatare. | ¥ formed
The substrate was then peeled from the microreplicated structured tool, transferring
portions of the red ink transfer layer to the contact portions of the structured tool, leaving
openings extending to the silver coated first major surface of the substrate. The substrate
was placed into a MacDermid Copper M-85 electroless plating bath (MacDermid,

20  Waterbury, CT) for approximately 30 minutes, until a layer of copper had clearly formed
on the exposed regions of silver. The predetermined pattern in the transfer layer was
washed away in a bath of methyl ethyl ketone leaving a second predetermined pattern of
copper traces on the silver coated substrate. The lines of patterned copper were
approximately 200 um wide on a 350 pum pitch.

25
Example 7

A 5 mil thick PET film was sputter coated with copper approximately 100 nm.
The copper-coated PET film was coated with a liquid solution of 25% by weight Futurrex
NR-9 1000PY polymer resist solution (Futurrex, Inc., Franklin, NJ) diluted in 75% by

30  weight Methyl Ethyl Ketone (MEK), such that the final liquid composition was
approximately 5% by weight polymer and 95% by weight solvent. The liquid solution
was applied to the copper-coated substrate with a #4 draw-down rod (RDS Corp, Webster,
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on the exposed regions of silver. The predeterm ned pattern in the transfer
| ayer was washed away in a bath of nmethyl ethyl ketone |eaving a second

pr edet er mvoedip®od4er n of copper traces on the silver co@Cedssuossriase. The
| ines of patterned copper were approximtely 200 mw de on a 350m pitch. 25
Exanpl e 7 A5 ml thick PET filmwas sputter coated wth copper
approxi mately 100 nm The copper-coated PET fil m was coated vmth aliquid
sol uti on XY¥)-2Bhg qunéwgmllmcﬁtprd&lw g reon0EYPYaluydrdtaviest wiifosd ut i on

Futurre ,
f(e? oﬁe (@E%ﬂggﬂ%ﬁeﬁ § Ihé? reg\%)fo%lhg B?Qn%f@rﬁ e{oéi)ﬁol%(g%l wg%] 26%@85?% el y 5%
by wei ght pol yTt&rPEIhcb@E%dmyed/ﬂnththmhsfeﬂ'ayeﬁm ﬁlaoqdiirdcmdtanmlthra was

appliedto.the co er-coateds strate a #4 draw do od, (RDS Corp,
Vebst er, MR9TOR Fe@éémtwéws £OITBEY Oﬂw SECPORYTERYAITRRA ¢ o

dry iR aifayfly 4 SR Eaﬁfe}”u%Peio@@a‘{'sH&)ea cHHﬂaEtgfd?ﬁ&RaJtﬂa&&d% i isey pol yner

resist formng atr nsfer | ayer approximtely m crons thick. The PET
copper cawmirtaeh. flinlcnessiscdtiony tha dfght dralystchwd shqptrapceal dalrshepett dements tiarcal 75
mcrorepllcat tructured.tool. The. str ctured t

oot anguiki Sibas? BEEISH TSk et agizapal B pogfon ity FERold habed

trapezoi dahtash@ne Qnﬁ@tﬁm@qbucn@ﬁg iheMan gt REOBHast HpEd@mBORY200q(h Wade. | N Cross
section, the hei g ht and pitch of the tra e20|daF shaped el ements were 175

[tm and 350 m’ e eapper goateshfeln wih irensfelay erland dlpe @WQfﬁBll‘tpa(tﬁd st4vep
tr ap(%ol dafl:re (fle 15?0 tﬁggantu%gtlo 191{) Pﬁgg%‘gﬁ@lﬁstt% e%tscoaﬁgoérﬁ? |+ gtog lgrO#lZ?/er

was appr oxi hete COPpPEr 'Fans

| ayer andNﬂtlhmerﬂaﬁstEf apéﬂ 1ﬁ@bﬁtdctsmmmﬂﬁatwmn f"El(ib ﬂeﬂip@rahhe ofmmh@atdlmami p of
a Chenlnstrunents Hot Roll Lam nator (Faifie ith the transfer

| ayer i n ssbigtlaftdegieenF + the Spessk Gontyod petiingrpyas P@%ﬁb@l@étbﬁ'?"\éﬁeéflotaﬁé 2ot roll was
set to 1 8%@3%?‘5 t%@g) §Hﬁ§989€ﬁ rlﬁf%?&g%&ﬁ%qtgﬁg@% Q?ﬁf tioned between 10

and 20 (approximtely 2.5 to 5. mnj, e nip pressure was set to 2
psi. After exiAftesr@xtthg thahintiadtiommipmiti labdiratioanyasadloond vesochtd moed t o cool

