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stencil processes are attractive to OW cost patterning of a wide variety
of substrates, because the techniques are applicable to non-planar,
roughened, and/or conposite substrates. However, comrercially viable
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500, such thrvizlgol protd6ed RPCENCIGRQ paltOdF 478 have a lateral resolution less than 50 um
have yet to be developed. In large part this is because stenciling processes such as screen
printing typically utilize a woven mesh that forms a backing or support layer onto which
blocking regions are adhered. The woven mesh is stretched across a frame and coated
with a photoresist termed an "emulsion," which is exposed through a mask to provide a
desired pattern. After exposure, the cured emulsion takes the shape (form) of the woven
mesh, which is clearly visible through the cured emulsion. The highest density
commercially available meshes consist of fibers that are approximately 30 pm in
diameter. Furthermore, although woven meshes are pressure annealed to secure the
weave, there is significant topography in the surface of the woven mesh (i.e., >30-40 um
in the vertical dimension), which allows ink that passes through the woven mesh to
spread laterally at the edges of the cured emulsion due to non-conformal contact between
the mesh and substrate. While this edge-bleed is not a concern for patterns having lateral
dimensions of several hundreds of microns, it limits the applicability of traditional stencil
processes to applications in which sub-50 pm resolution is not required.

[0003] While patterns that include features of about 50 um in size have been achieved

using a stainless steel screen having a mesh count of about 350 to about 500, such



processes are not feasible for patterns requiring a resolution below 50 pm
or patterns on non-planar substrates. Furthernore, screen printing
processeswoanitaga2di fficulty patterning both snmall- angcrarsge1dsmesnsi on
features using the sanme screen and ink conposition. BRI EF SUMVARY OF THE

| NVENTI ON [ 0004] What is.needed are stencils and pr.ocesses.for reproducibly
etohtng a TGSV TRY. BREocr Pafkelt Rk PESQRERT EERERY B GRREEMS o,

l ess. The signslhhe SR CeFafbersitadll serbé Im@MiaeShrocdts@hlcln riepe odigdudye
and scal able. In particular, the stencils and processes of the present ,

i nvention ceaitepyiegiboth twatlueed laeprdigention daapres usingathe simelissiesiad Bk 50
tmor |ess &%ﬂkgﬁg%kthe sane time form ng features having much |arger

| ateral di mengions.” [ 0005] In order to achieve sub-50 p.m high-resolution
screen printing, high resolution patterns nmust not only be supported on the

mesh but the stencil nu m %gﬁgﬁﬂ : ' t he substrate.
In order to neet these ﬁég‘ﬂiﬁ S/L&B Jﬁg&%@ﬁf ocess to create a
smal | - m cr opor ous-t o- nanopor ous nenbrane surroundi ng a woven nmesh. The nesh

provi he st gk Sl pgdﬁ 5%5@; Iy ;&1 WAL RAR variet
el ast grgrg?‘f]c mat er i %ﬁsﬁﬁ% b%gé&?g t ntgr}sr?rgs . Tfﬁeper?es ufc?);y cont gi ne% vY;ia{I?\?]n
t he porous afentstans, wishug hat¢rhladinteosibn fif® aoes logs. tThe stapsil$ sndngrobgsbesi stiould

structure are m cro-nanoporouys, 0006] . The present jnvention js directed
Co an arti dedoBCaTh H G RO SRE PRCTAGOL. (TEE O et SOER S oS FRaL: bl o
nesh; and ahspRROM ih@¥Ebn 4 preRdcd Ratuh® Havirdtat|@¥esne TaRkeal FREONGo] SR um
conprising a plurality of nanow res, the nanow res having a dianeter of 80

nmto 10 tronlessOd0iZ]aTHe spmediong formyneneatoresihgviak sanchilanget leteral gimensianci |
conprisi a first lLayer conprisi a flexible.mesh, an second_ | r
ST T’ MR ® B R ARA0WR, WSO ETE SPer R atud dHEH fo REED

nanow res, gaferndanst Mt-asy beawipperted oh erahesh bk tHRGtemadil tgusl Als® nfitke vhebahdl a
pattern having at | east one lateral dinension of 500 [an or |ess is present

in or on tenEetHHd thayubsiraimhd Ieedeitn med thessxicpisepaitn e baekdsvgloned 2a
A . .
per meabi | i ty, g4l R@Qhﬁé tggs%f?}%&s%&eus@{o%ne?@%g%?tlﬁ&aﬁéﬁ E&&’%glggllgdn%t%en

pattern is ‘I npernea e etch paste. n some e nts, the
nanow r es an¢shr i Biee meplopyovidesstee strti@dral sopportpaidy thiehyérabane po Forpred fdne ne,

pol yet hyl ene terephthal at e, polyvinyl pyrroljdone, and conbi nations thereof.
W0 20117 1465 sssTe) B ook e e Briot Seafacd Vi iR GRS

have an avepag6Hé anat @1'%1“ Bth 20 bE ﬂleQeéﬁ'TﬁrigqglybgﬁQU{lB?uFé)arg%cﬂ&manb e

enbodi ments, the second |ayer of the stenci as a thickness of 500 nmto
20 um[09@)10] | n Benpresmbodienton s, dirdeeedotmt areamickoripmasesctare apagissgratiesti al

Zﬁ:jeggﬁgi ngx@éhggpﬁéigg%f?&%% %rgeis}q;gan%fé se%or?c? lagfgre gfﬁxgci.' toetlh%%rgtqg}ge’r, ffie rsreecto%ld’
layer comprising a plurality of nanowires, the nanowires having a diameter of 80 nm to
10 pm.

[0007] The present invention is also directed to a stencil comprising a first layer
comprising a flexible mesh, and a second layer affixed to the first layer, the second layer
comprising a plurality of nanowires, the nanowires having a diameter of 80 nm to 10 pm,
wherein a pattern having at least one lateral dimension of 500 pm or less is present in or
on the second layer, and wherein the flexible porous backing has a permeability suitable
for flowing an etch paste there through and the pattern is impermeable to the etch paste.

[0008] In some embodiments, the nanowires comprise a polymer selected from:
polyethylene, polypropylene, polyethylene terephthalate, polyvinylpyrrolidone, and

combinations thereof.



[ 0011] The present invention is directed to a stencil conprising a contact
surface that includes: a photoi naged el astoneric conposition having at

| east onewopenimgithere through that includes at |east ooe/uspeniosg7é here
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di ' f 50 wh th d e
s SuMBBIe. 1 or TE GRS FAPIER Rt St MG eSS PR TR GRS ER ST PPy dper
af fi xed to g, hagksicdemab shhand et s@h{@@%dﬁh&% QRBkéDnE Q%J@%f tHeQfonciMh@s gi n

the stability 1ayer has substantially the same |ateral mensi ons as the
phot oi magedhigkzess ofE(Q mé@%@@ltl on, and wherein the stability layer has a

Sh D hard
11 LR, D, "8 s, TR e P B GBS DRSLLaBonl Lred

per neabi | i teyopddnalilify 60k polyendrNh éasterhet) alﬁ@e&él?aﬂdlﬁfnﬂolhdﬁo@u gterect00121The
present invention is also directed to a process for preparing a stencil
the ploRdds conphiespragpnt [IGREPRjis dBagted t 2| stenell d%oﬁnﬂfmaﬁﬁ’tﬁé“as‘-‘r‘r%é? diatt hat

i ncl udes at, Lo (?et%t Ogﬁ(ttgfg%i}%%b&%?&h&% %s&hs}{au&b%w "e130 OB lpalihy there

t ranspar ent i sposing a ol mageabl e el astone
formul ati omhmnglo thdrentlufiés af feastayrer ope[nﬁiglﬂﬁ-rd througiathangefine algattropinnget he

phot oi mageabl e el astomeric fo rrulalonto m a contact |l.ayer conprising a
phot oi nageéteéFléz"fi nieaéb?ﬁ‘fog‘f mﬁ%‘?‘hﬁlr 3{) ML 8% es%n‘@h%f)‘gﬁﬁﬁaﬁ?tg&’%ed °
t hrough t h%;asg)?rtérﬂ% 091%()}1% Ehlta'Bletﬂa? cSieRfdlly &ﬁ‘l‘t'dcﬁﬁg atsubfasd, 2008 stadtigy al
di mensi on of 50 urn or |ess; 100161di sposi ng a photoi nageabl & formul ation

onto the conteactfialytr a momadoﬁnhewhomgn@eﬂl dadterherip opmpssitiers kivigeini thy at

phat of magedBPNY oA SeF or R BRI AT <eals 109! [aperary ey el BRabiRee

contact | ayefstoatdictdoghpokioh Paf wér@m&h@@@tsﬂmg layehBésed Bhéroer ﬁéfﬂ)héﬂdhéss lofty er
has a Shore Type D harness of 50 nore, and has | ateral dinensjions

subst ant i alS0yon meres and adlexipde @GWﬂlédtaCklageﬁfﬁX%H’ [0 stabitisniyeh gvhaginsthenci |
fromthe magtey, %%rou%p@a ﬁ}n'gnga ;Ke%%‘é’é’&ﬁ@ 5i6bld ¥ Abkidg¥ € etch paste there

through.
{8012} The present invention is also directed to a process for preparing a stencil, the

process comprising:

[0013] disposing a lift-off layer onto a master that includes at least one light-blocking
region that forms an optically transparent pattern;

{80614} disposing a photoimageable elastomeric formulation onto the lift-off layer;

[G015] illuminating and developing the photoimageable elastomeric formulation to form

a contact layer comprising a photoimaged elastomeric composition having at least one
opening there through that defines a pattern in the stencil having at least one lateral

dimension of 50 pm or less;

{8016} disposing a photoimageable formulation onto the contact layer;

{B81 7} contacting a flexible porous backing with at least a portion of the photoimageable
formulation;

[0018] illuminating the photoimageable formulation to form a stability layer affixed to

both the contact layer and the flexible porous backing, wherein the stability layer has a
Shore Type D harness of 50 or more, and has lateral dimensions substantially the same as
the contact layer; and

[0019] removing the stencil from the master by separating or removing the lift-off layer

from the stencil.



fromthe stencil. WO 2011/ 146912PCT/ US2011/ 037478 [0020] I n sone
enbodi nents, the photoi nageabl e el astoneric fornul ati on does not
subst ant iwbl2g11plaeae separate prior to the illum nating aod/usemelosprsng, and
t he phot oi nageabl e formul ati on does not substantially phase separate prior

to the i]lumnating. [0021]ln di h y i i
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por ous backf#‘@%, .th at | east a portion of the photo inageable fornulation,
oxygen pl ashET Y Ié%l ng a surface of the flexible porous backing and
deposi[§6219 an adhesihd @hbsmineitsONhe procesoXy@rpriRk apiive tto etleedispbeng bihe
porous backing. Adhesion pronmoters suitable for use with the present
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acryl oxynet hyl tri met hoxysi | ane, acryl oxynethyl tri xysi l.ane

acryl oxy- né’PFRHStbF‘?lﬁﬂg &r%s%t :le&ﬁ'éa P%?%Pgé‘figgi’ pa g%%ﬁ@???%ﬁ%?%e,
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allyltriethoxysilane, allyltrichlorosilane, and conbi nati ons thereof.

[ 0823] The pnestnbxyganeplainmtreaedflegblti poseusducking a Asthet e sropfoters shitable for
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[ 0025] f | owithgheMaxPiatyIRASIE GfBRbkEvIYBIlarR] CamiryloRyah@tytlifethpoy ouslane,
backi ng assenbly and the at | east one opening in the stencil to provide a
pattern of 2etceropesthaxydicthtrey seibaner ageacryloxyethoxytrichlorosilane, N-3-acryloxy-2-

hydroxypropyl-3-aminopropyltriethoxysilane, acryloxymethyltrimethoxysilane,
acryloxymethyltriethoxysilane, acryloxymethyltrichlorosilane, acryloxymethyl
phenethyltrimethoxysilane, 3-N-allylaminopropyltrimethoxysilane, allyltrimethoxysilane,
allyltriethoxysilane, allyltrichlorosilane, and cofnbinations thereof.

[0023] The present invention is also directed to a process of etching a substrate, the
process comprising:

10624] conformally contacting the contact surface of a stencil of the present invention
with a substrate;

[0025] flowing an etch paste comprising an etchant through the porous backing assembly
and the at least one opening in the stencil to provide a pattern of etch paste on the
substrate;

[0026] reacting the etch paste with the substrate, wherein the reacting removes a portion
of the substrate to provide a pattern on the substrate having at least one lateral dimension
of 50 um or less; and

[0027] removing the stencil from the substrate.

[0028] The present invention is also directed to a process of etching a substrate, the
process comprising:

[0029] conformally contacting the contact surface of a stencil of the present invention

with a substrate;



[ 0026] reacting the etch paste with the substrate, wherein the reacting
renoves a portion of the substrate to provide a pattern on the substrate
havi ng atwbeast14691e | at eral di nension of 50 um or |ess; pamwsp@@BIj4r€noVvi ng
the stencil fromthe substrate. [0028] The present invention is also
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energy to yifeRidnbr 50 um or less.

[0033] In some embodiments, the reacting comprises applying thermal energy to the etch
paste, the substrate, or a combination thereof. In some embodiments, an etch paste for
use with the present invention has a viscosity of 100 cP or more.

[0034] In some embodiments, pressure is not applied to the stencil or the substrate during
the conformally contacting. In some embodiments, a process of the present invention
comprises cleaning the patterned substrate. In some embodiments, a process of the
present invention comprises, prior to the conformally contacting, pre-treating the contact
surface of the stencil, the substrate, or both, with an oxygen plasma.

[0035] In some embodiments, a process comprises after the flowing, increasing the
viscosity of an etch paste.

[0036] In some embodiments, the at least one opening of the stencil has at least one
lateral dimension of 1 pm to 10 pm.

[0037] In some embodiments, the photoimaged elastomeric composition has a thickness
of 1 um to 10 pm. In some embodiments, the photoimaged elastomeric composition has
a Shore Type A hardness of 5 to 95. In some embodiments, the photoimaged elastomeric
composition comprises an elastomer, a cross-linker, a photoinitiator, a free radical
scavenger, and an optional oxygen scavenger.

[0038] In some embodiments, the photoimaged elastomeric composition comprises a
cross-linker in a concentration of 0.5% to 65% by weight, a photoinitiator in a
concentration of 0.01% to 10% by weight, a free radical scavenger in a concentration of
0.01% to 15% by weight, and an optional oxygen scavenger in a concentration of 0.01%
to 10% by weight.

[0039] Elastomers suitable for use in the photoimaged elastomeric composition include a
styrene-butadiene-styrene block copolymer, a styrene-isoprene-styrene block copolymer,
a copolymer of acrylonitrile and butadiene, a neoprene rubber, and combinations thereof.
In some embodiments, the elastomer is a styrene-butadiene-styrene block copolymer that

is present in a concentration of 30% to 99% by weight.



paste, the substrate, or a conbination thereof In sonme enbodi nents, an etch
paste for use with the present invention has a viscosity of 100 cP or nore.
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5 um or less; and a flexible mesh affixed to the porous membrane, wherein the flexible
mesh has openings with a lateral dimension greater than the pore size of the porous
membrane.

[0045] In some embodiments, the porous membrane has an average pore size of 15 pm or
less. In some embodiments, the porous membrane has a thickness '0f 500 nm to 20 pm.

[0046] In some embodiments, a thin layer comprising a heat-treated polyolefin is present
between the porous membrane and the flexible mesh. Polyolefins suitable for use with
the present invention include, but are not limited to, polyethylene, polypropylene, and
combinations thereof.

[0047] Thus, the present invention is also directed to a process for preparing a flexible
backing layer, the process comprising: annealing an assembly that includes a porous
membrane having an average pore size of 15 pm or less, a flexible mesh, and a plurality
of polyolefin-containing particles there between, for a time, and at a temperature and
pressure sufficient to affix the porous membrane to the flexible mesh to provide a flexible
porous backing for the stencil.

[0048] In some embodiments, the polyolefin-containing particles comprise a polymer
selected from: polyethylene, polypropylene, and combinations thereof.

[0049] In some embodiments, the flexible porous backing comprises a layer of nanowires

affixed to the stability layer, wherein the nanowires have an average diameter of 80 nm to
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that forms an optically transparent pattern;
disposing a photoimageable elastomeric formulation onto the lift-off layer;
illuminating and developing the photoimageable elastomeric formulation to form a
contact layer comprising a photoimaged elastomer having at least one opening there
through that defines a pattern in the stencil having at least one lateral dimension of 50
pum or less;
attaching a flexible porous backing with at least a portion of the photoimageable
formulation;
removing the stencil from the master by separating or removing the lift-off layer from
the stencil.
[0054] The present invention is also directed to a stencil comprising:
a. afirst layer comprising a flexible mesh; and
b. a second layer attached to the first layer, wherein the second layer comprising a
pattern having at least one lateral dimension of 500 pm or less,
wherein the flexible mesh has a permeability suitable for flowing an etch past

there through and the pattern is impermeable to the etch paste.



0048] I n sone enbodi nents, the pol yol efin-containing particles conprise a
pol yner sel ected from polyethylene, polypropylene, and conbi nati ons

t her eof . WOQ4BJ4wigone enbodi nents, the flexibl e porouspbaaiscongosanpri ses a
| ayer of nanowires affixed to the stability |ayer, wherein the nanow res
have an average di anet 011/ 1/ 037478 10
p.m and a flexible mmgﬁgsamjﬁgﬁéérfﬁngﬁé%l n sonme

enbodi ments, the nanowi res have an average dianeter of 200 nmto 2 wn. In
somne I ment r f tin.
00501 Re. "the BiBsfHBinble BARM FRIcHA% AebBbRARERS R md MnlpLPoFhe
preparing apédlﬁxattmhqeﬂbﬁtrkuertglelc&yrﬁame dnlftmdmaﬁesﬁ tleopresdns |1m@npomumdjim@tlam
assenbly that inc]udes, a er of nano s affi a fl exibl

wher ei n” t heVitty e?“éé?“l‘i’&vé"éﬁr SRTET WP “é Ig}ncasf e%@ltﬁﬁﬁ‘@m}ﬁ’ to e@‘é@‘f} I'n
some enbod'a{}?ealé&l skﬁleld'lflttheoéefmxlle%)(%rtt&ﬂﬁpé hRPSseahVRiBhticiQ! ubl e pol ymer. \ater
sol ubl e polyners suitab use wth the present invention include, but
are nd0036]m t ed RIG, 1gprpoidyy i tlyke-dimatsminal aowwaﬁq@lrmbse@wmnlﬁwter@ﬂ of

pol ysaccharjde, a_ polyvinyl pyrrolidone, and conbi nations thereof.

[ 0052] Furt Hh‘? f«??ﬁiﬁg‘? r‘?\éﬁ?% features, and advantages of the present

i nventjpgsg, as vaGk. aa- ZETQ)r&lHéJQNL‘Ts%e@tMaDP@fr@sfeh@ﬂoﬁg of RenV¥i®y bPUfe present
enbodi nents of the present invention, are described in detail below wth
reference tleqnﬁénaccorrpanyl ng draw ngs. [0053] The present invention is also

dir eCt[ﬁQSSt] 0 a pque}g.S?A-I&? r(p\ﬁ(?eog Ilogg-séacn%}xar&%hémat}chcﬁaga&cc?fsaspl%gégg rshi%eibrl]égfor
preparing a stencil of the present invention.
[0059] FIGs. 4A-4C provide a cross-sectional schematic diagram of a process suitable for

preparing a composite backing for use with a stencil of the present invention.

[0060} FIG. 5 provides a SEM image of a patterned elastomeric photoresist on a porous
backing layer.

[0061] FIG. 6 provides a photographic image of a stencil of the present invention.

[0062] FIG. 7 provides a SEM image of a stencil comprising a woven polymer mesh

having a patterned elastomer layer applied thereon.

[0063] One or more embodiments of the present invention will now be described with
reference to the accompanying drawings. In the drawings, like reference numbers can
indicate identical or functionally similar elements. Additionally, the left-most digit(s) of

a reference number can identify the drawing in which the reference number first appears.

DETAILED DESCRIPTION OF THE INVENTION

[0064] This specification discloses one or more embodiments that incorporate the
features of this invention. The disclosed embodiment(s) merely exemplify the invention.
The scope of the invention is not limited to the disclosed embodiment(s). The invention
is defined by the claims appended hereto.

[0065] The embodiment(s) described, and references in the specification to "some

nn "non "non

embodiments," "one embodiment," "an embodiment," "an example embodiment," etc.,

indicate that the embodiment(s) described can include a particular feature, structure, or

characteristic, but every embodiment may not necessarily include the particular feature,



disposing a lift-off layer onto a master that includes at |east one

| i ght-blocking region that forms an optically transparent pattern;

di sposi ngwe 2photsedipageabl e el astoneric fornul ati on ont opChasbetffitosmfrg | ayer;
i I'lum nating and devel opi ng the photoi mageabl e el astoneric for rrul at ion to

forma contact |ayer npr.i si hoto d el ast h t
openi ng t h&PBCHG GEléhartaﬁtﬁfIStbce;}ﬁﬂ@g 5%@”&%?}5%%@%8?5?%6%%' 5|’ E VH‘& t&?‘?‘? eggs

one | ateralg %ﬂ | BRe RPthPr, RN aeﬁé'tlc@iﬁlt &g o%éth@(l&l EnaPREQHMEC is
backi ng wit east a portion of the photoi mageable fornulation; renoving

t he stenci Idetqrxbmitlhecqmsttmn lwthselpandtoningentr itr ¢§rrnnqlang0@c}1éhat| it tis dtflfchlnatiaer

fromthe s C 054] ent ntio al so _direct st.enci |
conpri si ngtkn ig ¢ | ? 559]%1 gﬁﬁ)?’?é ey srchffzag}lrg RS cﬁurea% aracgerlsggdrrltd
|ayer attaghRskchion Wi dihérsmboaaints wﬁ&h@d}ﬁohexlﬂm stxawar conprising a
pattern having at | east one |l ateral dinension of 5 j_tmor |ess, wherein

t he fI[@YG6HI e rresl,%fm@cea tp esppigal bles¢ringionsi(e-gh| "abgvss” tbeéw,ﬁgi'uaﬁ ‘sovR."paep."

t here through d th ter

2011/ 146912 ﬁii%maﬁﬁ?ﬁ%@?%ﬁo@éﬁm%%mﬂ g’@%’sf‘?ﬁe
acconpanyi Rpowld @wlmg@retwa@tmraﬁmingcwopahattembmemxsmatasr;qbrdaasm anpparoduat t he
specificatiagn, illustrate one or npre enhodi nents I?’ the esent j nvention
and, toget I96RNPIAGCTSIRE tRRRIERSISINVSALIOR. Ny PeFande, spatia %%g H‘Wé)rlﬁptaﬂe? pl es
of the i nvept QR 2nd to enable a person skilled in the pertinent art to
make and use the invention. [0056] FIG 1 provides a three-dinensional

cr oss{8m7] i onal Thepughsenthatspanfiction, searfdhd teah "abantbwitheetpetirto @ny iquantity

is contemplated to include that quantity. For example, "about 10 um" is contemplated
herein to include "10 pum," as well as values understood in the art to be approximately

10 pm with respect to the entity described.

Stencils

[0068] The present invention is directed to a stencil capable of reproducibly etching a
substrate with a pattern that includes a lateral dimension of 50 pm or less. The stencils
comprise a contact surface supported on a flexible porous backing in a manner such that
the contact surface can conformally contact a substrate without distortion of the pattern
dimensions and without applying pressure to the backside of the stencil and/or a substrate.
The contact surface includes a photoimaged elastomeric composition having at least one
opening there through that defines a pattern in the stencil having at least one lateral
dimension of 50 um or less, wherein the photoimaged elastomeric composition is suitable
for conformally contacting a substrate. Conformal contact between the photoimaged
elastomeric composition and the substrate prevents regions of the substrate that are in
contact with the stencil from reacting with an etch paste applied through the porous
backing layer of the stencil. The stencils also comprise a stability layer affixed to a
backside of the photoimaged elastomeric composition, wherein the stability layer has
substantially the same lateral dimensions as the photoimaged elastomeric composition.
The stability layer has a Shore Type D hardness of 50 or more. The stability layer is
located between the contact layer and the porous backing and stabilizes the contact layer,
in particular by preventing random or systematic variations in the surface roughness,

waviness, and/or topography of the porous backing layer from preventing conformal



[ 0057] FI Gs. 2A-2B provide cross-sectional representations of stencils of
the present invention. [0058] FI Gs. 3A-3l provide a cross-sectional
schemat i cwdizagraseiof a process suitable for preparing apstraseoei/osfs7s he
present invention. [0059] FI Gs. 4A-4C provide a cross-sectional schematic

di agram of a praocess suitable for [ | te backi hg f.
with a SteRERRCdRNRFR e Outt YR SRt FOHP[G06ANE BXIDS A Hskig SN age

of a patternegl ehpghP Mfel CahRAOL GRIRELAT bIe Uar BRGKASGn!
[ 0061] FI G 6‘pro&?%ggmﬁkﬁhotograpﬁﬁc %ﬂgbga%gﬁ;eg?énciIh%?mfﬁgﬁg?%Zéﬁ?e

i nvent i oln. throG§R] Ehfﬂeﬁbbrmvm@dzachingﬁwdr absgds pfeparedtiame ialmafomgls puitably far
woven pol yner nes avi.ng a pat d t | ay. lied th

[0065] One GRHGRE e BT REnP T SIPLE SoreS St ouif ohE B PRGBS Bne
described wWidbid @FBR0ER, rolltbe aAgeP manting Jind iz REi&ctidh (LAE adbaviraigsa

l'i ke reference nunbers can indicate identical or functionally simlar
el ements. Addbtiaicgnal |y, the left-nmost digit(s) of a reference nunber can

| dent jfgeoi e draping L. Wl Nl fiCaibRhELENCRpRYIRG o b St st BRACEH fre HEIAL LED
invention, 100. Referring to FIG. 1, the stencil, 100, includes a contact surface, 101, that
comprises a photoimaged elastomeric composition, 103. The contact surface, 101, is
suitable for conformally contacting a substrate. As used herein, "suitable for conformally
contacting a substrate” means that when a stencil is placed in contact with a substrate, the
contact surface of the stencil does not laterally distort and conformally contacts a
substrate without applying pressure to a backside of the stencil and/or the substrate.

[0070] The contact surface comprises a photoimaged elastomeric composition and is
therefore capable of elastically deforming. However, it is not necessary for the
photoimaged elastomeric composition to elastically deform in order to conformally
contact a substrate. This is because deformation of the photoimaged elastomeric
composition can change the lateral dimensions, as illustrated at 110-117 of FIG. 1, of at
least one opening in the stencil, and can lead to irregular etching, as well as degradation
of the contact surface and stencil.

[0071] In some embodiments, conformal contact is enabled by controlling the Shore
hardness and/or the surface energy of the of the photoimaged elastomeric composition. In
some embodiments, a photoimaged elastomeric composition has a Shore Type A hardness
of 510 95, 5 to 75, 5 to 50, 5 to 25, 10 to 95, 10 to 75, 10 to 50, 10 to 25, 20 to 95, 20 to
75, 20 to 50, 30 to 95, 30 to 75, 40 to 95, 40 to 75, 50 to 95, 50 to 75, 60 to 95, 70 to 95,
or 80 to 95.

