WD 2008/ 150691PCT/ US2008/ 064193 Patterned Photoacid Etching and Articles
Theref rom 5Rel ated Application This application clainms priority to
U. S. S. N WO/26@6.5806, which was filed on June 1, 2007, amdTits2008/0€i103
incorporated by reference in its entirety. Field 10This disclosure rel ates
to met hods of patterning using photoacid etching and articles nade
therefrom Background Integrated circuits include conbinations of

el ectroactive devices such as resistors, 15di odes, capacitors and
transistors |inked together by electrical connections Thin filmintegrated

circuits include a n er qf | ayer ch as . ers, dielectric

| ayers, and active | g%?@e&}’&"%cﬂ@ﬁ“gﬂl%aﬂ%%Q%&ﬁ%‘&%{?&t or material.
Typically, thin filmcircuit elenents and thin filmintegrated circuits arc
created by depositing various |layers of material and then patterning the

| aye¥ s usi ng photolithography i nRelatesldAlpplicagionr a 20subtractive process
whi ch can inclyde a,chem cal etchin L var,i ous.ci.rcuit
conponents. | TSy EAEGH G TrPLg Rl SaEdt PP SOE AL AR ofitkbet y on
a silicompohi Md iMRERI 86QPbIaYed UynBfc@erR8sn RESRIraR. i nterest in flexible
integrated circuits. It has been shown that sem conductors such as zinc

oxi de can be deposited on glass or plastic substrates that can 25then be
used to build very useful integrated Etr uits. The current nethod used for
patterning nost layers in thin filmi éérated circuits, such as those

foung in flat PAOEkcIHLEPAMSs to Beth@dsIAREMiM: A pHIURER dtedifg af a given
material (such as a sem conductor for thin filmtransistors), coat the

| ayer wi tditiclepmedothersitom. pattern the photoresi st by exposure to radiation
devel op the photorcsist, and then etch away the unprotected parts of the
30continuous |layer using either a dry or wet etching process to produce the
patterned circuit el enent. Background

Integrated circuits include combinations of electroactive devices such as resistors,
15 diodes, capacitors and transistors linked together by electrical connections. Thin film
integrated circuits include a number of layers such as metal layers, dielectric layers, and
active layers typically formed on a semiconductor material. Typically, thin film circuit
elements and thin film integrated circuits are created by depositing various layers of
material and then patterning the layers using photolithography in an additive or a
20 subtractive process which can include a chemical etching step to define various circuit
components.

Traditional integrated circuits can be built directly on a silicon chip. More
recently, there has been an interest in flexible integrated circuits. It has been shown that
semiconductors such as zinc oxide can be deposited on glass or plastic substrates that can

25 then be used to build very useful integrated circuits. The current method used for
patterning most layers in thin film integrated circuits, such as those found in flat panel
displays, is to deposit a continuous layer of a given material (such as a semiconductor for
thin film transistors), coat the layer with a photoresist, pattern the photoresist by exposure
to radiation, develop the photoresist, and then etch away the unprotected parts of the

30 continuous layer using either a dry or wet etching process to produce the patterned circuit

element.



WO 2008/ 150691PCT/ US2008/ 064193 Sunmmary In view of the foregoing, we
recogni ze there is a need for a nmethod of nmaking thin filmintegrated

ci rcui ts wbhanos/sodoast er and i nvol ves fewer steps. |t hagChaspooBoods t hat
the patterning and the etching processes can be conbined into one step
elimnating the need 5for the photoresist devel opnent step and the acid

et ching step. Reducing the nunber of steps required to pattern layers in a
thin filmintegrated circuit can reW®MAW substantial cost savings. |n one
aspect, this inv i i icle C [l 8} . .
conprising an Igél ?é(}g 8@0@1 ﬁg%rgéélﬁg’%?%cgé%ﬁ %gteslg nﬁﬁ%ﬁ%%ﬁ%ﬁr@&%&%@% thél}\d a
phot oaci dilgeinegadtel circlith fhad dofhfier andspesiles feeSstepy @hhdsbrep faviddes tike met hod
for patterning, conﬁrising provi ding a substrate conpri sing an

aci d- et c HafP@NEdpdrthe pighingpaecepscs sribe eorplingdrsfo arg stenceclimpmatingiiha geed

phot paci : i tr . i pi.e radiati

et P BBUTEE R RERAGIAG L0 SUASLER! Bl 8611 BLAALhRLARGR,

met hod f ateppaéduiretitmpatéerh Ryers inh tian filmahegtataiagdicuit @atl st én amfniislicost

provi ding a substrate conprising a conductive acid- etchable |layer, adding
a wat er - S8YiB¥-e pol yner matri x and a photoacid generator to the substrate,
exposi ng the i 1 RLC: | atyl - A\ X
s i nvent on Srouigs TG LRI W BER SRPER A0S RE b tisne g
thin fil mnidiegtaibtdlager, 6 wiatd-sbhble pragméemetrixsirispidieatid ety ent i onal
process described above. It 20uses acid generated from a photoacid

gent? at or ( PAQ) aRether dshed. thiiBYendion pEPadesal Hered Mthaftning. geraprising

aci d-sensj.ti: ' - ' r in

pat tor ns MpUAERABLAEE e 28 cnUE AR hEARaRR SRR Dee

pat t er nednattiey prexiding ephdiyacpbgsicragori txiobimguighsubsti®s ko adtinid fad&mtiappindcat i on:
25the terns "a", "an", and "the" are used interchangeably with "at | east
one" to MERAVEREhOMAEr e of the el enents being descri bed; the term
"aci d- et chabl g7 [ : | '

change the phﬁgﬁgg%ﬁﬁfﬁgg¥¥?gggg e?ﬁ%2@£ﬁgﬁggﬁg|Sthgggﬁ%?ggggﬁghgg%? for
exahpl e, danduacivevicvice cembptifing ptoyidihg ansipamenomprisingressdondedton,acid-

chromatici t reflectivity, and the |ike;, . ,
etch%ble layer, add%ng a v¥1ater-so uble po|yrner matrix and a photoacid generator to the

substrate, exposing the device to actinic radiation, and removing the matrix.
This invention provides a streamlined, lower-cost process for patterning thin film
integrated circuits that has fewer steps than the conventional process described above. It
20 uses acid generated from a photoacid generator (PAG) held in a water-soluble polymer
matrix to etch acid-sensitive coatings on substrates. The acid can be generated in patterns
when the polymer matrix is exposed to radiation that has been patterned, for example, by
passing it through a mask.
In this application:
25 the terms “a”, “an”, and “the” are used interchangeably with “at least one” to mean
one or more of the elements being described;
the term “acid-etchable” refers to materials that react with generated acid to
change the physical properties of those materials—properties such as, for example,
conductivity, solubility, transparency, translucency, chromaticity, reflectivity, and the like;
30 the term “conductive” refers to materials that are electrically conductive or

semiconductive;



30the term ' conductive" refers to materials that are electrically
conductive or sem conductive; W 2008/ 150691PCT/ US2008/ 064193 t he
terns patwennds/1sigatterned”, or "patterning” refer to arPconfSegsnetiodn or
configurations or the process of making such configurations that can

i ncl ude regul ar arrays or random arrays of features or structures or a
conbi nati on of both; and the term"water solubility rate” refers to the

el apsed tine rtb@ltﬂrmédpat@rn” “B@émeé”mr ‘BAArBINEZA refﬁrdOcyac‘@@ﬁwetl@b%l etely when
tested by 5m
vial, %ﬁgutfaﬁ%tlls ovf‘ tﬂeq%lﬁagsg &E{nﬁ es ¢ g(mfogélra%%gp h%t &a?:hl?[gl?ﬁg regﬁlea?w red for
t he Saer|a€ra Qoﬂtaﬁa@h\aaay@@mb@thﬁdswr istmudtﬁteswﬁ&edsmwimﬂl@ sttdkth;ngdt he vial is
recorded. The el apsed tine for conplete dissolution of fthe sanple is the
wat er sol ubi | ithgtormy"saterselubbisy eate Usieay §p the clepwdginesisavirgdipe asampleiod not

i nt epded r 0 i on of
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f ol | ow nug eddudrtd aSuhbwibly 3 exiefmiatdryis addedsihd &id Wel ie oigdd B ttme Biquétd for
Descrlptlon of the Drawings 15Fig. la illustrates an enbodi nent of the

i nvent i orfhe praeple frdispdee %mﬁﬁftﬁliyen éha water wHie shikingdhe sla) irgecarded: iDe

cont ai ni b illustrates
t he enbodi rPgeCPH% éeoq?lﬂg[gﬁ S?%lﬁ{lorﬁgﬁtnl}glsn @%Qﬁﬁ,}%‘%mm SOlubﬂF gastlejre and

devel opnent . Filg.abdee sddnusﬁyrcfftﬂesspramnenivedmm@mmfntdnhed tmd/@aﬁbemch hat
includes an article with a 20pol ymer matri x and a donor. | ayer containing a

phot®aci dliggéref smopdigiat ef bt %@Rentmqy ofghe prepeid dpvepeen. ¢ E}%@ai%nt of
h
the invenfl 8&a§4h°d¥!§%ﬂ1ﬁ gl \th 1??01?;I ll%{)re%ﬁ’t?&fﬂe{rférr é}%ﬁwp@g {r?ripu?e Fig. 3

is a photom crograp m t ransi st that has ZnO
bet ween tdathosloherte and dr a| n el ectrodes

Brief Description of the Drawings

15 Fig. 1a illustrates an embodiment of the invention that includes an article that
includes a polymer matrix containing a photoacid generator and a photomask.

Fig. 1b illustrates the embodiment of the invention shown in Fig. 1a after exposure
and development.
Fig. 2a illustrates an embodiment of the invention that includes an article with a

20 polymer matrix and a donor layer containing a photoacid generator and a photomask.

Fig. 2b illustrates the embodiment of the invention shown in Fig. 2a after exposure
and development.

Fig. 3 is a photomicrograph of a thin film transistor of Example 1 that has ZnO
between the source and drain electrodes.

25 Fig. 4 is a photomicrograph of a thin film transistor of Example 1 that has had the
ZnO between the source and drain electrodes etched according to a method of this
invention.