to roogm 15 te ure. The structured to the eele fr

t randPer tﬁlap%fgp tiered fop] v fh’ﬂ@@asqle@frﬁméﬁa%v Wﬁgmeé’ofﬁ f El‘t he
transfer ¢, %«%51 J‘?«‘éh&grrﬁhéd pagrin ﬂﬁewﬂﬁér 15 'h§§71n§5;>9‘11{e 19&&%@@{ pded by
| anes free of resi st (openings) | anes free of

t he pol ymen wn@segal;atetdi’ca lewg g of patyineg r¢ssst cxqpores) UMW itrh @flcﬂer rlsttherkpoy
surface. free of the polymer resist, the copper coating is exposed on the first major surface.
The PET substrate with the predetermined pattern in the transfer layer was then

20  placed into a copper etch bath, to remove the exposed copper in the openings of the
predetermined pattern in the transfer layer. The copper etch bath comprised 1% by weight
Ferric Chloride in 99% by weight water (VWR Inc., Weschester, PA). The PET substrate
was then removed from the copper etch bath when it was observed that all copper in lanes
free of polymer resist had been etched (approximately 2 minutes). After removing the

25  predetermined pattern in transfer layer with a solvent, the PET substrate then had a
predetermined pattern of copper lines approximately 150 um wide separated on a 350 um
pitch. FIG. 6 shows the predetermined pattern in the copper layer on the PET substrate
after etching.

While the invention has been particularly shown and described with reference to
30  various embodiments thereof, it will be understood by those skilled in the art that various

other changes in the form and details may be made therein without departing from the

spirit and scope of the invention.
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The PET substrate with the predeterm ned pattern in the transfer |ayer was
then 20 placed into a copper etch bath, to renove the exposed copper in the
openi ngs WO 20hIprsedet ermi ned pattern in the transfer | agems2iiilb®sooOpper
etch bath conprised 1% by weight Ferric Chloride in 99% by wei ght water
(VWR Inc., Weschester, PA). The PET substrate was then renoved fromthe
copper etch bath when it was observed that all copper in |anes free of

pol ymer resist had been etched (approximately 2 mnutes). After renoving

t he 25pr i pattern in transfer layer with a solvent, the PET
substratgﬁﬁﬁg%g%ggghﬁpredeternined pattern of copper |ines approximately
150 mw de separated on a 350 mpitch. FIG 6 shows the predeterm ned

pattern in the copper. | ayer on the PET substrate after etching. Wile the
i nventi ofr had' B& ﬁgquf%%ﬂ %Flﬁiﬁtfé‘i'?é\ﬂﬁm&ﬁc}r E b pbyithe pfedeisrBied At

30vari ous emadi fRnhgiol Llﬁfa%et)ftﬂetsuﬁét}a'te,ﬁ?mg&ﬂ@& SMpdsiRy. those skilled in

the art that various other changes In the formand details nay be made
t herei n wi t houtroddmarthé supstrate imvihg thepgiranister daydr e tedirgfmajhesurfacent i on.  Wat

is clainmed is:_ 1.. A nethod of formn ubstrate.having a transfer |ayer

W th a predet APRTHEE THEREER BRI ORI e DU HA DR e GuBeFat o 1 he
met hod conpri si &ghtacPpO¥ioHs RE/inde YOURSS Mdcﬁllﬁadéw&ntahsuﬁd.%%f Rfaboay® on the
first major surface; providing a structured tool having a body and a

plurality of co@pbgct portions, the contact portions having a Young's

Modul us bet we %au?oﬁﬂmgﬂ%%ﬂ%c%ﬁmﬂg&ﬁﬁt 9&1 aeheating either the structured
tool or the subs r%.e; contacalng e transfer’ layer with the structured

tool ; cool i ng dohectin@msfitensfcapmesr wialnthewtribtdreavbslg t he structured tool from
the transfer layer such that portions of the transfer |ayer separate with
the structur edopbeg thedmpsisglagpeantgs in the transfer layer that extend al

the way thr Ougpitﬁd?ﬁwﬁlg%ﬂéitﬁ{gtdggt%’ ﬁg% %8mttngtr§ﬁ§?§tllﬁfér%uéh%m A& hanst er

| ayer with the predeté&rm ne
transfer layer separate with the structured tool leaving openings in the transfer

layer that extend all the way through the transfer layer to the substrate forming

the transfer layer with the predetermined pattern.

2. The method according to claim 1 wherein the transfer layer has a thickness of

between about 50 nanometers to about 5 micrometers.
3. The method according to claim 1 wherein the plurality of contact portions having a
characteristic height and the characteristic height is at least 2-10 times greater than

the thickness of the transfer layer.

