, e3eW yWgvvwx* xdy6yTyY -1 DESCRI PTI ON WATER SCLUBLE NEGATI VE- WORKI NG
PHMOTORESI ST COMPOSI TI ON BACKGROUND OF THE | NVENTI ON The present invention
is directed to water soluble polyners that when used with a php;qme‘,im
generator (PAG, forma negative worKking wdt-er sol uble phot or esi st.
Wim~a~m~ | ~A~a~~~~ Phot oresi st conpositions are used in mcrolithography
processes for making mniaturized el ectronic conponents such as in the

b ocesces. a L hin coati ng of 111 m oP-SebBEbLsl <t composi i1 on 15 INNGAAHIH
applied to a substrate naveATER.SGIBLESIEGATIVEAVERIING used for naki Rgeiser
|S(r;t Sg:}?t ed circuits. The coat’gdoﬁ. %g&m&é&bﬁ?@ﬁat ed to evaporate any

in the photoresist corposttroN2and=t e coating ont (ﬂmmm M[mmmmlmm
substrate. The coated surface of the substrate I s next masked and
to exposure to_radjation. This radiation exposure causes a chem cal  +Goooo2+
transfornati onmm&é@m}% coated surtace. Visible light,
ultraviolet (W) |iphd Fre@,leﬁt:m@muohaamraaed Yo ivater sBRIbRNBoIFREFOKaf €
radi ati on types conmon used today in mcrolithographic processes. After

this masked expybgnused t’%@ %B‘?ﬂt@%ﬂ@QBB@V@H%réPA§):tfPEEtaétPQW'Y%WQ”ﬂ@Q/eI oper

sol ution to di geedreamdphfBrRs®tel ther the radiation-exposed or the
unexposed areas of the coat ed surface of the substrate. There are two types

of photoresist conpBeeteresis compgaitiPnearpotseidin mierglithesiaphy erogesreng. When
negat i ve- wor ki ﬂﬂrﬂél@ﬁégmééﬁtz&@%eﬁbﬁlbgﬂﬁgéﬁﬁnt%ﬂgﬁsgﬁﬁ\eerB’Ht bﬁ%t the
areas of the resist nmposition expose ation becone

sol ubl e to a devmpuigschipslandiiategdied errquits. Greaerallyeld thesmprooessdsea

photoresi st cogpy @Qanﬂn%?éLﬁt ?orEgt?ﬁ&b(mpd&ltﬁﬁ?tll’s”ﬂts?@ iy q LT €2t ment of

an exposed negati oper B&Es%noval of the
non- exposed ar eastoite maéertﬂtmttm%| gilicon wafers used for making integrated

circuits. The coated substrate is then heated to evaporate any solvent in
the photoresist composition and to fix the coating onto the substrate. The
coated surface of the substrate is next masked and subjected to exposure
to radiation.

This radiation exposure causes a chemical transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV) light,
electron beam and X-ray radiant energy are radiation types commonly
used today in microlithographic processes. After this masked exposure,
the coated substrate is treated with a developer solution to dissolve and
remove either the radiation-exposed or the unexposed areas of the coated
surface of the substrate.

There are two types of photoresist compositions, negative-working
and positive-working. When negative-working photoresist compositions
are exposed to radiation, the areas of the resist composition exposed to
the radiation become less soluble to a developer solution while the
unexposed areas of the photoresist coating remain soluble to such a
solution. Thus, treatment of an exposed negative-working resist with a

developer causes removal of the non-exposed areas of the photoresist



~~~aov~ -2 coating and the creation of a negative image in the coating,

t hereby uncovering a desired portion of the underlying substrate surface on
whi ch the photoresist conposition was deposited. On the other Han§pyvvsen
posi tive-working photoresist conpositions_are exposed to radiation, those
areas of the photoresist conposition exposéd to the radiati on becone nore
sol ubl e to the devel oper solution while those areas not exposed remain

i nsoluble to the devel opper solution. Thus, treatpment of an exposed
posi ti ve- wor Ki ﬁaafm%rzﬂ?@gi%?amw 2 IRIYUR BPRFRln the, Geating, HAselY of t he

exposed areas Qhcdveping@Adddiaddafidnh thé BAderhPéuRIBRSElTfae8 diRegeni n the
phot oresi st coating. Again, a desired portion of the underlying substrate

surface i s uncHephaioresjst E?mBGVE‘P‘bWﬁﬁH?POQiWé‘- now partial ly unprotected
substrate may be treatgé oMdrRafd SWRsd ﬁ@élit‘ﬁree&&'kﬁi@;tprﬁ%r%&k%brﬁboﬂi&%m gas

and the like. The etchant solution or plasnma gases etch that portion of the

substrate wher 8ra ®PqsRete Fadiatian, heseiatepwpishe photpersigisomugsiievel opment . The
areas of the SHRSIdeR8 tHE-atloRDRIMNER! SO Iitietbldobr kaIBORS are
protected and, thus, an etched pattern Is created In the substrate naterial
whi ch cor r espowtiie thoserareph bolepoRed sardain drsofutie taxibesigveloper selatioradi at i on.

Later, the remg,i R AREASoln HbsBRRRONGS LRHIGOBAUBRTRY Mg L sToved during
a stripping operat'ion, leaving clean et che strate surface. In sone
instances, it dsvelegéncaises rembiedof theemtposékareamwif thengpatingtandebe st | ayer,
2dhesi on to- ¢ neanane o e8 fudde MR niBFeshBRuid -Raahoa dBSiRG” '°

sol uti ons. Phoportiesicsthe esddrlyingesubstratdesurfaed isssnddverexiral | est f eat ure whi ch

t he resi st conpositign n,transfer fromf. hot .0 k to the supstrate
with a high degree © ] ﬁgvgeéop St' t‘iglﬂomp @E/rtprg%tgg%?igubﬁﬁat&éoy Eﬁrrent. In
nost manuf act utreatpdapith & cabstoats-etahaday soluthei of plasraalgat iaad tialikd)eTiog der  of

| ess than one microp i,s.necessary. In addition,. it is almst always
desirabl e t hat ghi‘é”ﬁ%%ﬁ'%‘é@ﬁ%%@?é%ﬁ §R°H\R%’1‘HF’° B! B SHRStAl WhORT ¢ | cal
relative to tgmesFrb@tbgeatsecoﬁu@W' / dﬁmmimmgwmﬁmedev?h@pmésmd ~ 4 N
Ov 2002 -3 undeve ar eas resi st coatjng translate info accurate
pattern transf e%‘%ﬁrﬁée ge tlgﬁifé)@?%?ﬁ'%t WE”%%L??’E‘%S. arlgr‘%r{?fee&&qt?ﬂcﬁposi tive
wor ki ng phot or @iiss bR eteHed pratehelsrcdated & theagdbiraie matekkbnghiphot or esi sts as

they generally exhibit, superior resolution capabilities. This is often
caused by the SREPFRIYISIP thxphgtpmask Hﬁ‘;g‘égjra“& ’FR?SH@/%ﬁBBﬁ%W?t.'O”Fhe pr esent

invention el i m BgdreetrBinairfiviehtcad &f tiRSpHdireBRt YoRINgUNS\EDE Rffoded
phot ochem cal ly induced elimnation reaction rather than crosslinking, to
change sol ubi | Hng pEtiRRING APeratien,dea\ing a slggp edehadsubgfralersuwsi@sar &1 and t he

resul tant pr Od%hehﬁ&aﬁcédé,fitfi@BSﬁFab‘fé’ld’f%dtitr’é)ét PRramaifig pﬁ&on%sfs%sm t, the
the solvent fromwhich it” was cast. Therefore,

product has no affinity with
in a wat er - castayshodftardie develepmentsienand helgeastheriehing stedv tq igprasse, wil |

not have an af fiknighKsithth tHd hRAYRGUILILNE! PBGEs redi8BnBE RS Byl not swel | .