[0072] In some embodiments, conformal contact between a contact surface and a
substrate is enabled by controlling the surface energy of the contact surface. For
example, minimization of the surface energy of the contact surface can enhance
conformal contact with a substrate. In some embodiments, a hydrophilic paste or ink is
used, wherein the hydrophilic paste or ink has a water contact angle on the back surface
of a flexible porous backing of 50° to 160° 60° to 150°, or 70° to 145°. In some
embodiments, a hydrophobic paste or ink is used, wherein the hydrophobic paste or ink

10



[ 0064] This specification discloses one or nore enbodi nents that incorporate
the features of this invention. The disclosed enbodi nent(s) nerely

exenpl i f ywohe1tynavapti on. The scope of the invention is motr/usteniers’s o t he
di scl osed errbodi ment (s). The invention is defined by the clains appended

Cpeci 11 cat Movh P SORBC LR v ok e o Bel Rl STk desdd o -

exanpl e enpedion®ot or 16¢%-75°1 ndi cate that the enbodi nent(s) descri bed can
include a particular feature, structure, or characteristic, but every
embod (M8t nmay Referrieg EXS.ak.iths/cantaat gerdaceh &0 hes miclghsione @pening therqgrough,

2011/14691 i&gr qnd LC.{S%O 1s%abqp’t 4121§ers tl'b%' c Béjsr S% %HQIW LC ga n%) fagérgl d{}@é}lgl fas (R&IC h

phrases ar essarlly referring € ‘same € her when

a particul photf)ﬁ‘@dgéﬂ%.las&irﬁ&fd bkflﬁposmonc haoaaverTisd aiClehst desqienb@dini an stencil
connection with an enbodi ne it is underst ogd that it is_w
1

kROV\A edge d¢fingge eqtﬁemaééoﬂ ] th%éte&‘f’l{ hagng faterel digsapiops dil rld 7, ‘é’@"?rﬁ@teﬁ:}%a“ or
t
characteri 8%&e(sfac hagﬂé}ﬁ%ng??W#er oPUAET KRR Iﬁﬁ%@ﬁr? Wﬁ%g%s{%ﬁ J‘I(ﬂt‘:nsmns

explicitly ences to spat descriptions (e.
"above," " békmin éit léanp ohe ’la]lmhdl‘fnehsmp i 50 pot oooleys;" Btused 1merdmdgeatbéy wﬂ@r etfor

pur poses o descr tion and il t nl d should b d
ont 1 m ¢ 1 g ot Srsmconcr T pafes, w9 SRS EIE b RTae S ey

process of démf'edp5§5£nltea§t”(yﬂ“e”5 Qfing V\’@rh&lémC@Eé BetsRahtRULY ofE r@ngeet ide@ny
orientation or manner. [00671 hroughout the specification, use of the term

"about" wi timamempeof 50 otlpanquq&affhus, yt isg10¢ oeressApY éttrequetmlatemelldménéﬂ@ratllo-
quenci v °ERLEy AT ASaET bEaPIP SPILLREL IRLR b LaRLp R 10,
r es pect t ojdchRle®iel driméiesatetadd @ihnerSi@R Grtder than 50 um. Nor is it a requlrement for
every element of a pattern in a stencil to include a lateral dimension of 50 um or less. For
example, stencil pattern 130 includes elements 131 and 132, wherein when the lateral
dimensions 110-115 of element 131 include at least one lateral dimension of 50 pm or
less, then pattern element 132 having lateral dimensions 116-117 can: a) also include at
least one lateral dimension (116-177) of 50 um or less; b) include only lateral dimensions
greater than 50 um; or ¢) include only lateral dimensions less then 50 um.

[0674] In some embodiments, a pattern in a stencil has at least one lateral dimension of
40 um or less, 30 um or less, 20 um or less, 10 um or less, 5 pm or less, 2 um or less, or
1 pm or less. In some embodiments, the at least one opening of the stencil has at least
one lateral dimension of 0.5 pm to 50 pum, 0.5 pm to 25 pm, 0.5 um to 25 um, 0.5 um to
10 um, 1 pm to 50 pm, 1 um to 25 pm, 1 pm to 10 um, 2 pm to 50 pm, 2 um to 25 um,
2 um to 10 pm, 5 pm to 50 pm, 5 pm to 25 um, 10 pm to 50 pm, 10 um to 25 pm, or
25 pm to 50 um.

[0075] In some embodiments, a stencil comprises a contact layer having a surface area of
about 40,000 mm? or greater, about 50,000 mm? or greater, about 60,000 mm? or greater,
about 75,000 mm? or greater, about 100,000 mm? or greater, about 125,000 mm-> or
greater, or about 150,000 mm? or greater.

[0076] Referring to FIG. 1, the photoimaged elastomeric composition, 103, has a
thickness, 123, of 1 pm to 10 pm, 1 pmto 7.5 um, 1 pym to 5 pm, 1 pm to 2.5 um, 2.5 um
to 10 pm, 2.5 pm to 7.5 pm, 2.5 um to 5 pm, 5 pm to 10 pm, or 7.5 pm to 10 pm. The
stability layer, 105, has a thickness, 125, of 5 pm to 50 pm, 5 um to 40 pm, 5 pm to
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[ 0068] The present invention is directed to a stencil capable of
reproduci bly etching a substrate with a pattern that includes a | ateral
di mensi orwof20bdi4pameor | ess. The stencils conprise a contattussunianies
supported on a flexible porous backing in a manner such that the contact

surface can,.conformal |y confact a substrate w thout.distortion of,{he
pattern di ﬁg?’oﬁgmngﬁc?bvﬁrflht@?matﬁ y‘i”ﬁg{(gflg’stgu@e”%l(ﬁﬁgl tﬁé;éoléérfld%r 200%‘“{%%
stenci | andhoima 1aubsle’ ditodimbfs CRb pa6loifatdiadastomedd 8aspasitint 03 nagede

el astoneric conposition having at |east one opening there through that
defines a pabildy dayen 10% are emesent pupli thgt atratie #51they Ck@ﬁ%ﬁhlth@dpg@ﬁ%’ﬂ%ﬁd of
50 pmor less, wherein the p j l.as ri.G: I {4208, {. L.tabl e
For "cont or MNP GG iR St RO RS O S BUETRRE Lt R L3 Filiic
phot oi i naggael ®l BS! VPEN:B Cl:4,0POS6,tli:@rordnd). t he substrate prevents regions of

the substrate that are in contact with the stenci| from re%gti nngjth ‘Zn
etch pO¥7d appl N handhbgmnd RE 393 RAsdcaclepy» 198y18¢ thicknasg of 13 ARGtpImags
stencils al ri - | J.] I frogdat cishfde d
Bhot of maged SIAar BreT iR ER Blcriar, Il T bEeA Pty P ro I e
subst ant i alelagtointeeics anmpbsitien adlsali imeressesns s thanplhotioi pege dersbabmeonter & ¢

conposition, The stahility.layer has a Shore Type har dness Qf 50Q. or re.
The ot abi | PhytrByE Hestpils Simper age et folRURRceT I agBr iha SHES J3PbS
backi ng an@asiali bl &5 25:NL QM RCHT 2.8)Bh and A SRKS TR A hdRindE @Y 0%b 3Y; a

random or systematic variations in the surface roug ness, wavi ness, and/or
t opogr aphy thitknese opd mousndraSkotegl Ypsye hafdnesn qir3évie 7o) aghieknssoeihad pnynd a

cubstrate. SHE MEBA BRENO A0 acirrioTlARaR ol 18 4R B St ASor MGt

and has a pesoeadslity suitable for flowing an etch paste there through.
The fl exi bl e porous backing |ayer also is prepared froma materials

sui t a8 or naiStrngilniswigEbla Eor ditching pubsEates path; 4 Jatsraldimepgor gAOY dtm PRSP i n
RS g . ( ; . -

i the Pk fBa0R pEARAP S Ble BB | BbioBRaoiiie Al AfLTLpEL "I
t hr ee- di nensiconfrmakpreesotiat aoubstata SFtenpickemfintdmtiopredznt ai coneact ilowry

100. Referring .to FIG 1, the stencil, 100, itncl es a cont ac% surfa&g,
101, that EOWPFFE8san PIRBFHaOTPOFAET offe CPRICEHADLSMHASH, 2 T8I he CBRt act
surface, 1 LSS Ul e fer : [ ; LBlcCeonfSrtas €d
her ein, 58}]3{5 tz(a) (ra%?%ﬂroﬁiljgﬁ? ()O?n%ig@t)%ﬂ%ég Flﬁ%ﬂ%ﬁf;‘l%&%ﬁ%ﬁ%@ﬁ%ﬁﬁ% ('that when a
stenci | i scphtacted be acluevedaectosaibbth Pasubsiryeal end/otwughamed stbstratef ace of t he

stenci es not, l.ateral |y .distort and conformll ontacts. a.substrate

Wi t homoﬁgpl yi nf;“eﬁ‘?r{é% o Pleo 15 tpnundie 5§ acfhg&%t‘ﬁntﬁ? |S%e&ﬁ‘ isorofigd by hé |
substrate. coht@&Aer, 163, GARdIAG adREd 858 fp@féﬁﬁp 'bbc?l@ﬁ%,q 0Rh&adoproRe8 Gnek@ssfaner i ¢
conposition and i's therefore capable of elastically deform ng. However, it

i s not necestiale dungtéteptieg. olmergedios|the et ilayes oot eandprmadlyogiget €al | y
deformin order. to confarmally nt S rate, . This.:| caus
deformati oﬁu% rth%CYB%So{h i%ﬁee&ue szs?%%reogi %g%?)“}’r%o%il? ilo%e%gkgé Egnagl %ﬁ%‘ce

| ateral di raRsneRsor @Siatibhsist that@sbgadph I-algotond badkiag do nof affdct kieasintane
opening in the stencil, and can lead to irregular etching, as well as

degr adat i ofY6T- tIHeschRtsinclls of lhg Brosprf BYEHIN Preyad 19 9POgHIPBY éttifoBPREML s,
f | . i . i ey h
cont or na %Qa&ﬁ%;frdtnﬁgag@égggaf%)ﬁ%g%!ﬂﬂé g&ga&e}gggaetr)g%ﬁﬁzmg% dpeay aplioral he

surface energy i mage toneric conposition.” I n sone
enbodi nent djscassph ab@icirtgesthbilita d4yerelOiS cisadiumistota ok dids oathSkhomtact Tyyee, 143,

har d f 95, to 75, 5 to. 50 5, 10 t 5, .10 to 75 0t
50 10 to 230 ab) 4B 10 SpappsricRing. | 07.dhiteBd P utE it eat HiourEOys,
40 to 75, lhdePapRy: of el Pordms b&Kid fI%ﬁl ac?@arkgy UPfectMg 8&1%%2@5@0&%95)?]&@

some enbodi ents, " confornal contact between a contact surface an
substrat e kentestdinfesavithya sbatratel Thesfabitiey kyerthas @ thinkregy;, 18- t he cont act

surfa or ex l.e 1nimzation of the.surface.ener f, t he, contact
sur f ai@sg En enhditd %‘%ﬁ %L}r@ﬁy @Bﬁt%?&c%rt fhearyy g%es t }}1:5}%:18 955/ ﬁ % ﬁ%bﬁl%' 13t
embodi ment gependWPbRRME WhatRAStie e topdigriphy Usfetle poharsebaekinge Spedifivahy,| a c

paste or ink has a water contact .an%l e on the back surface of a flexible
por ous backiengl epmpasing a peoousgackisg

8ping ¢ highy degreq 96 vanigtiongrdheinpediorBnt s a
hydr ophobi ¢ paste or ink is used, wherein the hydrophobic paste or ink WD
2011/ 146912PCT/ US2011/ 037478
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has a water contact angle on the back surface of a flexible porous backing
of 00 to 1200 , 100 to 100, or 15 to 75. [0073]Referring FIG 1, the

contact swofaoei4et®l, has at | east one opening there througls2011@4747@nd t he
stability layer, 105, has substantially the sanme |ateral dinensions as the

phot oi mraged el.ast oner,i ¢ . ition, 110- The at | east ning in a
stenci| deffHESS £ ﬂﬁ ket s ??%W%ﬁslay?rn Ot HEUET é’r?g ithe ﬁ%’%}?ﬁgls Cﬁ?@‘?lgl efcﬁoﬁﬁ g?ﬁ
110-117, wherRbihed siRast. one lateral dinmension is 50 pmor |ess. As used
herein, "having lateral dinensions, wherein at |east one lateral dinension

is 50 [Qﬁﬂltbr | esdn'soing eu@edlmqmﬁ%ﬂ@r@ﬂgééameth 3 ﬂnwkanesq axspmdaSOivan.ey im o
di 50
| mensi on gf, 50%191‘% GB35 %11%'19 2%&6 5’&&%@3&)&% A AhtE10 ol B FhESSH Lm

defi ned by at' T one opfen relrnt |ncI des ‘one” or

| ateral di menghenss g, 30 upfmoosro ;Jua§$5 ufﬁhusso tint, dr$0Neh tngcessary for every
| at eral di nensi on, 110- 117, attern.in a stencil 130, to bcgmggl

or 1ed®¥82nd a dnofdst fo fafbrlaa@ttb% é'ienml«,saﬁ 3 high-threughpat dichresselution ap
di mensi ons %rgé’ﬁﬁc%letrﬁ'ﬁﬂl ﬁ%orﬁll the %p%ac't SutfhceParlCAY! TR gan}feg eegf'eg)ﬁeﬁlf%fﬁ nt

of apatter I'na stencil” to inc ateral dlrrens m or | ess.
For exanpl ehosimagdiableptmelatiods30 Thagphutésagdablrerlagomdc fmchulBn (whet & a

when the | ateral gi nﬁnsilons 118- &5 of. el enent. 131 i nclude at | east one
lateral  di PETFTOR 19518 BhojAiTetecs SLstonaris FORtOP PR EIRRRNE 1 SBSRIH LY er al

di mensi ons 16, 3 bhokAliiate?, @f@& il SdQemier | @S hiadx§pah seiveRRs IR
(116-177) olf 50 é)moor It%ss ) {anc | ude e‘?%te | at er(gjlﬁ%gl rre)ﬁ’gl O?]qu%r eat erethan

50 pm or @hoioimagedbleopblynieat ’?@mplaapm(nls% ms B eB@Clﬂrﬁ@rn fg0 themstgbdoy 4layer) sone

eTO00 ot g 5B SREhsl . ShishGr a2l Syl IELR el

less, 2 pmrgdicdl 86$uenér, dndPdh SYtiongiSskygbms@0smzeembodi rrents the at Ieast one
openi ng of the stencil has at |east one |ateral_ dinension of 0.5 pmto 50

pm 0160881111 t &lastopers suitablg fariuse oo phgtoimaged elastomerig compesitign arg rgactivg 11
to 50 pm 1.om.ton2 p pm
to 10 pm S By 2uBRind ATGRELPTRISEE fundufor 2 pobad fis Bfbert P
25 pmto S5@nvenfioMindlie/ bt are Emﬂﬂnﬂabtmdalpemmathanesa egsdin, ag eluptin, sg®lEmidnt act
| ayer having a surface area of about 40, reater 0,000
m?2 or gredt @henoéb@tlj‘i“alééﬁ PRIYPICS agpglgg@?kym%’é Sgeobolwegl}yﬁﬁ S%r

about 100, G@p)\ 2 ® 22800 "irftn BEWICERANRYL MRMardD

150, 000 mTQQ%r grtsé&az{he%rg £§IKR?R %rc%n%at gﬂle 1, \'EV he phI%': oi rragedwlIIg y

el ast oni er inatucdnpaistiet,i @n,polyigpréres a bltyk knubb@, az@logﬁna@dpﬂwtyd) nubbpiin al pm

:)?n 7255pg1mp%) ”{aﬁfﬁng ’5%}3 ﬁiiytrfﬂ%l%] %ﬁ_‘en&r a-n nkr‘%mn[l@beio pﬁ,?dr%%:g GitleP btb%r, 2°
chloroprene rubber (e.g., polychloroprene, available as NEOPRENE™ and BAYPREN®,
Farbenfabriken Bayer AG Corp., Leverkusen-Bayerwerk, Germany), an ethylene
propylene rubber, an epichlorohydrin rubber, a polyacrylic rubber, a silicone rubber, a
fluorosilicone rubber, a fluoroelastomer (for example, those described herein, supra), a
perfluoroelastomer, a tetrafluoroethylene/propylene rubber, a chlorosulfonated
polyethylene, an ethylene vinyl acetate, cross-linked variants thereof, halogenated
variants thereof, and combinations thereof. Other suitable materials and processes to
prepare elastomeric stamps suitable for use with the present invention are disclosed in
U.S. Patent Nos. 5,512,131; 5,900,160; 6,180,239; and 6,776,094; and pending U.S. Pub.
No. 2004/0225954, all of which are incorporated herein by reference in their entirety.
Additional stamps suitable for use with the present invention and processes of preparing
the stamps are provided in co-pending U.S. Pub. Nos. 2008/0230773, 2009/0041984 and
U.S. Appl. No. 61/165,755, all of which are incorporated herein by reference in their

entirety.
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stability layer, 105, has a thickness, 125, of 5 pmto 50 pm 5 pmto 40
pm 5 pmto WO 2011/146912PCT/ US2011/037478 30 p.m 5 pmto 20 pm 10 1.tm
to 50 pmwoQopm4taa240 pm 10 pmto 30 Jim or 20 pmto POTASR01M03EOE
enbodi nents, the phot oi naged el astorreri c conposition, 103, and the

stabi | j Iayer 105, a e nt Sy t hat aratlo of the thi S f t he
phot oi[hé\%/‘gd el adPoitEis 8“@8&’&) |a(5ln %er £ PERE 1 8k%§01m8gecf E&O 8br ity
llayer, 125,cohfpoditidntif alc&féentilatﬁmt&” 358, to17R4, 0586 tdl 68%, D.Bs td-: 5@%,11 B er

1:10. [007£5N0t bei ng bound %/npartl cul ar theor¥§h as the thickness of a

phot oi maged 5&h,a& b4t 2é%ed)rﬁ)ésﬁot2 Pty sadéle, arhé>%Bnir d0%ypr wrighirein@ss of
t he phot oi mla]% lma%%sﬂg{r&{lé& 8035%%5%' on al so increases. For exanple, in

some enboditen onmeric conposition has a thickness of 1

pm anqo@ssphor e ﬁnp@nﬁe fembddmmfa phowidizedaclustomksrie sonpositiob commises an
Shore Type A hardness of 10 to 50; a fhickness of g ugn and_a Shore Ty e A
har dness ofe lastprpes yejected ¢ fipmk e sbyreme-hutadigng-sineeng Blogk eCoRPBEN. 1 rSHf

40 to 95; I{cmtfl]éﬁc[eﬁl%)‘;m:oﬂ&y %rkd 1y SIS 15)5%‘%&1}?&%%?;& by @D 1Q, 95

100781StenC| sul or et Substrates wt ateral di mension of
50 pmor | @f‘kyo,eqapanb dmogpolryewoqut a@wopamheamls butadienar e magppmet wban aad
porous backin and al so c abl e confor |y contactin bstrate.
present i nf@ﬁi%ﬂlﬁﬂoﬂi ﬁ‘Ffe?g so(‘?lfn% d”PﬁV@r W%tf’fngf Kg Se?ﬁe’ger E'étfig ?‘Fté’rene
conposi ti ok &S}i&ﬁﬁﬁéﬁihﬁb’ i pREaftinda | wﬁ&hfraﬁ& o B6YVELASHABY ivkeightQiFelhki s
of the photoi maged ‘el astoneric conposition enable conformal contact to be

achi eved aghotwimpgadrelastemeric canpos®n. and/ or roughened substrate. [0079]
FoLCr i O Bl B b ORpARIERA ARG er A cOhih N6c SEEBR! vehSorl BRITRS BY

the c | ay ered to a porous

protects arY@fng@ rﬁcﬁdtﬂtheoﬁD@MPaﬁlbﬁleég FIISHMPEaIrtI&irsnIIGIMPd or tersgje7r5 oPa brhEss
contact layer, 103, to conformally contact a substrate across the entire
surface ar oaMBp 0% 1§%Seﬁrc?~IMPi1 priless dpspmeiambodiagntaRp desienseior dsgRdsae or

vari ati ons .0y LARAGLARNYO L T ARNALT PROKIHS0daROVBLISTS NiRe Jo0ph act

| ayer. Thu enc e present invention prevent the topogr aphy
of a porouso bhadkPa)d N/IPmm 20vias & MPatbfledvPagrtlibeMBant ZcMPaayer by utili zi ng

a stabjlity |ayer. ASdISCU ed above, the stability |ayer is.affixed
to a M8 de of henRhaieimages ?sk?éﬁomeile ormplatiof SEMRH RSy Grqsﬁ}aﬁifol?ad’&&g a

backing, 1Q2wet A6t ahxr wéglﬁaﬂ%ﬁﬁ& A2YdAL L8 Swbdr e SHHChEES ;&@@gﬁlmfo@f

t he porous backing from adversely affecting confornal contact of the
cont act | ayeacting Mhtheths alast‘orrat eFuﬁﬁmn@tg{mnm ingludlea et arhast amited tok v ms/;k 311112 5.
the thi

[st0 ggﬂ :\I? ; ?‘g’lﬂyn?a‘%% n&g 1?’/u ag‘ﬁe&]%;ﬁﬁ af‘f“i)pfg’% qlﬂgs }E?ﬁ%o i a% g 8fac I?II(]:"! B8r ous

backi ng. Spessksflinkdd fotmsa &b@gﬂﬁmtedcmmkswnﬁ dh EleStoer Loaptov i ) aNdtBEnaLedi gh

degree of variation in the topography WD 2011/146912PCT/ US201 /037478
elastomeric composition.

[0088] Cross-linkers for use with the present invention include, but are not limited to,

polyacrylates selected from: propoxylated neopentyl glycol diacrylate (available as, e.g.,
SR-9003 from Sartomer, Exton, PA), ethylene diacrylate (CAS No. 2274-11-5),
diethylene glycol diacrylate, polyethylene glycol diacrylate (CAS No. 26570-48-9),
tripropylene glycol diacrylate, butadiene diacrylate, hexamethylene diacrylate (CAS No.
13048-33-4), 1,6-hexane diol diacrylate, a bisphenol A diacrylate (available from, e.g.,
Sartomer as SR-306, SR-349, SR-601, SR-602, and the like), 1,12 dodecanediol
dimethacrylate (available as, e.g., SARTOMER® CD262, Sartomer USA, LLC, Exton, PA),
trimethylolpropane triacrylate, trimethyolpropane ethoxytriacrylate, and combinations
thereof.

{3089 In some embodiments, a cross-linker is present in a photoimaged elastomeric

composition in a concentration of 0.5% to 75%, 0.5% to 65%, 0.5% to 50%, 0.5% to
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requires a thicker stability layer to ensure that the contact is capable of
conformal |y contacting a substrate. [0081] 1 n sone enbodi nents, a stability

| ayer haswe 20hiiaksiess of 5 pin to 50 pm 5 pmto 40 pm péTmsed10/030%79m 5 pm
to 25 pm 5 pmto 20 pm 5 pmto 10 pm 10 pmto 50 pm 10 pmto 25 pm 20
pmto 50 pm_25 pmto 50 pm or to 50 pm 082] | n ol der t fabricate
the stenci I3§%>r9§/ﬁpdﬁ%’ﬁf§y@dﬁ§@% dgﬁ/gﬁorlés/bl% Qf}[)?tadb/hbwegghtr BF S8UEi bl e
nmanner, bot| ¥n ! tirn?a REPALRGE T om
phot of rmgedtys PFR R bel e RaRE, driEndh Aplenirkin (B Phorpin R D BOBS
(used as afprrnadam(ﬁo(rstabﬁ'rtyldyer)phdtecnanngmbeatagssbmwelght conposi tion) conprises
an el astonmer, a _cross-linker, a.photaqinitiat a free radi cal sca

and an®®¥i onal Iﬁﬁé%rntosgﬁ‘%ﬁgl&l% hgh W&%F‘ﬁﬁ&ém%lcp%qw} IOFIO?%};%%
(used as a ceﬁﬁmaﬁyr;oﬁt%mtgmes&%@&bIlt tsvcritﬁxpﬂﬁt GO RIsloRRS afid RRAL-BhKBIRAR) €

pol ymer, an optional cross-linker, a photoinitiator, a free radical
scavenger, phag mparawt |Io eme @m}ogélmmmﬂ@r@@ﬁentl[am@ 8f teasessrtiker is deterbined f or

uselnaphtm | ast oneri c itionare reactive W

UV- absor bi Ag2P¥o n?(g%?ﬁ EPIEERiration %%%2@?530@85 t féf &X¢gpie, L Crots%{]?lﬁeé et

i nvention Ie[uéid&e,calbué p@ers@ntriﬁta rhiidTbf €d tbQ:108, DQHMUFﬂI, hane, 1: g0, resid 1:5, 1:2n
el astin, a polyimde, ghenol f or mal dehyde po a pol édl al kyl si | oxane

(e.g., pol Whlﬁ@t hlteil | Wk hdo 1" piE todubH A8 t‘SY@éAR@(Srt? IHbdifet © ktilrabl e
f Do . t. I but yl
rtrjglr:?er Wac%glrfggg“?ﬂlgg(ﬁqdjﬁo l%?r{&aiaﬂ%%}r%ﬁ?gdi ena pg }s“t;?g:\gngut gdi gng, a

nitri Igmﬂnquber T&ehpddstatrﬁwgeablbr elastomietibeformalatiohor aplr ehetoimixrable( olymer
pol ychl oroprene avai l abl e as NECPRENETM and BA PR él b Far benf abr i ken
Bayer AG CoPipulationsesqmmriss- BaghofQirtiRior cavingn ¢t absatbapes, beteepr o pah&nd

rubber, an 4gpi,gh! Pflﬁt@%ﬁiﬁa{t&s raaRbac ’fo@uééoih%ﬁ@ Fﬁbﬂoﬁnﬁé&*ﬂ%relas@olﬁéﬂd R)‘?ﬂﬁla'flblﬂger

a fluorosilicone ru | uor oel ast omer (for exanple, those describ
herein, supndlpr thepphdtbimmgeablaspdmeer farmelation | mcludet fhyl eame/ prto pyliedeto,

rubber, a chl or osul f onat ol yvetghyl et.hyl.ene, Vi n acet
cross-1i nk@damlg??%{ﬂ?‘?(? d%glfog%l %]ngfe?%gi]gﬁﬁf’é%@gy Fﬁ éSlfS T P(ﬁowri NY),
conbi nat i oRsarhinek&6hes @ggerrxcautjkﬁ%@ TRLE i SpeidtyPCREBIBEIES TAg tdWe PY B
el astoneri c stanps sui le for use with the present invention are

di scl osed ibanigpBendpgt derivaigss (e.5, SESZC4131TZ§ gp@labby from 1lganlezd: Sany). 2.2-

015,554 GRS HRA e NSRS, Mgl i o

i ncor por at erence | n he| ren tional st anp

sui tabl e f ®pe¢isiey Ghthidahe Traf}&éi\@ﬂtNYmVlﬁf(letrﬁﬁdhplibem'ﬁ)qﬂleﬁﬂ hbsphﬁfebmget he
stanps are provided in co-pendj ? . Nos. 2008/0230773, 20%9/45(?241984
and U.S. Agfprailans aseie. 1@@@@5}5 & ?frefn Q\M’é’?@ﬂ?e‘é?]é‘/ Chemicalsr KUt vHe Nt

reference i dItoQ%tF] )(épghg § -Y2 hﬁ‘y}&%%ﬁ@%ﬁc@wﬁ%’% i IQ:S% 418 L0884 hhgg some

enbodi ments; "an-é resent i maged €l astoneric
conposi t i orfrann 6(31bmnc$jetiaay| oGharhicfls 5%Tharytohbly NYHW to(BEV-bitykyslbhexyl)%

wei gt of  PRENBIGHOPRA IR Bt c PERRAOAT 1 AbmAKFOOIBET N Loriinderdim,

enbodi ment ) ?Hfé&tgnm@ﬁetﬁm%%eﬁ}nyzq&éﬂ@ﬁ@aﬂdp%aﬁqn&[é %@xsall%'leehﬁsé girer
sel ected froMi a styr ene- but adi ene-styrene copo

st yr enei soprexesrely P&hdrdm deika c&nmiayme@hf(rewgls T}BMBWNR(KY Y)5 3}26 thy dikealohe

from Kurara okyo, Japan), a copolyner of acrylonitrile and
but adi ene, émgg’@ﬁ?lé%tg‘efreﬂgber and conbi nations thereof. In some

enbodije@nys, thenelasd osBbodidetsStay PBRitiUARET BN@restntr énethbl ghdtoipehbleer
that is present in a concentration of 30%to 99% by wei ght of the

phot oi mageg¢lastomsrisndprmulabomoand/ ponthe[ ghaBrmaAceablee ROAYIBE niorpalatigy, in a
el astomer for use:w tPol018, BF S68M0.d15Y &N 0MAS, & 5%, 0.01% to 1%, 0.05% to

15%, 0.05% to 10%, 0.1% to 10%, 0.5% to 10%, or 1% to 10% by weight of the
formulation.