4.  The method according to claim 3 wherein the plurality of contact portions comprise

a triangular cross section and have the characteristic height of at least 12 microns.
5. The method according to claim 1 wherein the structured tool is microreplicated.

6.  The method according to claim 5 wherein the structured tool is a tool roll.
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2. The nmethod according to claim1l wherein the transfer |ayer has a

t hi ckness of between about 50 nanoneters to about 5 m croneters. 3. The
met hod acwordimgod4d cl aim 1l wherein the plurality of coRCRAIS2@O/06i110HS
having a characteristic height and the characteristic height is at |east
2-10 tinmes greater than the thickness of the transfer layer. 4. The nethod
according to claim3 wherein the plurality of contact portions conprise a
triangul aF cridssnaked qceprdipdtoriaig & whereldhe eeerqtiagiiePHETHRE befvosh theast 12
m crons. 5. ing to claim1l wherein the structured tool is
nicroreplicaE%gyﬁg%ﬂgﬁgﬁ%%?h%% according to claim5 wherein the structured
tool is atool roll. 7. The nethod according to claim®6 wherein the

contacti i s perforped between.the tool roll and a bagkup rql.l. 8. The
met hod actor i @n@‘t%o@m% m&l@i anE‘?fémct[%?nP%ﬁtW@ it ge_rggwee@?éla Hhi1e the
substrate is a@tafd iB aQfrig SHRIdERitE Sed BDIER TP S deaﬁ@édﬂﬁro%gygirﬁ?ﬁr?ﬁl 4 hrough a

nipinaroll-to-roll process. 9. The nethod according to 1 wherein
t he transfer rolhyerolcpopssses a wax. 10. The nethod according to claim1
wherein the openings conprise a wwdth of Iess than 20 mcrons. 11. The
met hod of claim 10 wherein the predeterm ned pattern conprises stripes

ext endi ng acrmgdthtel ddcb@find®) cPlimSIi h@eR: thd FansFeday@icbR@rigceorsi.ng to claim
1 further conprising depositing a conductive |ayer on the substrate form ng

a second predeterm ned pattern. 13. The method according to claim 12

wherein the nd ive laver c rises. indiuntin-oxide. 14. Th had
aceordi ng o FACHERaN S s R L8 RTok R BBy e 4F 1B IR
el ectrol essl pophiatoad. netal |ayer. 15. The method according to claim 14

wherein the conductive | ayer conprises an electrolessly plated copper |ayer

over a sputter-deposited palladiumlayer. 16. The nethod according to claim

L her of iyt DerElihod T Bl SH LA i RTRIC BT Acd Bl LR, RDLDS substrate

is etched to renove the net om t he openi ngs | redet er m ned
pattern. extending across the first major surface.

12.  The method according to claim 1 further comprising depositing a conductive layer

on the substrate forming a second predetermined pattern.

13.  The method according to claim 12 wherein the conductive layer comprises indium-

tin-oxide.

14. The method according to claim 12 wherein the conductive layer comprises an

electrolessly plated metal layer.

15. The method according to claim 14 wherein the conductive layer comprises an

electrolessly plated copper layer over a sputter-deposited palladium layer.
16. The method according to claim 1 wherein the first major surface comprises a metal

layer and the substrate is etched to remove the metal layer from the openings in the

predetermined pattern.
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17. The method according to claim1 further conprising contacting the
structured tool against a receiving film after withdrawi ng the structured
t ool fronrwOhkelwwesrsfer |ayer, to thermally transfer thePpofiszan®61dst he
transfer layer that separated with the structured tool onto the receiving
filmin a negative-inmage of the predeterm ned pattern. 18. The net hod
according to claim 17 further conprising deppsitingﬁa conductive | ayer on

the recei Vi ndhrimathodiapcording teelaipd Bieber nyising ©nEichna thasepeurrdtpel cont act
portions hav%igﬁn%%l%m%ﬁinml H?er%{h\ﬁ?a%ng%%mgtu%ﬂatogp&&g% tra?nsg?"f’%fyego' The
afm th u

met hod of cl erern e contact portions conprise a triangul’ar cross
section. to thermally transfer the portions of the transfer layer that separated with the

structured tool onto the receiving film in a negative-image of the predetermined

pattern.

18. The method according to claim 17 further comprising depositing a conductive layer

on the receiving film.

19. The method according to claim 1 wherein the contact portions have a Young’s

modulus between about 3 Gpa to about 7 Gpa.

20. The method of claim 19 wherein the contact portions comprise a triangular cross

section.
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