SUMVARY_ CETHE | NVENTI ON The presSent invention is directed to water soluble
pol ymers that wWekiooSed with a suitable photoacid generator (PAG forma
negative wor ki ng wa ; ol r£% t6relPhikifHeat 1 on the
pol ymer does not be?@%&%lg@%ﬁ?ln@?ﬁbé%ﬁgﬁgngﬁﬁﬁey%ﬁg{mt er, and
t hus does not g&s’succmnp@étmQﬂ@ﬁﬁamfermnmtheaphq%mawmtbeéabﬁe@@ijtthia)n. Thi s
enabl es the phqt i P i LLhe,and deep W
wevel ongt he. " POl e of e B oy e e e e et ot 1 5
wat er, the use nodstinharuifadioting agplications today,cesisiresdutiomonthecoder o wil |1 be
envi ronnent al | i i ; IS (IS one, such as
pol yvi nyl et he?{?gszzﬁagﬁgjéé rg@bg" 'Pﬁ%é%%’gdgrlgﬁa%gp%haﬁ%a%&tog‘ gg;rég{gect ed f3-keto
acid group. Theleshabledhatfthbdekéloped pnutomsist ealhpnafies be hear vefrliceénced by its

vater to provi dBeR e PeintBskBemsie R ey e o et Ton or o
nunber of commercially avail abl e photo acid generators, the pol yner

formul ation forns a negative working photoresist that is water sol uble.
Exposure to radiation wll cause a



~ 4 NoV 2002 - 4 photoacid catal yzed deprotection of the acetal group,

yielding a (3-keto acid which, upon heating, will undergo_ decarboxyl ati on,
which results in a water insoluble photoproduct. As the startingipedw e | S
wat er soluble, the polarity switch will crgate a negative inage when

devel oped from an aqueous base. DESCRI PTI "OF THE PREFERRED ENMBODI MENTS
The present invention is directed to a polyner particularly suitable for

use as a photoresist. The polgner is conprised of a backbone coupled by a
| i nkage group bYedevelopesiaipaspbihesedist ¢paling anslate igtuagsurate PaBsm t ut ed,

3, 3- et hyl enedi gyyeBbARRIadkGirbe I fheldiBs@aldi tion of a number of
commercially avail abl e photo acid generators and water, the pol yner

formul ation forns aPwRaislys opsilyewadds PRaiowgsists wereptetesiedsaver . - Exposure to
radi ation wi ll hgaMRR GorRMGMaErEsiSRIAl HeFdeiGRiPERbit Nihor FASIARAL 2l
d which will tndergo decarboxyl

group, yielding a a-keto aci under g ecarb at1on upon
heating, whi chcarahilities. iThisds pites cabserbbyithieswsiiooymegdative in@eespol yner is of

the structure: 4R C 5 i LM, ; CS)
iyt or (L. ST RelSpmEtC THE e iiRaipr e RERA AR ab s = |
N OV 2002 - 4apolyher potigigees afphotashpmisadiptinduced etiminatioamedciive rathler nkage
group conpri si it one y r . L. .ar , an al kyl
group an an al oygiér%iﬁsgﬁg%gl{éC&%hpé%ﬁﬂlg{ieﬁ%rm{)sﬁeegggwr?EDr%'%gg conpri se at
| east one of t bwitgobgolirs)ydrel the mgsduttaheproductdrag| sadiffsrentreolibbilityy | at es, vi nyl
phenolics, vi ng‘lelra%’?ertgrc.) XXé Eges‘%ﬂ 9156 Srr(])guc\:/tlh%lnoaa%rlﬁ{yamrgﬁmsé' solvent from

which it was cast. Therefore, in a water-cast photoresist, the resist

images, during development, will not have an affinity with the aqueous

developer, and hence will not swell.

SUMMARY OF THE INVENTION

The present invention is directed to water soluble polymers that

when used with a suitable photoacid generator (PAG) form a negative
working water soluble photoresist. Upon exposure to radiation the
polymer does not become crosslinked, but changes solubility parameter,
and thus does not swell on development, which allows improved
resolution. This enables the photoresist to be used at fine resolutions at i-
line and deep UV wavelengths. Further since the solvent used with the
present photoresist is water, the use of this photoresist in semiconductor
manufacturing will be environmentally friendly. The polymer is comprised
of a backbone, such as polyvinyl ether, coupled by a linkage group to an
acetal protected B-keto acid group. The choice of backbone and any
comonomer, is influenced by its solubility in water, as the initial polymer
must be sufficiently soluble in water to provide a suitable formulation
viscosity. With the addition of a number of commercially available photo
acid generators, the polymer formulation forms a negative working
photoresist that is water soluble. Exposure to radiation will cause a



The polyners.of the present invention are generally in the formof a water
sol ubl e powder. A photoresist formulation however, is a liquid -5 1 ~
t~ov 2002 sol ution conprising of the polyner, a PAG and water 435 N9V! 2080t .