Fig. 5 is a graph of the performance characteristics of the thin film transistor of
Example 1 before and after photoacid etching.
30



25Fig. 4 is a photom crograph of a thin filmtransistor of Exanple 1 that
has had the ZnO between the source and drain el ectrodes etched according to
a met hod w0 2008/15069mvent i on. Fig. 5 is a graph of trha/yusesBosimance
characteristics of the thin filmtransistor of Exanple | before and after
phot oacid etching. 30 WD 2008/ 150691PCT/ US2008/ 064193 Det ai | ed Descri ption
Al'l nunbers are herein assuned to be nodified by the term"about". The
recitation of nunerical ranges thetalefhBesriptionc| udes al | nunmbers subsumed

Wi thin that r %’%ﬁg{%lg%rg ate 1‘?&%18 a?sui (dlttggg ?nc?éiﬁe]d'bgf éc%l%terl%"‘é 0ut3’ The 80, 4, and

5). 5Phot oaci can be use uce erned articlés. An

articl e ir8cipitiod ol @GmtHicd] r&@oPby sfipotntsbRideailen ¢abF It kssugeavithii thaet chabl e
| ayer, a water-soluble polymer matrix, and a photoacid generator. The

pat t er nedaagx @ d teannpladesakillsy 2f 385 b3t 4u¥idny. pat t er ned

phot pgener at e 1. . t.chi T i [ be
Pat torned and RGOSR PR PR Rher diERUBHRAG APERELT RloviRR,
actini ¢ rthsti cahipeiBescasubi@ire cpaptign g edl adiyt-ctdhable éxanpl watepasisbls@olyinek hr ough a
mask. Conbi nations of patterned photoacid generators or radiation that is

pat t er nedn&Fis: aidsophopcshgsmatai. biha pitisrme seicd eanehe casily fabriggtegpsing| e
et udes Ru3l03 bhabEencFHOPKIALE Rl ad B HI ShoPHRORGCLAGH Ui Of

exanpl e, 'silTico ers, in glass p asses, and pol yners
such as Yapeiyd ahdledsn cppdsge sd sotiic meiadbn bRialtsinadndy ttheadtinkeradlatioh sa@l so
contenpl ated that the substrates can include conductive materials such as
t hod® userf Pagcrmrea by rfgnesmmemissien i shrpueh ¢ Brslor CompmatipnshfPpdenrdni ¢

devices. THRIRANRhHLRS: SUAHNBA Bl & Suohl ATl SRR HTUm. copper

gold, an substrate conprises an aci ayer.
Typi cal | Wigdessrecan be a thin |layer 20of an insulating, conducting or
seniconductingfnaterial that is deposited on the substrate., The

aci d- et chabl e Thgysticle dieludsi priasratco e BpsUss i FordsisqurRese noiidst ©Tnet al 1 ¢
ayers. AGhHpR! GRAN &R Blih bfud AURL SR YfiSscesT Al pgfr@ﬂgg Sactegnduct i ve

metal s suc um num titdaniu ver, “copper, he
aci ts et chmlyimidayelycans,ahda foilgland éhentidcallt ©xisdesntchplated thacthodulestriateg or

sem conducting. K Metal oxides.that are acid-etchable include, for 25exanpl e,
zinc oxi dén 11%(i?‘ﬂfied59iflg'é°,mieﬁ%ﬂtﬁﬁﬁl%§acéé‘§ thaser et asiiFcERighen thegpnstruction of

i ndi um ga} }ii ¢m @lé&fonic devices. This includes such materials, for example, as aluminum,
copper, gold, and silicon.
The substrate comprises an acid-etchable layer. Typically this can be a thin layer

20 of an insulating, conducting or semiconducting material that is deposited on the substrate.
The acid-etchable layer can comprise conductors such as acid-etchable metallic layers.
Acid-etchable metallic layers include, for example, conductive metals such as aluminum,
titanium, silver, copper, and gold. The acid-etchable layer can also include metal oxides
that are conducting or semiconducting. Metal oxides that are acid-etchable include, for

25 example, zinc oxide, tin oxide, indium oxide, indium-tin oxide, and indium-gallium-zinc
oxide. These metal oxides are particularly useful in that they are transparent and are
therefore useful for making transparent electrodes which can be used in light-emitting
electroactive devices such as light-emitting diodes or photoactive devices such as
photovoltaic cells. Other acid-etchable layers that can be useful in this invention include

30 insulators or dielectrics such as metal oxides and metal nitrides, for example, aluminum
oxide, zinc oxide, titanium dioxide, silicon dioxide, and silicon nitride. The acid-etchable

layer can also be a surface of the substrate itself.
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oxi de. These netal oxides are particularly useful in that they are
transparent and are therefore useful for naking transparent el ectrodes

whi ch carwbeoesssoboiin | i ght-emtting el ectroactive devi c@€TAI$CH08M64193
light-em tting di odes or photoactive devices such as photovoltaic cells.

O her acid-etchable layers that can be useful in this invention include

30i nsul ators or dielectrics such as netal oxides and netal nitrides, for
exanpl e, al unifhuwice . agidrtchakledayers paraisfaie Hiyessiodanateyialy hatreaitowibde, and

silicon d- | e. r o]
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The aci d-etchabl e | ayer can be the surface of the substrate itself For
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surface gf,| ?e&g éreﬁg%ﬁtyggmﬁggg@gﬁd 'td‘acﬁésas%g% %ﬂd}é{ﬂ&cﬁfc gd.lectivity)

when expose uori c aci e ar e 'includes a

wat er - sol ubl e Tielatide invhides X waldraoitble poly@anmawixpr Tikemifxawapeoeptiscs such as
a water-soluble, filmformng polyner, a solubility accelerator, and solid
par 1§ cul OBYOnREHE SuhesiaaspIlEbls, rﬁlmhﬁ@“fllnlgrﬁoi%?%‘f‘ solyhilitageelesaterapdhe

removed f%ﬁ%&ﬁ%uﬁ%@%ﬂe{t%&\]einkdlul?@%{he%ﬁm oPﬂd%FSTRé ma&ﬁ;scan%t%‘%i% rﬁ”t es or

| ess, abo mnutes or |less, or even a one mnute or n washed
wi t h wat ehe suRapratd in eboar 80 nthuteher lord, about dadmihetepot lesp abme Btmidufck osices of
acid into unexposed areas, which can | ower the resolution 150f

t he
patter ned)rgw%raabout one mype o1 lesy Whegmeeh vithrvatere Rawid removal of themeiixsol ubl e
filmf t
| cast 2. 080 AR YfRent G BRbEAAONTRLSBEACIEAS YnERBR BhFerdhe MioiGlo

pol yirer s cdtlee padleyrreeraseat hat can be coated to produce a thin, continuous,
sheet of material. The filmform ng pol yner can provide t he coating

20mat ri x w t hi Thewirstcdongionet of gy @airigrit 8 waked SGlalbrei fﬁdm-fo@dniﬂgqugﬁn@ol yners of
this type are water soluble, they can dissolve s Sui t abl e wat er

sol ubl e p%algﬁhlérp@ sﬁ%faagwrﬂmn&am%Mme aiiapt 3. 900r aﬂ@llwn thsegangarfe of 1

m nute t 0 and generally the nost useful so] ubl e, pol yners
nave & we i S0ER0p; B BAB Grrolyiota aitapyBos s GHLDS Rt PArTHRE ol yrer
can inclygde, c§f#huEsatilcCof RAKYI MHe fﬁhﬁﬁm ng{ ¥y REr c%n%@&)lde 1}?19 |c¥at n%cr ylic
acid) 25(Mh of 90, 000 or greater) and pol yvinyl pyrrolidone 40, 000
or 3B0, 000jtrix @rithen whathexthes ohgrbdients aid qarfiask mMtgpugb lpylyeress dacﬁthypa)arb hose
skilled Iviz‘latgrhseolu%lé tl(lze%lncagedlsl“slolvg slowly. Suitable water soluble polymers usually have a

water solubility rate in the range of 1 minute to 10 hours, and generally the most useful

water soluble polymers have a water solubility rate of 1 minutes to 4 hours. Film-forming

polymers can include, for example, polyvinyl alcohol (M, of 3,000), poly (acrylic acid)
25 (M;, 0f 90,000 or greater) and polyvinyl pyrrolidone (M;, of 40,000 or 360,000). Other

water-soluble, film forming polymers known to those skilled in the art can be used.

The second ingredient of the polymer matrix of this invention can optionally be a
solubility accelerator. This solubility accelerator can comprise a water soluble compound
that is also compatible with the film-forming polymer and acts to speed up the rate of

30 dissolution of a coating made with the polymer. The solubility accelerator dissolves in

water much more rapidly than the polymer and useful compounds are those that have a
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The second ingredient of the polynmer matrix of this invention can
optionally be a solubility accelerator. This solubility accel erator can
conpri se wWowaserso®ol ubl e conpound that is al so conpati blPeTRiSeé080bE93
filmformng polyner and acts to speed up the rate of 30dissolution of a
coating made wth the polyner. The solubility accel erator dissolves in

wat er much nore rapidly than the pol yner and useful conpounds are those
t hat havevaensolubilog/rats 684 PaTuteso0esy bemposndsstble o abelnbilify segeleraggr 30

m nutes ar, | n i e {1 [ ave an
aver age o ggiﬁs%nr &Q&Q%ﬁ?ﬁg?ﬁ%&%gﬂ tf(g%goﬁrl%ﬁgggiesggégﬁﬁ ?gg%éﬁipngﬁﬁ%%ﬂb%ef ul
as a sol ubiolitiltyacestafodidsormbingybivtiathedimaloihidgh I hémbah didfidegapo! ymer
can include salts such as, for exanple, sodium acetate, sodi um brom de,

sodi um catBbaale cxapaicu rEERIAErRgesOdiBabIMIlBddRM SobRas. sedinat e,

pot assi u 1 dey. Si i.d i rom.de, ni um
car ﬁinat ergh gdrrl{gfpl éjot%ﬁfrﬁ%&%% ’8?%?'“@%‘!8 qt%@%?%hgg%%o%g%lgﬁﬂh exahple, citric
aci d, t arrhagnieSiumchrdmaded amalounesatbdiind sndalithilim etridridy; @aginic alidsanoh as,$oich as,

for exanpl e, %Iby,cer ol,, sorbitol and tetraethylene glycol. Mterials also
F

usef ul a<xaplepFitig siddrdrirasihing tohmnesybipuigacidopybearganms ricabels suchhasas

starch. 98 Bl Glichd, AMHLRRE e TN GUBKE T DB ruGAIRRGYL UP SOl | ds.