[0093] In some embodiments, a combination of photoinitiators is present in a
photoimageable elastomeric formulation and/or a photoimageable formulation of the

present invention. Not being bound by any particular theory, a combination of two or
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Young's nodul us of 20 MPa or less, 15 MPa or |ess, 10 MPa or less, 7.5 MPa
or less, 5 MPa or less, or 2 MPa or less. In sonme enbodi nents, an el astoner
for use woOhotihaeqresent invention has a Young's nodul uecefus20ivBarato 20
MPa, 2 MPa to 15 I\/Pa 2 MPa to 10 I\/Pa 5 MPa to 20 MPa, 5 MPa to 15 MPa, or
10 MPa to 20 MPa. [.0087] The phot, eabl e el aftorrerl c f rrrul c{:

conpri ses &% JROIQINHRFS (8% BTGV el% e spetia &OVRERGH ‘for’ia"h ﬁ‘ére’é‘f adt orrer
and two or 4Rk ﬂd&%}f%ﬁ@ﬂoa&{ﬁ%% sdkd éliﬂllr% fhehedctdR! TRE c¥hdeArhitsh & Agispner .
Functional groups 1nc but ar not limted to, vinyl, allyl, acryl,
acryl ate, aad esord, phetdinitieor ickie beasniectt@drtmndmem@nﬂytﬁem@fanothﬁt erlnr saee i on,
the cross- Il:glgglr forms CIl 0SS u d net wor.k wi.th angasto I to (?wde

a phot oi ma§ toéIBﬁ%ﬁ? tonf%’@Séﬁ’@‘%téonl iAREF 52 1 BFORReRi sy ¢t he

present i nYGRIAdni d}%@ FRserft liﬁve%h@n @@anh!sé’é]at et plotoPRlyaah ¥ hesnsgbeet ed
from propoxyl ated neopentyl ycol di acr)/ ate (avail able as, e. g , SR-9003
from Sart offéh % IQXZQ%, 0. &&}0 to é@%yple@}gl%ltaéf*’ bw@étwsdmewz@mwzmm ytor in a

di et hyl ene col (o] 0 (CAS No.
26570" 45. of PP TR ALY 4T 3BT UPLIBIPOE oF OGP s BBV Sl [ e
hexangjooy| ene diBaet ﬁin&tf(ﬁn(zﬁ&@r MSalk Ill&ﬁdi&tt&?ﬁ’oré):an be Gisdewithehdf@mutiitioas.y [t e,

a bi sphenol A diacrylate (available from e.g., Sartoner as SR %?)6 {{SR- 349,
SR- 601, SRS‘GOQ en@ﬁélm% 13 iy film PthOétBH%teétﬁeEﬁeéﬂmdlil AeoRsRpiar oF 04t (bl e
as, e.g., e fccrt%dlgtf@'{," ahtPR: buhé—;rﬁ'lot@ﬁtt%'tbr iPPesertlih ARLAYGhREPPANE
triacryl ate tr| rre yol propane et hoxytriacrylate, and conbi nati ons thereof.
[00891I n sofie.0e%iodioleby seight of the Serimulkem. i s present in a photoi naged

el ast C conposi t| n.in a concen ion of 0.5%tp 75% 5%.t 9 65%
o 2ot TBEhe, o Boeet i Seversino i ORaSh 1o P Bteegh ot HoDed
0.5%to 20%(9mﬁua'§ &téﬁdﬂ&"{me ?ﬁotemsiage&&e }oimby rv@inghtion (HORIASABE & ﬁ§t5hrhitétl<er s

descri bed herein can be optional préesent in the phot0|nageable g%

fornul ati otv, (}@ﬂsathﬁmlts,ybétrayphe)loh%, mh@dgmemﬁtmdglﬁg a@yeﬁeleRF

order to form ni f ormp ed el ast oner i conpgg t|o for
conf or mal | tpont r at AroquIRON®y i + {81 t A “"%’h (?tgju?one

cross-1li nk@rr[-g@yngtirdalnﬁ;ﬁ)ﬁe separ at @ndl n sonetkenbodi nefiks), the colauﬁ/rlttl\rﬂtl on
of the cross-linker is determned relative to the concentration of the

el ast ormer . diegylaniaaphesylsufanydpentadienasice rand nifie tIHe- and ossrations traeqdr elbnt
i i 1
T T e e R ) i

1:2.5 to 1fckfwulatiod.dndtod tHe PhotdinBigtabld pslYmet f@ntudatibnf,a cdonBerttatidn 90 0.0686 1: 3
to 1:5. [00911The photai mageabl e el ast of i 0

phot oi magesbl ¥epdP Eﬁ’é? lp&t’ﬁtﬂ %to @éﬁg‘% 365)& mﬁl’ P"?étﬁ’?“%é@%& %h
absorbancetobﬁﬁ%eﬁ)%tg@%tﬁ%ateqsé's)%r@%to%%ewe h%f)ﬂhé f&%&lﬁmne for use in

t he phot oi nageabl'e el asf oner formul ati on and/or the phot oi mageabl e
pol ynf96br mul alixggeri nsdeveleersowduitable dot wseniin ethet ophoteinmizerbleet daseméng g. |

2 am noket GHELTHIEN G DR SEe 1S PO DR o QLA Cohany ey miced

Taryt own, theﬁ@l@zéhﬂh@é}%ﬁvé%eﬂieys%fe%c( thellike. E9ACIORR Jrﬁﬁ_ocﬂﬁﬁhisabh SxyE&Mm
Lanberti S.p. A ), 2,2- dinethoxy-1,2-diphenyl ethan-|-one (aval abl e as,

e.g., |RGA@@REtge)r @5Jpr¢seotn i e Spheieiniagsablh ctliscameric Tarpuletion audor the
bis(2,4,6-t |rret enz h V@io A 0

! ROACLRE( r PPt IE 6 B o BRI G EE L REREL G dHBLC Uiy s
hydr oxyet ho&ym@ny%, t) D1 9ad oK 0. (59 (ol dk@l Lo 20abaimlcilbk of the formujauon

I RGACURE&r) 2959 from G ba Specialty Chem cals, Tarytown, % )

di - (410087} " put ylrwemsr@;emlmebtéf BxBRAiEEEh Alastomsris PaBPesitiyl cgmprises an
PERKADOX( r ): 5?9 Fp%ﬁjtra oii’ 3RS @9“)’6‘ t, azcrgg‘sI Mer lin a concentration

[ 4- (et hyIt enyf -2- rpnho |nopropan -one (avall able as, e.qg.

| RGACURE( r pf «9)6% tforﬁﬂ% &y baighpecphoitdiyiti@oe m aabmzenffarqntaf\ﬁ)rﬂlm ZO%rlvd Wch@htl i ke,

and conbi natj ons t hereof.
a free radlcaﬁ scavenger in a concentration of 0.01% to 15% by weight, and an optional

oxygen scavenger in a concentration of 0.01% to 10% by weight.
[0098] In some embodiments, the photoimaged elastomeric composition comprises a

styrene-butadiene-styrene block copolymer in a concentration of 15% to 30% by weight,
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[0092] I n sone enbodi nents, a photoinitiator is present in the

phot oi mageabl e el astoneric formul ati on and/ or the photoi mageabl e pol yner

f or nul at iwo 20n/@emencentrati on of O. Ol%to 20% 0.01% t @ecTaK2010/004%8 t 0 5%
0.01%to 1% 0.05%to 15% 0.05%to 10% O0.1%to 10% 0.5%to 10% or 1%to

10% by wei ght of e for 3. In sorre nation
of phot oi n f(?pé’f%kie |I?°B?Igu‘leaﬁ'°(ﬂﬁh%& %t i ST loéll gis%ﬁ%?(m’abyf o) H{I?ﬂea?: on
and/ or a phatRimnmasARl £cdmemmHtRhi .0, th20RIBSRBihI, la\éewd\cli\%m otdieitiateeing
bound by any particular theory, a conbination of two or

2011/ 146912@@11@82@&1/ 087478.Oddy e pihot odi ti dvor s weaghtpr oviinde alapddY-N-
e e o APl do R bEREABEG I A LadRPOL815P, Rla AARLARRER U

speci es du |on e concen ion o secon
phot oi ni ti ators ﬁ)as%lw vs@glﬁct ed [ ndependent |y of one another. In sone
enbodi nents a phot oi mageabl e el astoneric fornul ation g%/ or

phot oil¥fi§babl e Férditauatcrahows. ﬂt‘%@%ﬁ’@@é?ﬁ 16 PRIBFET By, Pl(gség ag afprqeygsor
phot oi ni ti gt £ sﬂibﬁ J?qgﬁ?ﬁw Ilrl)%ot AI&thmﬁﬂaﬁ 2dpte ﬁQlogineQ 29110/ tihall Os-Rikd; H1%

to 5% by weig a 'secon nitira conce ration of 0.01%to
20% O. Ol‘anhctoﬂrﬂ%tonr aO B4 tadicalo bgavmmgeg,htand[ 0004pBairal t hiygehi |seaeengéror

bul k phot ol |tlator be used h the formulatjons. In.s

enbodi nent ? ﬂof&lm%eﬁ BRbt 8 lFﬁbrA g Tobs§ & lﬁ% eﬁtla{”? Aay(%r}egln&? RS
0.01% to 1Q3%iRY oneiod %or@%hét@?ea@f?&é?ﬂo%bé Qibh ANBuearkWok 1iRFQH @b, blg¢kRthahé
present in a concentration of 0.01%to 10% by wei ght of the fornul ati on.

[ 0095] Fr ee poltier atorsprisimm gersdics giauabl (@ &.0rn ugliphatic twrethpirotditardgeabict as
et e | oL 3k R0t P S RASALL 90T AT L
a- hydr oxykegrpivased avinbaRt e 83, €1,9,5-trieBACRE(trihziBPR,4,6(1H,3H,5H)-trione), a
fronmLanberti SpA), hydr oqui nones(e, g., nononet hyl hydr oqui none,
mercapan-terminated monomer (e g., pentaerythrifol tetrakis(2-mercaptoacetate)), and the
like, and combinations thereof. The photoimageable polymer is present in a
concentration of 1% to 99%, 2% to 98%, 5% to 95%, 10% to 95%, 25% to 95%, 50% to
95%, 75% to 95%, or 25% to 75%, by weight of the formulation.
[0100] In some embodiments, the photoimageable polymer formulation comprises an
aliphatic urethane diacrylate polymer in a concentration of 5% to 99% by weight, an
optional cross-linker in a concentration of 0.5% to 90% by weight, a photoinitiator in a
concentration of 0.01% to 10% by weight, a free radical scavenger in a concentration of
0.01% to 15% by weight, and an optional oxygen scavenger in a concentration of 0.01%
to 10% by weight.
[0101] The photoimageable elastomeric formulation and photoimageable polymer
formulation can be in the form of a solution, suspension, gel, semi-solid, or solid. In
some embodiments, the formulations comprise a solvent. In some embodiments, a
solvent has a vapor pressure of 30 mm Hg or less at 25° C. Suitable solvents for use with
the present invention include, but are not limited to, optionally substituted alkyl solvents
(e.g., hexanes), aromatic solvents (e.g., Xylene, toluene, and the like), amides (e.g., NMP,
DMF, DMA, and the like), and combinations thereof.
[0102] The photoimageable elastomeric formulation and/or the photoimageable polymer
formulation can be optionally suspended, dissolved, or otherwise combined with a solvent
in a concentration of 0.001 wt-% to 100 wt-% (i.e., 0.001-100 g per 100 mL solvent).

The following compositions are described in terms of the solids content of the
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tert-butyl hydroqui none, and the I|ike),

| auryl - N, Ndi et hyl am nophenyl sul f onyl pent adi enoate, and the |i ke, and

conbi nat iwo0ilasaef. I n sone enbodi nents, a free radi cacTarsamengars i s
present in the phot oi mageabl e el astoneric fornul ati on and/or the

phot oi mage mer, fornul.ation concentration 0.01%to

00156 t 0”1 QO URGA T PO Ry, PoBn BB PRD oA ST TR PRTEGB. so6
to 15% 1%pkQpio%r dédh-tOatddHntold subkprate. Wb QMat‘ﬁ% £ Bibsahtetwigh § Fsenlafon0R.

[ 0061 Oxygen scavengers suitable for use in the photoi nageabl e el ast omeri c
f or nul at i osoating igrexpesed jo &1 \bilighiganslhe pb@tloyn@edfcgaw atdeyelopete with @, sughle ar e
not lim teccjieveﬁo e?su&oéssto%rége derivatives thereof, and the like. In sone
enbodi nent §¢ " an o oxXygen scaveénger is present in t he phot oi mageabl e

el astcpmm]c f or mdtabeiap do@ddrbyt hayphaktieuragerble el phetbuﬁageaulbabbgme'rn a
concentration of 0.01%to 10% 0.01%to 5%. 0.01%to 2.5% 01%to 1%
0.05%t o 59grmyHatipn and theophaigimageaie e@ﬁtWCfmﬁﬂsawnoﬁﬁrongbo@#rre fonglegime
enbodi nment r t i I oper
T a concenty e S 3R nEh TP IREUGARRP AT B0, SR RO PlraR
concentr at ifmrmoﬁalocrr&ﬂpsto 65% by wei ght, a phot oinitiator in a concentratl on
of 0.01% 20‘V h a free radi nger in a concentr.a

0 010400 206 by Riertie 0 EIG" n R B p Rkl o LR & PR CEe ORI 5 § on
of 0.01%t gdﬂ&lfpg% ety hHQ9803, And AMANE %@Hhé&%mt? suitdbe w%wlﬁ@gﬁ@lch

el astoneric conposition conprises a styrene-butadi ene-styrene bl ock
copol yrmer ipasta thorec §nowgt. i ohhefpor®es b@d@m b92.whasghat thickpess, 122.  In some

concent r at FOROGRERgs 1 By RIS EaRERBRR T Am 8 Pt o LBRELAE et on
of 0.01%ta 4R% b50 gﬂp&mt(al(memnd mahaim fint il in®to 2N, ¢ QUME ’NLT Rinl, O Mndf

0.01%to 5% by wei ght
| auryl - N, N&t &t &mnmfpﬂuénw it dayPpaitad Hehal @ eal 2 e toaxdi kway 2 pm to

cavenger) »kn R 1 5 o o
whove, *rne2pRof STASEILAE SO L) B A S A o) RSO RS
stability bayeartp 26qmps i@@m ® ﬁibfbpm rageahd éOpmh,ymm 1 gim,0gHo0BA| pm, about

cross-linker, a photoiniti a free radi cal scavenger, and an opti onal
oxygen scavéiiyetdoupHbis; ﬂ’a%’@&b?%”ﬁ’ol ymers suitable for use with the

st abi meosy ayer i RGhY A iRl ERE, Shé %Mfdﬁs bABEnQLC H%h@espéﬂ PLIRAFILY Bf WoQkPS
such as, but are not ITmted to, a polyurethan ol ymer conprising acrylic
groups ( e. gibersanviigi qpdiateter of b I56 Lo &c tesh,atbous 3T hmagr IEBEGRYbqut 0280061 SI B
avai l abl e 1irom Cytec Industries, Inc., WIlmngton, DE), a vinyl-term nated
nononer (eeﬁ', 1,3,5-triallyl-1,3,5-triazine-2,4,6(1H 3H,5H-trione), a
mer Ca erm n@ﬂ %&n@nélﬁﬂ&ﬁm@ﬁts,gthe E&Bhsﬁfbra&’lhﬁg 'ctoﬁ{prlses a flexible mesh havin

t et ra - mer capt oacetate)), , and conbi nati ons t hereof gI'he
phot oi rrageamléngﬁoq’ fylsm fosl m:@ehnum tp 35 sohdesmrtatiOgimol HImtot By 1Evda o
98% 5%t0,95% (10%.t 5% 25% t 0. 95% %10 % % 25% t o0
75% by vvellgllilt[ﬁ of“lfnheqf()8 ”r%’l%fl{notr? 509@ 6@%\8 so}r(eﬂﬁ CY)QI rl%%eg g(? %ﬂhgb “n?ég
phot oi nageadd gnpabwfeto Tohmybeso @n te@0Pphses an al i phatic urethane

di acrYI ate polymer in a concentration of 5%to 99% by wei ght an optional
crosslQi0dker i nFlexiedagshesasyighleoior gise gsithothe gug syt Wéfie’@tPﬂn mgludRobWi ¢ Okt or

3 I
concent rat 1 Buear 10, Byl {857 RARIRIE" Sihachity BCRAGE, (RERGAE o °
i n a concepblyathiylene ofterOplith&ateo ﬂ:@lfywmylohhjrglhl pdl@dtPkbdhenyibint polpgdmnhie,

el astoneric fornul atio n h eabl e poI mer fornul.ation can be in
the f orm oPolTESBY aifcd t@%ﬂb@ Bhas (355 Sfamigssifeel Gnd gombRaugis feepln some

enbodigygRj s. the, i&ﬁé%@édﬁ@ﬁtsC@g&bh§ﬁeﬁlb§éﬂ|e\fﬁ0ifng ah%v&ﬁ%@p&@@%'o% or &
sol vent has a vapor pressure of or less at 25 Sui t abl e sol vents

for use witdss nm@cﬁpﬁ@@@ atflexible meslmmhet@llnuue ﬂebﬂvﬂe megh hat opqnmgs edth @ lateral
optional |y ,substitut sol vent e, nes) matj c soI ¥ nt s
(o gyt dRe i Bt e KPR o Shitaus PEEBERR) pALSTRRbSeRR IR  ne
like), andpeubnivaibransistinebmaét with the stability layer and a front surface of the ﬂex1ble

mesh. In some embodiments, a porous membrane has an average pore size of 15 um or

less, 10 um or less, 7.5 pm or less, or 5 pm or less. In some embodiments, a porous
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[ 0102] The phot oi mageabl e el astoneric fornul ati on and/or the photoi mageabl e
pol ymer formul ati on can be optionally suspended, dissolved, or otherw se
conbi ned wot2n11a4smbvent in a concentration of 0.001 w - ¥Ctraysi@@/ o480 (i . e. ,
0.001-100 g per 100 nmL solvent). The follow ng conpositions are described
interms of the solids content .of the. WD 2011/146912PCT/ US2011/ 037478

f or mul at i oA &RE ¢ F'rﬁ%“s}lnﬁ S S r?ul%ﬁﬁ“"’S??“éF%ﬁ“a“é e e

suspensi on iGan ub@w aRin- ;mQEg dn awr 6Qah ed7 anhe, rusubstiat Bs W ters gaatkngn a
substrate with a fornul'ation, a coating i's exposed to W Ilght and the

phot0|nagedOé@an1ﬁ@smgt@eiéhprdHWPﬂﬁ%EGSLHWQQHQ¥Q@VEIdm@ﬁﬁguémﬁas toluene.
[ 0103%{%}:%be| ng ia? ﬁfgi%g ﬁg%%%r% &ES%&HO@& Saig'( rtn AL Yiag ar{?n,gn L Q}% qgge&b e-‘gp 9

f or mul n and onerrc conp SSitT on ron Iy ere

to glass, pbhashi®, ! ehako) oh totbenn, rmbem & Bufuncy n@ﬂalﬂ Zath, Wi to/n(myi-n,
acrylic, or other UV-reactlve functi onal grougs [0104;Referr|ng to FIG 1,
t he por ous lb&4BKP NG, H@@?iﬂédﬁﬂﬁﬂ§§sléﬂﬁﬁ@ermﬁlééuﬁﬁﬁﬁﬁ% £ <adhir ionly’ #65t he

S oh Dasy o280 e 3B DEYH 18, 3 REFIERN) Jgg}q%gmtb%u&nfor fl owi ng an

etch paste there 't has 'a t hi ckness, 122. In
sone ¢hliedi ment s\ pdrbes mmbu&bbaﬁ ki nffidedsoe a ftehitdkmesisuofig 4 vpeiay od nfﬁﬁﬁ,ﬁrmtib 1 pm

to 500 iirn, 1 pmto 250 pm 1 pmto 0 pm 0. 1_ mto 25 prn,
om0 10Mipme HhvaEnsEah i iRatry st & BoebEpics B 46100
pm 2 pm t@m%?n% 21PN iERedOpPyRer. 2 1R 1Rakl f\'ﬁk’m%is ARabR forMBe RiPMLd O
500 pm 5 pm 0O pm 5 p. n1to 50 pm 5 ptm 25 pm 10 pmto 500 pm 10

pmto 50 urprﬁsctabmtenmmprrmcﬁaxldoup@izfﬂ@ﬁpm suabo&&t Butumot a?lﬁ@utd 10, pmlyahyletsout
acking conprises a flexible

20 urn. [010&& | e r.ou

mesh of wove FW% g %‘ﬁﬁéﬂ% ?ﬁg?ﬂﬁﬁgu 50 pmor |ess, about 30 .pm

or |espr11pr about u%Qs Pé@ti@ﬁai' @ﬁ@na‘tﬁ@éﬁgﬂaﬁrﬂoﬁ@@&m@ﬁb@ﬂipﬁ&ﬂ%ﬁg&ha%td‘ﬂﬁng@fi@uﬁs

backi ng conprises a flexible mesh haV|ng
provided in FIG. 2A. Referring to FIG. 24, the stencil, 200, comprises a porous backing,
102, comprising a flexible mesh, 207, having a thickness, 227. The flexible mesh, 207, is
affixed to a porous membrane, 208 (baving a thickuoess, 228}, by a layer, 209, comprising
a heat-treated polymer {e.g., a polyolefin). The stencil, 200, also includes a stability
laver, 105, affixed to the flexible porous backing, 102, via the porous membrane, 208. A
contact layer, 103, comprising a photoimaged elastomeric composition is affixed to the
stability layer, the contact layer, 103, having lateral dimensions, 210-212, at least one of
which is 50 um or less, the lateral dimensions defining openings, 204-206, in the stencil
gontact layer of the stencil.

{8112} Referring to FIG. 24, in some embodiments, a contact layer, 203, has a concave
or "cup” shape in which the cuter edges of the contact layer protrude, 223, from the
contact surface. Not being bound by any particular theory, a stencil comprising a contact
laver having a protruding edge (1.e., a concave shape)} can be particularly suitable for
patterning roughened substrates or substrates having significant topographical {eatures.
For exaraple, many substrates suitable for in electronics applications, display device
components, windows, and the like require a roughened surface. The stencils of the
present invention comprise a contact surface that can conformally contact a substrate, and
for roughened and uneven substrates the addition of protrusions on the edges of the
contact surface can enable conformal contact without loss of feature dimension due 1o

distortion of the contact surface, or incomplete sealing at the edges of the stencil.
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openings of 1 p.mto 100 pm 1 p.mto 75 pm 1 pmto 50 pm 1 pmto 25 pm
1 pmto 10 pm 5 vimto 100 pm 5 p.mto 50 pm 10 pmto 100 pm 10 pmto
50 pm 20wprnitr@e®i®0 pm 20 pmto 75 pm or 50 p.mto 1@OTAISR011/037478

[ 0107] Fl exi bl e meshes suitable for use with the present invention include,

but t limted t : ., pol yet hy hi gh-densi.t :
ol yetlly e,  parvsriyrEREReEry EEep@ou Pk G 8o BIRGT R RS de,
pol ystyr enexffiRyd @Na fRAIBIE AiBRRAY ehe B@bNHAMyeE AhBwiraiduitdble fdrked with the

fiberglass, stainless steel, and conbinations thereof [0 08] In sone
enbodi ment spresenponvmsiopedd gt eparasHlary dimitedebagompesitioni aed dgncladg mgtadlic,| ess

is affixed to a flexihl. S Ln_t f i bl . | ith
a lateral dimensi %%ylél?re]gt(gg" E P.%(%ﬁ? [?glé’g%orlge%%Xlélgé({gPép?‘ H{eg?ag% r@@lﬁgﬁiﬂﬁéyéﬁ n
such enbodidmanhs 1ikkg dr @usornearomarns, sl the 10eNhAe comibidatibhetietalfi [Thtspmkeayer

and a front surface of the flexible nmesh. In sonme enbodi nents, a porous
menbr ane ha3nkimgp.adhe pBROVEISSe hgye 18 FAMBPSIIYE sand(y e oPrepagd by, #npm

D011 1459; SRR TRER T Bse noSMed I ok Tlindle, UROURUT, NE) 12/578.219 and

present i nudri217038thahidhrrareogypeatpdhaesi tyeretirericetin thefroentitetibs.i Mandwipes dan 10

m 1 pinto 7.5 p.m mto m 2.5 pmto 15 nm.2.5 p..m 0 2.5
P o P D ot ik by B R ol Bk PR drtcrgeaingtos rpBpifsUS. Apek Qs
in some et 4BEIN7S WiRCIPN A AWRINBy Ri&iekiness epfireBO0 SHIAOt02hePM