Generally a solution useful as a photoresist will contain 1- 30 % by wei ght
of polymer powder, a photoacid generator in an anount effective to cause

cl eavage of the active group of the polynmer upon exposure to radiation,

wi th the renmai nder being water. Photoacid generators useable with the

pol ymers of the present invention are conmmercially available. Al that is
required is that, upon exposure to radiation of the appropriate wavel engt h,
t he phot oaci d generator generates sufficéent acid to cause cl eavage of the
acetal npoiety. Suitable photoacid generators include oniumsalts,
hydroxymal eim de trifilates and diazoniumsul fonates. Different phaqtopacid
generators ar ePXEPFTAL &Yy g?%‘roéﬁ‘ft]ﬁ/ﬁvoefls g'hegtaﬁgtagf Rt L TS ?%éggto

sel ection of aaphioviiabi drgenereator whil bedeyas agcarPornkrtieroWhi¢horesults

requi rements ofy tah@addirCi ol tQRUpERBY rodlibe. hestleUtt 00 NPosRiasi 44 wadey of the
phot oaci d generglgrs ¢an Be. AllLeLad Y YRII0us, Brocesses far axampl e,

oni um salts canalrsy b Sensitrzed W th ant At aceénes tor use in i1-fine

m crol i t hogr apRsrepprrse§sws an Rp4ts hgscof ot her phot oaci d generators is
found at colum 3 of U S. Patent No. 5,585,223 the disclosure of which is
hereby incorporated by reference as if fully set forth herein. The prepared
phot or esi st cOBRPRERLPTION GfoI'HE iPRAFERRED MYBORINMENTSed to a substrate by any
conventional method used in the hotoresigl araf incIuPing diQPiQ?fl

sprayi ng, whirling armdespicictodtt Wy} o WAEn T EBFTocoatd RG-Y"ForPoéxampreY t he
resi st sol uti opuidahldhdoadjsested midthresdspedhetrylyber perecantizge of asol i ds
content, in orgdefpbRe RoAMiedenrEaatildqgdigrbhie tdasi bestat hhkbess, pgevenctae
type of spinning, cqul RIENG HLLJ i zed and Lhe arpunL.Qf Liag. alikpugd for the
spi nni ng process. FSui tabl € substfat es i nc ude’ s1 11 con, - al uhi num pol yneric
resins) silicoRddiitdsr @é, @ dopesr SFf |GoEBercdpbby derilablg ebatnpretd generaltital um
copper, polysi kh€ @ateretRdip6Symedl HAnGLEYi60 [Hpehs A xdderesslugad lnegumiae seni de
and ot her such.GHalp eAh'oLbLe%Qgtp.%tpgégurJ "8 PRALOIESLEN EORk! DYoeldife
present invention are particular suitable for applicationto fhernally
grown siliconl SP¥aYeef APBSAtaeticgate dPRACEFY)) JEUBn WS dt PTPERAECEN t he
production of WhidhOpIICessons dedrigiiation upen NEYt 2@D2wkiGhnresuatainzed
integrated cirgyid, ¢RIRABENLRotHRo@MM nun al um num oxi de wafer can al so be
used. The substrate nay al sO conprise various polyneric resins, especially
t ranspar ent polyne%ﬁesugh asiquy%§te%s The substrate may have an adhesi on

. Srricture: S
pronoting |ayer of “a°sUitanl & conposition, such as one contai ning

hexa- al kyl di silazane. The photoresi st conposition solution is then coated
onto the substrate, and the substratg isR$reated or "soft baked" at a
tenperature from about 70C to about b0C|tor from about 30 seconds to about
180 seconds on a hot plate or for_grgm al 15 to about 90 mnutes in a
convection oven. This tenperature \rgat 4 S selected in order to reduce
the concentration of residual solventls in the photoresist, while not
causi ng substantial thernmal degradatﬁén t he photosensitizer. In general,
one desires to mnimze the concentration of solvents and this first
tenperature treatment is conducted until Rsubstantially all of the solvents
have evaporated and a thin coating of phqtoresist conmposition, on the order
of one mcron in thickness, remaH Prate. The treatnment is
conducted until the rate of change o renoval becones relatively
insignificant. The tenperature and tion of the soft bake depends
on the photoresist properties desired by theouser, as well as the equi pnent
used and commercially desired coati tifmes. The coated substrate can then
be exposed to actinic radiation, e.g., ultraviolet radiation, at a

wavel engt h of fropahortr2@0: nuégenabiilly “5Qcpny) %ikayor elogetr ankdgam ion
beam or laser radiation, in any desired pattern, produced by use of
sui t abl e masks, n&gat FvbsOC&t €AH/| §; drebplCattes,alé¥k. Exposure to radiation
will activate the photoacid generator and cause a photoacid catal yzed
deprotection of the acetal group of the 2-substituted

3, 3-et hyl enedi oxy-butanoic acid, yielding a f3-keto acid which will undergo
decar boxyl ati on upon heating, which results in a water insoluble
phot opr oduct and evol ution of C02. The photoresist is then subjected to a
post exposure second baking or heat treatnent either before or after

devel opnment. The second heat treatnent will drive off additional C02.

n




7 ~~.~ NOV 2~ The exposed photoresist-coated substrates are devel oped to
remove the image-wi se exposed areas by imersion in an aqueous alkallne
devel opi ng sol ution or devel oped by spray devel opment processy 6¥q@@yt|on
is preferably agitated, for exanple, by nitrogen burst agltatlon

substrates are allowed to remain in the devel oper until all, or
substantially all, of the photoresist coating has dissolved fromthe non
exposed areas. Devel opers may include aqueous sol utions of anmoni um or

al kali metal hydroxides. One preferred hydroxide is tetranmethyl anmonium
hydr oxi de. After renoval of the coated wafers fromthe devel opi ng sol ution,
one may conduct an optional post-devel opnent heat treatnent or bake to

i ncrease the coating's adhesi on and chem cal resistance to etching
solutions and ot her substances. Photoresists of the present invention nmay
al so contain other optional ingredieﬁt%’éuch as colorants, dyes,

ant | -striation 208l S SENSE LECESsh P UGl LATAIN! SuvcPh AShLEZ Gl adnesi on
pronot ers, speed enhancers vent SUch surfactants as non-fonic
surfactants mayoRREigHfedt t1528hE@NEIUET AFLBF JERR pBIRPRRYL (98STH, B @RkYY | zer
and sol vent bekosw tlenphiogy esiosp. conpaigitioon the lteabet: ppolymea mtbstrat e.