The sol ubi erator can also i nonosacchari1 des such as gl ucose
or fruct osbiliy addetaaoharandeduddligdlyasciavideoseh agslataddseorn @tar¢hact ose. The
solubility accelerator can be present in any useful amunt. |In many
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bound by any 15t heory, I's beFieved that the so y accelerators arc
di ssol vedndrost,oreédyyosdi dperslatilityaddalerdtot ¢canfberpresent ipany nesfulbdmaétre. boat i ngs

and act, during water washi ng, of the coatings, to quickly dissolve from
ar ound tﬁéalﬁ’(ﬂf‘g?%‘%m@ﬁéfhﬁsw&ﬂ? ity geqedsgior mdresaeintheraggs abihout | wiatte of the
resist. T j i fo ks 3 'aqgag y be a
solid para!t%ls%tfj a\tgffed/ Sggrr{aet% gﬂra F@%t@h%%lgﬁéggkﬁéo %B@{Shfﬁtgggg? PPﬁndrf rr#yng pol ymer
and1]i her ehgorprioisitdéisvddiatdhé edulitityr dcxelaratdrs are digsobgdloafinely digpaghd suthtace

t opol ogy._. The uneven surface topology of the dried patrix is helieved to
ai d wat erfISGOEBITE Ry RS Afie FRaERgHIEAST dpHag et seshiag of AireronHesse s e

sur f ace q@gﬁl}; Qggolggﬁg?tagoﬁﬂqﬁgpéiﬁa%ﬂgna fld Hasty erQke fhi %olgﬁﬁﬁ' f‘aéi

Specific d particul ates can e al um num-powder, carbon
silica, sddhamsipotassi um 25alum numsilicate, fine glass beads, talc,
clays, and Ti Q2 coated m ca. The solid particulate can have a very snall

particle size §j E X J i ed. N I ut solids
Mth o parttor eQf ibiediBiasthe RughfARRAL B AR Fpt 1Bid BgEyal
i nge@di enhsctanhapd ingslable)in Be: filactotaheth potyrbieandahytoBy pideides ¥hel diicgmal |
anounts for specific purposes, such as defoamers, plasticizers, |eveling
agents, dy¥Ex vathmngaisaular ogpugh gafice tanglagynt Be ungyer sudiedendoporhiyther

matrices (Rfedttﬂeltﬁx '15%’6%@%&31% af@Water solubility by two mechanisms. The matrix can have

increased surface area that acts to speed up the water washing of the matrix. Specific solid
particulates can include aluminum powder, carbon black, silica, sodium potassium

25 aluminum silicate, fine glass beads, talc, clays, and TiO, coated mica. The solid

particulate can have a very small particle size since the matrix is often applied as a thin

layer, but solids with a particle size up to about 50 um can be useful.

Other ingredients can optionally be included in the polymer matrix in small
amounts for specific purposes, such as defoamers, plasticizers, leveling agents, dyes,
30 pigments, or organic solvents. Water-soluble polymer matrices of this invention can

include the undercoatings that are disclosed in U. S. Pat. Nos. 4,714,631 and 4,895,630
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i ncl ude the undercoatings that are disclosed in U S. Pat. Nos. 4,714,631
and 4, 895, 630 WD 2008/ 150691PCT/ US2008/ 064193 (both to Aufderhei de) and the
wat er - solwbl2eospEdevtt s di scl osed in U S, Pat. No. 3,935, B84/ushiznsdeans al ),
hereby incorporated by reference in their entirety. O her

wat er - sol ubl e pol ynmer matrices that can be useful in this invention include
wat er sol ubl e masks, such as, for exanple CHEMIRONICS CWB wat er - sol ubl e
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exanpl e poly |als |sclo Pat 7,461
Croey it St - P i &8 P8 86 byl S e iBsld
gener at oratéli EILAS #dskisNsudh aS. foPetamﬁ}@c@Mﬁﬁom@s(cﬁvswmr setubaé solddrhe
10di scl osures of which are hereby incorporated by reference in their

ent i ¥ et y.mask, availyble figam Beurg @lﬁtﬂbeﬂm rClﬁmlmde@sH of MAIWRERMASK on can
i ncl ude an. p\ﬂai I wa(%I Ub F‘t‘)h sol er asﬂatvrahcbel a’i" %ﬂ%ggln{ayﬂlﬂﬁfkawt OAEO

t he substré ave vi $Eo8Tt W 'Sig can y on
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di ssol ved or dispersed therein, are unreactive to any acid generated by

15t he photissiscd imEnsrBatdNo. SAIY.4011 (@i waicoplublc s mstriaktaad gfaterc d
gener at edso R%lc[ @mt(pa%?& g%%%fagor? ﬁﬁ‘éfoi‘%d’mrg &l ?’aﬁ ?\g)s. 13 %gg?% (%gglpe? e‘gaﬂa%% y removed

by washi ng suc ron t hey

shoup d b&hmdsylf@ro%ﬂﬂitaiarelﬁeﬂeey incof@iacd byndfbrchfeintiadi attiredy. used to actl vate
t he photoacid generator or directly with the irradiation process. By "do
not interact" The wafergoduhle palymer patriggs ef thionygntionogn éifClliqﬁ’élnfijd‘f%r matrix

| s 20not Osﬂ}%:fe% }ngr%&llln ﬁ@?{ﬂ%&e LRI OARBR T Qs ?s}‘i/’ﬂa mh% gﬁ' {]1% gs such

as the s acce ors as as VI SCosl aners,

pl asti ci zescosigntd/ Mt flonghgiificaoly\vanhssubisgato pfteosatingnde gatadizcps esent as
needed to nodify coating and washi ng characteristics of the matrix. The

wat er so|n§119rqamd>gea¢rat%éhs|§elw%e? digperadrtisreoais UERACEY o Ay esidtacpciaird e
f 25i
artes 2514 [ ﬁ@dt&!idu? 6?&'@1’0%? ﬂllfsf&nQ{)t Club e Bfafd&gén%gatéopgh& tsh%fi' vat es

t he phot oac gene an ar hIS I nven is
meant th qihotdaeld\@heratos cdndtu'ah ibt yagily dndeujntlyyieaioved bRtvabhing withrageighlexposed to
wavel engt hs of ght that activate the photoacid generator is. not changed

by |ess thoMH Salyeettsusl@% weigEsAddgANAohey Altvw)d Peralymgrsthailemot 8Bo%ct ess t han
about 20%, éti){he%é(cﬁﬁ'ndneés%gfé&é‘&w%&‘%ﬂ% Ilc?c{%l Eaﬁ&‘rég‘ ﬁg%ﬁz?ﬁtﬂé)ﬁra%i%%ﬁed to

actinic radiation ar eas een rom exposure by a
mask. Wpre@e8/ Bp 060 ietGtetis? 0 8/ 0é&xht Gt fﬁeewamtsetubelawlﬁ e qodyermnatirtis i X of
this invention can include a photoacid
20 not significantly changed upon exposure to radiation. Additives such as the solubility
accelerators as well as viscosity modifiers, defoamers, plasticizers and/or organic solvents
are optional and can be present as needed to modify coating and washing characteristics of
the matrix.
The water solubility of the polymeric matrix does not significantly change after
25 irradiation with a wavelength of actinic radiation that activates the photoacid generator of
an article of this invention. By this it is meant that the water solubility of the polymeric
matrix in areas exposed to wavelengths of light that activate the photoacid generator is not
changed by less than about 50%, less than about 40%, less than about 30%, less than about

20%, or even less than about 10% compared with areas not exposed to actinic radiation, e.

30 g. arcas that have been blocked from exposure by a mask.



generator. Upon irradiation with actinic radiation, photoacid generators
undergo a fragnmentation reaction and rel ease nol ecul es of Lewis or Bronsted
aci ds t havocass/dddfiuse t hrough the polynmer matrix to thecaaisdeosiehabl e

| ayer. The rel eased acid nol ecul es can 5then react with acid | abile groups
of the acid-etchable |ayer. Useful photoacid generators are thermally
stable, do not undergo thermally induced reactions with the matrix pol yner
or with the acihg-veatesphitde palyeier patrsy ofithisiinyeagpaciomcludnd phpwagidadi | y

di ssol yed%vﬁgraﬂ) b %gadlﬂlot h&ltﬂ%{nhé( I‘adF '{18{% aého?q%c% %181%?069 I%%‘.?.%J Qt ors are

those in I'ncl prent acl e photoacid

generato rfsagmtamg rt&ﬁb@ afh Rl @8€ ndl@aRre baL@w& oriBrohstell dvgdsanatiah detidss and
organonetal lic salts, such as iron arene conpl exes; and nonionic photoacid

gener at ort8rough &Wlﬁgefdﬁﬁaﬁé%Fhea?‘ﬁé"setchlafi)ﬂ%]r%’ers he shraschasid@okirgles cher e
T T R e L

refer encea)re aiRemalh} asblaatoatbt aﬁ&rg@ﬂ%ﬁﬁﬂ%&ndﬁmu@miods g enematrixgolahe known
and reference may be nmade to J. . V. Crivello and K Dietliker, Chetnlstry
and Tech rﬂ§mﬁyth@ﬁcwuawhleéwqr@rlﬁm%fraélﬁt%rand:@éﬁ ieadiy dipspbesdidipased s, vo

SITAT t
i rkar ht noe pastsy Srofor e pbactiktionidt htHod ) RHERE: [RhiaE ,a“@%%%%enem
Vol ume, JMuwalMd €< @nd Sons, New York, 2001, pp 253-255. 20Useful onium

salts include dlazonlun1salts such as ar%/H diazoniumsalts; halonc UTT1
sal 18, such aslhsirhefopridashriatars michuse ianip plnipamid sencraorssinglyding onium salts

trhary! SublQRL ARSI SLERATHUM AR LanyBHaD. AF AL haghgaont um sal ts:

sul f oxonium's such as triar OXONi UM
nlscelIaqgﬁuaumia&ﬂaﬁngbmpnoyhh@ﬁknausuﬁhnaSmd£Mﬂbahhsmmhumedopmomnmpnium
salts described by Endo et. al. in_ WMkrornol |p 25Conzmun.