500 nmto 15 pm 500 nm to 10 pm 500 umto 5 pm 500 nmto 2,5 pm 1 p.m
to 20 pm Iponeust enehzbrpnem descrgredt ebd@, pan lagerp ofn napo®ings ngan2 pEovidena @OR®ISp. m

om0 20 p R b ok ey s uf B £ nBH| gyl

using a vardogipyisig araleRiblé@fesh WhikosbEAD @I dTEIN Haste Ao FVVO tgonETiHeafIEXibIS
affixed to a fplexi bl e nmesh by a | ayer conprising a heat-treated pol yrer.
Heat treat é@r?}kﬁll&ﬁﬁ]@ﬂg- suitable for use with the present invention include
pol yoligfifii S suc e LT , . | ene,.,and
t he Iilgiei,J]and co‘?ﬂla%%g? ?}cf)énns? Q\? egrcelg}),E aﬁﬁgfaﬁq{ce%g%gmgggtﬁ ?lggg'{lxglﬁ:%g%nétg ?é n

di agr am of eposy.enpolyuedmae, aidndetlikey satveatgsivsnlt welsling heatdedtment FpiESssu2e.
Referring to FIG, .2A the stencil, 200, .conprises a_porous backing, 102,
conpri si ng a&dfCPEBHlflﬂt@nﬁg?Fﬁ"f-zg‘?,SOIH%W‘??leén > GRA¥S Of ngBepviTerS hSimAeT
mesh, 207, & Bl @rcti9 htdRFRYDITRIM 8L aditP8 hhARY HEGbR hBICKNE$Svaldds) -
by a layer, 209, conprisSing a heat-treated polyner (e.g., a polyolefin).
The stencilbon200, al so includes a stability |layer, 105, affixed to the

flexi or ous _backin 102 i g the porous nmenbrane, 208. A c act

| ayor 0GB Congp Sy Sabifical b A nPSERD Rl B coRpe IBHeT S MR AR o
the stabil ifoyrhaV® nmitd €0 ¢GeNBOthn &Y fum, 308 nnh@Vvio@m! 80®hAAlto dDTRASI RMSo
210- 212, at least one of which is 50 p.mor less, the lateral dinensions
defi ni ng opérimgk> veow: HDBM, 2wt tvel Grantdl nadadaan, 308ywn tof naher 0@ itp.
[0112] Referying (o Fl 2 I.n.S e ' - ct i has
a concave 02: HHle JB'SO%%nmboﬁ%m%%?’caﬁl@?{e@%g %‘?ﬁg%gaessaatgg&t%% cho§r9t% Aty 1 g@éFn ’
protrude, 2Z28,nnf tOMN Lfke SCO®AMAO 051 f HOnm NOS plaeisng nbotord S yn, dnym palo ipeyl ar
theory, a stencil_ conprising a contact |ayer having 4 protrudi ng edge
(i.e., a cdnedvi® khipe)l BRAOLE pa flj kBI18 Psdit HBT © %@#nba?t-é éFhFOnbg pm,

r oughened rates. . or t LR | gnkfi t ogr aphi cal

f eat ures. %?ﬁ%lxtgr%%ﬁer?’ Snéﬁeégg%ﬁ?a}{ﬁg\s{bégi@{é%?gb g?&izrg@ﬁect ronics

appl i datiedns, dis ptay-seaioneleschemptin dirgsam wi ndovers]l enrising thiskerangguentas a

roughened surf.ace. e st ils of e, present ntion. conpri se, a,contact
o oot v i 2B IR Re LG PR SBhail 280 s F B E b
uneven subsjbalRgprtdne AekibicqRehf 207, %mg laQRRKMs 1109 el GRx e hldsh, 20Nt BCt
surface can enable conformal contact wthout | oss of feature di nension due:

t o di st ort iadixedf tot hdayso el asnowies 268 (having acbishhesse2dBal They stancit Pd0edlges of

the stenci Iiﬁcludes a stability layer, 105, affixed to the flexible porous backing, 102, via the porous

membrane, 208. A contact layer, 103, comprising a photoimaged elastomeric
composition is affixed to the stability layer, the contact layer, 103, having lateral

dimensions, 210-212, at least one of which is 50 um or less, the lateral dimensions
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WO 2011/ 146912PCT/ US2011/ 037478 [0113] I n sone enbodi nents, a flexible
porous backing conprises a |layer of nanowires affixed to a flexible nmesh
and t he swehlwiwtsgibayer. Nanowi res suitable for use w trCrhms2qnesans

i nvention are not parti cularly Iim ted by corrposi tion, and include

Lor apht hal SEBnmEcirgbagT Ayt P o, Rl “tanteel sy PR ke forrn distirds

and the |i kgovaidsGRIBIBAdIMRAS, w&{ts'&nayek OSORR LEBMRsH®NLEp" §h|a§e RERBIGh I es
have a conposition and/or are prepared by an el ectrospi nni ng process

descri bed it odteredgranithe conta® laysp protrudes2231 fioBTde agacisirtea. 227, 336, which
are incorporated herein by reference in their entireties. Nanow res can

al so be pr process as described in, for exanple,

U S. Appl. %R@Je%'%i?é@ g%‘fl V\}‘I Ql?ss i ncorporated herein by reference inits
entir¢om7|Si ml %et;ﬁesiehﬁmp@mttmﬁls rigrbiedne adesass fedhrefoing,a seldly dre @bcess
nanowi res can provide a porous planarization |ayer such that the stability
| ayer can KeMRfFILed to a flexible porous backing conprising a flexible
mesh wWhifge enablyinaqan LERRAPRSECOAB d L Ifa{@q&h &égeatfléa%bﬁé ¢ RRPIBUS
backi \rﬁgd.}“sFOlM]g#g?}eg ao% nan%\?(/ rgs can bg E fi xe%l to a flexible rres1n%si ng
an adhesi veegdien that feamsepoptically tpmlswc@tﬁa&m, and the |i ke)

sol vent - assi st ed. wel di n eat t .e n 0, ations
t her eé#l.i%l n sorrghsé’ﬂf)‘BEP éma$a[’§fi¥ Oﬁérﬁa{ﬁ é%ﬂ ?%OSIF l(';ftrtm > or
mel t- ipy dir egﬁﬁlﬁln@ﬂﬁ% aﬁ’d b Rxi ettt AR g@bieElasomerit ﬁiﬁ‘nfdlaﬂ?@nhb o s h
by a coval ent bond 5] I n sonme enbodi nents, the nanow res have an
aver age di ar@m@act dﬁYGB(QOmanltl@ a1 phqieimagsd ehgiomsr Toving, at dewt wae BB Herg00
nmto 10 pn m t 0
am 150 nmesoa B 0SB R B et 3pBihl 3Bl e s st Bt
a | ayer of Oa&@g)vm' res has a thlckness of 500 nmto 20 1.11ri, 500 nmto 15
pm 500 nmto 10 um, 500 nmto pm 500.nmto 2.5 n, 1pmto 20 pm 1 pm
to 15[04)1, 1 ﬁlSPWfl%aP@}Ot}_)lmMea‘llerf%n@‘Ha@‘b‘Pﬁto ﬁl@oﬁ%c? BYe® pm 2.5 pmto 15
pm 2. nto
PI 4R A8 BEER 00 W B TPt Poforl BIA AR AB
arrangenentfommlqaram\/l ded in FIG 2B. Referrl ng to FIG 2B, the stencil, 250,
conpri a poro s backing, 102, co r|S|n | exi bl e h, 207 ing a
t hi Ckl[l 227. inpiipg iy phqiligearde formu %{ﬂnl t)?eﬁnf‘oa %tnﬁi%}ayfﬁ é‘ﬁ%ﬁ%\}\ﬁ’res
258 (havi n%al ﬁl@'c%hﬁ@% e1231§1) them%.bié B0fuk badQRs, Wh&6ini thE stadRS oy staRjAity
| ayer, 105, affixed to g | exi bl e porous backing, 102, viat porous
menbr ane, 306re lﬁyp@dhhamtssl d‘yi@rqr maes, rxﬂdwprlatsnah@lna:npmoﬁ s:bmy@dllktha%mq@ﬁ c
conpositio |s xed to the stability layer, the contact |ayer, 103,
havi ng | at ?On 3 8ﬂ§ 210-212, at |east one of which is 50 pmor |ess,
the | soupl di MpasHARS thARe RO k4RO hRRET bkﬁ@ﬁ&éﬁr@cﬂ%&oﬁ}ﬁfg th Migt- S &ieNgs
204- 206, in the stenci|l contact |layer of the stencil. As dlscussed above,
in some ento tenteacila contact |ayer, 203, has a concave or "cup" shape in
whi ch éﬁf}%LOUt er 1:?89 %L POQ/?de.CQ QIIO %Eec §M£rscFén%t{cucﬂggral%zl%ustfe{tfﬁgat15}80(%9'3? act
surfa rocesses for Pe ari

the present invention. Referrlng to FIG. 3A, a master, 301, comprising at least one light-

blocking region, 302, is provided. The master comprises a lift-off layer, 303, deposited
thereon.

[0126] Materials suitable for use as a lift-off layer include water-soluble polymers that
are at least partially transparent to ultraviolet and/or visible light. As used herein, water
soluble polymers include those that are very soluble, freely soluble, soluble, and/or
sparingly soluble in water at room temperature. In some embodiments, a water-soluble
polymer suitable for use with the present invention have a solubility of 100 g per 100 mL
or higher, 10 g per 100 mL or higher, 3.3 g per 100 mL or higher, or 1 g per 100 mL or

higher in water at room temperature (about 20° to 25° C). Water soluble polymer suitable
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[0117] The present invention is directed to a process for preparing a
stencil, the process conprising: [0118]disposing a lift-off |layer onto a
mast er t hwo 20nicl4eaies at | east one |ight- bl ocki ng regi onpChatS261008B7@&N
optically transparent pattern; 10119]di sposing a phot oi mrageabl e el astoneric

formulation onto the. Jift-off layer: [0120]illum nati and devel.opi.ng_ the
phot oi mageadl 'ésee"ilsagﬁ i ilfa:yefroxy%?ﬁée[ P’i?rL\e ]tom %?Wénqgﬂ?’gg{t air%g}gfﬁré%t E)rt?’szl1 ng a
phot oi magegdoBhasi amBholnaviydendhlkye asltuleRee PR emidAckyelisi@IUbsO uah thehidite), a
defines a pattern in t he stenci l having at |east one | ateral dinension of

50 .t . E mI opolyssrsharide? 1 solypioginyerolidprotearntig ditsl end sombinationn treds: ¢ hbe
cont ac ayef. . . | | .
portron of POREDRERLT RESBE tpoparfit b AGEEHS uRRO At olifiiRim 2

phot oi mageaahspatedcidforta tih fitm fhavinga giickneds ¢fy100aye) odDYVxedgteateh Bk bhe

contact |layer and the flexible porous backing, wherein the stability |ayer
has a Shor &episse 950 ST oI SO g SHET IhHE WhaVIP éWQer? ﬁ§?%ﬁ%atay

puet e st a5 ean s eyt e om0 i o
stencil. nm, 250 nm to 400 nm, 275 nm to 500 nm, or 300 nm to 450 nm.

[0127] Referring to FIG. 3A, a photoimageable elastomeric formulation is then disposing,
310, onto the lift-off layer, 303. Suitable methods for the disposing include, but are not
limited to, spin-coating, chemical vapor depositing, spraying, extruding, doctor blading,
and the like. Referring to FIG. 3B, the photoimageable elastomeric formulation, 311, has
a composition as described herein above. Specifically, in some embodiments a process
comprises disposing a photoimaged elastomeric formulation suitable for providing a
photoimaged elastomer having a Shore Type A hardness of 5 to 95.

[0128] The photoimageable elastomeric formulation, 311, has a thickness suitable for
providing the desired contact layer thickness for the stencil. Typical thicknesses for the
film are 1 pm to 10 um. The photoimageable elastomeric formulation is then illuminated,
320.

[0129] Referring to FIG. 3C, light, 321, is directed towards the backside of the master,
301, and passes through openings in the master, 322. Volumes of the photoimageable
elastomeric formulation that are exposed to light that passes through patterned master are
cross-linked. The light, 321, has a wavelength suitable for absorption by a photoinitiator
present in the photoimageable elastomeric formulation. In some embodiments, the light,
321, has a wavelength of 200 nm to 600 nm, 230 nm to 450 nm, about 250 nm, about 275
nm, about 300 nm, or about 350 nm. After the disposing and illuminating, the
photoimageable elastomeric formulation is then developed, 330.

[0130] The developing, 330, comprises exposing the photoimaged elastomeric
formulation to a solvent suitable for dissolving the volumes of the photoimaged
formulation that were not illuminated. Conversely, portions of the photoimaged
elastomeric formulation that were illuminated are cross-linked and do not dissolve in the
developer solution.

[0131] In some embodiments, the photoimageable elastomeric formulation does not

substantially phase separate prior to the illuminating and developing. Developers suitable
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[0125] FI Gs. 3A-3l provide a cross-sectional schematic diagramillustrating
a process of the present invention. Referring to FIG 3A, a master, 301,
conpri si yoavilmedk one |ight-blocking region, 302, is pcowsdado3/ihe nmaster
conprises a lift-off |ayer, 303, deposited thereon. [0126] Materi al s

suitable for use .as.a lift-off.|ayer incl.ude.,water-soluble polyners. that
are ac T eadtr BERREER poEhRE it S R PGS RUFEIS B Rbt BRI
used herei flor 8¢ e4s 90kuilee R e pEotbitGddedislet BlasiomeHat foamalavieny sal sdhe,
freely soluble, soluble, and/or sparingly soluble in water at room

t enper at ur émbpdimeaise thepastrmeheated duriggrthe devslam®e pol ymer suitable for use

1 g eoenk N SRS, M SR By Pt o

100 L or batghaitiailin phdk 8epahte poioftd Rinpanaingraad (d@bdoping 0 Phase2bpaatitat efers
sol ubl e pol yner suitable_ WO 2011/ 146912PCT/ US2011/ 037478 for_ use as a
lift-off | &ydhe ierRiXinge ofrcEMOnent R HOMRECHRAYS B & AohCIPIORFRSEHS t o,

a pol yvi nyko@ SR cofpt Bxy8l Md/oﬁ‘ﬁhérk)-ldalﬁﬁiir(seor?the RIS PSR IR YhiERIb BF OSe

and the like a polysaccharide, a polyvinylpyrrolidone, and the Iike, and
conbi nat i ogsatene Pbare. seffdretigotanter detéatedbynmabyring te | pyopertagssapd foa wbmppsiipn
whi ch as used herei.n ref.ers, ta a. mni.num.transparenc fgr a thin fil.m
naving a ¢ AT CRAGES 1BYCr 206" DB BOR GE Y Be T oF UG Wbt lan oty
greater, ok AhMifktidd St @velopidh@nubilloi Bk EbrnPdHdhQIF Avéchitdek ryeARSEn@tfoR
wavel ength of 230 nmto COO nm 250 nmto 550 nm 250 nmto 500 nm 250 tun

to 450 nm e2Bplam eanprdiongradias, migre-dosemsngad the 11BO0 nm to 450 nm

0127 i t : i - 0| i i i
hen MISRET no° Rsfksingla Bty b AP HETRIE Bcki RS B ARR |oel ST ARBME 1
gi spo_sit ng bhetblickee dmwtstoa:][i@. (rjinie dd’n(tjﬁ'ct {ﬁdref,glszzpi oh tl:ﬁalgft-tnfr‘]f, laylzé'rﬁm)zain;mﬁpgr :
epositin sprayl ng, extrudl ng, oC r adl ng, n e | Ke. ererrin (0]
FI % 3B, 19 stgﬁ@%/cme%i&gélaﬁ?éhr@}lg@%hé?fiol@%%aﬁﬁm%ﬁt %SO@aCi,lamén%ﬁeso%%f 19 i on

as descri beg DELSE! dnRRQR. 333020 GF SBLNY or e SHITARITBABMIRRRS, & IPLPERS S

conprises disposing a photoi mage stoneric tron suitable for
provi di ng tephttraidimgadom afsthempenihgyi33g-385Skkol @nTyp el AnhaAdpledsinegedle o

95. [0128] The phot qi eable elastoneric fornulation, 311, has a thickness
sui tabl e f_éla-q‘mblfaé\?f“d? &ggtdﬁé’oﬁ?@_s%‘?(id’n@othf’ﬁmm‘ft Per- thi ckness for the stencil.
Typi caji3i ckneRagsrifPlo tie. HiE MhepBothiliBdhble LB RMatidh e3Pl alodisMhe eriatRt

el astoneric fornulation is then illum nated, 320. [0129] Referring to FIG
3C, light, la3en 332s Hor exaneplet byvadisting chepziskesiteansf salvent rpegeantratigo pf thind

Gl ast oner | MO HGCATF Sambiatons p SR Ebushefing £F y MERHZbe SARLRCTRRREY ©

patterned pRGt@E @ntacENBes.- | TIK gHotoibehblg ormBidfion, 34!, chavay ebep@ition as
suitable for absorption by a photoinitiator present in the photoi mageabl e
el ast oner | descubedihareioaboven Sperilicaiiothenioeess qomyPrispyHispoying a plipdoigiaged

el not o A0 SO BR3P L g0 R, EhRUt 12500 Rt 07
t he phot oi oagesb| Ehegptasdimapedbie foomniatian,i 3@, has ¢ théskndaweltape thr (B3a@ding the
[0130] The gees\i/r?ald% albplgﬂl 12?}/%9 ’[higk%e sr 1Lo§ ?I?e ﬁé‘:ﬁ:ﬁ?ii%iéa?ﬁnag%gs%is r];%arg[ﬁg ﬁ?&l%?g r]I%{ e
to 50 um.
[0135] In some embodiments, prior to disposing the photoimageable formulation onto a
contact layer, a contact layer is treated with an oxygen plasma and an adhesion promoter
is disposed onto the oxygen plasma-treated contact layer. Adhesion promoters suitable
for use with the present invention include, but are not limited to, trichloro(vinyl)silane,
trimethoxy(vinyl)silane, triethoxy(vinyl)silane, 2-acryloxyethoxytrimethoxy silane,
2-acryloxyethoxytriethoxy silane, 2-acryloxyethoxytrichlorosilane, N-3-acryloxy-2-
hydroxypropyl-3-aminopropyltriethoxysilane, acryloxymethyltrimethoxysilane,

acryloxymethyltriethoxysilane, acryloxymethyltrichlorosilane, acryloxymethyl
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formulation to a solvent suitable for dissolving the volunes of the

phot oi maged formul ation that were not illum nated. Conversely, portions of

t he phot oworgadi4ediast oneric fornul ati on that were il | umpoatusdoiansr47s
cross-linked and do not dissolve in the devel oper solution. [0131]1n sone
enbodi nent s, the photoi mageabl,e, el.ast oneric forul ation d - No .

cubet ant i arhgRRu BESGBHTRIFE oy ShoR PR R Rl A Rl b asisigre
Devel oper s afyit @hb:e/silR, A0 A& 8diBE; TAddSRO 1iké Ohd4ctdn Hifdtiods ehevédfh Sutigble
presently clained invention include solvents described herein as suitable
for use as methedsriosrdisnosinghan pihssionneigBwWET dnelude tspiReGaating. o Bg.i G§migah
sonme enbodi t . i : ring the.dev i , l.n. somne
cmbod mont P pati e TRy S, BRE MBSk Y HE EE Bn28h 8o pibhdek
subst ant i albkyppitasly Bgipssddito preontact laydrlusimgiandhérngasaordigdvealegi ng. Phase
separation refers to the de-m xing of conponents from a honobgeneous m Xxture
to a HEL38) ogeneoﬂfger@&i’ﬁﬁ‘élgtﬂil%ﬂh%%‘%%hl?\g)pﬁ “iartk?p MRy sy comEast gﬁyﬂbﬁa@eﬁ‘glﬁ)n
the order Riha s GhANSoRhct8d, L TwitPRAREsS §RRERN 8P kA PhdGintiREasL ed
by anal yzi %tg)r({uﬁgﬁgr o%ertlhes gné? or cor’rpvgs}rt?onso%qg) cont act Payelrl.‘sj%%t er

i Il um nati ngradaictevel opi ng. For exanpl e, phase separation prior to

illum i ng and devel opi can result in the formati.on of a,cqntact | ayer
havi nd0Lbr Cexalbrue STRaNTErs PO Broanehpe ek pdkatiapress ickana thige.
[ 0133] Ref elgaking ;%&_ﬁ&h Gf 3P, pRASNRASYAO T AY | £ 88rfaeCONURC FlekiB)E horods2,
conprising a photoi maged el astomer. The contact |layer, 332, is on the

lift-of f | &geking 308xygendplhssa-ticatbdadn some epbedimgntsherier ttheoutattinghdbo, a
defines a pattern in.t : t | r t .| |
di mensi on, ?%%?%ng,ou%qug]é‘%g%@? 9 e@%’? 4 ﬁ%&’ﬁeﬁeﬁtygaﬁ)%%‘%egpﬁab @%‘Zit" "ofe of

t he | at er ahdighstoangroaidgerob depesiep emid @, 183Bke3Roud Backin@mhtohdOdbgem oxfgen
phot oi mageabl e formul ation_ is then disposed, 34Q, onto the contact | ayer.
[ 0134] Ref ePlasmg-tiegted) cAdhgsion peomyHers sindayedBile of Sispaing isyHablaqr teydiiEsa t he

cont act Iahggible%%%ﬁ%{%%%h& P%e cfegkﬁ*éédiﬂégeiﬁgﬁoééi.SCOSi ty and sol vent

concentration of i mgea rmul ation, a conformal coating or a
pl anaf0138hg coaRiefigrisgantdeFKor it oweactinge xofit:able Ipayers. bitlang with the

phot oi mageabl e. fornul ati on, .341, has a conposition as descri bed herein
P ove. | SocBheipiHege dHEm TR B by FESA O BLrg  IEHB T g

fornul atioRssu}alh& i a Eﬁ&%ﬁ’dg@gblé fShfPAtldnt ¥41, 3L OAV, RYoRadNBYS, 3Repe D
har dness of 50 or nmore. The photoi mageabl e formuil ation, 341, has a

t hi ckness sud & d6+T fayer, 3PdvilHé phptomengdatdé farthuddtivmiis iltuyﬂihayé’r%ﬂhi ckness for

{0135 L ore eRsGARBR E10pioapeiio G dpauroigt FhGen BcrBidast b master
for mul ati 0B0PNrA Fass@nthAkighl GM¥Rings t BRNTAGET 1327 €rVélames SRIIRIpNbiagBabixy gen

pl asma and an adhesion pronoter 1s disposed onto the oxygen pl asma-treated
cont act | ajemulagnedipbarepexnosedie light thanasses rthipysh \faftprned engsies sptcross-

e on VOFLS a5 Nk L e SRR 0 vy
silane, 2- pesyitdiyied peotyinidgehtilexXyrnailitione, InZsoagr sthbodiethexit light 361 pkad @ne,
R R N A R T (S T TR
300 nm, or about 350 nm. The wavelength(s) of light, 361, used for illuminating the
photoimageable formulation can be the same or different than the wavelength(s) of light
used to illuminate the photoimageable elastomeric formulation. In some embodiments,
the illuminating is performed prior to contacting a flexible porous backing with the
photoimaged formulation. After the disposing and illuminating, the photoimaged
formulation is developed, 370.
[0140] As described above, developing, 370, comprises exposing the photoimaged

formulation to a solvent suitable for dissolving the volumes of the photoimaged

formulation that were not illuminated. Conversely. portions of the photoimaged
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acryl oxynmet hyl tri et hoxysi | ane, acryl oxynethyltrichloro si

| ane, acryl oxynmet hyl WD 2011/ 146912PCT/ US2011/ 037478

phenet hylwoi2oettaesagsi | ane, 3-N-al | yl am nopropyl t ri net horgsidsane/o3ais yl tr.
met hoxysi | ane, allyl tr et hoxysi | ane, allyltrichlorosilane, and the |iKke,

Spgm(;? (Tr) ! n?ﬁg %tlétg ngset} tlrallbtl cf ggee %{ggsdﬁﬂ%e ra@gl c?c{iOSI (I? 9582vrp%:01n eﬁiaxgerfoper

brushi ng, fshRitoAY, Dékf@loﬁ&@tsluﬂgbleaﬂéd dsBewlth kie pfbeseamjneﬁalﬁmdpmommr inchide be
optionally disposed onto a contact | ayer using an inert gas or liquid

carrier. [@Slzb’@]ltSAﬂ@Sérlb@ﬂ dstain g sHEabhdenivsafsapl e@rfie fen e GholeHrageable
contact | ay, or oys Kk e ted t

| east a por? |550rrln 6(5 ﬁrgpué ot oi ?r%géa@% érﬁ&dlﬁFﬁtp i (r';l}le ?1[1"&?%57%' }rllea:s{;%friéiumlg "
enbodi nent slevg@lopiap. tAs aRBIs3Ed e, Phdde sapdrhitodi plier foitlansndoiag kandglevelbpingt

| east a portion of .the photoj mageabl e formul ati on, 2 surfaée of the .
flexible poABUsSHhKithy fpgn%wg% apftalihy- {ayenhayingy jors SHmMRIFHB ROREgFiLion
prior to c i porous backing with at |east a portion
of a phot o%ﬁacg%gbﬁ%?grggﬁargtédgﬁﬁé gir(l@adhem on pronoter is deposited onto the
f1 exi foBH1or ous Rederkinggo tHiGt 3Hathebdesnlopingg 870, piravides & seatibd71Adérepiiong a

pronot ers d..net hods . of .di uita r tin a.flexible paorous
acki ng i ndlRHULE PSS beukit Baciararhe aBB0L, TPt 3] FERERTHs PO RIEoar
cont act i Ng B lISXH Iveni B TOHFixBRGK Iaﬁ& h¥é blbstdiia ) O R0 Rahedihbihaks @n
provides a structure conprising a flexible porous backing, 352, in contact

wi th a photcontaaiglentst 833 oFhuitentichtnyeB8AB2, isHpahedcang ft-cdf bacmlt, a63. ThestenciB32,
and a lift er, 30 h t0| eable fornmulation is illum nated,
360. [0139]3%?(91!5&&% sy (igléfgéfe%’% 9] gﬂalg 361, is directed towards the

backsijgrs29f t he Rersdvefig, 01 .corpesfpaspaaiting rtbelgtenoip drinnghe ilifi-b1ii eayen sindfor
322. Vol unes of the photai mageabl e fornul ation t hat are exposed to |ight
that passedempyigggihe phftodr faar s dhe astenclly odi -Somek sgrbodiments; dhe | re‘@@‘img has
a wavel engt, a r [ r [ he
phot oi rnatgealz.hmi)yffS %Srﬁr;lﬁ :}1 1%n. ﬁﬁ dggkl&@re%{vnog}l?r%ﬂ% gbl%lﬁ S%EH aﬁgh%ﬁgﬁus SIgls\xea
wavel engt h Réma@tl ramn tabsdb00mprise Ad@ingmheoli&dt nayer, alsmud:atmgOthn nhlft-affohiye1275

bout 300 bout 350 361 d
For i 1 umi BRI PrBIEL Brorgdsbhi T oAt 4 O Tk haSphsdapngor *°

di ffen (6143 At han tltb?eﬁfﬁégb%@t @@)th@fenlldﬁ#% 3gvedrdvids!d siBRGIRLE 1L E&nprlsmg a

photmmag able el astoferic fornulatio n some embodi nents,
i |1 um nat i rMigxitde pewolio baskingy 352ra stabibitpnkapert By aad fal contapl ]@ygoﬁ%sTb%l@th

with the phot oi gedforrru tion, Aft.er OSI t he
phot oi mage axe&r@t SAPRSF & %@%@SBBWIH%%BQ%%ﬁ s ggassgf)n%g!frépﬁf;@ém

devel opi ng,333/435, 6PHYInt 85 1@XP9# isbftle letboalindms, rtﬁ@e@lmﬁarlayer&ias @rthicknéss of

sol vent suitable for dissolving the volunes of the phot oi rraged formul ati on

that were rogmitp 10 minnandte sebitiie fayet kas agbickness of §fum S bt oi maged WO
2011/ ][6{34194:} 2pPCT/ l“ﬁzoﬁemglsé?lw%us backing can comprise a layer of nanowires affixed to a

flexible mesh and the stability layer. Nanowires suitable for use with the present

invention are not particularly limited by composition, and include metallic, ceramic,
polymeric (e.g., polyethylene, polyethylene terephthalate, and the like), and carbon
nanowires, and the like, and combinations thereof. In some embodiments, the nanowires
have a composition and/or are prepared by an electrospinning process described in, for
example, U.S. Appl. Nos. 12/578,219 and 61/227,336, which are incorporated herein by
reference in their entireties. Nanowires can also be prepared by a melt-blowing process
as described in, for example, U.S. Appl. No. 61/243,917, which is incorporated herein by
reference in its entirety.