The solvents Mg <Pl el Shd BE QYALL16o0RASILA0-4 N B 3pRuNt Of up

to 95% by weight of the solids in the conposition. Solvents, of course, are
substantially r‘“émfx‘fé}ﬂlaéff'e 18¥)]at¥’Fﬁrg°les¢ Pié“‘ﬁhﬁi‘%’r"é%]i%t AGEE MR a
substrate and dryylagiddden-ionic surfactants that nmay be used include, for
exanpl e, nonyl phenoxy pol y(ethyl eneoxy) ethanol; octyl phenoxy ethanol at up
to about 1 0% weight levels, based on the c mbi ned wei t of fi f or i ng
resin and senS|t|gEr Qﬁﬁe‘?oflghn%ra?ﬁ%dfy P &éhﬁl%ﬂmga pr5b?3% egglled
il lustrations @Rteheckdlhorpydes- ﬁr@ﬁﬁe¥m®séﬁbr@ﬂﬁri%1th%@ﬁpd§|@ﬂoﬁEHbf t he
present invention. These exanples are not intended, however, to limt or
restrict the scope of the invention in any way and shoul d not be construed
as providing conditions, paranmeters or values which nust be utilized
exclusively in order to practice the present invention. - ;1 ~Nov 2~~ 1In
the exanples to follow, exanples 1 through 4 show the formation of a
functionalized styrene polynmer containing an acetal protected f5-keto acid
group which with the addition of a photoacid generator, will forma
negative working water sol uble photoresist. Exanples 5-8 are directed to a
functionalized vinyl polynmer containing an acetal protected f3-keto acid
group and exanple 9 shows a copol yner of the functionalized vinyl nononer,
with styrene. Exanple 1 Preparation of ethyl

2-(4_-vinyl benzyy- 3- oxobut anoat e Ethyl acetoacetate (27.61 g, 0.21 nol) was
di ssolved in ethanol (100 m) which was cooled in an ice-water bath, and
sodi um et hoxi de (15.59 g, 0.22 nol) was added. 4-Vinyl benzyi chloride
(33.92 g, 0.2 nole) was added. The m xture was refluxed for 16 hours, then
the resulting slurry was filtered to renove any salt, and the sol ution

coll ected. The sol vent was renoved under reduced pressure to give ethyl

2- (4vi nyl benzyl ) - 3- oxobut anoate in the formof a light red liquid (49 g) in
95% vyield. "H NWR (200 MHz, CDCI 3, 8 ppm: 7.30 and 7.10 (m 4H, aromatic),
6.60 (m 1 H H2C=CH), 5.70 and 5.15 (d, 2H, =CH~~SHtrans)~ 4.45 (d, 2H
-CHzaromatic), 4.10 (g, 2H, -OCHzZCH3), 3.10 [t, 1 H, -COCH(R) C02-]1, 2.15
(s, 3H, CH3C0-), 1.15 (t, 3H, -OCH2CH3). '3C NMR (200 MHz, CDC13, 8 ppn):
202 (-002-), 169 (-CO), 138 (=CHz), 136 (H2C=CH ), 135, 129, 126 and 113
(aromatic), 61 [-COCH(R) COz-], 50 (-OCH2CH3), 34 (-CH2-), 29 (CH3CO0-), 14
(-OCH2CH3). Exanple 2 P~e~aration of ethyl

2={4-vi nl benzy~- 3. 3- (et hyl enedi oxyybut anoate A m xture of et hyl

2- (4-vinl benzyl) - 3- oxobut anoate (24.63 g, 0.1



nmol ) (forned in Exanple 1 ), ethylene Qlycol (12.54 g, 0.2 nol), and
ptol uenesul fonic acid (250 ng) in benzene (100 m) was refluxed for 72 h
~I ~ Hov ~rrz _g (Dean-Stark water separator, 1.9 nl of water)4 Ep

sol ution was cool ed and washed w th aqueoug_.sodi um bi car bonatel( ) 24“‘2100
m), water (100 m) and brine (150 m). The organic |layer was dried
(MgS04), filtered, and sol vent renoved under reduced pressure to give an
orange liquid i 2 i | I ed under
reduced pr essu“?(ﬁ ?o7n @nr"tr’l{bs'tgoﬂ/{?’é C(ﬂnrl ess (f"ﬁh tél'vaa% %(':Vt%%:t)f et hyl
2-(4-vinl benzyG)enér,aB(zetéw;dtenemefuky}; hythatarasiet wmzogta:rﬁﬂ%o %y WB@Bt(ZZ
nmHg) . ' H NWR romatic),
6.70 (m 1 H, ‘&22‘&3613?5pO%sazEHatO%gﬁch(’&’a%%H” aﬂd+‘i"§Ht%§ﬁ%‘53 t%""%’%‘e(d 2H,

;-l CH2ar ozrg; ICI(;)2 cléaﬁEgSca(ﬁf ,th@ HctiveCidd £idB)he p&blﬂnémp&i—éprsuret&ih@lailo% ?C> aﬁ/R [t, -
, COCH S

MHz, CDCI3, 8 %Bhih %%?d%ﬁc?f ing W%ﬁ% E’%@éa?'g gﬂ@'%“@%?a%“‘(@?c_m)(
135, 129, 126 p@lﬂmbﬂﬁo(t&é@ﬂﬁén@hveﬁﬁ& dre@oMrkéiSialy bvaifdbld. QOHEEHRD- ) , 60

(Exg(r?pjlzg_g) Pr ggrg[qétrp is tg\)fa’g) étpﬁgrqxpos}re (f}'rac?|atlon of(the appr)oprlate vSaveIeng(t:rl\_B)

2- ~4-vi nl benz~thep r’@té’acrd ﬁéﬁerafdrgaﬁdna%@mnérﬂ@@m@ 2056 BRavE Y the
2-(4-vinl benzyl) 3 (etv%I enedi oxy) hut anoate (14.52 g, 0.05 nol) (forned

in Exanpl e 2) akﬁ"@@%ﬁ tabre WO?‘?@gﬁmratofﬁ@cﬂﬁ@@t‘tﬂ“ém\ﬁégs-heat ed to 65C

while stirri ngh?d?éx;ﬁrﬁﬂléﬁﬁ@é thifatss GRY @!b%bmubrugmdnagasarmﬁ&en’t/gﬁotaﬁmh nl et
needl e in seal ed rubber septum through the sol ution hour

ali quot of a sBPTATAKNS 8fe aqtgﬂte(d(pmﬁgreg wavelengtis of Hahtohus tha al nonorrer) in

DVF (0.9 i) w@@ebtwrﬁ&rtaﬁﬂwaagcuel@aaé@ﬁﬂ nwbé)baémfhe reebibtibl €t and outl et
needl es were renpved and the seal ed vessel allowed to stir at 65C for 24

hours. The res[ﬁQUﬂ"ﬁg‘eﬁ'i&@fdh@ mierslithea@appy + dhedesaitionauosansityity ot ficopanol |,
then filtered ppoghve g%ﬂepﬁtérs‘égégab% é?fé‘PQ@BY Qér‘Rﬁ}éCﬁrocJQ%%pFBF]H%mp@S purified

by dissolving In ethyl” acet at reprecipitatin ano The solid
et hyl 2-(4-vi nPRigRYSAlts- f@”@‘%bﬁ?%ﬁwddwy) @ndhmae%qulsym@r ingas dried in

o 3+ T8, o ity 1ngSiaBho pRSestes. Lot &Y et bl A B o s e 2

-OCH2-), 3. 403fcemd[at cRiun@CEE( B)02atent No. §058B22theztisclosgr oawbightis ¢) |
2.002.20 (-CH 1.00 (3H, CH3C
0.80 (3H, (mHzEﬁ%%g’H'P‘%’E‘%\Tﬁﬁ?]d(@%f%/gEée %@T“J'ﬁ%@a@ 'ie}rﬁ%" 172(( c02-), >
142146 (1 C, aromat Thke prep2bddBphdtareSist aompuasitiar) solié, 3an pé@pptiedtmai c), 110
R R) O 61 2- 44~
47(- Ol babkBUPUIFLS Y A9Y (ORI BARREOR -4l FEBOENRT0) .« 22 (GHBC).
14 (- OCHZCI—B) |rE1mimj ¢ippingr sprayiay) whlrlmfg adnggin coating. When spin coatlng,
2-(4-vinl benzy or exam(p?e Ql¥e ?ens?s som n can Eg%%ﬁucsteadc wqh Pesp%ct to the

percentage of solids content, in order to provide coating of the desired

Ol—‘

thickness, given the type of spinning equipment utilized and the amount of
time allowed for the spinning process. Suitable substrates include silicon,
aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures;
gallium arsenide and other such Group 1IN compounds.

The photoresist coatings of the present invention are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated
wafers, such as are utilized in the production of microprocessors and other



Et hyl - 2- (4-vi-nl benzyl) -3, 3- (et hyl enedi oxy) but anoate pol ynmer (forned in
Exanple 3) (1.9 g, 7.7 mmol) was dissolved in g-butyrolactone (30 m). A
solution of NHAOH (30%in water) was added and the sol ution wdl OVt 200210C
for 5 hours. The resultant solution was made slightly acidic with the
addition of HCl and the ethyl 2-(4-vinlbenzyl)-3, 3(ethyl enedi oxy) but anoi c
aC|d pol ymer precipitated into toluene and dried as a white powder (0.6 Q).