t

203 - 206(3U9DaY hal%methpﬁlytrwma%ﬁsaﬁaa&th?%?pifﬁgrmedm ya$ at. Nf? |3a9}8>7+%3a I(BBWME%
hal i de saltp) R4 r&édhéﬂe%gﬁé{clﬁré %&@35&{3&#@2 dtBacel ?ge&ﬁePaﬁ a;lt&a!é bgrly useful

in this |nveﬁt|o atent sulfonic acids inclu
cc-sulfo rgehamorkahdme@n aatydeierynmbinye badz ai h Vs drivelates K. Dialikabenzyl

AT T s T o
2, 4-di hY%PSYP&’T%&HI&%'ﬁdQLBn&J}PI%FSﬁH%r Perrfeﬂée%f?Q be ﬁl‘dh% egped N

hydroxy am des or i m nosul fonates. O her” usefu
photoactH@@b@bﬁb@&&ﬂ@&dkyK%@MWmlUhﬂmnkgwnf%ﬁmnomdhmgénﬁatthmmﬂﬂmmsln

fluor Oca(rj\g n s | t 5@ s t WD 2008/ 150691PCT/ US2008/ 064193
di scl ose il Fwﬁﬂﬁg i Bm9§§§ >3nd 6,841,333 (both to Lamanna et
al . )o whi ch ar %&%l%ﬁrﬁ RARNRALAL &z urh SAIRS @JL‘Beas aﬁh%?azHﬁﬁwialt@rl?al(ﬁﬁ@rﬁ' €s
that generate nitric acid, acetic acid, and hydrofluoric acid upon exposure
to radi atsabs su&xairtbhr:hylydommrarsalad sullfmnﬂlmdeltst, sudrasltsadyfsoHoommsatts;at e,
acetate, anpd quorl
selenonium salts, suc as trlarylselenomurn salts; sulfoxonium salts, such as
triarylsulfoxonium salts; and other miscellaneous classes of onium salts such as
tetrasubstituted phosphonium salts described by Endo et. al. in Makromol. Chem, Rapid
25 Commun. 14,203 -206 (1993), and pyrylium and thiopyrylium salts. Triarylsulfonium
halide salts, such as triarylsulfonium chloride, can be particularly useful in this invention.
Useful latent sulfonic acids include a—sulfonyloxy ketones; a—
hydroxymethylbenzoin sulfonates; o-nitobenzyl esters of sulfonic acids; aryl
diazidonapthaquinone-4-sulfonates; a—sulfonyl acetophenones; methanesulfonate esters of
30 2-hydroxy and 2,4-dihydroxybenzophenone (in the presence of thiols); sulfonated N-

hydroxy amides or imides; and iminosulfonates. Other useful photoactivatable salts for

this invention can include salts comprising fluorocarbon anion salts such as those

-8-



5The polymer matrix can be applied to the acid-etchable layer in a variety

of ways. For exanple, the polynmer matrix can be dissolved or dispersed in a

sol vent, wWOchosaso@n aqueous sol vent, any additives (i nclraaiusgooiesiphot oaci d

generator) can be incorporated into the solution and a variety of well

known sol ution coating nethods can be used. These nethods include, for

exanpl e, knife coatin bl ade coati nq?é 8roI | coatin di p coating, or 10any
{

ot her coatischepedit Hod ﬁtdﬂosaééééﬁé“% thAd3 Kbrshvip Eemamggeaklvhickard n t he
art. The If%?érlr%rr{ﬁéoré@rta{e Cf@t%re c§ OAPs% QPR Hr%% gé{eslﬂﬂﬁ’t"g} eral[enﬁl{r{&gac%etagqus such
exanpl é’ f1Pex B T

as, for en printing,
|'i t hogr aphid; aid hydrofigordy ao@d ﬁll&b’n ep@bmre ﬁgratiﬁt@lbﬂl Eu@ﬁplmomremls ﬁlﬁ‘tﬂuc&f t.
Additionally, it is contenplated that the polymer matrix can be applied by

non- sol véﬁ@wﬂ%&fﬁmuqu%a@u@q@taé@ apd flupede sadsat i ng, by reactive 15 vapor
deposi ti on, ThTH% pp%? erctﬁﬁhk 9, 8L 4 aép‘?%ﬁ% W a@@&?ﬁib?%ﬁ%ﬂg aLBfi ?tgf' FUGS s known

in the art. e rEx ¢ € app &7 3ubdt'ra

pat t er nedioreraaplchic poyned nianex taelcl’mthgma&dldr gispersabvesol Vdht, Suclaus atne done by
appl ying a mask such as, for exanp a resist maskto the substrate surface
and t hen qﬂa@%rSﬂIV@ata@mhgdd@%\ées§61|0b1@mrrh@ah?fpa%qi AENFHAT) AR PAEICOMREHF t hr ough
t he mask £ 0 t sitive
or negat 1 HEy e St Alh LR S BN I Bl nEth BEPEERCE, ThiR®,

sol ut i on.mdthedspatiyd® fomnadaripke, &aife beatialk] m@adcdaang,rmuabamgodipt@m@g ature
before use or. can be heated at el evated tenperature tq nmpke the surface

t ackl f r eetny RHF P S M§thody @é%’rea%soé‘éﬂqpﬁdgpowﬁﬁq hpse siglied ndhe w Thoi nat ed
bond f d
T g

25del et erdraust priafife texddreptde pintsigoseroén pﬂﬂﬁmgnhthpgaphlcqmnﬂng bt ouhg1h t he

pol ymer matrjx to the acid-etchable substra hot oaC|
gener at orPTEAAE fRehRIqyey knagen in thephr éfiéltlpa@ua}f “dél f%@mplafeé ﬂflfﬁéh%ft ¥ 0l ubl e

pol ymer rﬁﬁt k)éa B@a Fed% Q)ﬂ' h‘e teEﬁ'ﬂl els@{&{ as(lﬁ)tq]féﬂcbroaﬂ@ %k)rea(éﬁ(}eco”p“ se

a coating of only t t oaci genera or on a surtace e pol yner
mat t3 x. I\raparndﬁpbanoﬁ,(lﬁrpmmarmamng mﬂ*[eaq:nivetnmmnd:rsgmtatlﬁﬁqmrknb@ndm g=sol ved

or dlspersed |n pol ymer, ch a phoblc pol yner, to conprlse t he
donor ?HB?fdPatPéfé? ét%ﬂ]e HEalq 5,2 BAtEIICH nedmeslt e ¢th, t he

poly mar rfﬁé {e'cffmguéé%s?()ﬁ/ogrﬁ 0@1%1‘ Egﬁr 6@@%%?(8/ %@ﬁﬁ? ﬁﬁc Sk PROUPACESA ¢ %g[ﬂﬁlr ?t or

can be pattern-coated on the polynmer an permt
gener at i arreabt rpaﬂi¢e110rthds@trdteeuﬂhumdupm*patuena«;haahg dre. SOlllTllOBl!EOhlpd&iﬂgS t he

t hi ckness, of the donor may b t hi non the or f a few mcrons
If the ddh%Polwa%maEB&%BFqugﬁéhqWé%ﬁm @&%@ﬂl@?ﬁ%ﬁm&% 0ads,¥Y o6r di sper sed

in 8fn SadideRlMist PR RN or ¥ flve), lN@rd MR ank AYRE nfRR R c&NASERd kS PIRADY

pol ymer that I1s non-
solution. The polymer matrix can be allowed to dry at room temperature before use or can

be heated at elevated temperature to make the surface tack-free. Additionally, a separate
polymer matrix layer can be laminated or bonded to the substrate by heat, pressure, or by
means of adhesives. If adhesives are used, the intermediate adhesive layers should not

25 deleteriously affect the diffusion of the incipient acid through the polymer matrix to the
acid-etchable substrate.

The photoacid generator can be a part of a separate layer adjacent to the water-

soluble polymer matrix. In one embodiment, this layer (a donor layer) can comprise a
coating of only the photoacid generator on a surface of the polymer matrix. In another

30 embodiment, the photoacid generator can be dissolved or dispersed in a polymer, such as a
hydrophobic polymer, to comprise the donor layer. The donor layer can be adjacent to,

and in contact with, the polymer matrix.



reactive toward both the photoacid generator and the incipient acid
generated therefrom and allows diffusion of the incipient acid through the
pol ymer msiOr0os/@md1t o t he substrate. Generally the aci dpddruseoosayap3
conprises a coating of a non-basic polynmer, which has a high rate of
perneability of the incipient acid through the matri x. The donor |ayer can
10conpri se a f{drophoblc pol ymer. A "hydrophobic" polyner is a polymer that
i s subst ant i al1he nhegwridicaciair sprbapaticrirseatedal fhegohraeimliy, Vhichater . The
donor | ayer I h te of
perneablﬂ)Fﬂﬁ?Q $h38W§§gPPé%$n%%|gpggggggﬁﬂgﬁl%ﬂﬁg) ?%gw%ﬁg |ha%|on of the
rate of abiRAgE bﬂﬂleQifonbﬂ@yérﬁﬁaypﬂ)@mry atih d— by thdedeméfra few rhiteonsat e of

di ffusion of the acid through the matrix, and the rate of desorptlon of

15t he aC| d f r dhtherionphiegercomprioes thaehefoacd geagrater éhwl‘f%or&éwrﬁé gl ri x

| aye rgﬁgg I er,

pr ovf%r ded %?agglr%r r % ? tﬁé’ﬁé@ogg%%%%fg%gﬁots&fﬁgnﬁ é’éj Oi}ﬁ‘n %glltpag % r%%h t he

sur f ace( spactiVbeowdrd @bﬂﬁﬁs phétosdia gerterstonaid thayeipic@nchiegeheamdabayfrodi o about
100 pm GCenerally, the anpunt of photoacid generator i.n the donor |ayer can

be from aBe@lons Silffll?)loélblfﬁlﬂe Boingndeid dhrgughy BCmeltnnrs mgstiyArd rthe pebshiatisor
201 ayer F@éﬁé%@fthef‘ %01d doﬁ:@rcl@&%o Eﬁ dg%%hdﬁ'%!é%&%’ aht(?ctn B{E?c n%&?fngll SIicHALk q in,

the diffusion e inciprent a rou trix i1s
functi on Hgh Hensfpesmaatdlidyi cﬁfkhélnb@mt TG ﬂ&@ﬁghlﬁbmatﬁlkleTﬂ'ﬂd@forﬂd}er et d donor
| ayer is preferabl%§at or bel ow 25C, and i.s nore preferably bel ow about OC