[0145] Not being bound by any particular theory, a layer of nanowires can provide a

porous planarization layer such that a stability layer can be affixed thereto. A layer of
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formul ation that were illum nated are cross-1linked and do not dissolve in
t he devel oper solution. Devel opers suitable for use with the presently

cl ai red iwoenti/@mizncl ude sol vents descri bed herein as ggrtsbdie/oBars use as
a carrier for the photoi mageabl e el astoneric formulation. In sone

nbodi ments, th ' t ed during.the, d ing, As di
above, | phadinedfer el b BRdro S terPl Rt Ay Oon R s e TEE e 1
the formati@g., ah éokyakigolsyreth@eenndand Mnige), % SPRMY Banoieo Mavisk trequtive

gradient, m Cro-domains, and the |ike, [0141] Referring to FIG 3H, the
devel opi ng,fumwmalpgr@vpsje@ theig purfaces, sobpmt-assis rlin§]it1ﬁ§ 04 W@l@%ngémﬁér"ﬂﬂ’sa

backi n 3 r ed

formul gt i ononafheht BflohPa By 2 AP YRl prcsar i cBpafY fliBe

ld! ][rens:c ?nls IASo@e ggfg)bd_t}lﬁlenhﬁylefape ?&ﬂgrg'fﬁerea@mﬁrmmml aascmfe,élt &g%oasl butfmok tiediedn a
ift-o ayer e stenci is then re e

mester. [ o 10:3Ransi el hoLabA - aeriins. SElrepians %g%emgbl@m?ﬁm FOH T

lift-off |aye rtﬂ@nﬂ% Oind @(glfﬁylhgtgorfshﬁellebf te. f fl.1 8¢ ahd WMB'QS ﬁgéﬁnﬁ)' veld! tRe SOME

enbodi nent s, e renoving conprises dissofving the lift-off llayer in a
sui tabl e smlanmtresnoo%hﬂasblann@hudmuems @mbednnenReadwemg)f camovaksds elentpospse

heat the lift-off |
mechant cal o dPebRs AU R ¢ TP, meumichadfirie 6 5t e S 1t e
thereof. [Gif4skt v3afierring to FIG 3G the renoving, 380, provides a

stencil, 371, conprising a flexible porous backlng 352, a stability |ayer,
372, AB6A cont alntsor@yembOQag@ntSTh@eémftrs@@pwnrayea? adbaed te irfexibles mesh [apds

one openi nQI’CFU%d wﬁ{f n%g%e'nn sfﬁtl Lll?(ﬁglt ar? Q ?ﬁll ayeoghnﬁncfes?lﬂ?ed‘?}?é%elg 3Bov Of 50

pmor |ess e con as a CKneas “6f

to 10 pm amndfdrbBein abhthétd vdlt&i)aeleabt&ﬁpcﬂ'tlbrhbﬁX&ﬁﬁ@ct(Ilzfyeﬁ pmto 50 pm
[0144] The fl exible ﬁorous backi ng can conprise a | ayer of nanow res affi xed
to a I9EKIbl e neldls HEubich @OEUADPIING IC8R) SOMRERA ot RAEQUSS IRFTBRARS - f ot §BCwi t h

the present, éﬂb@ﬁﬁl@éﬂtson r‘ScéEQt Heg uel(rﬁ‘éill}ﬁgl Il és%%irﬁg?&em\% WHEL pBRALs

i nclude netallic éram c, p rlc pol ye po yethyPene
t er epht hal atembramdhdviney hri myageqmje siac bOHS panovessesith aﬁdx1b]¢en¢shkwherandhe

mbi nat t her eof ts,.th h t
andlor ar E%Eﬁawiééﬁ?pw AR Eel PolseRERG ok BELC e CERBRA FomPGRE nd O
exanpl e, UyR nRRR! theB$ affbahe i BdrBusibnfbkid2ib, B3Glex¥l alesRI Fok ReAhPIR! at ed

herein by reference in their entireties. Nanowires can al so be prepared by °
a mel t - bl owlurglifyr ofc pelgolzfndeniming gellets ar@mla@%émpl @ flegibl: mmshy|andNp porous

61/ 243, 917, ch is.incorporated. herei ef eren in.i

[ 0145] Not B%Mh?ja‘%eoﬁrf’dsﬂfi’ﬁe re|881rt e GPgm rbtl%}él ?’en BlgC acgeetwee g()ﬁglﬁn&\%mmlbgré%gg

provide a RREOUS dHdaReH: iig AppR kiay&s t8uabit tth@ ogfoﬁdf@mdnteﬁlying gpedclean The
af fi xed thereto, A layer of WD 2011/ 146912PCT/ US2011/ 037478 nanow res can

be affi xed heafing fimexand] empeearanaco theapressas rpRlipd| taythe SUSFHE e Ban@dide
(e.g., e[%%é%eéh}p%ra? reyéi{o% (P%Q aﬁghqn%%%l hi G "Q(the%@g NG BRRRM ﬁ%ﬁc

havi ng reactl unctional group Ir sur aces Iv nt - aSSIS
mel ting or mietopaniglesvilhtt areg)latueﬂkbeavmnﬂasqiovmtmémbfanmﬂdbyomrme@lsslfahe
heat treatnent, pressure, and conbi nat]j ns t her eaf %CLﬂlesorre enbodi msntg, a

trace sol vé?f{lp‘?iﬁtufer sansfeien; thend %(?F‘V@ doy ) mglt a rRFOYS) MPELRNE §n
I sopropyl %&o%g %ﬁﬁlf@ot aaﬁsfgq Qacif bt om%baam@thé eMwich ric,trﬁah%k%@%a c

acid (TCA |nat|ons thereof (e.g., 1:
is used to ewsdssivellyeonfonoou grest etpermdfdféxnéalt]@nrmsts inlthe sembrawiisdime seaded. a

moth and AMMEPRL PEUTHEE M eice. waermyse Bovar BiseS Tors b a8 .

embodi nent519d3mrwﬁfch@§ﬁfé@9#p|b@ﬁed&r&ﬂhﬁ’rr@ﬂﬁrﬁeﬁlfté entirblye mesh and treated
with an oxygen plasma and/ or an adhesi on pronoter, as described herein

above [0B8lor e bdlohyplefmecntainingiarticles suiteblstfonuseowith die PSR! dbisnEe ateApsr |
particularly limited by size and shape, and can include a polyolefin such as, but not
limited to, polyethylene, polypropylene, and the like, and combinations thereof. In some
embodiments, a polyolefin-containing particle has an average lateral dimension of 1 pm

to 100 um, 2 pm to 75 pm, 5 um to 50 um, or 5 um to 40 pm.
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[0147] The fl exi bl e porous backing can conprise a porous nenbrane. In sone
enbodi nents, a process conprises annealing an assenbly that includes a
por ous newbrane4baEei ng an average pore size of 15 1AM orChrassomiostaza
flexi bl e mesh, wherein the annealing nelts a plurality of

pol on efin-containing particles between the nmenbrane and.the nmesh, .t hereby
af fi xilhtft he porldbis %%ﬁg:rl%fﬁ‘éld?é SP]P’Fén‘?t’ICé’%?%TSSCW‘R%?L%aW %@(%WBF%SS S'é‘tap?rtleu&’él ity

of pol yol efjrfizgont ﬁadehﬂgqeﬁ%rmtﬁ) grfﬁxml%%@homgeﬁringxtbbm MESh, pRchidy REr Ous
menbrane i s di spose ereon. The assenbly is then placed between solid
menber s angapickssioneprasing hipalyoleSinap(), iaeddispercdton & ﬂexrbletmcSﬂne401 The lnset

pol yol efin ntai njn Lcles..The hea n i and. t erat ur he
pressure ap@gl B\t ?angﬁg/{ gL JaRTCIRE a\?é’g'fi:e&[ﬁﬁ'ﬁ% flﬁln&rlél%glﬁ P % be
nai nt ai ned ppylefiyledenBbers OUbEN hakdn ra@igh%?agéf didagtd! @ﬁtabﬁutWB@ rigpar i ghesist hat
are placed béetween the porous rren%r ane and woven nesh. If the tenperature

i s insuffi ahemnlrang isghen ¢patastad; #E), ethide potyolpdintcoatpining payslesus nmenbr ane and
woven do n adhere c o ture
is he&@excesge\% s K Fﬁ@o?gt glg rgélg{é 549 M%‘%{rf%oglﬂ&}ls%gﬁﬁgﬁﬁ%lﬁgﬁ?% eielflﬁln t he
menbr ane beaﬂmlﬁge@mdles Nmmqﬂswée«nra ys®uWinidmtirhee, priésemnd aiflexésié inashad@lo

i nclude those disclosed in U S. Patent No. 4, 96§ 261, which js incarporated
herein by rAddteplaiseetiZ ar¢ somaeted ayith ﬂ[e()?%]“ldﬁ ¢b1thg PATOYS FReMbARY Pdr #¢1 es
suitable f hydih M [ r r [ £d by
si ze and sg{aef)&eﬁggwéﬁc%dnl Fllrll@l u gﬁ}fg %gél/%ﬂ(? : ?n@ aﬁ;gﬁ@& t@@%%%)?gg? cl)f?/tr}#tﬁgat& o,
pol yet hyl ersaijtaiple Inygierigly Fenese aarptbtd:shecﬂudkmetedm*ﬂmonbmfaﬁ; glasses, lveragoés, land sone

nbodi t | ef t |
i mensi on. die B bEuoe 00 BT Rt A 1 BT BB g oS e fiepso
um WO 2013@5&‘6@%&81?@@%%3% HolBdAh8 pﬁeﬁ’és‘lglﬂl‘l:elrﬁﬁ} erﬂ:@g%@énpcﬁeodﬁt%al@y gehRERS | C

cross-sectional diagramof a processS suitable for affixing a porous
menbr ane t dheastfucte tbleé)rﬁﬁbhlngRéﬁ@IT aftey aPDlYFIgG?reSBAre @esyltingaini & wrperagge of cl es

i(:(r)];rg 's ngg %BLE[ %/(?6 aé: Q@Eﬁb% °Ca eetgvf%lei Il%%egg nt f ?é(ssgr:egx IHEOF r%herm(z)iﬁ energ?

conpri si ng nhdisehb %gloﬂkﬁirpﬁinyahﬁw RReldd @@r §ﬁﬁxé@&1e paviuneneaibranegrapeto the
di anet er of about tun Eorous menbrane i s then contact ed, 410 W th

the pol yol diexitlewrsaidhi nghpa tqs&rwmqveqsﬂépmf@wlﬁﬁgletflfbxvhl@powss bagking.
resul st ruct rdrse PhULBYe] i

parti i?e 402, %%%mggnqgaﬁlgio?gﬁsa }rlre ea‘g&fm?gc R%%Iﬁ 4% &I Eil%g Hrrllgs ,’“%1.
Fl at pl at eq:)pre%:kZbacafr@ canpragih@d porobs trhemirand s4 desa cb]fextbﬂte nmhoﬂ@l nanbeane,
411, and flexi ble mesh, 401, anq ressure, 413 a is a ed to, one

or both of 2fhgsiys layersthers hatweane 434+ CHpRfsEig %PO]QIQE*%&S RIS ImeRs.bt al s,
sil'icon wafg A5 41?%@%% LBBe ks HP&qg@ures of 100 psi to
15, 000 psi 1@011%9 tlges 0, 5 pS|era%ér1190r 85| tg 5,000 psi can be applied
to ong0L2] bot h dThet $tencplk arfethe prérentradveniner gie nﬂvnstb@dopan bnaltiligeca ppinerays t o

t he structure befor durin d/or.after a ' ressure esulting in
a t enper at (HFSoHit %ﬁ@gr@éat qﬁ%@ﬁlﬁgﬂffa%eoﬁfe%eﬁggiﬁége@%lp Iein’Oé? e {)Od?ﬁl ls,'
pressure angheil of HRPI&enfMOEMIon @A (pattédiart RAky3D, af lefst 100! AilEHSNZOP BF hil 164sES
and affixes the porous nenbrane, 411, to the f[ exi bl e mesh, 401. The pl at es
are renmoved00patems priproaxbbitinga dedian of aberolé obmewr Aabquy 18% ormeete ki ng
to FIG 4C, X|blepro s provided, the flexible

por ous bacﬁllﬁtﬁral(lzg%ernlsgno ﬁe&ﬁ;?@a?&i%ré#gﬂ 411, a flexible nmesh, 401, and
an adhesive | ayer there betmeen 422, conprising a polyolefin. In sone

enbodi nents, the porous nenbrane, 411, has an average pore size of 15 jtm
or less. [Q152] The stencils of the present invention are robust and can be

utilized n Stimes without degradation of the surface of the contact
| ayer yq s?%soms eﬂﬂegﬁb&%&%%ﬁﬁe @é?ﬁ'lﬁve%oﬁ RELRY &580K phdt &NpAtRE G3lbRALL er n
at | east 50, at st 100, at ast 0, or at least 500 patterns prior to

exhi biting Impdlewuht embodifneatso an e@%pasterfolr@ewlﬂab@tsmmloﬁ/élmrprmn@mvcntam is
| at er al dlne nof a e repar.ed theref h Paste ]Th
processes 81‘ OB‘Fé?B‘ﬁ‘Frethﬁv qpﬁlrsi Qﬂtquleg‘aa%néﬁ%lﬁe E:fgtoé ¥ pa qi?

substrate. gich paste comprises more than one component. As used herein, a "etch paste" can also

refer to a gel, a cream, a glue, an adhesive, and any other viscous liquid or semi-solid.
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In particul ar enbodi mrents, an etch paste for use with a stencil of the
present invention is a thixotropic mxture having a viscosity of 100

cent i Poi swo(oHy14ee12nore. General ly, an etch paste conpripseasomn@3isi@n one
conponent. As used herein, a "etch paste” can also refer to a gel, a cream
a glu adhesi ve,, and any ot her viscaous_Jl.i qui r sem-solid. WO

2011/ 1463Y 2pcr/ Daih P PY5E B3] Rishatte SR feégrégﬂﬁr‘i"%?“%{ﬁ tﬁaé[tcéﬂ FAct -
whi ch ref egght LB CATRP R velad Rrti GRS the 3G8stidlel NnBomedRa{boaIneenty) ah BN i8
portion of the substrate. In sonme enbodiments, an etchant is present in a
concent r at ipoasersfin Bxpneengoten 664%do B6%, Strtold%e.ton 19BN ey Hleighbef ametelt ch
paste. Suitable chant s, i ncl ude, aci di.¢.,. hasic, and f]. L dg-

etchants, &f e'co%’iltﬁ@ﬁ sﬁbaqtﬁemg%’ﬁF IR Enalts f%lr% glé;g%??-%s%% ? %ﬁi%g?’i and

mat eri al s as@bialibnskiRenadrt, i Bichits €hrapactiak vt Saridud hebdritd st cvedt lafvavit ia the
include nitric acid, sulfuric acid, trifluoronmethanesul fonic acid,

f | uor osul f ehgreicaldrts; trifl uoroacetic acid, trichloroacetic acid, phosphoric
aci d, of l uory ¢,.ac| y: /| i : i l.osq de,
nyclr ob S8 ¢ act 4 g FlBpaAAGRAT AR ReRE A gdia, i AR gL R el R
conbi nat i ofisotdkelf@nt . afid]l5GjifBasoacett chaidt s tiichddragieetis odicdn Iphdspbeiide acid,

pot assi um hydr goxi de,

Bmani o | OHARORGN AEC. BURFBHOHEH G-)-cHal EORTHS TORE) RrBome 461

[ 0157] Fl uopigerhased, ahahenis, daat dde, ARrmnividohy Metdde, 11 thiumfluoride,
sodi um fluoride, potassiumfluoride, rubidiumfluoride, cesiumfluoride,

f r anciQ$6f | uor i Besicaetchamsyinéludorsodrm dyldedxida, f petessiue, hyshier ¢, uammonium

tetrafl uoroborate, potassiumtetrafluoroborate. and c i nat ] . of .

[ 0158] £t onpderee: (melgT o S B iR, R PR, S Red AR
are not |i ghd eshnbifatiddsREREJCH(r) and SOLARETCH(r) (Merck KGaA, Darnstadt,
Germany). Additional etch paste conpositions containi ng an etchant that are
sui t a7 or usé&lugride-bapes gicharmtinglide smnepniwpetlupride, ddliyny Hupride, Jodtuant

2004/ 0063360 9po G TR FIdeE WP ARise o AR CRERm luorde,

by ref er enggtimbny heivoridat i caltiym [ OLoAHd,n someniwnD odétrathibsbogdte,t hpotadsimen of
application to the backside of a stenci%3 and/or at the tinme of reacting
with a subd&tiagiuarobarie ppdk combingtions thefgohr esent i nvention has a viscosity of

100 ¢ 10, 00 £ 2orusO0qtrCRe paddtniGRydrffioh iRAL But & PofRmited S00

op. SOUSB Lo 25 Ghels St FussE Wiy pinGRuioh IRHIE By cP, 1,000 cP

to 10, 000 ttcP,,HIBERE‘SF,C@[@@nd BOL@RH@:H?(XM@IE% KGaA, Darmstadt, Germany). Additional etch
paste compositions containing an etchant that are suitable for use with the present
invention are disclosed in U.S. Patent Nos. 5,688,366 and 6,388,187; and U.S. Pub. Nos.

2003/0160026; 2004/0063326; 2004/0110393; and 2005/0247674, which are herein

incorporated by reference in their entirety.

[0159] In some embodiments, at the time of application to the backside of a stencil and/or
at the time of reacting with a substrate, an etch paste of the present invention has a
viscosity of 100 ¢P to 10,000 cP, 100 ¢P to 5,000 cP, 100 cP to 1,000 ¢P, 100 cP to
500 ¢P, 500 cP to 10,000 cP, 500 cP to 5,000 cP, 500 cP to 1,000 cP, 1,000 cP to
10,000 cP, or 5,000 cP to 10,000 cP.

Etching Processes

[0160] The present invention is directed to a process of etching a substrate, the process
comprising:

[0161] conformally contacting the contact surface of the stencil of claim 1 with a

substrate;
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Et ching Processes [0160] The present invention is directed to a process of
etching a substrate, the process conprising: [0161] conformally contacting
t he cont awD 28urfsemme of the stencil of claim1l with a sulpstnasbe;/o8d7s
2011/ 146912PCT/ US2011/ 037478 [0162]fl owm ng an etch paste conprising an

et chan rough t he porous backing.assenb the at | east pne opening in
the otbel| 70 eaEER fich gt oBBATE SE pishaftirobhE B Rt Pee R REMY e
reacting r ep@uRSt faBQel PRnih ik R skwbirate to provide a pattern on the
substrate having at | east one | ateral dinmension of 50 pmor |ess; and

[ 0164]0163bvi ng ténsting drecitth pastermithehe sihstratgt wheleon S |radréing rerseyRs 4 PRFER i on
Is also directed, to a process of etchjn .at e, S o
conpri si ng:0 ?ﬁ@lsélg?ﬁ%%%og?rﬁﬁi fl %agﬁ]fna%r% %hﬁgu?%%%g%%}’tl%% IE%S?? %%{ea?‘%@ Cﬁﬁlgnssl?nenci I
of clai m 10060 lnPor less; and

[0164] removing the stencil from the substrate.

[0165] The present invention is also directed to a process of etching a substrate, the

process comprising:

[0166] conformally contacting the contact surface of the stencil of claim 1 with a
substrate;
[0167] flowing an etch paste comprising an etchant through the porous backing assembly

and the at least one opening in the stencil to provide a pattern of etch paste on the

substrate;
[0168] removing the stencil from the substrate; and
[0169] reacting the pattern of etch paste with the substrate, wherein the reacting removes

a portion of the substrate to provide a pattern on the substrate having at least one lateral
dimension of 50 pm or less.

[0170] The processes of the present invention produces surface features by reacting an
etch paste with an area of a substrate. As used herein, "reacting" refers to initiating a
chemical reaction between one or more components of an etch paste and a substrate.

[0171] In some embodiments, reacting an etch paste with a substrate comprises reactions
that propagate into the plane (i.e., body) of a substrate, as well as reactions in the lateral
plane of a surface of the substrate. For example, a reaction between an etchant and a
substrate can comprise the etchant penetrating into the surface of the substrate (i.e.,
penetration orthogonal to the surface), such that the lateral dimensions of the lowest point
of the surface feature are approximately equal to the dimensions of the feature at the
surface of the substrate.

[0172] The present invention minimizes lateral reaction of an etch paste with a substrate,
such that the lateral dimensions at the bottom of a surface feature are the same as the
lateral dimensions of a feature at the plane of a substrate. Thus, the etching processes
minimize "undercut," which refers to situations when the lateral dimensions of a surface
feature are greater than the lateral dimensions of a stencil used to mask a portion of a

substrate.
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substrate; [0167]flowi ng an etch paste conprising an etchant through the
porous backing assenbly and the at | east one opening in the stencil to
provi de avpabvtenmief etch paste on the substrate; [0168premsemng3te
stencil fromthe substrate; and [0169]reacting the pattern of etch paste

with t ubstrate, whergin the reacti ng renoves, a portjon of the substrate
to pr o[gf a pat egipﬂqeoﬂng%ﬁmgﬁtﬁsferagtﬂrég ﬁ%gPrﬁs&Sa?Pp*yé%g?n 8#? Ifag{eeﬁoae} S%Jlsﬁ%tﬁsi on
of 50 vim qiel &SseactiOhl 19lidiigted @RASERTac@betREnPhee8H phdty @Al HRuFERAYL S
surface features by reacting an etch paste with an area of a substrate. As

used herei rfubstradct i ng" refers to initiating a chenical reaction between

one or e co n S c .
onbodi0EHIS. ©F onBrille sbafiheRsod BACSS A Me BuRE hivehon WUAGEL nftaBllR
that pr Opagaﬁcﬁiﬁhl‘tlieﬂwédm%rpbﬁh@aétb a8d,a hbdyite oOf Ausadiistr¢ial Enitadngletelferaso a
reactions in the lateral plane of a surface of the substrate. For_ exanple,
a reacti on R5e¥sRREhWAIShet RGN behween & sihstratga@d @ReIdupAsHS s driggrsedt nfiating

penetrating,| ts%sts {Jﬁ?ﬁﬁwmq&ﬁ%}tﬁ hige Ef@ﬁ‘?tr AbEntldn ﬁm%ud@eﬂﬁ"[t LAt ﬁ&nmﬁ_ﬁédﬁ@agna'

to the surface that the later mensi ons of the |owest point o
t he surf acexpesingine lease oappif ax sutatrefey ar e poste,t dnel distapng i ton sheohalt erergy,

feature at ihe surface qf the substrate. Olgﬁ%The 5%€§entlinventi?n

mi ni mi zes 1GCEPHPEPERCPIGH OB 2 QHS K WA Padt EXH1RE & PR EN%G FBIFFHIE t he
lateral di ARSI @nSoidhiolREiOMnARIGkagens s tAGE 1T QALMIR] 2R ehtan SAIEziAg drhe

| ateral dinmensions of a feature at the plane of a substrate. Thus, the

et chi ng pr oedwiessreasthiergag.can agidtler & base '(e-ghiaskicieafecirgnereassiin phl. arigCIgAeIPrt he
| ateral di nsi ons of a surface feature,ar ater t .| at ..
r%?regses %I’le H&GISFUI'S,S %la a,?tema‘tainé OaI‘ dlrec? . e%c‘?rl(fa? a()u%l{ﬁ}ﬁlg targgtgtén, V%Eﬁ%atlon,

di mensi ons 0 nas portion o
2011/ 14691 23R6Héd,)230 Hd RS 448 chbifdlibis Sheredf.enbashéaremnbsdinte@as hi 18gst ©a8Pr hses

applying ansul()asttfa?e, %gsettc?h E)z?steaarisduz? gtterrlgi[ gre individually or collectively exposed to multiple
reaction initiators.

[0175] Electromagnetic radiation suitable for use as a reaction initiator can include, but is
not limited to, microwave light, infrared light, visible light, ultraviolet light, x-rays,
radiofrequency, and combinations thereof.

[0176] In some embodiments, at least one of a stencil, an etch paste, and/or a substrate is
maintained at a temperature of about 25° C or less, and the temperature is then increased.
Thus, the present invention includes a process in which a combination of an etch paste
and a substrate capable of undergoing reaction at or near room temperature are utilized in
which a reaction is not initiated upon contacting an etch paste with a substrate. Instead,
the etch paste, stencil and substrate are maintained at or below a temperature at which
reacting does not substantially occur, and a reaction is initiated by heating the etch paste,
stencil and/or substrate to a temperature at or above 25° C for a period of time sufficient
to react the etch paste with the substrate.

[0177] In some embodiments, a stencil, an etch paste and/or a substrate is maintained at a
temperature of -196° C to 50° C, -196° C to 25° C, -196° C to 0° C, -150° C to 50° C,
-150°C to 25° C, -150° C to 0° C, -125° C to 50° C, -125° C to 25° C, -125° C to 0° C,
-100° C to 50° C, -100° C to 25° C, -50° C to 50° C, -50° C to 25° C, -25° C to 50° C prior
to reacting followed by initiating a reaction by actively and/or passively heating the
stencil, etch paste and/or substrate. In some embodiments, a process comprises heating a

substrate, etch paste and/or stencil to a temperature of 75° C to 300° C, 75° C to 250° C,
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(i.e., areactionis initiated upon contact between an etch paste and a
surface of a substrate). [0174] I n sone enbodi nents, a process of the
present iwoent@mizncl udes initiating a reaction betweemrcaruseiiahspast e and
a substrate. As used herein, "initiating" refers to a process in which a

reaction b en substsyate e S hSo LI d, b L iatb
processes ?5?\@&&2@% gr %s@ twlg(&%’a@op&gge@ }(:‘;\}Qﬁtéé%ggﬁiéu%%) raiD{?tfbtzgrgg’]not
linited to0,06%0esT 5@ @t12seash 3000C 01252 CStdSHY @t B25°@Wtoed(Dh CPRASI°ET 10BTY° &,
stencil to: thermal energ%/, el ectromagnetic radiation, acoustic waves, an
oxi di zi ng dp0% Edieci iy Gl BSTE; (@A €ct¥’of. beding, B2Xt6i W drel ST & e cal
reagent, a.2§8‘I ,l X% 1360 Pﬁem ?nq{ialgz eaageea@{icm ¢ a?lxétgh %agtg Wth rae%b%{rgtg. r fRCo LY €
gas, an acid or’ a base (e.g., a decCrease or increase In pH, an increase or
decrease i BnPobEmSMES a p’i?ce@é tenprtds rigcreisiﬁgi i ﬁ@ﬁp@&te&t ol naglad:tclc pastent Sl‘l]letrat?
agitation, sonication, friction and the Iike, and conbinati thereof. In
some enbodPREAE 3 steacil bgadf Give3WF G Sé)ulg%for%tstoe,c=a§rqg(§t ‘@hz%)aﬁ @%gﬁdtoalsgt gnci I
are indivi I o ¢Ol-eet j v X ongd| # 4o heacki Enbliset ers.
[0175] El ec???brrgénlgoi c%?rﬂgdi@a{toi %inovscﬁi?ggﬁgo ?29 n@t}s? fEE‘Q% 2?2;0:{ ?I(S)bn initiator
can i ncl udépobato BO°rHt1007 Gitd 2301 G, 106P €rtoBQ0TC] 121G toi J0F &% &26°1G gphi50° C,

nereor [ 048] £rodBt Caniet bty o esab 5hE oA Tt o, G2 dpe o
paste, andhgf-@ substrate is naintained at a tenperature of about 25 C or

| ess, and the tenperature is then increased. Thus, the present invention
i ncl uf®8h pr ocddwes.iin saii embadicamity tha bresantohventioacemppsesttberardly anisiatieg ¢ at e

S S S e SR L R R SR SO

substrat e. shisiadnd/bhen @ichhpRastrem & tiesicéhpantirs ibehichtLreacttonbétneai ned at
or below a tenperature at which react g&g does not substantially occur, and
#

a reacti on eich napterand raybyiate deasineg sesandalbn o¢ra fea seqopd ésmpespyret Veusst r at e
to a tenperat e I ri i | Gl : react
the etch pé%[cg&\?vib%" et?’ heaﬁ% 3%18?%?% %M ?Su]%??ﬁnﬂeg%#gg%%%gﬁnéegnnﬁés;&hg&isl{ngﬁtgi ig an
et ch past e tlamehaly irdtisted ptocassecdnsprivas atthichecbadinga dtempen &taw msef a siiEac, t o
50 C, -196 Cto 25 C, -196 Cto 0 C -150 Cto 50 C, -150 Cto 25 C. -150 C
to 0 C, -195acompiggion t%@ffsgf%f)otv%?dgﬁé/ eetivelyoer passiyely eating e EF RO, the 109
C to 25C <m0 §hkGmeUnbodimiuC themaPirfftiatiooniRisedfaliidifing OstARACA &oh
followed by initiating a reaction by actively and/or passively heating the
stenci |, etasiepasibstraladdioa cembiition gherdaf at embicatrtrmapemasntesiollawpd b @sdvely
conprises heati ng a fubstrate etch paste and/or stencil to a tenperature
of 75 C toPSHHECO apslexated SRpFrtirgn 2011/ 146912PCT/ US2011/ 037478 75 C to
200 CyoiF®]C to 15Qofe chMddfmérms, 30Geheil LORNGVED it aGubdiffle Gefole ZA0tiKg ad00 C
to 150 C, "125 Cto 300 C, 125C to 250 C, 125Cto 200 C,_ 150 C to 300 C, 150
C to 250 Cetchamsie tlo sg@e emboginapts, agtengil is mnayed fmm Tsubsmsteciiep geene s5,0 C,
or 300 C totihni t[| ate a reaction of an etch paste with a substrate. In sone
embodi nent §° é)aE)P'OCGSS conprises increasing a tenperature of an etch paste,
a subgorse| e and/Buh paskésesrdi be byplfed tC 4 backOfirface o8 aGtemil2bP pairikf) sErayng200
C, 20 Cto 150 C, 50, Cto 100 C, 75 Cto 300 C, 75 . Cto 250 C, 75 C to 200
C, 75 C t o flosing brashingcandihgdireandiapmbinatigns thgreef. ingpres grabastmerts. afwsag o
300 C, 125 (it : ¢ 40 : 200
C 1o 300 CoRBiRE]° aRisiaR s RebR s s o he SR Lo ERS b BT deless ot

i nvention cmrpadksesfattef mhd styndihid ersuienthantheesct paste fletaerio znd draighphst e

and a substratf b%%,heatl%n\g at | east one (}I a stencil, a Sﬁbstrate and/ or
an etch pasteac bgpking s jHayever BB TPES ot WRIFEECRY PRERYSTHAC BOF Resiire SR ch
paste and ,3HRSLAIFhEiHASS 0 (1RURSH Bidté AbinY, OGS W suBegte (@ ARAGDIE BiERMERY Ur €
at which a reaction between an etch paste and a substrate readlmldi/ occurs.