"H NMR (200 MHz, CDClI 3, 8 ppm: 6.207.10 (4H, aromatic), 4.004.20 (2H,
_OCH2CH3), 3. 60ENighirized I"I"teg@@Q—K"F@JMQD]PO”Q”@O§”1@U@MW3@H’E&@r@rﬁ%!qec)
1.902.20 (-CH 1- 3H, CHSC—)
1.20 (3H, - 5?@ Y 3%3 RS %ogﬁ%ﬁgb%c"??’aéﬁ@%b”sz%gg%”g 1y, 169
(-CO)) 143A46 p@tyrrrencae@lnax ¢-°@)eena!m§rae@e(rent®olmmpb)as pDB@ﬁtﬁDS Ih)?

) 8 R i Bl il 20 10

2U02 -11 ExamcbmpPsitipassaitch@s afe entgihing -tezatajdy! Sisttmzeproat e Et hyI

ccetoncetaLe (5] Suo bnTBAc MR oR BIET ) o AELaiB R ) 2000

t enper at ur e andulstiatenandlthetubsieatets Béatgd dB ﬁﬁt Ivark eely at/\asberapleiawreThe m xt ure

was refluxed f r 5_ho o 1HE I y

acet ate was ad Q%Hrﬁﬁ)c %HBO anﬁ W%‘?‘?ngf;tt g?lbt 1% or| c acid
(2x200 m, 5N sae@hdyd,rn@ hol pRtddn for oM dlfogﬁmf)@oé@é{ﬂfQOWﬁmustllﬁ@ (MySQa) ,
filtered, and sol vent rermv?_g under reduced pressure to give ethyl

2-acetyl - 5- hex ERBYREIONPVERe TNistRIMBEraiuTe tiAtmeRt 'Fé\‘R)eICF‘?ﬂJP(?“é@’tQQ g) in 91 %

yield. 'HNWR (g@iteMhe corb¥ntdatioR ob PsBiduab sdiert8lin %éiahdt&@si@HWhnano@O (rT) 2H
=CH~~sHtrans) ~ 4. 15 H,_ - COCH(R) C02- ]

(s, 3H, CH3CD- )caU§'n9@ub§tamba'(thsrnzﬁhdegreﬂqu0§thﬁpfetqs@ns'gw "@eﬁmab) 3c

NVR (200 MHz, %'d%swgsRpmnlm%@ahét%r)tratléﬁgféol%t%ané%s(‘d’@%C-CHO) 115
(=CH2), 61 (-O0R-). CHz-Y, 29 (CHB-), 27 (=CHOH2CHR-) ,

14 (- OCH2CH3) . t@gﬁ@t@péwrg@ptdﬁcm qgtq:g,pntll substantlally all of the solvents
2-, 3-butenyy-3 h%vé"eR/QM)r%ﬂﬁpérQyé lE’rHﬁ @8 f"bh‘&dﬁ’é &Iitfb‘a‘xl on the
fochipdilaf. on)

2- acetyl 5- hexenoat e orrre , ethyl ene
gl ycol (18.82 @rd@cﬁqmsmcrqma tlpjclsraﬁslaemms emthe %@SHGKGZS-UWQ@?atm?nbenzene

(150 m) was r%bbﬁ%ﬁ%té@untﬂ%@ da@Sﬁéhaﬁg;%rdf Whﬁ(reﬁﬁ%afﬁé&rmdes%eéb% of

wat er). The solution was cool ed and wasShed aqueous so |cgr bonat e
(5% 2x100 m) insigifiticant.100e Ae¢npenatiire aind dinfelsHection. ofmfesqftgakﬂ depengsr was
dried (MySO04), 1 to give
an orange |IQUIOET tb%%’h‘;{joé‘)ﬁ%r@%% Pﬁg' &g;q}’ fes V@ésw%?g)te%‘ @g %’ﬁder
reduced pressunset@ndiomnsércially desictcbedating tineagpui d product of ethyl

oy o0b 15 AR Eiu R (i i8h Bg'esoskd (i aifin o 6 22, M)
-502:&25;” §H60 Eﬂ(ij?\scbletmdsa)tlenﬁlat%wevplelﬁgﬂh of ORI 20(3n95t0(arh0u4|4—|50i ZO (s,
3H, CH3'), 1. 26‘”81""33%9'9"@%6%& forl g R %%d%ﬂhéﬁ 668%&% ‘%)p 172

(-002-)) 137 ( hReEeEHPrdducktDy(usBHE)suitale nask R &gERYE, Jsterbls,(teOPHREG20- ) , 60

E %3%; garﬁs? eEsz(?_ﬁLgﬁg? %a_a?ﬁnd%ﬂl éﬁﬁﬁ‘gﬂ(te %H ho%cm} genera{or and causé
2- ( 3- but en~~) ~-BpRotbatit chtmeddaepfotottionnsfitiee acetdl group of the 2-substituted

3,3-ethylenedioxy-butanoic acid, yielding a R-keto acid which will undergo
decarboxylation upon heating, which results in a water insoluble
photoproduct and evolution of CO,. The photoresist is then subjected to a
post exposure second baking or heat treatment either before or after
development. The second heat treatment will drive off additional COa.



A m xture of ethyl 2-(3-butenyl)-3-(ethyl enedi oxy)butanoate (6.85 g, 0.03
nol), fornmed in Exanple 6, and agqueous potassium hydroxide (50 mM) 1.1 M
was retluxed for 22 h. The cooled m xture was then extract edwgéﬁhngtw
(100 m). The aqueous |ayer (pH=13) was acidified in an ice- alirwith
hydrochloric acid (100 mM, 1 M pH=1 ) and extracted with ether (2x100 m).
The solvent was rempved under reduced pressure to give ethyl
2- (3-butenyl)-3, 3-( Iened but anoi.c  ac in the fo Vi scous
o Ght yel o 11 qun o7 b8 exsosed mHOBELERGHE kil 0B5P RIPeStecy 3. 5 pom
5Oéa2(m % g [I'Qﬁe@'th)e mﬁg%&wé@bx;ﬂdéfdé&bmo stgmme&)cma &ﬁac{u&ogéH i >§5 (

, o m ) - S,
3H, CHs ﬁﬁiﬂ"?%é@vwnééﬂg?QA ogd Yﬁﬁpedl%éf{fabéﬁvﬁbpfféﬁt RIABeSSCHO ), 115
(=CH2), 109 [qu)B%F@tI@ﬂ]IS p@%@b@ﬂd&%@of&exﬁ%pb Wn)trog%ﬁlﬁr@‘FmZ ), 27

(=CHCH2CH2-), 21 CHB%‘ Preparation o th
(3 but ebuten r ppitations ec%{bﬁ%@?éﬁﬁé’mwe%ﬁﬁW"&"h@?dyeﬁﬁﬁof?ﬁbﬁmté@ﬂyl

2- (3- but enyl ) - 3r o REMAIRALNY bRBlAEHIICoRENGIhaLeiésBvedrBRnERIh as for med
in Exanple 7 was added to a m xture of |jthium alum numtetradecyl (22.2

M), titani um £¥PSREATEAS dDeVRIOpgIs BRkiNshide@UURPYS SRIRtINS GfanyTORIYE ohexane.