Pol Yirer s GoRPiR 2 Gy @roplotie Relymsy. eAd'@ﬁ@PaWyc"l R,Délémffelﬁ A@RbIET AR t hose in the
25r ubber y, l%fg%t%{ltf'a dlgsif?soﬂ?dlé/ LWl o ?w&g%@ﬁéé{aﬁ ?DTQ@d#@?ﬁ%ﬁh@zﬁ donor

| ayers. nor layers include are i t ed esi ves such
as tacki falsdcongirise ah amuiqblenspoltyaeklafyeledrl&yaﬁehﬁtpmnafabbbg v thetiagpicht il
styrene bl ock copolégprs f-tacky or, tackified acrylate or nethacrylate

copol ymeri§2 furgtipnof fombnta&ek of rh@datﬁ&lf yoserpstasr afrilyy Incient peigibyrthed
si l'i conesy,in tag?%ggpﬁ)ﬁlfug‘gﬂtofﬂ% a@ﬁd‘@ gmg mﬁﬂ&% FinR%at: %?d@&&ﬂftﬂﬁcdfd

generator can coated on a s e polynmer matrix 1ayer
met hods Uhaaddﬁmnb&emeﬂh@ﬁﬂ%h@d@mmkn%hauﬂmapoWh&yeﬁmmahyﬁndkﬂde solutlon

coating from solvent di sper si on roma solution by net ods knomm to
those skilcFaeRblhPeIRCE N & abPWé%def%ﬁ haB VS PP GHd t??élil?r %yqréw%e

Al ternatiyel %ehfifie gggefaéla S H8Ru &bgs@atrﬁgtﬁlaegbgmu@ﬁhhon&q% g' or a

separatel y prepared donor ayer can 1 am nat bonded to ‘the pol yner
mat ri x | dyen abgutRgat to groas $Q0 gm. oGeﬂwaltyeﬁwmrfunadﬁpimtmsd gdn[eraadrhema/es are
used, the, internedi adhesi e | ayers s | d not deleteriously affect the
di ffusi orflogeT kayer qaﬁ?r%{%rhe it fd ﬁ?ﬁ&ﬁ% brBAIE] ENE? weht ﬂfg%s&r)wer mat rix
| aygg . Ifla ? bl t he donor Iayer can be patterned by any of the

t echni ques’ descri bed above for the polyner matrix. The photoacid
gener at or canlhmamsﬁﬂekﬂmaﬁQUMHheﬁmﬁﬁﬁﬂhéﬂﬁn&mdemféﬁmﬁnapfdmﬁeaphhon with

t he acid-e&ﬁhabl % The amount of tF hot o gkg ner a tor. sary to
ef fect rdnlahreigdh %ﬁPWel{W@tﬂéc}?a ‘é‘%célﬂléﬁ %{y“e?n R iéa E%antum
yi el d of fhgRhabeagid 1408 gﬁéﬁa@[y éttd?%efwt@ﬁb ald ARhRE PtES a0l RV

rel eased per photon absor be t he pKa of
about 0°C. Polymers in the glassy state are generally less permeable than those in the

25 rubbery state, so polymers in the rubbery state can be useful as donor layers. Useful donor
layers include, but are not limited to, adhesives such as tackified natural rubbers, tackified
synthetic rubbers, tackified styrene block copolymers, self-tacky or tackified acrylate or
methacrylate copolymers, self-tacky or tackified poly(a-olefins), and tackified silicones.

In one embodiment, a donor layer comprising the photoacid generator can be

30 coated on a surface of the polymer matrix layer. The methods that can be utilized to coat

the donor layer can include solution coating from a solvent dispersion or from a solution

by methods known to those skilled in the art and those named above for the matrix layer.

-10-



acid, the perneability of the polyner matrix, the amobunt of water present
in the polynmer matrix, the wavel ength and duration of irradiation and the
t enper at We.20@8z13e69al | y t he phot oaci d generat or can be u®ea/usnooaoounts from
about 0.1 Mt%to about 50 % fromabout 1 wt%to about 30 wt% or even
fromabout 5 wt%to about 25 Mt%relative to the 15anpunt of pol yner

mat ri x. Optionally, it is within the scope of this invention to
i ncl ude phltaraybiehi the dener layer shpbo seaded Bemtthe melij easxirpdedppiot ssperagely

f oh L I . | h
generat Or}ﬁépa&‘?ded%qlor atyglt g%%;@%gﬁerdsor%gn thbqgec ]gog 1%(% slﬁlg{r%nlg%gr?‘glﬁeg{ the

wavel engthsensi t1 vi on-sensitive oyrng the

| at ent cajradsyt 6r BnshepiaifadkdsthcgenRIdataives 0f udcd] teiimvenddianadhboive i s
20particul arly advant ageous when t he photoaci d generator does not strongly

absor b t Havarnghogkhrotdglteatously affostethe fliffrioned desineipiat acid frophbe daeete! er at or s

andrbr - ua S LRl AT, Irgbllop o ol A IR Bh R, Sor o

phot oacceahetaahmitudsaiesdrtbed 286w forr thd godyrhéri thateik. energy is at | east 30
kil ocal ories per nole. Exanples of such photosensitizers are given in Table
2-1 250f the rifdhemssidgicagaprican jussd, in pEREms skiTistenpiootieherikisgctiovar cel

Dekk I ng: Y.: = , i g i i LS. Pat .
Nor 4, op5 gl ig-RhatP el @It Sl Hiol R RACERASL AR Bttt P
i ncl ude, rhpid reacaiopbethetabiscletibdclapsadn idspddd ob. thPglianti¥aSicld o2hd phdbaadd

6, 635, 689 (Mahoney et al.). Wen present, the apount_ of photosensitizer or
phot®bac c e3eB#1ai06 (thg supbprofAelegiecef asid tsicapadargs PBEA b1 the Ak &f the

30 |1 | t han,.abaout 10 wt % or. | h bout. 1,0 % of
ot oseadicld. S PegnoameS G et Y RE e B oS MBIt VP GREt in e PARBEbaci d
gener at Orrnatriy\,thg QASLIL Qﬁ And g[{altf]&@gpﬁfag%%lg 3nd thettﬁmgétgturé.aG:b&rﬁ[& the

=
illustration of an enbodi nent of an article of IS invention. "The article

conpri sephatwoidgenatmr tad b¢ heed in acloudte $roamataci 0-1ertéhwdbout Hyet%1HGmon t he

substrate. A water-sol uhle pol yner trix 106 i dj nt, and.i n_contact
W th ¢ ne etial B/GHa Al Byule pbeverfhan ghow Kt Fuehper Phed i 1940 06
coniai ns 2RO/ deaneikat or di ssol ved or 5dispersed in it. Also shown is

a photomask 108 that has areas that are opaque to actinic radiation 110 and
areas that ar éOptramalpar sntithio theccopd of thadinaniion talibhtlude phetosasitigenngra net hod

of this invention, the. article of Fig. |la Jjs subjected.to actinic radiation
ext er nal PG PR BHBTORIE Fei8 PR sonr gl i FOMORSC I t o pass ¢ hr ough
the phot gRakcdd&atols 800N e el clchgth s8hGtitifPTSRARES-sdrQitivk SoMPYSHERIt hs.
The radi ati on exposes the photoacid 10generator in the polymer matrix 106

di rect |y dogiloying He lateatneprdy senand mgitasasl geTihrataye nbthet isderdiond Thisches t he
aci d-etchabl e,l ayer 103 where it i,s,generated. Essentiall 0 idis
Gentl at ec i Shatarsal rgn dia Ui E e B 0 F o e R BB o e
devel opmaRidédt@am¥adn. Asct JTPhBRLHIRIzeFRIr phtoattd| @4t edn IRGERB Mo raliAén | S
left is shown in Fig. Ib. Fig. I'b has substrate 101 that has patterned

regi ons oknsiavier, aHowih@shrt¢rexpasmse amesanden we of 68} powerful sources of

radiation. Any photosensitizer or photoaccelerator may be useful if its triplet energy is at
least 30 kilocalories per mole. Examples of such photosensitizers are given in Table 2-1

25 of the reference Steven L. Murov, Handbook of Photochemistry, Marcel Dekker Inc.,
N.Y., 27-35 (1973), and include those described in U.S. Pat. No. 4,985,340 (Palazzotto et
al.). Examples of photoaccelerators can include, for example, those disclosed in U. S. Pat.
Nos. 6,265,459 and 6,635,689 (Mahoney et al.). When present, the amount of
photosensitizer or photoaccelerator used in the practice of the present invention is

30 generally less than about 10 wt% or even less than about 1.0 wt % of photosensitizer or

photoaccelerator based on the weight of the photoacid generator.
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15remai ning fromthe acid-etchable | ayer. Fig. 2ais an illustration
of anot her enbodi nent of this invention. The article conprises a substrate
2W t hat iwol20eketso@m aci d- et chabl e | ayer 203 on the subsPCatuS2008/064193
wat er - sol ubl e polynmer matrix 206 is adjacent to and in contact with the
aci d-etchabl e | ayer 203. A donor |layer 207 is adjacent to and in contact
with the polyner matrix |ayer. The 20donor |ayer 207 contains a photoacid
generat or di sdogvkads an ﬂmsweqrs@fcﬁmthommmt@éa@hﬁm 9fghig ipeationadiic208 t hat
has areas Myl dj at eas c

t ranspar ear';{ H?EOI% ?e(r%:%%g?lsgc%e |on tﬁﬁludfs i pr ac?m%%bge grrrgphogldthép 'aﬁsﬁrlg{se'

i nvent i onA wakhe-salubleChcdtyrdér dratgix 128 id &djsdehy ﬁmtlﬁcbom@ctacfm tHe@cldagttiaibl ORyer
external to the photonmask 208. Actinic radiation passes through the

phot onas Kl 030dhe wvatesgobibde polymenmatrix Dotcoatgaretoacy gonsralgnvlisselved ps. 25
The g adi XPRS 7
di re%:t I yaﬁtéﬁ%gk\fcxlgtﬁg %%nggg@g%%gﬁéﬂoﬂlgﬁgmﬁpﬁas a??agt%gég%cﬁqu+§%r eflégsed in
t he donorrafiiay@f 1 ADand diedsfthigtase irfispar@idotaotioio ghdisthe Pal MApracigingiax 206 and
comes into contact wth the acid-etchable | ayer 203 of the substrate 201.