I n sonme enidodiondieds, (cez.t haigidlhember),t inayesdbasr @lsesknayoapra BEECratad; \ged-y an
cooling a st n etch. past a,suhstrate, or a conbination thereof

f ol | owed b?pgﬁqlﬁe‘ioﬁtegflg%g?g\%%/gmf %‘@3 eiﬁllbe'one or nore of the same. In sone
embodij@m®ny s, thexdmbioh Betiweah b BicBYARE bAE@S sWALID LR/ 6H TUYsteats taNy pramoeiddly,
paste, a substrate, or a conbination thereof at anbient tenperatur

€ €
fol | oned by-gaceiayityyan¥an idsfy Wealainrastian.ed EASEY RoRhean Q1T INEFRCHORp?
enbodi ments, a stencil is renoved froma substrate before reacting an

31



etch paste. In sone enbodinents, a stencil is renoved froma substrate
after reacting an etch paste. [0180] Etch pastes can be applied to a back
surface oloaostmsmkl by pouring, spraying, flow ng, bruebirnugoanszsthe |ike,
and conbi nations thereof. In some enbodi nents, after an etch paste is
applied to,a back surface o .stenci|l an obj.ect is noved transversely.
across the }B’gﬁ%eguf’?%eao*‘y rﬂéhlgfe {retiog- e%élfﬁé()p(hﬂgltc t“ﬁ%ragf% %a%’fq%n%lcows
into and t hpRHEhoh BdTbebHatioRagkidad. However, the processes of the present
i nvention do not require such nechani cal manipul ation of the etch paste

usi ng,[088%. , a dnueegeembedimenizi Hlecbagkimgdayer afot sigrcibisabiedrophilic and reqdgly d

menber), ne ar | so_know as_a yer I od o j d
o et ol o Bl hatip o S Bn R R thlne Sty valRle JRbT A FORLES
stenci| andfiginas dhshr périvdcan thee BuATENMR dQobiender the s@if@¢l b tha beltingldaydnaal s
interaction, a covalent bond, an ionic_ interaction, a

VO ,

2011/ 14691 3pdmpbaro 145 GsFalrgciny dhskRmiliofaieraingupEamian © Ve eadindlesa

hydr ophobi %u%fﬁée%rﬁlg{ 't £ LRINChde | dH ?(503& 1 wil% ‘ix%[{%}‘ HPoth]é%.“SIﬁ QS{u@Of :
(0] nci IS 1 C

[0182] I n sone enbodi nents, the backing [ayer a ste ydr oph
and readi | ymidireehtlyya dacléhg Haypastfea steocil éxaaplessd hdoplatikisngh Ithater wagm be

treated wt n oxygen pl as for a. period of ti fficient tq render the
surface of THRCHRIRELD P farns Bremirns & congergoelf oraephess Rirdpt 11 or
refers to aasatisGCeiOnot §r W, &f5e ofMds | TR IMARS, B3 JrasRs of NEt orf IREIM @orft&KAt act
angle of 900 or less with a water droplet. In sone enbodi nents, a backing

| ayer of aasgleachh besneasntdrusinghpdr.ophditha anglehgarhemetar Watpspcedyes finewn to

applied to the bagking | r. forms a contact angle of 90 or |ess, 60 or
| ess, 40 oﬁmﬁ@§§?P§g"%#yﬁ%§§?ﬁ§éw%r less, 25 or |less, 20 or less, 15 or

| ess, (018330 or |1Qﬁ5pro@3§t¥s&ﬁtthélgﬂs|s@& iB7htibe coRPsisE echfughdl, cditgting @ stadilact
angl e goni oneter by processes known to persons of ordinary skill in_the

art. [0183]WiHe apsuhstaises mprefpraed embedimantsy exonfasmat sapiasists adne s myithqut
faet] . . . . te |

contact 19 BeREEE Y P SRR ShaLFstall] AVRAC HRIFARIRLITR 8 LI 2% T

substrate. sMbitlage appingurRGinptessdstedis not presdne betwleent sabinsite @tden genvilesustace an

etch paste is not present between a substrate and a stengil surface,
appl yi ng pré@BYiRgePresre edeult i ‘HF@FWtqf&rPa&FmamﬁaWéF%Of sisngllr { AT a

stencil. ThergifE %rf%gﬁt?%a%p cilS b AGEMRMy Borth&OE Whithi 5 subRRAEWIBY a gﬁﬁgct ed

wWth a substrate wt yi ng substantial pressure to either o
substrat e onbdtiraiabaedssirdeoafithehef she mdistrateAs ths deickedeiofi the' siendibutAsapsstlyi ng

substantial pressure” refers to |less than,20.kPa .applie ei ther a

backs, de oficiae. SHLRLt FPRbnG SUBHRERCRESS o, TEEhLOdRBORTanECe Pty Bt
merely rest;5%QRsid SIS kicAtR oWk kilNWate? MY sBMG2SAHORInAdHY, IaggenkcD rﬁéi@lgb@sﬁ:k@m de of
a stencil (i.e., the stencil is conformally contacted with a substrate

Wi t hout applbsichipmadeulr a)y plesdgd]arplicdh et ty baslipide 1y apignghfitd. cleattencHelsr y,

h il f iy ' I Lanifl 'y high
rocor utt on afrapl¥ eBEIENMb DT RO AR PRI R, Y o ot or mal 1y

cont ago18] subst madtebeigd bowid Bpphy edrtpuRs Sy, thistenicls at the peberhdavasion
applying pressure to a stencil can distort the features of the st%qcil,
whi ch si gnienplla rfignicangycgherieselufion @atsrn;te | heypigpargd fegriss OT-hg aoility to

0L oM A SEy bt | LRl Byl 0385 0 00y fromss
applying pressure to a stencil can distort the features of the stencil, which significantly
reduces the reproducibility of a process and significantly reduces the lifetime of the
stencil.
[0185] In some embodiments, a contact surface of a stencil, the substrate, or both, are
pre-treated with an oxygen plasma prior to conformally contacting the stencil with the
substrate.

[0186] In some embodiments, a process of the present invention comprises: after flowing

the etch paste through a porous backing, increasing the viscosity of the etch paste. For
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pre-treated with an oxygen plasma prior to conformally contacting the
stencil with the substrate. [0186] 1 n sone enbodi nents, a process of the
present iwoentm@mieconprises: after flow ng the etch pasteTtusc@ugbr4as por ous
backi ng increasing the viscosity of the etch paste For V\D

2011/ 146912PCT/ US2011/.037478 exanpl e

cr 085~ 11 nicarILRlE- BB HoGIS TOrERTHGE &gt Pl frosdiars P ART ARG hermaby

cross- | i nkiggvited b tducOREdsk Ok wihiat £ Pofidgts atnhét'bh lp‘ést@ﬁhaﬁrls REadr ear a
substrate. The resulting cross-linked etch paste has a superior ability to

retai n its substeatal The msnbingresossdinkag etehrpasiethas s supetion ahality (ip Setpistits lategadn
when the S%cﬁrrrll(érllsllgtlhssdurm Y %0{15 é;lotﬂé @‘&ﬁstrg{ t Qve% \%h?ﬁj %t t?r{oﬂ iR éﬁ&vetdofr&ﬂe

reacti ng. sen nvention s ditec erni ng processes

in which arboﬁtaehwnaslteesubsume@ﬁfbmb thictrbacBing U s, ahepw@a:dten‘&nabe rtscahtectesi tbn
contact with the substrate, as well as processes.in which a stencil
renoved fr dWiEMALINOEGEEES iprviach aneteh @a%tteb?cr@?%d W 2EPPIFRIS hEC AtsBEH t?e‘Ht s,

an etch past,g.of leﬁteﬂ@ GB& ke, | VAT 'aﬁ&r&%&e@ 1}{'\751919@' téterﬁ:ftl R £holv& %poﬁpg cP

prior to exposure to an external sti ermal energy,
and t he |i lsapsteatdpiontp sieasadtingof 100 cP to 10,000 cP after the exposure. In

some i ment an etch paste has Vi Sc ty of 100 cP m)re 50 .cP

rorBISH00" o 1O wbod iRt R RIS, oL ghe Bridee ORBin e Yot e A
r eactl ng. I3:BRMEETHPH &et'ate% oftfe 10T 8a&Rall MnMiISLRY. thernsal 8hdrky UV akhe to
formati on of a hydrogel due to partial cross-1linkin Wi thin thé etch paste

i nduced by andetherdikep radgy vasedsitr oexXpOsalt &0 116,000 ¢B gher thys exfioseigs s &l sabove,

ol ol By A IS BTG ORS2SE R BAD B st

enbodi ment syord, PUOCEB Br &foré, ke SPI0BSENG: horeeNkingMheRERngs 68 soheambugiraents,
patterned substrate As used herein, "cleaning" refers to a I%E‘ocess by

whi ch any @DCHCISANT &, VigeasHy &5 apteipiableso forariiony ofgh dydrogghdug Ptrtl&]ecr%ﬁtd
conbi nat i ong,, @e f gﬁfﬁ{ fich ggagﬂﬁduttoo alemsaeggfaélg%r@pbgwe B OFaRES A

suitable for resent rnvention in are not
t o, rinsinglissutdedabsot, vzt rémovynl,ofwastencil mah cobwtates abti@s tetweamodn etch

nmet hanol and the |ike, a ketone, sugh as_acet ne and the like); exposing the
patterned JaBEEPGASUPIrale qandisi g atidse- %wg}‘?r‘%}}hl trogen, clean dry air, and

the l!bﬁ)s 1Pl aci %ﬂcstgpe RRbIEReRS, %t)&&t@beﬂtenpr%sén@qﬁténﬁen %empt@ésna@tmﬁ ad-

a pla a che bath, and the ke); exposing the pattérned substrate
to el ect r omagemti cubsiciteat |Acmse¢rhdretnln 'cldakimg" atciﬁdrsct@nil)lpmm&)b% wihidr ewyf etchn

sonme enbodi nent cl eani ripses rinsi a atter ubstrate wt

et or - SubSPT i SrSa ER SHeRR Sy end B b SR TGt B fontdhtd
directed t Cfro‘iﬁ %%ﬁbitﬁat@ndleﬁﬁﬁ%%MSés @@ftaBJé Ifdri %8 Witteths tpeedent idvérdion include,

hi gh-t hr oughput , gh resol ution etching of substrates. Substrates suitabl e

for use wi tthit arenpt Beitad to.niesing @\nthaat solvent (-t Meisr-aan glepholi suell ayetlsingl
composi ti on iéa asy%tt ’llkgn% ke&) qugh \% héwﬁe atlcﬁntﬁea 11«89 exl%sﬂ{éa{h’e Ifa‘t’t I\ﬁ%g

sym"retrlc n&% nmre |c0]ec
substrate to a flowing gas such as mtrogen, clean dry air, and the like; placing the

patterned substrate in a reactive environment (e.g., a plasma, a chemical bath, and the
like); exposing the patterned substrate to electromagnetic radiation, and the like, and
combinations thereof. In some embodiments, cleaning comprises rinsing a patterned

substrate with water.

Substrates and Etched Patterns

[0189] The present invention is directed to stencils and processes that utilize the stencils
for high-throughput, high-resolution etching of substrates. Substrates suitable for use
with the present invention are not particularly limited by size, composition or geometry,

and include without limitation: planar, curved, symmetric, and asymmetric objects and
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WO 2011/ 146912PCT/ US2011/ 037478 surfaces, and any conbi nation thereof.
Substrates can be honbgeneous or heterogeneous in conposition, and the

pr ocesseswohotih@eqaeesent invention are not limted by secraseimesghness or
surface waviness (i.e., the processes are equally applicable t o snoot h,
rough and wavy surfaces, nd su b|t| ng. het er ogeneous surfac

nor phol ogy)surfg‘feé’fg@] an)(sco t‘ﬁ&lﬁqrﬁ&l ?U‘b ?Se(f‘aﬁ]‘ bep qggn?(gasgﬁ 85%%%?0115
substrate thabmpdsiGOR! hbHHeSprotdtes Qf'ﬁhecﬁﬂésé?@ 1Hile$1ft1bﬂ9iﬂé sBednfife@rpy &litacar eas
of the substrate surroundi ng the pattern. For exa an etched pattern
can be di stougluessheduffaenetisesabasthefpredseses aissequa nP]éaEFlthﬁblﬁrﬁQlFWQO h@ugltlched
pattern base

el ectron m B&gvsaggglé}fg%ﬁ%nﬁr%ggimkésr&tl@%@% }551%? g%n%éhépﬁlg%gge rfﬁnm t he

st encifpmopf t he Ay @semerdid)\wephaiteh” edtrshe aflafdandd fapstihetifat psf't)()ﬁtlglaius w1th
di mensi ons, which include at |east one |ateral dinension (i

length, r a@ilé san dearatinguished fromftbe arrae of dhg) sybsgrate; %’é’)oun@@g GE%Baq‘FéP elFrﬁ’r
"lateral ngﬁa 0"hn f&%g& S attt%rtfl lj:(rcjlfé n%::'%lsgfﬁgﬁ fshé Qﬁ)trﬂeﬂl'\_g 108 i @15 éd?)slrrz?t@

pl ane and/ or I ows urva strate or nore | ateral
di mensi ons sofroendhad tthe retdetli patetinebased fupor @pegraply aisipat teeg.na Prodilgngersses

of the present i nvent| on, are sw%@ﬁ?jkfor provi di ng subtractive patterns in
subst r at es SCPEARl N HETOSIRRSH £ \*°a pattern produced using a stencil

of theofyigsent ipauemRk 'lﬁ?gba!i’@cﬁ uﬁhg iR gfenQREot ﬁkeﬁr@ienﬁi i RARHIPRaP be MfiRedTbOT

| ess, 25 umor |ess, mor less, 5 pmor less, or 1 pmor less. In sone
embodi nent shenaplpatctabdmnqnsmduo@dclumph@e at leasg oot laterpl dlh@nﬁipé Siemt widthy émetton

has at | east ,.one,.l ateral. d| m {0 5 . 500, 500

nmto 10 prfdiEHFiHRFEDL G rfni)emafl tgf)q% ﬂn BSr% to 8r rllﬁgl] 81&%%1%%

1 pmto 5 R&fersZon MAMchSioR@f RMPattémthXMidsdn e Plaie ard/br Pillove iﬁ@cmmﬁ: @t O

50 pm 5 prn to 25 um 5 pmto 10rﬁom 10 pmto 50 pm _10 pmto 25 étl]a
3f1n

pmto 50 prubswtpmTive 50 nfe laerah W%@Sp?& a gratig 6‘?ﬁfteot1805%faﬁ? g1
some enbodi ”Ent S, Tﬁe %f(# eg' o? rtﬁ&i%fe%gntuﬁl'vgﬁlﬁ & ?t%l!r)%e?fgr %g(ﬂé@%?%ﬁﬂﬁactlve

i nvention PActUdes a |"at’er nmensi on o and second
one | ateral adeﬂﬁeﬁswb@trﬂés 100 pm or greater, 150 p.mor greater, 200 pm or
greate 300 pm.or greater, 400 m or greater or 500

t V-
[ 0194][91% ome e%éamﬁéﬁtbgdmae%tat@ﬁﬁmp? dereddsig %ﬁefaﬂﬂs‘?fﬁhﬁ PreSgt pation
present inyanti fggst%ﬁg%&ﬁf EitndnBhA of 5§zllﬁ§5f REE 28 Lﬁ'l'] of AR€Q09fm 3r A8, S FMGrpmM

In sonme enbodinents, a pattern produc a stencil of the present invention
penet r at es lesst or & |sulstlesat dnaodiestralmekmeritsat phisas trédused 8siag alstenil of then, 5

nm 10 run, 15 nm 20 n 30, nm 50.n 00 m

10 pm or FECSHRY IENUQR Bas A sireRe @é@l‘%ﬁﬁé‘?l%éﬁogologg’}"lﬁ Emr’i%n eﬁ@o‘ﬁgr}gnt s,
a pattern pisqaossh Ha R010us S00Tdm 8f sthf. PEBENSiuenkinon TRgnan asnect

ratio (i. aratio of eptl’*nto wi dt h) of 100:1 to 1:100,000, 50:1 t

1: 100, 20: 110tmn,11 80) ol 5:1nt DS UM S(iam 3.5um @025 PR T o510 gy 5tlbm1t°10

4:1 to 1: 8,503 1 gﬂm1t0525 zum §8m1t0210 fm, 5o 1im to 50 um, 10 um to 25 pm, 20 pm to

50 pm, 25 pm to 50 pm, 30 um to 50 pm, or 40 pm to 50 um.

[0193] In some embodiments, a pattern produced using a stencil of the present invention
includes a first lateral dimension of 1 um to 25 um and a second one lateral dimension of
100 pm or greater, 150 um or greater, 200 um or greater, 300 pm or greater, 400 pm or
greater, or 500 pm or greater.

[0194] In some embodiments, a pattern produced using a stencil of the present invention
penetrates into a substrate a distance of 3 A to 100 um. In some embodiments, a pattern
produced a stencil of the present invention penetrates into a substrate a distance of at least
5A,8A,1nm,2nm, 5 nm, 10 nm, 15 nm, 20 nm, 30 nm, 50 nm, 100 nm, 500 nm, 1 pm,
2 um, 5 pm, 10 pm, or 20 um.
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[0196] I n sone enbodi nents, a pattern (or a feature thereof) has a surface
area of 1 linR or nore, 10 unR or nore, 100 un or nore, 1,000 ilin2 or
nore, 10,W0Qoivmedfi2zor nore, 100, 0001AnR2 or nore, 1 mMP eCTrose@1/03078m2 or
nore, or 100 mm2 or nore. [0197] In some enbodi nents, a substrate

pat t egg%iby a @Hﬁgﬁ emaoodkmentP ! e}%agts %&S&td' Bih héa aeﬁtgl, (S%tglg g%erﬁogv&% Ce)lr’

gr eat 000 o greater or gre rea
5, 000 cn? aas gh @spers ratibOOQQQ 1@1518 oﬁrdegih&atvelﬂth)w IQOQ t@nﬂl@ﬂ 0@, &satiefo, 1:000,
30, 000 cn? or greater face are e i s not partlcularly

limted car?ob]etoe]ag@ 1y ]sES)al éQia 1&95/1 ﬁohbzﬁar%bé‘? 1d§s§éﬁ° floeédltﬁr?fe&t-?’ kig babdd for
conducti ng ,an.£eLehijng process of the present invention, and can range,

wi t hout Ilmtat’lon 1 mR to 20 n2, or 1 cnR to 10 n2. [0 98] The processes
of thdgomedsent |In\semb|embodmermsaratpauaﬂna(roky femhie-tbercd B dha o sudiehdireegoipl AMmAr

| arge-area substrates,in a hi y-uyni form | y-repr i bl £ manner.
As used herP&i’0Cq f I”&?g‘g r&?@a?&i Hét‘?ra}fl%rehig)%g ”gh%%mé’féoéggﬁ@ HMoBO™ORR or
more. For %@mbgorztd?@n&eopﬁﬁ?t%ﬁ nftfre !t MR @5 &ldke, IR B0 W orah&epar ticul arly

wel | -suited for m ng etched patterns on |arge-area substrates in which
the pd®t%ins have samswbmoanmrms Iaysubﬁrﬁtﬁapaﬁed@@ﬁsbx g podcesseelt the preseNuBYengiont act

printing processes not, swt use acros rge areas i nst ead
can only prhl"i?ﬂ'fin FEFFQO?@P é% qrrgrga ?logﬁ C%n%e%reat%?tohs gquj)rrgé%a ?‘e&’d@? Fati on
of a stanp Rigr&k@Nsho amd ordeteted OTI@XEhY of %rebféﬁ 0 @0ess” oMakatbgilongopoond
by any particg uI ar theor the stencils of t resent invention enable
contact pricht mggraat@rc e@g@g urfage eca afed S@bﬁtnaﬁfrlgemapélalcglaﬂgtlr%@scawe@a%éyt he
flexible b r
ancror - rougrigssy Y FroBf SRTPOFLAToHaN: ShpOlT SollEife pLRRMRBYET
an entire shy preentSihnettioaneadisiry rangsr tvithourolimitatidre 1t eyl @y2er nsyst emnéftoa
contact |ayer and a stability |layer enables the stencil to confornmally
contact a dYB8trate across the entire surface of the stencil. Thus, the
prese gavent | e t n
subst %tge [Olgmj] A@ Ogﬁ'%gé 12Ir?Aee| ?\Iteg)%&slﬁgésdtﬁ?g?g& :b s? lﬁti',c?)ll%grr%’araleﬁ|S1cﬁ ﬁ@dalﬁ%lgét@ﬁ ¢
accounting pllamlar rlargdemea aubsaiesris a highhyeumfirghandohigalysiepsiduatbée (ranger, As

Substrat e IR FREL i G eRrEry Stbeico Rl of ard Shitnr QI afeBorhe e,

but are notexhihplel Bt procesiésNEIONE ,pr@eﬁ@irﬁyﬁlorﬁzﬁ’@%ﬁﬁﬁdﬁlyr Wwhll-s8ited RO fB@in
sheets, and the like. Planar substrates include flat variants of the above

havi ng hol @@he%eatéemmrml@gp awmmvemwb@dw pigteonsiiays r4rbstug gy uasous ed
h b " | f
B L A T S T

etc.), fourrdk, K isstddicahdnBipridiéargelbfeact zoieriahﬂlaﬁwﬁvhﬁheeqiﬁrelG&gldttaﬁonn
t he sane plane. Non-planar substrates include, but are not g(léted to,

gratings, $lpstraped sempt pad agdnaemplsKiy dp fthe PERFESSH| AYPATD ew%e und; by, any
“mul ti - pl arnﬂﬁft{cufalﬂ gfe%olf)ﬁbﬁégt ndid Q)%ttﬁef;;gr@&np m%ﬂ@orﬁe&bﬁrﬁgtagfgﬁgﬂﬁ c];}m@égges to

conbi nati ons ther anar substrates can 1 nc or curved
areas. [020¢] @ﬁadueledafgeFeeeen sulsstracigr bavdises thes flezibte haskiag rlaghir usccomnmmdnieat ur e

that is non-zero qver a distance of nm o rmre ross the s ce, of. a
substrat e. VPOSIFAR ﬂEF’s%’éigI %F\é‘ivﬁtur%an‘%?rg‘ioé} FIZ]PSS RY LA 1ilI'I’ﬁ‘;sT?lf’cgtef?f)%luI us
of 10 GPa @ BRMEed il h e?ft'ﬂ?@&[r?éc@%m‘ﬁﬁfbnb’&ﬂ%f %ﬁlﬁﬁﬁ@ﬁeaﬂfé&%llﬁﬁgﬂ%%em of
distortions due to thernmal expansion, or becone flexible at tenperatures

above a gl asentacthet sy stability teyerenblenthe strbil toeconfamally contact a substrate

across the entire surface of the stencil. Thus, the present invention is applicable to

etching both large- and small-area substrates.

[0199] As used herein, a substrate is "planar" if, after accounting for random variations in
the height of a substrate (e.g., surface roughness, waviness, etc.), four points on the
surface of the substrate lie in approximately the same plane. Planar substrates include,
but are not limited to, windows, displays, embedded circuits, laminar sheets, and the like.

Planar substrates include flat variants of the above having holes there through.

35



[ 0203] As used herein, a "flexible" substrate has a plane, curvature,

and/ or geonetry that can be distorted flexed, and/or undergo elastic or

pl asti c dedbaonmisbar, bendi ng, conpression, tw sting, anectrhms2éiiiogr4rsn
response to applied external force, stress, strain and/ or torsion.