The sol ution \A@Fg%hrrﬁ&sh TyFodedI e prefertd PRiarBKiaY is teframethypy 2002 - 13

suspensi on forne en MeOH was adde ssolved the solid, and the
resul tant sol utamnorpu@dw@meadAft@r remorel afdhgroated wais fim the solid et hyl

2- (3butenyl ) - 3d§v§l€biﬁ§'s%ﬂﬁﬂh°€§r¥é Q"é?%ﬂaﬁ ot tnBRélde%E de@ﬁéﬁ%éﬁt% t d

Preparation of ethy~3-buten~~-3 ene ~r ~~but anol'c aci
styrene co ol ptreatment anakgﬁtew&feameHW coating' s adhesuon and chemical

2-(3-but enyl ) - 3es§st£afi& gdngtﬁf(?@b%)ﬂtBH%QB@'oﬁwﬁ?%bgstéﬁégdsm?d in Exanple 7) (9.18

g, 0.051 nol) an ) were dissolved in g-
but yrol act one (100 thtoremetsmfmajwresmsnMDemayoal%c@\tamotberst| rring and

degassed by vi g) Eﬁﬁglloqrggl Bt OP%E?%%{%'\#P?“%* g\[h: g{napgggbgmjsn seal ed rubber

septum through a soblution of AlIBN
(0.1314 g, O. 8sensilizers, lewei¥vigt ageals, pastioeels, bdlheyicbupmnmltast speed 2.8 M) was

i njected and d%ﬁﬁgﬁggs g@#}@é‘%nq EQ%%Qﬁr?alcltaéﬁs ’&L,'n %nﬁc g@rrfaect&qg?gﬂ%d t he

interval s of 5 hours. nee es were tenov
seal ed vessel addedstaltheosaltion aftth® palymer réXn, hmnsnszer'lénd sobant befoge m xt ur e
was precipitat Iteredto give a white

to 10
powder product ?hel'ﬂ ﬁ&?”\ﬁ&é"‘ﬂ?é@%‘i%@%“ﬁ £ I tetate and
reprecipitated to hemarselveﬁtmmspbeqbr@émyin the overall composmon in an

2- (3-butenyl ) hyl ene but c acil d styrene co oI mer was
riod in the admast gy uE T SeAY weaRlihEe S8 ite Soresian BekdBRen
descri bed with ofespeef aﬁe%lﬂfstﬁcrﬁéﬂ)eﬁénm@@ftﬁﬁB(bamgfdﬁwphotomléthOSG skil | ed
inthe art wll Ic)Bg)nl ze, %fg:gtl ons . and var ons,.in th specific

details which 18 A &é%%ﬁau RiNg: | Nerstoni Hihat BEdhced £ o
wi t hout depar t iysgd fiicnmad, fier e@iniplé, rongipaeams dly(ehgldnaveytdteandas defined in

the appended CIocltylphenoxy ethanol at up to about 1 0% weight levels, based on the
combined weight of film forming resin and sensitizer.

The following specific examples will provide detailed illustrations of
the methods of producing and utilizing compositions of the present
invention. These examples are not intended, however, to limit or restrict
the scope of the invention in any way and should not be construed as
providing conditions, parameters or values which must be utilized

exclusively in order to practice the present invention.



-14 WHAT IS CLAIMED I'S: 1. A polyner particularly suitable for use as a
phot oresi st, conprising the structure: R~ R3 n R2 OH where R--R4 are

i ndependently H) (C--C5) alkyl or (C--C5) alkoxy, Xis C=0 CI?Q Nﬁg\?ﬁ" 0]
aryl (C--C5) alkyl. 2. The polynmer as clai-fed in claim1 further I nc u%il ng
a photoacid generator so as to forma photoresist. 3. A polyner
particularly suitable for use as a photoresist, conprising: a) a pol yner

backbone; b) han aCE})raihem@gﬁﬁim fb!fo%fﬁ)@nﬂﬂéﬂ Hrowgh tll(ahdwftl)e ﬁ)rhiaﬂhﬁlge4gr '(I)'Ep
connecti ng t he acC one t he acet a pro cte to a roup e
e B 1 s o8 peteaaiad STERE el RET ARG in SEBLoRL ¢S AR e d

group conpri sescpy @roé?bﬂﬁdﬁWﬁl@dwé’a&tﬂiﬁM'@ﬂﬂﬂngbﬁ@r@Ml\Qlll&@ﬂn‘ﬂa ~~N

ov 2002 -15 5. The as clainmed in claim3 wherein the |inkage group
conpri ses at |@&set'mmomngawateéﬁelvb@rmrealsbh@mp@ sfareshrested e gr oup

and an al koxy %erHé’hon%hzérd"@in?ICBdrmér &%t&huﬁg%%cbfhl 6|fcﬁééfb§ RUH Bciy the
backbone pol yner conprises at | east one of §V|ny s vinyl ethers,

acryl ates, et igseyyard esampher%/$hqwsea1§omq!wnewfﬁ ¢ fnstipaslizedyinti ds and vi nyl

acryl am des 7. méhdhgt Qﬁtﬁgiﬁgngorrpo& tion, conprising: a) a polyner
backbone; ' '

Example 1
Preparation of ethyl 2-(4-vinylbenzyl)-3-oxobutanoate
Ethyl acetoacetate (27.61 g, 0.21 mol) was dissolved in ethanol

(100 ml) which was cooled in an ice-water bath, and sodium ethoxide
(15.59 g, 0.22 mol) was added. 4-Vinylbenzyl chloride (33.92 g, 0.2 mole)
was added. The mixture was refluxed for 16 hours, then the resulting
slurry was filtered to remove any salt, and the solution collected. The
solvent was removed under reduced pressure to give ethyl 2-(4-
vinylbenzyl)-3-oxobutanoate in the form of a light red liquid (49 g) in 95%
yield.

*H NMR (200 MHz, CDCl3, & ppm): 7.30 and 7.10 (m, 4H, aromatic), 6.60
(m, 1H, HoC=CH-), 5.70 and 5.15 (d, 2H, =CHgsHans), 4.45 (d, 2H, -CH,-
aromatic), 4.10 (q, 2H, -OCH,CHj3), 3.10 [t, 1H, -COCH(R)CO2-], 2.15 (s,
3H, CH3CO-), 1.15 (t, 3H, -OCH,CHs). '*C NMR (200 MHz, CDCl3, &
ppm): 202 (-CO,-), 169 (-CO-), 138 (=CHy), 136 (H2C=CH-), 135, 129, 126
and 113 (aromatic), 61 [-COCH(R)CO,-], 50 (-OCH2CHa), 34 (-CHz-), 29
(CH3CO-), 14 (-OCH2CHa).