The generB¢tbed alcthe iyewies. the artighs of Eigsha is peb %%meq%mw@aq%@ﬁe@@l@mmr e
t |y bel
300paque 1y Cagomp FBT AR BRR Culoy I3 BB b e SR RRRR RS Y e "

mat ri x andgiehs heldthaege ansgparanh &t itd waveddrigtliss Theadiation dxipgses2he pHdteacid?b has

substrate 201 that has regions of unefched material 204 (the_sane as

mat & i al 2Ot emOH@ner\theé@@ dserslyistory thsttrmspey rozions. The gepergiedt her
aspect t r g providing
o bt r el SO B O P R ] Qe R L R BT P e
mat ri x, preaviatkdrig reaglcpfmhmatty Helgwn@a@i@dreasa)fpbesmagc 10%e Afidrsierebpmtm acti nic

r adi atl on, and_ renoving ri x. The substrate of this net hod i ncl udes
an aci d- dfepal ef qhsyelrymerﬁ@t%@addeté@eéﬁaw@s)i Whalrs kedis plovn [naRigr I dded t o

the subst rb a@s tr%f’e”]hoti%%thﬁsﬁ r@%ﬁbg{?nk Eﬁmﬁ%ﬁﬁﬁﬂﬁg éstaﬁ{?elaﬂcsma;[é} 1103)

aci d- etcha yer een ove trate o i's ‘met hod
i ncludes ramumﬁrgﬁmlthﬂ:)i@d-pmhmﬂayaﬁt ri x. The polymer matrix has been

descri bed above. The substrate of this hod ¢ al so .i nc] a photoacid
generator. Usdfi@i2 af@ﬁ%ﬁf Hefion femathst SPEOiEGR GBI TENSEPBS S é%lal?e The

substrat 3; ﬁga%sgsom{b'sﬁﬁe 30 Igl?m\éﬁf 8?%% aQf- e%%l% gl ﬁ@?aﬁ‘ HRLQbSratd DR

phot oaci rators can coated direct ont e substrate patterned or
unpatter nm:ter-mmbpohynreonmrml(mm dmcant slmhmt i} oontadt wile thel id-cteintbde taher
pol yrmer pbe coated to the supstrate, or ca

whi b
i ncor porgzt%étrjlp;( ﬁ%)'r Y&bﬁﬁ% 18|a&gﬂ@?nttt%a§£ [nscoatagt ‘éf&Eébf‘ R%ﬁnsffmeﬁﬁléqaeﬂ?y%? matrix
as gescrifeg: ra?&l F08TcontlR PIHLRRES SndRaR e d St @e&rg&ﬂ RS ARG Bl%v%flpﬂn

exposure to actinic radiation. The radiation can In the visible range
(400 nm taoplioE@mask)2081that &ns fread that dre oparfucdo edlmara@at@nl?oo andrjlreas thiaharthe

ul travi ol et range (<400 UV radi ati on ca artlc ar | usef ul .
Conbi nat i tEHEPB¢ t\x;aa@ﬂ%&@wtwagqlnén REAIGNE B 5 q&*sogﬁlew ivgptipt,t e%rﬂée i on.
The met hqd, of, i bii eéiéoml a@aﬂlfcefa&%&h&&eﬁlmb RXRRRIN08. thensuhghhiét e to

actinic ZO%adl ation. The radiation can be patterned by passing it through a
phot onmas kpasdeathrosgh the cpbnttoatask M08 m repions 2l/kthat ratranspekand esits wevgdbngtloaci d

gen ato r.oj ection. of iative pa rn nt o t hrough a
RISt SHRAnE phos Dismatr Biths optr 2t 2 faecetonw fid
phot osens&agnls% er{f%glbffs |ﬁié9gfenerlaiéd'a@¥a% FQELBE & fht UBRATIZRDY 09! dif¥sc@RoOt her
means known by those of skill in the art that can generate patterns by
radi at i vemnditiposglr the pﬁbemermatnx A66 and comes into contact with the acid-etchable layer
203 of the substrate 201. The generated acid etches (solubilizes) the acid-etchable layer
203 where it is generated. Essentially no acid is generated in regions directly below
30 opaque areas of the mask 210. After development (removal of the polymer matrix and

etched regions), what is left is shown in Fig. 2b. Fig. 2b has substrate 201 that has regions

of unetched material 204 (the same as material 203) remaining.
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25pattern with a laser, the |aser beam can be passed through a mask or can
be scanned digitally, or rastered to expose a |atent pattern onto the

phot osenswoi2ves/1586per -t he | ayer that conprises the phot o2CTaSg@sdsabdr .
Additionally, it is contenplated that the patterned exposure can be created
by having an opaque el enent of an already existing el enment of an

el ectroactive device serve as a mask for the radiation. 30After exposure to
radi ation, thdngapigigspegithis inveanomprovisled o arpthiaddier pHEcTRInBSPMALENGY washi ng
with a palar.;solv ' .Lhe . X, [ preferred
solventsI%%vdggﬁﬁﬁgﬁangkgﬁﬁgéﬁg%ygg%gﬁémﬂ?%ﬁFga%iﬁgg&gg?@gkﬁggﬁn%bsolvent
systenms. nieigeprddd2ROBpHUBEH L EKabl v BKRE MG AHORbS @AY ENbctiBySTaiiog.amdconpri se
wat er. When a donor |ayer is present, the polyner nmatrix, which can be

adj acent emoyie thematr: Jihaisnbstragselthisangthed wolydey a acid-pishehle dyryelhcand t he
donos | ayer, | Y, | e i e rel eased
f ronjlr t he a§£di %ﬁé@gﬁg e ‘iag)?% ra%}fe?%%ig&stgrtrfé%}?utr?gtga%gg?arnzl% tég?%ﬁ%%ﬁ&l@ﬁ? %e the
amount ofsubstpdsitgctf. ofhctdorl-achablc hyatinbdbireddsayiesd dbové. hehphotwgenetad ed
acidic species, After exposure to actinic radiation, acidic species are
gener at edn¢thodinchdes & Hatouplkisrpabapen matyx. The palymst maiirehas beaedeseaiRedr gr at e
to the agjg;etchable layer, and etch that |ayer. The acid needs to be
al l owed to contact the etchable | ayer | ong enough to react with the

et chabl e | ayerTheBubstexd entlatnakpdsdn sccianludt b phodoadie pahcrakof.f Usifon of t he
acid into "unexposed” areas. This can reduce 10t he resolution of the

f eatQr es RhRtRaCKgENEatosy baedgendisglopyl dorni hie sukptrae cameRMitiaEidRas el apsed
to etch t i e i - rix
can' be. Uity aoe Y BRrdlort, (ehilofbaE AR BFic e SRHITEROTRLT S

A et hod substrgpapdteriudrig vapiteyssd, odn Bninedrpotataia@s b velutbaridépetssonp i itlebed
conprising providing a substrate conprising a conductive acid-etchable

| ayer, ad®ABCranster srudusandiceoatsp oniatas SHRHAICKOLG bs IRMPYAEH dntgéner at or to
t he subst ' L Vj i c o radl agl . i t he
. Ty B B P L o R Lo T TRK R 1
becbtire argenaatdratdnngleagoavidigidnngxposura teaninconadiatbn NGheodpoina can b inathe

el ectroacti.ve devi For exanmpl e, the. aci d-etchabl e | ayer can becone,
after et c%%lwg,ra%ec(gﬁfba@ttwéop QB C3pbe inﬁﬁ%%né@ﬁﬁsier@fl%Wé?‘@et)Pagb ve devices

on an i n.ttﬁgéx%l%gglﬁ/-df ﬁ%@_EDA)?(fD Iﬁgf ! @Qtrﬁ&ig%o@éanaoegjﬁ%?argfus@ﬂﬂ.Or gani ¢

| ight-emtting di ode a source, draln, ate el ectrode of a
thin fil Cdmanstiekof waselsegth cegichsatan ppolbaywsefubfor shis hivenfiod. m t r ansi st or, or

a dielectric for use in.a. capacitof. : | n _anot her aspect, the. nmethod
for patterni ng i melhes Oﬁfﬁlsafﬁgﬁ?%&qMameléd%%pegnsfh%@gma? acH8ifre can be
useso o Tl CTh PRGNS BY ifSnedd LHALAIG hith o RIHERmMARAR RYn2SL i S

met hod can 1 nclude devices that require patterne onduct ors or patterned
sem conduchtcswitiexwnpyashafindutl tld gotooacganemtaeby pegectian of acddikdee f or
exanple, thin filq%tranﬁgstqis, iodeE, l.Light-emttin dkg@fs capacitors,
resi st or PAEM Y NG lisr TYaUS L MaRGeT PRI 8Y BATING ARaHC) # Lersorge
patterne i : ! g i incl tary
ot ol oxi e D M b O R o

t hi s di sdiysboseerfchill ibehd art Srapcamageadratapattears bynmhdigh et @gosure cWhen waiing a
integrated circuit. can igcluge one gr nD%F of these devices. Addjtionally,
a | at ge MIABEVER 213 fIcat el PP Ci PSPRaT BEURHE Y 951580 BY SE8EL 1 o

i nstance, ;@GR bAal@red to expose a latent pattern onto the photosensitive layer—the layer that
comprises the photoacid generator. Additionally, it is contemplated that the patterned
exposure can be created by having an opaque element of an already existing element of an
electroactive device serve as a mask for the radiation.