Typi c afle t b tween: f1at Y
geometa[pl&%o Fl eX|§L)thg&153%pc§ ? esglbgtgﬁg?agl g}% %llg)qar%gevﬁﬁ ert%wlﬁﬂ%geﬂ} I%ﬁg/%rﬁtl on
i ncl ude, butariafiensniat theitwidhe bftaosubis@hty NS suefage roughAssks] ezaifmes@wet) fabess,
thin films, metal foils, conposites thereof, |amnates thereof, and

combi nat | odBOReHRYRSfon the sypfaee ehiisdsubstiats doanet iscimhthe samssplane.e Noasplapar
|
el astic ”D%Bé{?aéé e lddaanut Oariot hﬂné th?ﬁ%ﬁ%ﬁ”@%g‘fm& %Angﬁﬁél?ﬁrge g?MBﬁl%rat e

can be patterned using the processes 0 ent 1 nventi
reel-to-r eehffmrannﬂanar[a@@@ﬂ&bsmltiqﬂw'f abstuges subktritbehgvigsetitred geanttrygn

are not partlcu limte C osi.tiaon, and i ude

i tati on anthepepiions Beteol oo pE SRS cRrpebdl it ipalfturrdrate o
monocr H?Gl@' l'i ne, A P@led GExest, alchRed" atdirRdhhi @HdYustﬂéﬁli\%kdrb Rfit (BoRL AR §x)er
anor phous materials, conductors, sem conductors, iInsulators, optics,

pai nt ed s ubsdistancssnf lfmmecrrsnorglaa@s@éle sofacmfassubstenst.i t es, pI astics,

e AL 9 ks LS, BRI S ek S ALY 3P e

pol ymers, ﬂﬁhhﬂ%u@%ﬂrzﬂ&s c@phﬁ'cwfﬁg&eempeaﬂhﬁéuﬁw@a digtesioRs duP @ WREhE Spansion,
polyphenylenes and the like), filns, thin filns, foils, plastics,
pol ymers, wedecoms Herible afjommeastures Bpeyiesn drssdragsition g mglting peins, and dheelikeal | oys

Lher eqnoxjomPosi ALtk ikl AR O BS b fRS rgkgps’,fcglg%@#aﬁﬂd?&nﬁe*g%ﬁ%. rent s,

doped 'varrants thereo |nat| ons I'h so
t he substr &msbardastbrtemsﬂ@feéntanti@rvusdeh)gce elidic andplastici tfoamedon,i gértding, | n
sone enbodi nents,. a substrat ptLor use wth the present rv\gv&ntl on has g WD

2011/ 14691 SPEPIES&EoB1 1ietne 2ad Jag LR INIESROSH & pplied £xde FSngtessr SR of
about 450 umyfP (GREM! ?9}9051 . ANYP @Boe %aﬂrﬂetrﬁo@t?p%tw@gh P} ad R Or

nore. [0206]I'n some embodi meénts, at least a portion of a substrate iIs
conduct i ve goomsties.c bleaibde subetratEd; smtablecfaf hse witintheqirésest iamehtmarnndodal but drve

mat eri al s i ncl.ude, but are .ted to t al | | oys, .thin fil

T et o+ O itaen 0 oA A ol viren BB i By Yihaal 1048 cbmgPies
pl astics, aRgesOMMhinES @[&edﬁ%cﬁ@émbhﬂh&%@e@ﬁpoﬁi BHAE Smb3dstsd hafl&ikler
use with the present i nvention conprises a sem conductor such as, but not

limted tosubitiafches e eglstlc aradsiug| e thanpld) @@ﬂysltnaasqrmmémbaqlrmepﬁoasﬂemble
p-doped, or, n-doped si Ba‘{f‘%‘%q ﬁgg Elji]e 1{00&%& oﬁthggﬁrg;en 1nv%gt1c§n 119a ree%I + Iré:e?n

haf ni um zi'rconrun  an Ircon ger
arseni de, @adnhetsm ar seni de phosphi de indiumtin oxi de and conbl natl ons

t her eof . 50207] In some enbodi nents, a substrate for use wi.th the present
i nvent92M] conpr iSvbstratesyfors uses Wath His, Prosgnt svention; atsdnetoparticiienbe dindifedi by

glass (Si 0%)) %1H8ﬁ'eﬁ‘1ﬂt ﬁgluaé I\)Jl&l@ugilﬁ’lﬁ orp%ﬁé}la{lé Cat&ed h%ﬁls 'metals,, cr%stalhne

borophosphoro Icate glass, organosilicate glass, a porous vari
t her eof , amchtartaibi(oat,i nmsod:rhﬁaldmé pb%%]allmesmmﬂ pauhahiy nepdtallina matbsdls)at e

for use W|th H}) resent invention COHE&I m?tal oxi.de suelg % but not
| Lo t o ooy R FOHGHCHT R GT e B Ay o pR: oo

("1 70", ZIﬂBerSO@aci,@es %bfamlwr&eeﬁféedpragm %rﬂl%sémﬁgzgna th&%dpumt dpReridl nc
oxi de ("GzO"), indi um doped cadm um oxi de, copper-indiumgallium sel enide,

copper - i ndi(eg geptidanaly sdﬂﬁeddaaolmgﬂ@tcs,l ndiyoarbgrdi¢s, upelyeicthanee pldperrenss h
10209 1 SORLIERboch AT, ZOBRILPRa e R Se " RODH Hre” prebBn: TONESES on
conpri ses @olyphenylenes, and the like), films, thin films, foils, plastics, polymers, wood, fibers,
minerals, biomaterials, living tissue, bone, alloys thereof, composites thereof, laminates
thereof, porous variants thereof, doped variants thereof, and combinations thereof.
[0205] In some embodiments, the substrates are transparent to visible, UV, and/or

infrared light). In some embodiments, a substrate for use with the present invention has a
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conductive netal oxide and/or a sem conductive netal oxide |ayer over an

i nsul ati ng underl ayer. In sone enbodi nents, a netal oxide has an optical

t ranspar ewoyeonf14641% or nore, 70% or nore, 80% or nore, P0¥USROIMOBE7S Or 95%
or nore at a wavel ength of about 380 nmto about 1.8 pm Thus, in sone
enbodi nents_a subpstrate to be patterned by.a,pro s of the t

i nvention (PSWB?ti %Iésn}isstl(l)'naﬁls%a}’%ﬁ[eng@n@gg %{)\t;gbg% e I<'§11F11dt Oaar?gﬁinggfgﬁgrang/&r:h

as, but notpbutrs frado bBout T EnERIYLESE mAEO on gl ass, GZO on gl ass, zinc
oxi de on glass, and the like, and conbinations thereof. [0210]1n sone

embodil s, a dub¥wmatcabodipeisedt deaskraPPEIguEh AsSUbHIAt et Cdlftied of o,

. Lfi b _ e . ' e
11 con carrientGsy PIRGARIAS NG SR AR ECEARE ut are
nitride (Snbx)imigdl to¢anetaldy bdoyst rthidefingi, @ctallins irhaterdals,oxntoiphoud enafesiald Ny ) |
silicon oxycarbide (Si OxCy)., sjlicon carbonoxyni hri dfe Si C)(Og(h\lg%\(H
hydr ogenat S8y dpfimatasefadlss Plagiisedn %.QT}?:IIH? nedheyeol. . 3peHe mggs. a
2011/ 146912kl HSRPhid Q3dhAne gﬁés@f?boﬁ%ﬁ’tﬁfn' Jﬁ)se§ heESRlond@Ask SR NGt RS

t hereof (where X, y, and z ¢ vary I ndependently fromabout 0.1 to about
5, about Oliinited @hoilico8, (cahoutys@llihet pobisgstallne, amaplvas, O-&®ped abowdopsd .

0211] As di s d in ab t tencj.ls qf .t.h ti t.
bar ti bul ar Pyt SHbIE RED: Babbel AHG Fougrlidy Teguae 2rEeT iy o0 5& FEPee ©
havi ng t opegicaR Bb&ddnidB addimasiuil) @aBRIm arkéhids) ganﬁﬂbﬁ@érﬂ@@pmspmdsmaamhaﬁ@

patterned by the present invention has a surface roughness of (Ra, based on
an ari t hmevokiseaansreagbingtioapdsresfe val ues) 50 nmto 1 nm 500 nmto 1 nm 1

pun t 5 : , t . | : tm
P bl 51 S By b 8 T B Ty 0.
sui t abl e f glaspatélers)i g mybshitelt 5 undoigldesifich biasa (L) fhalrineted heilida, glass,

sandbl asti ng, nechanj cal abrasion, .and the like. [0212]|n sonme enbodi nents,

the presentOrasiisate 8lass, bogpphosphatositicale lassc SLeapaylicG 11438 P ROTYH Yians
conpri si ”gtl‘?er&ff?ﬁﬁlﬁ& §£{Oinp%r%ﬁr ein that enploys an etch paste that
Sp ,

i ncl udes aqueous pho oric aci aqueous nitric acid, or a conbination
t her e0208hd has [ swins eodotiynants, BGAbstRAto formse evith the goerentemverndiomegonprisehe

etch paste conpri.ses poly-Nvinylpyrrolidone., [0213] The patterned substrates
prepar ed b?leéaq&’% §‘é°%o?5>’/_tqlfé nﬁfh_géﬁfi tPﬂgﬁr&Xi‘dc?n ‘@é‘ﬁ’]pﬁ‘él @P@c?)ﬂa%lown e
CoMposi t | 0Bhd1iff BRUBR!G0 % Andii0g Ak Gied DRCOEEEE ADYediBuhlidpe Of
ordinary skill in the art of thin filmand/or surface characterization.
Product s [ @it4pdide (GEERSs asliumdlopeddadmamp raxids: eebppeiordivne gpllisiespbaddey f

t he present invencijli(sop re sujtable f i cation,in

. | X 1, el i 1
ot oot - oy coBtre ol SRy o forb8 AR e R udrias | &k, ln DATAEID

ectroni autonobr| es,
mlitary appmhiudl icfifde, whi eleafie, sMBE@Bnatipeeigeregp! i cations, and any ot her

appll ([:(?2'[(;9?% 'n Iméﬁg e%bggfrrge%isr:%dsuﬁgtg% %oartu%e ivs?ithr ’Slglgrés%gt i?liferﬂi%%i cro?erlrieé‘és a
conductive metal oxide and/or a semiconductive metal oxide layer over an insulating
underlayer. In some embodiments, a metal oxide has an optical transparency of 60% or
more, 70% or more, 80% or more, 90% or more, or 95% or more at a wavelength of about
380 nm to about 1.8 um. Thus, in some embodiments a substrate to be patterned by a
process of the present invention comprises a transparent conductive oxide and an
insulator such as, but not limited to, ITO on glass, AZO on glass, GZO on glass, zinc
oxide on glass, and the like, and combinations thereof.

[0210] In some embodiments, a substrate comprises a ceramic such as, but not limited to,
zinc sulfide (ZnSy), boron phosphide (BPy), gallium phosphide (GaPy), silicon carbide
(SiCy), hydrogenated silicon carbide (H:SiCy), silicon nitride (SiNy), silicon carbonitride
(SiC4Ny), silicon oxynitride (SiO«Ny), silicon oxycarbide (SiOxCy), silicon carbon-

oxynitride (SiCyO,N), hydrogenated variants thereof, doped variants (e.g.. n-doped and
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[ 0215] The present invention is also directed to articles, objects and

devi ces conprising a patterned substrate prepared by a process of the
present iwoeni@mizExenpl ary articles, objects and devi ees/usenpossirag t he
patterned substrates of the present invention include, but are not limted
to, windows;, mrrors; optical. element,s (e g.. optical elenents for u in
eyegl asses,p 'g%%lr é’%r,largf%n%%mog’r %J,lgt%qnlé%%%ggg,fhgrﬁg% t(ﬁgle G l’(ie)y;’ arn?n%eéan( Zg‘a’ ,
f1 esnel | endgsendait. fromwiboah0aripsdbahiss, ahpui 0dl tofdbber 3, about P2t tocdopd 2r &,

i nput couplers, mcroscope slides, hol ograns; cathode ray tube devices
(e.g., conpthostO.akeabeitdyi sion screens); optical filters; data storage

devi c .g., C i : dizsc | s . :

2011/ 198682 Pcr) URDBTII B ASE IHSVS TR en i e PESE, nf bRy fPhicplery
LCDs, pl asmaitdblsfbaysteraing rovupheh¢dkaibstratosiamt subseans davdpg aypogfapuichl festurdsose
of conputer touch screens an ersonal data assistants); solar cell
f1exible el BEEPBNilE mr%f‘p%)@egp@n&; o SibsiEels GuEmpd gt tthé‘_nlﬁfe bg%‘)eptle%ﬁlﬁmaar
phones; gl %#ac@%g%hggld}gg%yﬁas%aﬁm LhSHERIOaSeraB BPAbGHIAE Waklk®S5( Ambto:

si gnage); notor vehicles .0., wnd screens, w ndows, displays,” and the

li ke); artwomin,(80gqum test oimpt upesto lpamSipng4g 1 mmhbypaphs, memdOtinetd 1 ke,
menbr ane sw tches; ,jewel ry, and conbi nationps .t her eof 0216] In s

erbod ment o OB 0 dRHe A S0 6P e oM o BLe B Beomeat EVGRen B T fr
invention iRtk abshattadRichédtddyd dhiehdoal efch! dadabladiiiyl R clddadal Sradian, NS
addi tional optional coatings applied thereto (e.g., filters, protective

| ayers and/asd thitike.ref | ective coatings, and the |ike). [0217]Having

gener descrihe he 1 i.O . er: i i ned
By et Blce o 1nanis, Spbqiehiso e Belell WiEhidhREGEA AN A RGBS 16 BEhALT
pur poses ofITd bhsilaskt ¢ammprisingy aaprdcas elep@ibet Mcetidetlatt empleys iam dtehn @astEXRAPLES
Exanple 1 [.0218]1In order tq prepare a first flexible parous packjng for use
with a st eriBFIFdiracRIShesRotici i ATYSSHS BHES i) o?rmmmv%w&ﬁg?re?ﬁan% asa
(conprised Qloosity 3f 100 XpYE ABK. ENEIomdemBodiRRhiEthd &ch }é&é!%@m?ﬁ%‘s Hly-N-
porous (e.g., polyester) nenbrane. The particles were éﬂther I sposed
directly omntimylpyreolwlmmen nesh or porous menbrane or di sposed onto the woven

nmesh rous nbrane from a suspensi.gn in _a solyent having a.l ow vapor
poi nt P20y, "¢ nEfopatterneq SHiEST REBARHDY, BIMaNES b preY Pwauar Cap oo

di sposi ng td@chedlly fldecondsRioRAIMG clfHSRaNEH ARG HNAl oS HYEdsas8monnao ARk Cl e
application process was carefully controlled to ensure uniform coverage of
t he woven rdondinarypbilbingheraniof thirefilmand(pf vrfacp gharhgpzagiensi ty across t he
surface of the woven nesh or porous nenbrane is necessary in order to
prevent porg sealing, and local buckling of the mesh-nembrane hybrid due to
i nsufficient support. After disposing the particles onto the woven nesh or

por oug02et]br ane, THehgrowdssds fridesroduciepeparded groed thi proceaeshofothb @restt ifragnmioa
mesh- menbrane "sandw ch” structure, which was fjrst placed on a flat plate
on a hot pl 8@ Suifabn fe ApeHed1on; elertidead sHepp QRiicalppystesisy £0sUMSH e5§iTPniGihs
then appli Jih p t hey; aLe: was s t ure
of about . 10016l FEtRBREs PRALmOB, e (FpifFes WiRied!l SHUAIPERL
2011/ 14691 2p@ali¢4dtisas) 1d4nd0 374 dthea lapplications éc ovidish topditemied ubstrata if repirod eor
backing for, a stencil of the present invention was fornmed. [0219]As

descri bed HEFEYS the heating time and tenperature, and the pressure

appl i eg215) The present invention is also directed to articles, objects and devices comprising a
patterned substrate prepared by a process of the present invention. Exemplary articles,
objects and devices comprising the patterned substrates of the present invention include,
but are not limited to, windows; mirrors; optical elements (¢.g., optical elements for use in
eyeglasses, cameras, binoculars, telescopes, and the like); lenses (e.g., fresnel lenses,
etc.); watch crystals; optical fibers, output couplers, input couplers, microscope slides,
holograms; cathode ray tube devices (e.g., computer and television screens); optical

filters; data storage devices (e.g., compact discs, DVD discs, CD-ROM discs, and the
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the structure can be varied. The tenperature should be maintained within
the "softening"” region of the plastic mcroparticles that are placed
bet ween twe 2powmasm2nmenbr ane and woven mesh. | f the tenpecatuse@1io37478
insufficient, then the particles do not nelt and the porous nenbrane and

woven nesh do,.not adhere to.each, ot her. ver. if.the. sandww trugture
i s heated elﬁ??és@'i‘tv%&\nﬁﬁ e%f’tr‘?%? %gs&ayaﬂg.%, mrﬁg%n%fhsp Plpf%,a %h%\qﬂﬁq%(% ’etgu:ghﬁ t he
nenbrane begRRR EGMEAsudiX@osSe 3f LORBAEAIRRE Abkehd 8xd PéreorR0datasasbistkisyg
for use with a stencil of the present invention was pregﬁ?red by di sposi ng

f1exibl e nabwiceldss flsnible eleqinnindigplens (cTheeleqteoniopapenarbbpakel celulgr phones;
pol yet hyl en rep: I ET) V, . h r . Mo

t her nopl ast%(?%gag&%gg‘?%’%@:%(g%{ég U-saélaljﬂg{m%e%eger é}?helgtaﬁtq)cg%'u%r'% % 3?%% gltﬁ{bg Vghb\cxl)e\?en
mesh to crqalge wind 3oy, evindorves) disphgs, adrthefike)e apavtu. dackipnges, RRItiE t 0
10% w' v) was dissolved in triflyoroacetic aci cl and di CQJ or.orreéhan (1:1
viv) at rodihesiaphss ardthe ksl IIP“(S‘?;{H%‘EF SYHiches Javelnt: g saadbwgliensgaecre

X e | oaded
gl ass jjnge C&hddinéntS Y bR AUIBsthAIOpROLRA & BrocER! dfi thE Brbsedy™)
and a [%{ddaugem?tﬁasieﬁess steg? ’nefgg%e was%l gttag%?gl the}Ir e?lcr)o.c The negd.IGe was
el ectri cal ligvantioneés tieed dasa layeran aalipaynirgiptival deaipe thed\wentaig pgiliyions| apsipiile
mesh was attached t rotating.drum havi.ng. a 4-inch dianeter that was

gr ounded réioa?l?gfeappg“?ﬂ’@reﬁ%\ﬁ%g" §ﬂf5f51 g,rogeﬁhvggtyeré a&?é’f é‘ﬂ%&@éﬁq‘c%ﬁ)c a%ng% B4 cm
fromthe negdlige)ti p. The rotating drumwas supported on a table that
allowed for translation in the direction perpendicular to the .

el ect [83BiInni ng Fedel geneytlycdesowbed) the dtventien atfhsheramdensianding camfe obtajred

| eft of the_drum NOW r.es re di i.bl. | gwi ng
the PET sord Bt Bt GEgw )R 5P BaER PRicse thindteChie LSl B By,
20 keV. Thallgsttfivbnasly @idaketotdndndamedellintiengl |y (i.e., "back-and-forth")
at a fixed distance fromthe needle tip until a uniform nanowi re coating
was achi eved. The nanowire density was sufficient to span the openings in
t he woven mesh, WO 2011/ 146912PCT/ USRIN/HI3F478 Exanple 3 [0221]A third
fl exi bl e porous backing for use with a stencil of the present invention was
prepared by nelt-blow ng a thernoplastic polyneric nanowi res (conpri sing,
e.g., polyethylene terephthalate (PEL., or aluret hane, or anot her

t her mopl asti c polymer), onto a woven %Iﬂpll% create a nanow re-woven fi ber
conposite porous backing. [0222] PET pellets were | oaded into the hopper
of a bl ow ' Areld Bkt iRxBISpERNE batiik SorS WS AUARM of Bed
final rlrtBiefnSBeratu?g Ag?&%é)g%gpA haeat e(licl ?{rete |5ng punpgi% e(()j tﬁe conposi ti(())n ien a
120- hol e dipeeseat iimgntionchensipplynofr Diddpariicles deonapnisedaql, afg.0 poypropylene),
set back of 0.06 iln, and a die Engl e of ZO. Th@ %i [ fl%w at ,]é}%e di.i was >300
L/min and tHES APPISdRASY el eeshOT ARG &S RaBO N EUSASEIOT e HieRAINdREP Weore
pol ymeri ¢ namemiiksssclAnelly ntdi BERIREN Alesh QY PoRfus uiatas: BARRPE:E oRtd Ge
several mcroneters were collected on a woven nmesh | oaded on a rotating
(5- 100 f eetworien)mirdl or porons srtniiganeo{rsm & $HspEoFiPR he adiodveane ddvingifelovaendr e
density was_sufficient to span the.openings._in th p 4
[0223] A ot et gy Feontagdich e uRRENETe! QiabatRED S FEBIRLF
(1,000 r pmcoataimy Qhspaiisianl baRUthe SSAtAEd. 0Mhé agicle dPpliaton Prodeisowhs edefudiyer)
conprising a polyner (e.g. ,I@pol y(vi nyl al cohol ) (PVA) having an aver age

mol ecul ar wengatedto gnpee-unifognroveaageae Ahe rWeen mesh pppProus | pymbrage.y 4y j n
dei oni zed vat : riayd: de ifL - I ‘p%)@h L SKRE SR nraabRut
0.2 prn tov@%fgfﬁl pfhgcrlngggﬂé&p%??éesrtﬁée58%(:&(Zf?lﬁl% 0.5" pge%'&g# %%rret er, 1%)0 prn
to 200 pm theteskargl iasardpatd prenedt pare edlhign ahd llocab fbudklingr ofCthei megh-pambema
corresponding to the desjired stencil .pattern). _ An adhesion pronoter (i.e.,
trichlor o(\hyggiﬂ)délfﬂ |t%ﬁesy§f1wa@t@mﬁ- d/éﬁgfsﬁﬁ'%‘&l thg PEH@PqSiﬂQ fW?Va?g}é?engf
pl acing t h&zo?&ﬂst RleRRthiRBIhE Wk HedbdCWbid SIBRAEKith Habh WMih&Nto form a mesh-
trichloro(vinyl)silane was al so introduced.” The vapor-phase deposition
proceeded atethrany Aodwiochs5@0ctniE) whichagasGikioplagdtan a4 fatrilatgtoas: hosplate, then

phot oi mageabl e el ast oneri rmyl ati o Vi t conpasitian listed in the
f ol | owi ng tCQBT’YSS\)O& *tﬁeé’ﬂn‘i BI"lﬁe—- %%??Sé‘&e %ﬂpgﬁﬁﬁ%%QE%q ap%‘%‘o %lﬁtuc?p?rh%aﬁgiaf‘?- of f
layer. Afteape ﬂ!’)ﬁ’{)lﬁ& whs 5QQMat efperaairé e abad 16D° fOr AHRr beesdilg Mind Me@isng fope
phot oi mageabl e el astoneric formul ati on was exposed to UV light (k=300

nm 450 nm peak 2,---365 nm 18- 20 mWcnR; for 8-13 secs) through the back
surface of the patterned nmaster. The phot oi maged el astomeric fornul ation
was then devel oped by stirring in toluene for 5 to 10 mnutes at 25 Cto
provide a patterned contact |ayer. W392011/146912PCT/ US2011/ 037478



Tabl e. Conposition of the photoi nageabl e el astomeric formul ation. [0224] The
contact |ayer was functionalized with an adhesion pronoter. After exposure
to an ai rwplasmaesgiabout 5 m nutes) or an oxygen plasma et@@sW11H874m8orr for
about 1 minute), an adhesion pronnter (e.qg. trichloro(vinyl)silane) was

d t d. ont I t up f d ed abow. 0225] A
hot of mageaBre ORI Fon WAUERGH [REOEOIBER: bA FTENal s PN 81 B0ng

tabl e was Rﬁ%qbﬁﬂkp coated foll owed (2 000 rpm at 25 C) onto the contact
| ayer. Table. Conposition of the photoinmgeable formulation. [0226] The
f I exi §021%0r ous Avaddstiedotesgiag tbe hpattnmanp prd empgEateenanslcthe arasfurh appleediiet

hot of maged arrRrEbs SRiGhs o, EMneli BITHO By bEdpihed e gbBe iihes ™
nm peak Xme%@ﬁ offithe %&stla%lﬁﬁ%ﬁﬁelesftﬁﬁt eife tpdactl ecands} pohsugbmbhae hadk

surface of the patterned master. The phat oi maged elastonerlc formul ati on
was then devesiesgaeshpylfiihe KempeTaiurenist @ﬁl&f@ﬁ@nwtgw Bi5i Rati¢len de gt meftangthe

m nut es at e t | ay

2011/ 14601 50RH EHRRE S5, FoP B A6 hdo ST e @Y Elon Wk, Homovepiaif e, o,
by agit at i ngndwich stwactnredie ihoated egcessively, 0300 too gikdt Cpefiod oltibiet thef Dotesuns.
[0228] FIG 5 E%O ides a SEM i nage of the contact |ayer and stability |ayer
on the flety “%HWG SCHACRIMY: Referring to FIG 5, the inmge, 500, shows
the outer surface, 501, of a contact |ayer supported on a porous nenbrane,
502, by a stability layer (not indicated). The stencil feature has |ateral
di nensi ons 503-506, at |east one of WK@RPI&250 vim or | ess. [0229]FIG 6
provi des an optical imge of a stencil of the present invention. Referring

[0220] A second flexible porous backing for use with a stencil of the present invention
was prepared by disposing flexible nanowires onto a woven mesh. The flexible
nanowires (e.g., polyethylene terephthalate (PET); however, a urethane or any other
thermoplastic polymer can be used) were electrospun directly onto a woven mesh to
create a nanowire-woven fiber composite porous backing. PET (1% to 10% w/v) was
dissolved in trifluoroacetic acid and dichloromethane (1:1 v/v) at room temperature and
loaded into a 10 mL glass syringe. The loaded glass syringe was placed in a syringe
pump (KD Scientific, Holliston, MA) and a 20-gauge stainless steel needle was attached
thereto. The needle was electrically connected to a variable high-voltage power supply.
Flexible mesh was attached to a rotating drum having a 4-inch diameter that was
grounded relative to the power supply and set a distance of 10 cm to 20 ¢cm from the
needle tip. The rotating drum was supported on a table that allowed for translation in the
direction perpendicular to the electrospinning needle, which was located at the same
height and to the left of the drum. Nanowires were disposed onto the flexible mesh by
flowing the PET solution (i.e., 0.05 L/hr to 0.5 L/hr), at a voltage of 12 keV to 20 keV.
The drum was rotated and moved laterally (i.e., "back-and-forth") at a fixed distance from
the needle tip until a uniform nanowire coating was achieved. The nanowire density was

sufficient to span the openings in the woven mesh.
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to FIG 6, the inmage, 600, shows a flexible porous backing conprising a
fl exi ble mesh, 601, having a porous nenbrane thereon, 602, the flexible
porous bawbizop/meqaporting a plurality of raised featureeCcrilseomosiarng
surface of the stencil has a lateral dinension, 603, of about 50 nm
Exanpl e 5 [0230] A second stencil was prepared by the process described in
Exanpl e 4 using the flexible porous d§¥¥8933 escribed in Exanple 2.

Conpar ative Exanple A [0231] A stencil was prepared by the process of

Exanpl except fi.exi ' | 0
vim \AA@Z%AM act é%lhgf?&r%c 1%1}9%&%%@%?1%%%;% %tg}g%gﬁ;a% gﬁ%ug?gﬁiglérggﬁ\f%gg ﬁgvt?% t he
a polr ous m;imjamile baf ftﬂe)ltekilot(zjvd):jgt hae tiidreplabitc medymerid GAB@YVikesSEMmMprsge, 0é.gt, he
resulting stencil is proyvided in FIG 7. Referri to FI 7, the i ,
55" Lo PRl BN ESIgID ek e i iorablo ot oS
directly t . L&) - [ itol igxi bl e mesh.
oL US| O TS o o O B &' ot " he

pr ese0222jvent | RET pHidte wesr loads! and deti Imppes obh mdieblomdaghne amd/ asttedim have

been described above, it shouyld be.understood t ey ;have been presented
by way of é’)’(za"r‘i‘ﬁlsé“gg‘?f?v:ewa%guﬁ%rttolq ﬁ?‘{lgtFIPB?f?R‘F? Og\?ﬁ chexa}beﬁﬁe‘laerﬂ?ew?%é)g%rpgons
skil'l ed in fgdhelc@hposifibn & b 126ableBE hoHbg & MBRALS of1D.6 107 iM angr dei af .06an be
made therein wthout departlagg. fromthe spirit and scope of the invention.

1

Thus, the Brethack ohf@odecmd oficenglemi 392nt he girdhry ainthe Heuwas 1730 banipiapdt ed

by any of e.. 4 ) 114,637 I

enbodi ment tsd,I|e %ﬁ%nﬁ%ﬁf\% agzﬂ%g]g%ae?%g n%]%(/) ?'n%;lgg g?@%%c%q%ﬁéﬂﬁpgﬂg%%%%%%g

cl ai ms and at Mieinetee @i s¢adranhsndred nanometers to several micrometers were collected on a
woven mesh loaded on a rotating (5-100 feet/min) belt located 10 to 50 cm from the die

head. The nanowire density was sufficient to span the openings in the woven mesh.