Example 2
Preparation of ethy! 2-(4-vinlhenzyl)-3,3-(ethvlenedioxy)butanoate

A mixture of ethyl 2-(4-vinlbenzyl)-3-oxobutanoate (24.63 g, 0.1
mol) (formed in Example 1), ethylene glycol (12.54 g, 0.2 mol), and p-
toluenesulfonic acid (250 mg) in benzene (100 ml) was refluxed for 72 h



b) an-acetal protected f3-keto acid group; c) a |linkage group connecting

t he backbone and the acetal protected f3-keto acid group; d) a,photoactive
agent capabl e of causing deprotection of the acetal group. 8. & 2002
photoresist as clainmed in claim?7 wherei n-Bhe photoactive agent conprises a
phot oaci d generator. 9. The photoresist as clained in claim7 wherein the
acetal protected f3-keto acid group conprises a 2-substituted

3, 3-et hyl enedi @Yy Rt Qlaferdebratdrd1 9TrHFo @rm%man%%'aa%@ed nclaim?7
wherein the |inkage group conprises at ast an ester group, a
phenyl group, and wakrbed yithaguaeies mﬂllaml@ﬁqf aie:#i% 2x100 ml), water (100
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Example 3
ration of ethyt 2-(4-vinibe -3.3-(eth i utanoate polyme

Ethyl 2-(4-vinlbenzyl)-3,3-(ethylenedioxy)butanoate (14.52 g, 0.05
mol) (formed in Example 2) was dissolved in DMF (75 ml). The mixture

was heated to 65°C while stirring and degassed by vigorously bubbling
argon, via an inlet needle in sealed rubber septum, through the solution for
0.5 hour. An aliquot of a solution of AIBN (0.0838 g, 0.5 mmol, 1 mol%
total monomer) in DMF (0.9 ml) was injected and degassed for 0.25 hour.
Both inlet and outlet needles were removed and the sealed vessel allowed
to stir at 65°C for 24 hours. The resulting mixture was precipitated into
1600 ml of 2-propanol, then filtered to give an off-white powder product.
The product was purified by dissolving in ethyl acetate and reprecipitating
to 2-propanol. The solid ethyl 2-(4-vinlbenzyl)-3,3-(ethylenedioxy)-
butanoate polymer was dried in the air to give 10 g white solid.
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"H NMR (200 MHz, CDCls+ TMS, § ppm): 6.20~7.10 (4H, aromatic),
3.90~4.20 (6H, -OCH,CH3 and 2 x -OCH3-), 3.40~3.60 [1H, -
COCH(R)CO2-], 2.80~3.00 (2H, -CH,-aromatic), 2.00~2.20 (-CH-,
backbone). 1.00~1.70 (-CHa-, backbone), 1.00 (3H, CH;C-), 0.80 (3H, -
OCH,CHa). *C NMR (200 MHz, CDCl3+TMS, & ppm): 172 (-CO,-),
142~146 (1C, aromatic), 135~137 (1C, aromatic), 126~130 (4C, aromatic),
110 [-O(R)C(R)O-], 65 (-OCH,CH,0-), 61 (-OCH2CH3), 56 [-
COCH(R)COy-], 44~ 47(-CH,-, backbone), 40~42 (-CH-, backbone), 34 (-
CHg-aromatic), 22 (CH3C-), 14 (-OCH,CHjs).

Example 4
Preparation of ethyl 2-(4-vinlbenzyl)-3,3-(ethylenedioxy)

butanoic acid polymer
Ethyl 2-(4-vinlbenzyl)-3,3-(ethylenedioxy)butanoate polymer

(formed in Example 3) (1.9 g, 7.7 mmol) was dissolved in g-butyrolactone
(30 ml). A solution of NH;OH (30% in water) was added and the solution
warmed to 110°C for 5 hours. The resultant solution was made slightly
acidic with the addition of HCI and the ethyl 2-(4-vinlbenzyl)-3,3-
(ethylenedioxy)butanoic acid polymer precipitated into toluene and dried
as a white powder (0.6 g).

"H NMR (200 MHz, CDCl3,  ppm): 6.20~7.10 (4H, aromatic), 4.00~4.20
(2H, -OCH,CH3), 3.60~3.80 [1H, -COCH(R)CO,-], 2.90~3.10 (2H, -CH>-
aromatic), 1.90~2.20 (-CH-, backbone). 1.00~1.70 (-CHz-, backbone),
1.25 (3H, CH3C-), 1.20 (3H, -OCH,CHs). 3C NMR (200 MHz, CDCl3, &
ppm): 202 (-CO,-), 169 (-CO-), 143~146 (1C, aromatic), 135~136 (1C,
aromatic), 126~130 (4C, aromatic), 62 [-COCH(R)CO2-], 61 (-OCH2CHj),
42~ 46(-CH2-, backbone), 40~42 (-CH-, backbone), 34 (-CHz-aromatic),
29 (CH3C-), 14 (-OCH2CHa3).
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2226555 = 10U TlO% Etl’f?lig‘aégtoacetate (6.57 g, 0.05 mol) was dissolved in ethanol (25
mi) and sodium ethoxide (3.9 g, 0.55 mol) was added. The solution was
cooled to room temperature and 4-bromo-1-butene (6.96 g, 0.05 mole)

was added. The mixture was refluxed for 5 hours. The resulting solution
was filtered, ethyl acetate was added (75 ml), and washed with a solution
of hydrochloric acid (2x200 ml, 5N) and brine (100 ml). The organic layer
was dried (MgSO0,), filtered, and solvent removed under reduced pressure
to give ethyl 2-acetyl-5-hexenoate in the form of a light yellow liquid (9.29
g) in 91% yield.

'H NMR (200 MHz, CDCls, 8 ppm): 5.75 (m, 1H, H,C=CH-), 5.00 (m, 2H,
=CHgsHirans), 4.15 (g, 2H, -OCH,CHa), 3.40 [t, 1H, -COCH(R)CO»-], 2.10
(s, 3H, CH3CO-), 1.80~2.10 (m, 4H, -CH,CH>-),1.20 (t, 3H, -OCH,CHs).
13C NMR (200 MHz, CDCl3, 8 ppm): 202 (-CO,-), 170 (-CO-), 137
(H2C=CHO-), 115 (=CHy), 61 (-OCHy-), 59 (-CH-), 31 (=CH-CHj,-), 29
(CHas-), 27 (=CHCH,CHz-), 14 (-OCH2CH3).

Example 6
Preparation of ethyi 2-(3-butenvl)-3,3-(ethvienedioxy)butanoate

A mixture of ethyl 2-acetyl-5-hexenoate (30.62 g, 0.15 mol) (formed
in Example 5), ethylene glycol (18.82 g, 0.3 mol), and p-toluenesulfonic
acid (250 mg) in benzene (150 ml) was refluxed for 48 h (Dean-Stark
water separator, 2.3 ml of water). The solution was cooled and washed
with aqueous sodium bicarbonate (5%, 2x100 mi), water (100 ml) and
brine (150 mi). The organic layer was dried (MgSOy), filtered, and solvent
removed under reduced pressure to give an orange liquid (27.7 g) in 81%
yield. The residue was distilled under reduced pressure to furnish pure
colorless liquid product of ethyl 2-(3-butenyl)-3,3-(ethylenedioxy)butanoate
(22 g, 64%); bp 121°C (22 mmHg).