30 After exposure to radiation, the polymer matrix can be removed from the substrate
by washing with a polar solvent. Since the polymer matrix is water-soluble, preferred

solvents for removing the matrix can be highly polar solvent or cosolvent systems. These

13-



WD 2008/ 150691PCT/ US2008/ 064193 sheet or roll. The method of acid-etching
can be used to separate one device fromanother or one integrated circuit

f r om anotwenroosTisi@®@ican be acconplished, for exanple, byPexpsswsscahs3 a
partially-made organic light-emtting device (OLED) through a transparent
el ectrode where anot her opaque el ectrode nmasks the radiation. This can be
useful as 5shown in Exanple |, for making or inproving the performance of
an el ect reohent wstegs\gae sompiighvaisr aVihan a dppomipyar angicsasrthe polymer maixgbj ect s,

f : fth ' ' . ¥ h [ ]/ d
R R e T e T N e L e

recited idonbhRser, Shasih®snotds sveble iA$hadddarrsobRAtlichh BOfelaRel femahd scidshoul d
not be construed to unduly limt 10this_ invention. Al nmaterials arc
conmer ci &t¢habljayaraHis seypcticpendesireble omEmimkzel thegmpyntiof expgsure afthe acid-

0t 5L oy PRARL by 80 g, UM QOUARORARST MBRAGE 0541
Tri aryl sulcfdnspeoieb ey detefafdIbEl theraheipolsitet Blatitx @thd B606r $lct.dShey can
migrate to the acid-etchable layer, and etch that layer. The acid needs to be allowed to
contact the etchable layer long enough to react with the etchable layer. But extended
exposure can allow lateral diffusion of the acid into “unexposed” areas. This can reduce
10 the resolution of the features that can be created by acid etching. After enough time has
clapsed to etch the desired areas of the acid-etchable layer, the polymer matrix can be
quickly removed to reduce lateral diffusion of the acidic species.
A method for patterning a layer of an electroactive device is provided comprising
providing a substrate comprising a conductive acid-etchable layer, adding a water-soluble
15 polymer matrix and a photoacid generator to the substrate, exposing the device to actinic
radiation, and removing the matrix. The acid-etchable layer can be transformed into a
layer that will become an insulating, conducting or a semiconducting component of an
electroactive device. For example, the acid-etchable layer can become, after etching, a
conductive trace for interconnecting electroactive devices on an integrated circuit, an
20 electrode of a diode, or an organic light-emitting diode (OLED), a source, drain, and/or
gate electrode of a thin film transistor, a semiconducting layer of a thin-film transistor, or
a dielectric for use in a capacitor.
In another aspect, the method for patterning a layer of an electroactive device of
this disclosure can be used to make electroactive devices. Electroactive devices made by
25 this method can include devices that require patterned conductors or patterned
semiconductors. Examples of such electroactive devices can include, for example, thin
film transistors, diodes, light-emitting diodes, capacitors, resistors, or any other device that
requires patterned electrodes or patterned semiconductors. Thin film transistors can
include complementary metal oxide semiconductor (CMOS) devices.
30 The electroactive devices of this disclosure can be incorporated into an integrated
circuit. An integrated circuit can include one or more of these devices. Additionally, a

large number of integrated circuits can be made in one process, for instance, on a large
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Acet o Corporation (Lake Success, NY) A RVOL 603 Pol yvinyl Al cohol Air
Products Inc. (Allentown, PA) Dextrose BYK 020 Byk-Chem e USA

(Wal i ngfwoaposdrye9IARCOSOLVE PM Lyondel | (Houston TX) LOVELAR300806193

I ndustries (Pittsburgh, PA) CAB-0-SIL PTG Cabot Corp. (Billerica, MA) Blue
Pigment (TINT-AYD CW5228) Elenentis (Jersey City, NJ) Preparatory Exanple
1 - Preparation of solid, triaryl sulfoniumchloride salt Under |ow room
i ght, achedws relt.j Brgmstlipd ohpeithctdings qagdeusebly)scpgistetang dsyiee flem angtheoa | L

round botfom. @5k Ui eGPRSH AL ITRY hPb@hdomp RNt WardtieSHE L0 give a

vi scous
exposure of a partially-made organic light-emitting device (OLED) through a transparent

electrode where another opaque electrode masks the radiation. This can be useful as
5 shown in Example 1, for making or improving the performance of an electroactive device,
such as a thin film transistor.

The objects, features, and advantages of the present invention are further illustrated
by the following examples, but particular materials and amounts thereof recited in these
examples, as well as other conditions and details, should not be construed to unduly limit

10 this invention. All materials are commercially available or known to those skilled in the

art unless otherwise stated or apparent.

15

20

25

30
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oil. The oil was poured into an al um num baki ng sheet (12" (30.5 cm h x 8"
(20.3 cm wx I" (2.54 cm , fromPactiv Corp. Lake Forest, IL) and dried
over ni ghtworzo@s/Mee@uum oven at 45C. A brittle foam had f@cwas2008t060b3 was

pul veri zed by hand, to give the solid triarylsulfoniumchloride salt (1109)
as a pale yellow solid. 15 Preparatory Exanple 2 - Preparation of Polyner

Mat ri x A water soluble matrix essentially the sane as the matrix
described in Exanple 6 of U S. Pat .Examplegs 895 630 (Auf derhei de) was used.
The conposition of the matrix is shown in Table Il below. 20 WO

2008/ 150691PCT/ US2008/ 064193 Tabl e | {@ggriponent s of Water-soluble Mtrix
Conmponent Parts by wei ght Deioni zed t' 28.5 Al RVOL 603 Pol yvi nyl Al cohol

16. 0 Dextrose 15.6 BYKO020 ) )
5 Materials Used in Examples

Triarylsulfonium chloride (Ar;SCl) | Aceto Corporation (Lake Success, NY)
aqueous solution (50% solids)

AIRVOL 603 Polyvinyl Alcohol Air Products Inc. (Allentown, PA)
Dextrose

BYK 020 Byk-Chemie USA (Wallingford, CT)
ARCOSOLVE PM Lyondell (Houston TX)

LOVEL-28 PPG Industries (Pittsburgh, PA)
CAB-O-SIL PTG Cabot Corp. (Billerica, MA)

Blue Pigment (TINT-AYD CW 5228) Elementis (Jersey City, NJ)

Preparatory Example 1 - Preparation of solid, triaryl sulfonium chloride salt

Under low room light, aqueous triarylsulfonium chloride (300g) was transferred to
10 a 1L round bottom flask and concentrated by rotary evaporation at 60°C to give a viscous
oil. The oil was poured into an aluminum baking sheet (12" (30.5 cm) h x 8" (20.3 cm) w
x 1" (2.54 cm) , from Pactiv Corp. Lake Forest, IL) and dried overnight in a vacuum oven
at 45°C. A brittle foam had formed, which was pulverized by hand, to give the solid
triarylsulfonium chloride salt (110g) as a pale yellow solid.

15
Preparatory Example 2 - Preparation of Polymer Matrix
A water soluble matrix essentially the same as the matrix described in Example 6
of U. S. Pat. No. 4,895,630 (Aufderheide) was used. The composition of the matrix is
shown in Table II below.
20
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0.6 ARCOSOLVE PM 26.7 LOVEL-28 8.9 Blue Pignment (TINT-AYD CW5228) 0.9
CABO-O-SIL PTG 2.9 5The water soluble matrix (75.06g) and solid

triaryl suwbanésusoenl ori de salt (25.03g) were conbi ned i RCa/Uysk@ssaIbeaker
and stirred by hand using a wooden applicator stick. After 20 m nutes
stirring, the resulting photoctchant was transferred to a 125nL brown,

w de- nout h pol y(et hyl ene terephthal at eé ((JPET) bottle. 10Exanple A
substrate that included a conpl eted debledf zZnO based test transistors and
si mpl e TFT backpl anes for R i dyd.iquid crystal) displays
was fabricated by nethods %@%@@??ﬁ@é&gﬁﬁ%@%t he art. The devices
i ncluded an al um num gate | ayer (under the gate dielectric), an anodi zed
al um numoxide (Al 203) gate dielectric 302 Ti/Au 15source/drain electrodes

304 and |a ZnO seni cGniqum_ent | ayer 306, |in that orstsbyoweighCorning 1737

gl ass substrate A photonmcrographof the sanpteat—tijis stage+sshown in
Fi gure Sfﬁ?lﬂn%?ddg/rat#or the TFTs (including the one ilqgtf;trat ed in Figure 3)

t o oper gt IRVORBOIPhIyWIH Adshopn 1t was found to be uggful to further
pattern [the ZnO beyond that shown above, to remove the ZnQ that was not

di rect |y Idsxdmrost he Al -gated areas. 20Therefore, the sddfli e was coated with

t he pol yer—mt+ixmxtuore—fromPreparatory Exanpte—2—Thethickress—opf the
pol yrer n@ﬂip@ was controlled by placing strips of scfcH tape on two|edges
of the SaQRE®SOIRA: PRl Yner natrix was fhen bl aded 267

LOVEL-28 8.9
Blue Pigment (TINT-AYD CW 5228) 0.9
CABO-O-SIL PTG 2.9
5 The water soluble matrix (75.06g) and solid triarylsulfonium chloride salt (25.03g)

were combined in a plastic beaker and stirred by hand using a wooden applicator stick.
After 20 minutes stirring, the resulting photoetchant was transferred to a 125mL brown,

wide-mouth poly(ethylene terephthalate) (PET) bottle.

10 Example

A substrate that included a completed set of ZnO-based test transistors and simple

TFT backplanes for PDLC (phase dispersed liquid crystal) displays was fabricated by
methods known by those skilled in the art. The devices included an aluminum gate layer
(under the gate dielectric), an anodized aluminum oxide (Al,O3) gate dielectric 302, Ti/Au

15 source/drain electrodes 304 and a ZnO semiconductor layer 306, in that order, on a
Corning 1737 glass substrate. A photomicrograph of the sample at this stage is shown in
Figure 3. In order for the TFTs (including the one illustrated in Figure 3) to operate in an
optimum fashion it was found to be useful to further pattern the ZnO beyond that shown
above, to remove the ZnO that was not directly over the Al-gated areas.