Example 4

[0223] A stencil of the present invention was prepared by spin-coating (1,000 rpm, at
25° C) an aqueous solution (e.g., 1% w/v in deionized water) comprising a polymer (e.g.,
poly(vinylalcohol) (PVA) having an average molecular weight of 9,000-10,000, Sigma-
Aldrich, St. Louis, IL), 1% w/v in deionized water), to provide a lift-off layer having a
thickness of about 0.2 pum to about 1 um on a patterned master (0.5" to 5" diameter,
100 um to 200 pm-thick glass patterned with thin film of Al or Cr in a pattern
corresponding to the desired stencil pattern). An adhesion promoter (i.e.,
trichloro(vinyl)silane) was vapor deposited onto the lift-off layer by placing the patterned
master in a vacuum chamber into which trichloro(vinyl)silane was also introduced. The
vapor-phase deposition proceeded at low vacuum (>500 mT) at 25° C for 5 to 10 minutes.
A photoimageable elastomeric formulation having the composition listed in the following
table was then spin-coated (2,000 rpm, at 25° C) onto the lift-off layer. After drying at
room temperature (25° C) for 10 to 20 minutes, the photoimageable elastomeric
formulation was exposed to UV light (A=300 nm-450 nm, peak A=365 nm; 18-
20 mW/cm?2; for 8-13 secs) through the back surface of the patterned master. The
photoimaged elastomeric formulation was then developed by stirring in toluene for 5 to

10 minutes at 25° C to provide a patterned contact layer.
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[0234] 1t is to be appreciated that the Detail ed Description section, and
not the Summary and Abstract sections, is intended to be used to interpret
t he cl ai nwo 20hie148upmary and Abstract sections can set fectrhusene/osr47sor e,
but not all exenplary enbodi nents of the present invention as contenpl ated
by the inventor(s), and thus, are not intended to limt the present

I nvention and the appended clains in any way. [0235] All docunents cited
herein, i nclabtl. A@njpokitioalbf detphet@sageabrgistanéri fopublatished or correspondi ng

U S. or forei gn..pat.ent app,l i.cations, lssued.or.f.orei gh..pat.ent.s,. -of—any-
ot her docut 01 i.rely. incorporated. by . referenceCpraeaigion

i ncl udi ng alStyrciaet-bytadieid-stgrent bipgkespolamer (kastToN dd&iRSed in 1t 24 gLt ed
docunent s. | KRoR ®blymiet§HARGH, UR2011/ 037478 What is clained is: 1. A

st enci | corrgmk$©mg§‘3“@ia@@[m§(ggmgj ace that includes a phot oj s;ged

el ast omer i ¢ X00BRORT fu QRLthAH OYphatly | EamhpRiImopRipah i thrienet &t hifpygh t hat
defines a pablaPited Nedh® GfCOals AU @hahidaRaFhry A, N Er 8l dT mensi on of

50 i.rmor rfess;wherern-th ot orn o -el-astonerrc conposStH 1o TS
sui tabl e fo?"%%tm%g %Philoélé?f ggtq'ﬁlméggglﬁ%%ztop e and a stapi y |ayer

affi xed to . SEWUHREL délotADREMERBEY] naged--el-ast-omeri-c--CORPOS-t.i-0n,—wherei n
the stabili Muqya%w-ch%@@%%qp%ﬁwlailf%lﬂymét?g&ﬁ@atﬁaaff@rraﬁw i mendi%hglas the
phot oi maged Seavarges eyl c DEbnpig Snceialty Shamigats dprytows NYhbi Lity layer. has a
Shore Type: Bohanddelsy/vahixBe of xytomeeandaytheaef | exi bl e _por ous backi ng af fiixed

to the stability layer, wherein the flexible porous backing has a
pernmeability suitable for flowing an etch paste there through, .2. The

st encil¥2X cl ai g CoRiget %V?F W%P%Ftl?réai@?‘?%tg 36’;1”@&???1@“ RERENQIET | Aftet eXpREre
lateral di q@@ﬁ'ﬁnpﬁgm&gﬁdﬁttﬁnﬁt&) Br a3 oxkiden PR (100fWC 581 AT der WOEE&KIN

t he phot oi naged el astoneric conposition has a'thickness of 1 ?Amto 101.1m
1 minute), an adhesion promoter (e.g., trichloro(vinyl)silane) was vapor deposited onto

the plasma-treated surface as described above.
[0225] A photoimageable formulation having the composition listed in the following

table was then spin-coated followed (2,000 rpm, at 25° C) onto the contact layer.

Table. Composition of the photoimageable formulation.

Component Concentration

1,3,5-Triallyl-1,3,5-triazine-2,4,6(1 H,3H,5 H)-trione (Sigma-Aldrich, 50% (w/w)
' St. Louis, IL)

Pentaerythritol tetrakis(2-mercaptoacetate) (Cross-linker, Sigma- 45% (wiw)

- Aldrich, St. Louis, IL) -
2-Methyl-1[4-(methylthio)phenyl]-2-morpholinopropan-1-one 1% (w/w)
(C1BA® IRGACURE® 907, Ciba Specialty Chemicals, Tarytown, NY)
tert-Butylhydroguinone (inhibitor, Sigma-Aldrich, St. Louis, IL) - 3.5% (w/w}
Free radical scavenger (ESACURE® DPL, Ciba Specialty Chemicals, 0.5% (w/w)

Tarytown, NY)

[0226] The flexible porous backing prepared in Example 1 was contacted with the wet
photoimageable formulation and light pressure (<1 psi) was applied. The photoimageable
formulation was then exposed to UV light (A=300 nm to 450 nm, peak A==365 nm; 18-
20 mW/em?; for 2 to 10 seconds) through the back surface of the patterned master. The
photoimagéd elastomeric formulation was then developed by washing with toluene with

agitation for 2 to 10 minutes at 25° C to provide a patterned contact layer.
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4. The stencil of claim11, wherein the photoi naged el astoneric conposition
has a Shore Type A hardness of 5 to 95. 5. The stencil of claim1, wherein
t he phot oworgadi4ediast oner: c conposition conprises an el aETAISR01,1/037478
cross-linker, a photoinitiator, a free radi cal scavenger and an optional
oxyge venger., 6. The stenci e el ast onmer

OO B o9 e T b, S b PSR SRR AR b,
copol yner, (aoostbyzoem;mrappf(ﬁr@h@hyrene bl ock copol yner, a copol yner of
acrylonitrile and butadi ene, a neoprene rubber, and conbi nations thereof.

VO 20192281691 2PATOUS2 providss 74 PEM inmge of tthp cpntagh laypraprd stabiliie desien qonthe

el ast ' t
2 concent r AT SRR BoyRRGREERIC. & BGinRER U bl e 0ReBhAREE (]
the cross-limkef aiconprekgat supposed oncepdroad mmb@éneo 562 tyoa Ga%lby lavyer @idt,

t he photoini t.i at |S pres In_a concentratjon 01%to 10% ht ,
(he [ree rd e c B RGaaT Tt bde RO M eatiRee A0 400 o (6% 670 LbuiRzs0s by

wei ght, and E@\esgptmnal oxygen scavenger is present in a concentration
of O. Ol%to 10% ht. 9. The stencil of claim1l, wherein the stability
| ayer [B229]a t hi cfr{@eésnroﬁdss amopticabdnfgenef d gencihef &memsieht wfendloai Referring

wherein the b|| | aye ris hot oi It n
that -1 nol uded 1Gn bulie AR co0t Shim Tor Bl Diras SR BB & A FGIT s
cross-1inke,, ﬁa@ﬂ%b%o‘%ds‘ RAbRbrand thére&h, '6adi grl ﬂ@@@&%ﬁﬁfs,baamg%up@mmg)aal
oxygen scavenger 1. The stencil of cl'aim 10, wherein

plurahty of raised features. The working surface of the stencil has a lateral dimension,

603, of about 50 mm.

Example 5

[0230] A second stencil was prepared by the process described in Example 4 using the

flexible porous backing described in Example 2.

Comparative Example A

[0231] A stencil was prepared by the process of Example 3 except that a flexible mesh
having a mesh diameter of about 30 um was contacted directly with the photoimageable
formulation (without the a porous membrane affixed to the tlexible mesh).

[0232] A SEM image of the resulting stencil is provided in FIG. 7. Referring to FIG. 7,
the image, 700, shows a flexible mesh, 701, having a contact surface, 702, applied

directly thereto. Also visible are openings, 703, in the flexible mesh.

CONCLUSION

[0233] These examples illustrate possible embodiments of the present invention. While
various embodiments of the present invention have been described above, it should be
understood that they have been presented by way of example only, and not limitation. It
will be apparent to persons skilled in the relevant art that various changes in form and
detail can be made therein without departing from the spirit and scope of the invention.

Thus, the breadth and scope of the present invention should not be limited by any of the
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the aliphatic urethane diacrylate polymer is present in a concentration of
5% to 99% by wei ght, the optional cross-linker is present in a

concent r avoanofi6125% t 0 90% by wei ght, the photoi ni ti atom/ussoposesient in a
concentration of 0.01%to 10% by weight, the free radi cal scavenger is
present in concentration.of 0.01% { 5% i gh nd. . _the tional
ygen scavBRGePeB bRt sl Mot dn XL RIS Bhebits i asdfy PRt
12. The st angtdiloHing€tain® dnd thbigeQiitaltde. f | exi bl e porous backing conprises a
fl exi bl e mesh having openings with a |ateral dinension of 1 vimto 100 pin.

13. THB2¥lenci | lbfs telbgiappreciajgeethal the divsaiteddigspriptigioiestien. iad mohdiecompriides :
a porous r i . 0. Ll erein t

o Dorous. R 29GB! NG SEADRCTFRELILY d B ML, W RGNS apd
mesh af f i xetbstriact fetipey canssendoith ane or whee ebut o ellfdxemiphbire embslinitass ofehei ngs

with a lateral djnension greater than the pore size of the poroys, nepbrane.
14. The st dBeSeRt Biverlfos # optenyplated by t%‘?]é“ﬁ&%é% 90riBH A6 Rots s, By g

pore size Qfe BrePedi®enti&S Snd the apddBed bARRGS In £y Wil m 13, wherein the porous
menbr ane hasegret%% r?lels}s of 505lp mteo 20 pr1111 ?6. y'Ia'he stencil of claim13,

wher ei[8235]t hi n 14l docwoends icged emirhantluding gowdalpattiyich ef iabstrasty pebbshed or

bet ween t he porous. ma[tqgr ane and tge fI?xi bl e nesh. . .The st enci | ofhcl aim
16, “wher ei ORRESBOINFR ot Ph ol apiEEt BRPTPBIRY Fe el SR B EH SR ol gy Dinet
pol yet hyl enRcuehty PirO RY¢ILARirc R Hc G PoMtAH RGehdeteeah, ihBludiigealsdfNGhblef

claim1, wherein the flexible porous backing conprises:
figures, and text presented in the cited documents.
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a layer of nanowires affixed to the stability layer, wherein the nanow res
have an average dianeter of 80 nmto 10 pm and a flexible nmesh affixed to
t he | ayerwofonamemeres. 19. The stencil of claim18, wheceius2dth@3Taasnow res
have an average dianmeter of 200 nmto 2 pm 20. The stencil of claim 18,
wher ei n the\Xha er) of%franowi res has a thickness of 500 ml to 20 pm 21. The
stencil of @tlef’ Pt s 13- 20, wherein the flexible mesh has openings wth
a lateral dinension of 1 pmto 100 pm 22. A process for preparing a
stencil, 1t he AreaRAAPIBIESI NY: disposing a lift-off layer onto a
master that includes at |east one |ight-blocking region that fornms an
optical |y tranhspapdstripesthatripeludéssposi ng a phot oi mageabl e el ast oneri ¢

o P A SRS s AR B0 S e

phot oi mageabl e el HST O atro orma contac conprising a
phot oi maged el ash&irdefingay paigeratin theasincdmavopenidagt driedaerd dimnergiont éfaf0 um
defines a pattern in the stencil having at |east one |ateral .dinension of
50 timor |ess; Y &5osMA§En p tﬁ%@%ﬁ&eelﬁﬂPWﬁTlét FERPBHIS t‘snesuggﬁFaEQ‘

| ayer; cont act, j . king with at | east a portion of
y %gﬂ?xg?% lk@ﬁih&ln% PRbYMeLAGKI Ng p

t he phot oi nageabl at1on, iI1l'umnating the photoi mageable

fornmul ation to famtahibtydewdviaffisted tb aypecksadef afitbelphaoipoighd elhstoverit semppsijer, and
t he flexible poraqus .backi .Wherein the stability |ayer h a shore pe D
har ness of 50 or" ‘?‘8,tﬁ%ﬁggﬂggqf%re}}aélsug?t%’r???'othg S@’Efﬁsl?tg’??tlidzlpf’?flcfrﬁeasst %re as
the contact |ayghotodibged elhfoMMidEorhhitfing Aed bvh%feﬁfﬂh%@&bﬂﬁﬂ%*er B¥s a Shore
separating or renoving the lift-off layer fromthe stencil. 23. The process

of claim 22, whéped hardngsnof 69 pugesbiaedel ast omeric fornul ation does not
substanti al | y%%@%@’?ﬁ %cen%%r a%agkiﬁ)é' ?ﬁxetdotottﬁg Sia ilgﬂ}l{ﬁgeﬁ‘,: {&g%r%ﬂldthgeﬂ&liﬁp 'thiibus and

t he phot oi mag rmi I on®does not subs ase separate prior
to the illum pakidpthas a permeability suitable for flowing an etch paste there through.

2. The stencil of claim 1, wherein the at least one opening has at least one lateral

dimension of | um to 10 pm.

3. The stencil of claim 1, wherein the photoimaged elastomeric composition has a

thickness of 1 um to 10 um.

4. The stencil of claim 1, wherein the photoimaged elastomeric composition has a Shore

Type A hardness of 5 to 95.

5. The stencil of claim 1, wherein the photoimaged elastomeric composition comprises
an elastomer, a cross-linker, a photoinitiator, a free radical scavenger, and an optional
oxygen scavenger.

6. The stencil of claim 5, wherein the elastomer is selected from the group consisting of:

a styrene-butadiene-styrene block copolymer, a styrene-isoprene-styrene block
copolymer, a copolymer of acrylonitrile and butadiene, a neoprene rubber, and

combinations thereof.
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24. The process of claim 22, conprising, prior to the disposing the
phot oi mageabl e formul ati on onto the contact |ayer, oxygen plasma-treating
t he cont awD 2bayas91and depositi ng an adhesi on pronoter orCwo/ush@1oxugen

pl asma-treated contact |ayer. 25. The process of claim 22, conprising,

prior to,the ntactin he £l exible porous backing wth af |east a, portion
of the phot of RADEUBFL TSI &t TOROTOLGUR SneS et cEtr R tone o 5E PBRK he
flexi bl e porouspddasli that i3 PrsElR RO 8 cbhdedtraibrasBest RN0PL, BFRiceshtont 0 t he oxygen
pl asma-treated flexible porous backing. 26. The process of any of clains

24- 25, wherein the adhesi on pronoter conprises

trichlorg(vin sila t 1.1 et ho vinyl)silane, triethoxy(vinyl)silane,
2-acry|ogyeth%&%???%ge%%§§ggpgﬁ%fé-acryloxyethoxytriethoxysiIane,

2- acryl oxyet hoxyhé trobd-nhlagiid prasenida c@retratidnyof2-39% s 656 DyoRidht3 -
am nopropyl tri et hoxysi | ane, acryl oxynet hyl tri met hox %ilan%, .
acryl oxymet hyl t rhephyipiiaterie piesenipg goRACAYRHY -G8 &9 | &hdyarsightoxy met hyl

WO 2011/146912PG[{ lf’itérgprja&{c%lggé&gn %Q%gs?éing i NELAXNELA AN 8.01% to 15% by

-N-al I yl am nopropyltrinet I'Tane, I'trimet OXJS|Iane,
allyltriethoxwsighgaed allyltrichlorosilane, and conbi nati ons thereof. 27.

The process of c¢]Jaim=22, wherein the contact.|layer conpris phot o] maged
el ast oner has a t%?]BPtéO“Pilﬁéyg&nkF&?ﬁﬁ‘i’gg%ldeesfni g @89“‘@8?1’&%%0%&8@0@5@ ]&f% g? aim
22, conprisingegjggnneal ing an assenbly that includes:

9. The stencil of claim 1, wherein the stability layer has a thickness of 5 pm to 50 um.

10. The stencil of claim 1, wherein the stability layer comprises a photoimaged polymer
composition that includes an aliphatic urethane diacrylate polymer, an optional cross-

linker, a photoinitiator, a free radical scavenger, and an optional oxygen scavenger.

11. The stencil of claim 10, wherein
the aliphatic urethane diacrylate polymer is present in a concentration of 5% to
99% by weight,
the optional cross-linker is present in a concentration of 0.5% to 90% by weight,
the photoinitiator is present in a concentration of 0.01% to 10% by weight,
the free radical scavenger is present in a concentration of 0.01% to 15% by
weight, and
the optional oxygen scavenger is present in a concentration of 0.01% to 10% by

weight.

12.  The stencil of claim 1, wherein the flexible porous backing comprises a flexible mesh

having openings with a lateral dimension of 1 pm to 100 pm.
13.  The stencil of claim 1, wherein the flexible porous backing comprises:

a porous membrane affixed to the stability layer, wherein the porous membrane

has an average pore size of 15 pm or less; and
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a porous nenbrane having an average pore size of 15 [tmor less; a flexible
mesh; and a plurality of polyol efin-containing particles there between, for
a tinme, awdaiv@ecdtenperature and pressure sufficient topraffuszotiloe74por ous
rrerrbralne to the flexi bl e rresh to provide a flexible porous backi ng for the
st enci 29. The 0cess wher i i
particles conpri S exé B(ﬂlff 4g]c§’ (r)%sm%erpng%%lgt ﬁ'% lbeétgﬁlﬂeﬁﬁ1 X%?tcrfgéfﬁeﬂr%g
and conbi nat i gsemidgh &0 late?4l. dlﬂibl%ldﬁ{ glfé@t‘éﬁtl"@ﬁ tigd Iﬁirmﬁa of th@lppdeSIIﬁ@nbrane
provi di ng an asserrbly that includes a | ayer of nanowires affixed to a
flexi ble mesh, wherein the nanowires have an average dianeter of 80 nmto
101..im,31. n i | sh
nas’ openl fags THEREATPEPRAEh SMABhip 5 dSuiuleNAI LN e ores
of claim 22, her@ilessthe [ift-off Iayer conprises a water soluble polyner.
33. The process of claim 32, wherein the water soluble polyner is selected
fromthe group consisting of: a polyvinyl alcohol, a hydroxyal kyl

cel lul osgs a é’t%ﬁ&%‘iaélh?ﬂ?%ﬂé}lewth@ br R QAN Ras ANFIGREPENAIO AR %0

t hereof 34. The process aim 2 er eln the at | east one openi ng has
at | east one 2@Gperal dinension of 1 mto 10 [tin. WO

2011/ 146912PCT/ US2011/ 037478

16. The stencil of claim 13, wherein a thin layer comprising a heat-treated polyolefin is

present between the porous membrane and the flexible mesh.

17. The stencil of claim 16, wherein the polyolefin is selected from the group consisting

of: polyethylene, polypropylene, and combinations thereof.

18.  The stencil of claim 1, wherein the flexible porous backing comprises:
a layer of nanowires affixed to the stability layer, wherein the nanowires have an
average diameter of 80 nm to 10 um; and

a flexible mesh affixed to the layer of nanowires.

19.  The stencil of claim 18, wherein the nanowires have an average diameter of 200 nm to
2 pm.

20.  The stencil of claim 18, wherein the layer of nanowires has a thickness of 500 nm to
20 pm.

21.  The stencil of any of claims 13-20, wherein the flexible mesh has openings with a

lateral dimension of 1 pm to 100 pm.

22. A process for preparing a stencil, the process comprising:
disposing a lift-off layer onto a master that includes at least one light-blocking
region that forms an optically transparent pattern;

disposing a photoimageable elastomeric formulation onto the lift-off layer;

47



35. The process of claim 22, wherein the contact |ayer has a thickness of 1
gmto 10 pm and wherein the stability |layer has a thickness of 5 pmto 50
pm 36. Avetengisboteconprising: a first |ayer conprising acirluszeblog7anesh; and
a second |l ayer affixed to the first Iayer t he second | ayer conprising a

plurality of nan W|re t oW n er of .80 n Opm
wherein a patter W& 3595 4%5?2@91%25 PE t81'ngargeal'igl ﬂgfoghergffogablaﬁ}ﬁgor Y¥ss

i s present inaQon@bt Itaga&c% thgl EMtRN0inABEY clastdher BAvind M€edd: 8¢ BpchimOhers
backi ng has a perneabi I|ty swtable for flowing an etch paste there through

and the patt etitropgh thepdefimesist patiesn ithéheetieneilphaying at3lpast Phe lafewshdimensfoncetai m
36, wherein t% rﬂ? ];NI res conprise a polynmer selected fromthe group

consi sting of: ﬁ I%yl ene, pol ypropyl ene, polyethyl ene terephthal ate,

pol yvi nyl pyrrol ldi@;mmgam;ﬁlowmagmuﬂé suldien eafo tB8contie 1@teenci | of claim 36,
wherei n the nanowi res have an average diameter of 200 nmto irm 39, The
stencil of cl ai rﬁogl@ct%érfww%H@OH%g%ﬁkmgevylthawaﬁrﬁ %ﬁf@?laafethalp&ﬁ@ewgeablezoo
nmto 800 nm cgi%ulrﬂb‘ﬁ stencil of claim 36, wherein the second | ayer has a
t hi ckness of g td0 20 pm 41. The stencil of claim 36, wherein the
pattern conpri sefummatipgghe phmbana@hblséoanmledoﬁ tofortrhe sgrbdup layen sif$tadnig of :

a polyner, an, el astoner, a net nd, conbi nati ons t er eo 42, . rocess
for prepari ngbathsffmfé ﬁgrptpct loyrs aﬁa 61&%@ ihlg rﬁ?[“?%atﬁ ing, W erein t[le stagﬂlt}ﬁlaeer has
a Shore Type D harness of 50 or more, and has lateral dimensions substantially the
same as the contact layer; and
removing the stencil from the master by separating or removing the lift-off layer

from the stencil.

23. The process of claim 22, wherein the photoimageable elastomeric formulation does
not substantially phase separate prior to the illuminating and developing, and the
photoimageable formulation does not substantially phase separate prior to the

illuminating.

24, The process of claim 22, comprising, prior to the disposing the photoimageable
formulation onto the contact layer, oxygen plasma-treating the contact layer and

depositing an adhesion promoter onto the oxygen plasma-treated contact layer.

25. The process of claim 22, comprising, prior to the contacting the flexible porous
backing with at least a portion of the photoimageable formulation, oxygen plasma-
treating a surface of the flexible porous backing and depositing an adhesion promoter

onto the oxygen plasma-treated flexible porous backing.

26. The process of any of claims 24-25, wherein the adhesion promoter comprises
trichloro(vinyl)silane, trimethoxy(vinyl)silane, triethoxy(vinyl)silane,
2-acryloxyethoxytrimethoxy silane, 2-acryloxyethoxytriethoxy silane,
2-acryloxyethoxytrichlorosilane, N-3-acryloxy-2-hydroxypropyl-3-
aminopropyltriethoxysilane, acryloxymethyltrimethoxysilane,
acryloxymethyltriethoxysilane, acryloxymethyltrichlorosilane,  acryloxymethyl

48



disposing a lift-off layer onto a master that includes at |east one

| i ght - bl ocking region that forns an optically transparent pattern;

di sposi ngwe 2photsedipageabl e el as )merie formul ati on ont opcmaskeffitosazé | ayer;
i1lum nating and devel opi ng the phot oi mageabl e el astoneric fornmulation to

forma contact, | ayer. .conprising a photoi mage oner_havin t |l east one
openi ng t her ePR§HF glﬁmteﬁg({xyﬂ(gaﬁghes a patte?nd%'ﬁ)'ﬁﬁ'ialg?gﬂrgwftw Sti%ﬂ)éysé Teast
one | ateral diaREh@RE/iIBR, PANEridiasssilak! aahitigh@drdsiiexd, bhed pesrabisatiacki ng
with at | east a portion of the photoi nageabl e fornulation; renoving the
stenci| from teeofmst er by separating or renoving the lift-off layer from
the stencil. 43. A stencil conprising: a. a first layer conprising a
flexible mesh; and b. a second layer attached to the first |ayer, wherein
tpe Secomi I a’lylaas pmcfm%ss il clgim 7Bt hemwirhalw rgn@att la@stcoarpeistatae padtothagedsi on
of 500 tmor |ess, erein the flexible sh has a perneability suitable
for flowi ng afledPRA bt Shope L 8Pg Ar Ssa% ttot'?é'pattgrn is i rrpe?/meabl eto
the etch paste.

28. The process of claim 22, comprising:
annealing an assembly that includes:
a porous membrane having an average pore size of 15 um or less;
a flexible mesh; and
a plurality of polyolefin-containing particles there between,
for a time, and at a temperature and pressure sufficient to affix the porous

membrane to the flexible mesh to provide a flexible porous backing for the stencil.

29. The process of claim 28, wherein the polyolefin-containing particles comprise a

polymer selected from: polyethylene, polypropylene, and combinations thereof.
30.  The process of claim 22, comprising:
providing an assembly that includes a layer of nanowires affixed to a flexible

mesh, wherein the nanowires have an average diameter of 80 nm to 10 pm.

31.  The process of any of claims 28-30, wherein the flexible mesh has openings with a

lateral dimension of 1 um to 100 um.
32.  The process of claim 22, wherein the lift-off layer comprises a water soluble polymer.
33. The process of claim 32, wherein the water soluble polymer is selected from the
group consisting of: a polyvinyl alcohol, a hydroxyalkyl cellulose, a polysaccharide, a

polyvinyl pyrrolidone, and combinations thereof.

34. The process of claim 22, wherein the at least one opening has at least one lateral

dimension of 1 um to 10 pm.
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35.

36.

37.

38.

39.

40.

41.

42.

The process of claim 22, wherein the contact layer has a thickness of 1 pm to 10 um,

and wherein the stability layer has a thickness of 5 pm to 50 um.

A stencil comprising:
a first layer comprising a flexible mesh; and
a second layer affixed to the first layer, the second layer comprising a plurality of
nanowires, the nanowires having a diameter of 80 nm to 10 pm,
wherein a pattern having at least one lateral dimension of 500 pm or less is
present in or on the second layer, and
wherein the flexible porous backing has a permeability suitable for flowing an

etch paste there through and the pattern is impermeable to the etch paste.

The stencil of claim 36, wherein the nanowires comprise a polymer selected from the
group consisting of: polyethylene, polypropylene, polyethylene terephthalate,

polyvinylpyrrolidone, and combinations thereof

The stencil of claim 36, wherein the nanowires have an average diameter of 200 nm

to 6 um.

The stencil of claim 36, wherein the nanowires have an average diameter of 200 nm

to 800 nm.
The stencil of claim 36, wherein the second layer has a thickness of 500 nm to 20 pm.

The stencil of claim 36, wherein the pattern comprises an opaque material selected
from the group consisting of: a polymer, an elastomer, a metal, and combinations
thereof.

A process for preparing a stencil, the process comprising:

disposing a lift-off layer onto a master that includes at least one light-blocking region

that forms an optically transparent pattern;

50



WO 2011/146912 PCT/US2011/037478

43.

disposing a photoimageable elastomeric formulation onto the lifi-off layer;

illuminating and developing the photoimageable elastomeric formulation to form a
contact layer comprising a photoimaged elastomer having at least one opening there
through that defines a pattern in the stencil having at least one lateral dimension of 50
um or less;
attaching a flexible porous backing with at least a portion of the photoimageable
formulation;
removing the stencil from the master by separating or removing the lift-off layer from
the stencil.
A stencil comprising:
a. afirst layer comprising a flexible mesh; and
b. a second layer attached to the first layer, wherein the second layer comprising a
pattern having at least one lateral dimension of 500 pum or less,
wherein the flexible mesh has a permeability suitable for flowing an etch past

there through and the pattern is impermeable to the etch paste.
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