| TIO%TE () - &$s@O0%& ()- 109%& ()- 10T 10T
10T' z10967& ()-s5678-:.:/:0:?:}0aSl! YLZ109%& ()-m 10TT 10TT
10TT! $- 10967 T& ()-f $- 1096T& ()-f!Lf 10%00% () - zLf 10967& ()-2?: <14 NOV 2002
<C</ >??z[ <aS1! Y. F10%@& () - 10%&& ()-! 10%@@AZ ) - | YL0%&' () - YFL0%&& () - ! 3y10%a®
& ()- 2{@AAA AAAC- @ YYgl0%& () - Z310%& () -s$@0%& ()- 10@ 10@ 10@
&OMLO%@E () -z! *
"H NMR (200 MHz, CDCls, 8 ppm): 5.75 (m, 1H, H,C=CH-), 5.00 (m, 2H,
=CHgsHuans), 4.15 (q, 2H, -OCH,CHs), 3.95 (m, 4H, 2 x -OCH,-), 2.60 [dd,
1H, -CCH(R)CO2-],1.60~2.10 (m, 4H, -CH,CH,-), 1.40 (s, 3H, CHa-), 1.20
(t, 3H, -OCH,CHy). *C NMR (200 MHz, CDCls, & ppm): 172 (-COy-), 137
(H2C=CHO-), 115 (=CH>), 109 [-O(R)C(R)O-], 64 (-OCH,CH,0-), 60 (-
OCH2CHj), 53 (-CH-), 32 (=CH-CHy-), 27 (=CHCH,CHy-), 21 (CHgy-), 14 (-
OCH,CHy).

Example 7
Preparation of ethyl 2-(3-butenyl)-3,3-(ethylenedioxy)butanoic acid
A mixture of ethyl 2-(3-butenyl)-3-(ethylenedioxy)butanoate (6.85 g,

0.03 mol), formed in Example 6, and aqueous potassium hydroxide (50 ml,
1.1 M) was refluxed for 22 h. The cooled mixture was then extracted with
ether (100 mi). The aqueous layer (pH=13) was acidified in an ice-water
bath with hydrochloric acid (100 mi, 1M, pH=1) and extracted with ether
(2x100 ml). The solvent was removed under reduced pressure to give
ethyl 2-(3-buteny!)-3,3-(ethylenedioxy)butanoic acid in the form of a
viscous light yellow liquid (5.29 g) in 88% vyield.
'H NMR (200 MHz, CDCl3, & ppm): 5.70 (m, 1H, H,C=CH-), 4.95 (m, 2H,
=CHgisHvrans), 3.95 (m, 4H, 2 x -OCH,-), 2.6 [dd, 1H, -CCH(R)CO,-
1,1.60~2.10 (m, 4H, -CH,CHy-), 1.35 (s, 3H, CH3-), *C NMR (200 MHz,
CDCl3, 8 ppm): 178 (-COy-), 137 (H,C=CHO-), 115 (=CH>), 109 [-
O(R)C(R)O-], 65 (-OCH,CH20-), 53 (-CH-), 32 (=CH-CH>-), 27
(=CHCH2CH3-), 21 (CH3-).

Example 8
Preparation of ethyl 2-(3-butenyl)-3,3-(ethylenediox
butanoic acid polymer
Ethyl 2-(3-butenyl)-3,3-(ethylenedioxy)butanoic acid (4.7 g, 0.023
mol) as formed in Example 7 was added to a mixture of lithium aluminum
tetradecyl! (22.2 ml), titanium tetrachloride in cyclohexane (4 ml) and 40 mi
of cyclohexane. The solution was stirred for 22 hours. A light gray
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resultant solution precipitated in EtOAc to give an off white solid ethyl 2-(3-
butenyl)-3,3-(ethylenedioxy)butanoic acid polymer.

Example 9
Preparation of ethyl 2-(3-butenvl)-3,3-(ethylenedioxy)butanoic
acid_and styrene copolymer

A mixture of ethyl 2-(3-butenyl)-3,3-(ethylenedioxy)butanoic acid
(formed in Example 7) (9.18 g, 0.051 mol) and styrene (7.59 g, 0.05 mol)
were dissolved in g- butyrolactone (100 ml). The mixture was heated to 65
°C while stirring and degassed by vigorously bubbling argon, via an inlet
needle in sealed rubber septum, through the solution for 0.5 hour. An
aliquot of a solution of AIBN (0.1314 g, 0.8 mmol, 1mol% total monomer)
in g butyrolactone (2.8 ml) was injected and degassed 0.5 hour. In total, 2
aliquots were added at intervals of 5 hours. Both inlet and outlet needles
were removed and the sealed vessel allowed to stir at 65°C for 20 hours.
The resulting mixture was precipitated into 1000 ml of 2-propanol, then
filtered to give a white powder product. The product was dissolved in ethyl
acetate and reprecipitated to hexane. The solid ethyl 2-(3-butenyl)-3,3-
(ethylenedioxy)butanoic acid and styrene copolymer was dried in the air to
give 1.0 g. Yield is 13%.

The invention has been described with respect to preferred
embodiments. However, as those skilled in the art will recognize,
modifications and variations in the specific details which have been
described and illustrated may be resorted to without departing from the
spirit and scope of the invention as defined in the appended claims.
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the structure:

\J

where R4-R4 are independently H, (C4-Cs) alkyl or (C4-Cs) alkoxy,
Xis C=0, OCO, CONH, O, aryl (C4-Cs) alkyi.

2, The polymer as claimed in claim 1 further including a photoacid
generator so as to form a photoresist.

3. A polymer particularly suitable for use as a photoresist, comprising:
a) a polymer backbone;
b) an acetal protected R-keto acid group; and
c) a linkage group connecting the backbone and the acetal
protected R-keto acid group.

4. The polymer as claimed in claim 3 wherein the acetal protected -
keto acid group comprises a 2-substituted 3,3-ethylenedioxy-butanoic
acid.
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The polymer as claimed in claim 3 wherein the linkage group

comprises at least one of an ester group, a phenyl group, an alkyl group
and an alkoxy group.

6. The polymer as claimed in claim 3 wherein the backbone polymer
comprises at least one of polyvinyls vinylethers, acrylates, methacrylates,

vinyl phenolics, vinyl carboxylic acids and vinyl acrylamides.

7. A photoresist composition, comprising:
a) a polymer backbone;
b) an acetal protected R-keto acid group;
c) a linkage group connecting the backbone and the acetal
protected RR-keto acid group;
d) a photoactive agent capable of causing deprotection of the
acetal group.

8. The photoresist as claimed in claim 7 wherein the photoactive agent
comprises a photoacid generator.

9. The photoresist as claimed in claim 7 wherein the acetal protected
3-keto acid group comprises a 2-substituted 3,3-ethylenedioxy-butanoic
acid.

10.  The photoresist as claimed in claim 7 wherein the linkage group
comprises at least one of an ester group, a phenyl group, an alkyl group
and an alkoxy group.