20 Therefore, the sample was coated with the polymer matrix mixture from
Preparatory Example 2. The thickness of the polymer matrix was controlled by placing

strips of SCOTCH tape on two edges of the sample. The polymer matrix was then bladed
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WO 2008/ 150691PCT/ US2008/ 064193 onto the sanple using the edge of a

m croscope slide. The sanple was then attached, upside down, to a carrier
board andwbedogttsn@ugh a UV Processor (Fusion UV Syst ens PCEAiS2IDSN6493 g, MD)
with the belt speed set such that the sanple received a UV dose of
approximately 1 Joule/cn2 for each pass through the processor. This energy
was 5calibrated by taping a glass slide with the sanme thickness of ZnO
(-55nn) ctothesampleristg tg¢ cdgeeofagaiceneensrsliden/The swnplpivek thonagiaeict. | nc.

Sterl , h f 7
et ooy Stk BRL GFEL A8 SARBG L SO DR e fufb oS o1
the TFT s@iflessbwas MIRpSRE tHdUetiugbed ftesidd thatthagenpie tdcb®ed a flor désctagt al dose

of - 8 Joules/cn?2. The existing nmetal lines of the source and drain
10el ect r cREEEBREl laloule/srsior £ath pasethoanghihe procpssorcthipendigy @’éﬁer ated only

in t?e exc%ﬁﬁl%%d% Q]gm%ﬁ glags tsﬂ-&ewﬁﬁ( HR3 g e%ﬁl@?ﬁeﬁs :Z %I)ao%? Lo et er

and ul trasoun renove yner matri x

renmoval vgEsh@taddnaiteted VoJowdrePudk €roat EBI fmasaeﬂhgpwk) sma,lﬁeed’ﬂgeth@rp@crm gr aph
after the polymer matrix was remgved is shgwn in 15Figure 4. The ZnO

seni condubtoyeh iesfupwen Adpigldescof om ujesgpe s tfognrd t@@rﬁéle%d@&d@ &yl gch he
aci d- et C?h?%nd'[%?er o8 d&gl{}%ﬁg}tg ?f’@ d%]slglgg%'s Bﬁssg&‘ﬁﬁ@%ﬂﬁeﬂﬂi ﬁnﬂdc%'getﬁh ! C 402

and unde ure 5 1s a gra

per f or marfoea aherdess ef + 8 Ubwlss/ofi”.t Tiee Aistinghoowl lines bt grseude bhetinie r ermval of
the ZnO and Figure 4 (after acid-etchi nq%g It can be observed that the
20p&} f or ridsréedetasiaulasernatk festhefU Y nuithrie TiGhRe g goRerajed oply 81108 capased t he

ZnO renmoval, between the el ectrodes. Before the renoval of the ZnO a graph
500 of the performance characteristics of the TFT show significant current
| eakage bel ow Ehegabesedahinppevafthar placd indylovated dnsl. ultFiseupewhoapaied eo

characteristics of the TFT after renoval of the ZnO are shown in curve 502
and show TREEKS ThewReHy R APt ul e RelYBT PRETSERE VoY 1540, aidesl Dy Lss &f &1 ai med

ol o AP SO 1AL AL GGG EOES
aci ts et ciaphre 4l aperZnaseaniconductor has been removed from all areas that were exposed to
the acid-etching. The semiconductor only remains under the gate diclectric 402 and under
the source/drain electrodes 404.
Figure 5 is a graph of performance characteristics of the TFT shown in Figure 3
(before removal of the ZnO) and Figure 4 (after acid-etching). It can be observed that the
20 performance characteristics of the TFT have greatly improved after the ZnO removal
between the electrodes. Before the removal of the ZnO, a graph 500 of the performance
characteristics of the TFT show significant current leakage below a gate voltage of around

zero volts. The performance characteristics of the TFT after removal of the ZnO are

shown in curve 502 and show much lower drain current at the same voltage.

25
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a photoacid generator in contact with the water-sol yble pol yner
matri x; wherein the polynmer matri x conprises a filmform ng pol yner
and a solubility accelerator, wherein the polyner matrix is
unreactive to the photoacid generator and any acid generated by the
phot oaci d generator, and wherein the water solubility of the polyner
matrix is not significantly changed upon exposure to radiation. 2.
The arti of aim 1 wherein the acid-etchable |ayer conprises the
surface giigH%£@§%%£$ate. 3. The article of claim1 wherein the

aci d-etchabl e | ayer conprises a conductive netal or netal oxide. 4.
The article of claim3 wherein the netal oxide is selected from zinc
oxi de andl-i ndiMHFRICl COWPHENE 5. The article of claim 1 wherein the

filmform ng polwiRle CAMNRER Bhatt @A acllEicRibidlap@! Y(Vi nyl al cohol),
a poly(acrylic acid), and a poly(vinyl pyn-olidone). 6. The article

of clai ns wherawaiet-$pdutflé potyfer matmg displogedeupoo demacidsetshabld lpyari ang

al cohol). 7. .The 8Ly %}‘xgra%];' 'ngéo%%a@l Ul G LG bl on R0 pol ymer
conprises a water- €6 gosolder fradk: ¥ e arkl ere Bf éraim1
wher ei n thkergia lthnmilyi@t matkix icSmpasds arffediorm®g pblymenbid £hddulsificycl ai m 1
wherein the polynmer matrix conprises the photoacid generator. 10.
The arti €SB aj m 9 wherein the photoacid generator conprises a

triaryl sulfQgh e ﬁd]j}qﬁéﬂ H8rix isldnreabie & thé Fié(ﬁg&?:ﬁdcgén@amr Ind 86y D164

conprising a donor Tayer. 12. The artic aim1l wherein the
donor | aysenegtedbyitbephai¢psidgenemstori adgenerator.  13. The article of

claim 1l wﬁe%ig ltllﬂe \;/gtgr Q}?&?l'itylfﬁl%rpo&ﬁné’%%aqgf ﬁtnoE ggﬁiﬁgan?lglcﬁgr?éed %M X

exposure to radiation.

2. The article of claim 1 wherein the acid-etchable layer comprises the surface of the
substrate.
3. The article of claim 1 wherein the acid-etchable layer comprises a conductive

metal or metal oxide.

4, The article of claim 3 wherein the metal oxide is selected from zinc oxide and

indium-tin oxide.

5. The article of claim 1 wherein the film-forming polymer comprises at least one of

a poly(vinyl alcohol), a poly(acrylic acid), and a poly(vinyl pyrrolidone).

6. The article of claim 5 wherein the film-forming polymer comprises poly(vinyl
alcohol).
7. The article of claim 5 wherein the film-forming polymer comprises a water-

soluble solder mask.
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. 14. A nethod for patterning conprising: providing an article
that includes an acid-etchable |layer and a water-sol ubl e pol yner
matri x di sposed upon the acid-etchable |ayer; providing a photoacid
generator in contact with the water-sol uble polynmer matrix; exposing
the article to actinic radiation; and renoving the matrix, wherein
the polynmer matrix conprises a filmformng polyner and a solubility
accel eratgr, IOyt L R i B otm! g } o the
phot oaci dgj'gen\é\‘rirg% %lrnglgn %lgﬁg 1aC| d gen rog?léeg %fﬁ%gﬁﬁg%ad d
generator, and wherein the water solubility of the polyner matrix is
not significantly changed upon exposure to radiatian. . 15  The net hod
of cf o ma r uaneeler e T RG-SEO0R BN ambE s ey et "t o

the substgeat@tor. 16. The method of claim 15 wherein the donor |ayer
conprises the photoacid generator. 17. The method of claim 14
wherein the polynmer matrix conprises a pattern. 18. The net hod of
claim 14 er ej g L0 LAk ae ]l t1ern.  19. The
rethod of "El ai ThCE oy i SybSElaht PR GRIPk ARG 200 The
met hod of trietydsubfodidmmidorgien t he pol ymer matrix conprises the photoacid
generator. 21. The nmethod of claim 14 wherein renoving the pol yner

matri x conprises washing the substrate with an aqueous sol ution. 22.

A met hod fior petetagfidlé Bclainl Bfietheponditistlgacddnealléve devi ce
conprising: providing an article that includes a conductive

aci d-etchabl e |ayer; di sposing a water-soluble polynmer matrix
containi ng a PARLRIE O ARRET PhBereinInd BMAr fYer SWMPsEShE photoacid
generator.
13.  The article of claim 11 wherein the donor layer is adjacent to the polymer matrix.

14. A method for patterning comprising:
providing an article that includes an acid-etchable layer and a water-soluble
polymer matrix disposed upon the acid-etchable layer;
providing a photoacid generator in contact with the water-soluble polymer matrix;
exposing the article to actinic radiation; and
removing the matrix,
wherein the polymer matrix comprises a film-forming polymer and a solubility
accelerator,
wherein the polymer matrix is unreactive to the photoacid generator and any acid
generated by the photoacid generator, and
wherein the water solubility of the polymer matrix is not significantly changed upon

exposure to radiation.

15.  The method of claim 14 further comprising providing a donor layer adjacent to

the substrate.
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exposing the article to actinic radiation; and renoving the matrix,
wherein the polynmer matrix conprises a filmformng polynmer and a
solubility accelerator, wherein the polyner matrix is unreactive to
t he photoacid generator and any acid generated by the photoacid
generator, and wherein the water solubility of the polyner matrix is
not significantly changed upon exposure to radiation 23. An

el ect roaclz.f ve fARMh&GSRo a1ﬁy15t\bﬁerfﬁﬁttﬁho&n9£ lagélac'o ?s tﬁT %hd%@amd

integrated circuit conprising at |[east one eV|c I'm23. -21-
generator.

17.  The method of claim 14 wherein the polymer matrix comprises a pattern.
18.  The method of claim 14 wherein the actinic radiation comprises a pattern.
19.  The method of claim 14 wherein exposing is done through a mask.

20.  The method of claim 14 wherein the polymer matrix comprises the photoacid

generator.

21.  The method of claim 14 wherein removing the polymer matrix comprises washing

the substrate with an aqueous solution.

22. A method for patterning a layer of an electroactive device comprising:
providing an article that includes a conductive acid-etchable layer;
disposing a water-soluble polymer matrix containing a photoacid generator te
upon the substrate;
exposing the article to actinic radiation; and
removing the matrix,
wherein the polymer matrix comprises a film-forming polymer and a solubility
accelerator,
wherein the polymer matrix is unreactive to the photoacid generator and any acid
generated by the photoacid generator, and
wherein the water solubility of the polymer matrix is not significantly changed upon

exposure to radiation.
23.  An electroactive device made by the method of claim 22.

24.  An integrated circuit comprising at least one device of claim 23.
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