PCSI Tl VE- WORKI NG P OSI TI ON BACKGROUND OF THE | NVENTI ON The
present invention is i wat er sol ubl e polynmers that are useful as
a positive working water'*8" ubl e photoresist. Photoresist co@fb#fAyidegs are
used in mcrolithog es for making mniaturized el ectronic
conponents such as ”mmm ”mmmm;ati on of <brputer chips and integrated
circuits. Generally, ing gse processes, a thin coating or filmof a
phot or esi st conposition IS tirst applied to a substrate material) such as
silicon wafers used for nmaking integrated circuits. The coated substrate is
then heated to evaporate any sol veRESGRIFdObhot or esi st conposition and to
fix the coating onto the r of the substrate is
next masked and subj ect eyt @%@@HBLE%E’%?E@'%&@&% radi ati on exposure

causes a chem cal transfor mpHOTORESIST eoMpresipmas of the coated
surface. Visible light, ultravioret (OV) t1ght, efectron beam and X-ray

radi ant energy are radiation types conmonly used today in mcrolithographic

processes. Aétél%&fté ’ he coated substrate is treated with
a devel oper N Y,

=g 7:AAA%1 0 jove either the radiation-exposed or
the unexposed areqpeQireddif ifsHtRM is WirbaeR t%fwétB?séMB%;Bé!gﬁre,rJﬂ%rt%ré‘re, t wo
types of photoresist conpositions, negative-working and positlve-worKking.
When negat i vesefal &$ agpgsititeowerkirgg watersodutile phstaxesisexposed to radi ati on,

t he areas of the PBBI st conposi tion exposed to, the radi ati on becone | ess

sol ubl e to a develOpreds) cameesitipns are wqdﬂmemm@'éaoar@@ ¥ REPCQSFES
phot oresi st _#nahailiflg Mkl YBEFiE BHTbARAROLH 88 in HRBbrLARAT MmNt Of
wor t deve

an exposed negative= ing resrst w oper causes renoval of the
non- exposed ef esapoferichipsidi intefratdd circuits. \Fehetali i tdsegrogsssdd)e
creation of a negative inmage in the coating, thereby uncovering a desired
portion of taéhin@atingionding obetphateresist caswosiionts dFstiappligh e er esi st

hotor esi ot SO FrhEe, s0oh bR SUBHR HereRised B KA InlFt®d o P
phot or esi st GRINBSI THLEOAXQREBSrAtR i§ ifer AELRI torbVAPBRITE aM DIVt UPl € to the
devel oper solution while those areas not exposed renmain insoluble to the

devel oper sothetphotorepint compositiomeand tof fixatheccqaiingdbrjodie substvate k iTing
photoresist with the devel oper, cayses renoval of the exposed areas of the
Poat i ng_ and $9R10d sDERES AT e SLbgiEte iS next g sked and SUnRE RN G 805 Eut i ng.
Again, a des{yegdidignti on of the underlying substrate surface is uncovered.
After devel opnment, the now partially unprotected substrate nay be treated
wi th a substr at e- Ehishradiatisnlexposureatauskea sneharaicabinangfoematideein thbe et chant
solution or plasnma gases_etch that portion of fhe subst[ate X\/nere t he

phot or esi st HASEAARAS of Hposeted surfage d NiEblsdighbt ultrayiglel (Y4 light, ¢ he
bstrate wh i St i i A | ted d,
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corresponds gised foelaphe ntiomdithagseshit Proddsseex Pdteu tisis ohadked ¢xpdisatd,on. Later,
t he remai ni Pfg areas of the photoresist coating nmay be renoved during a

stri ppi ng opBegdated sukstiatads Heatagawite adavelangs sofuioa telisspive andy some

ater the odvBRsrEnterale frARIOE Rk ST he HaABRRe B oA B feialed Y
adhesi on to ¢ladensiahbsubstratebstrate and its resistance to etching

solutions. Photoresist resolution is defined as the snallest feature which
t he There are two types of photoresist compositions, negative-working

, e3e8C8@ " ~66T * | H&W@mm Y 2002 1 *cooooz* DESCRI PTI ON WATER SOLUBLE
I'rect

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



resi-st.conposjtion can transfer fromthe photomask to the substrate with a
hi gh degree of image edge acuity after exposure and devel opnent. In nost
manuf acturing applications today, resist gsol ution on the orden Yl S
than one mcron is necessary. Photolithographi c process have progresse
fromvisible light to ultraviolet light (so called i-line at 2 ~ MAY 20D2
-3 wavel engt hs around 365 nm and beyond. In addition, it is alnost always
desi r abl e t hatatifgade Vet opatiop od tonegative imaige ipthd coatind eherehy vertl cal
relative to the subpstr

uch, de cati,ons, bet n. devel oped
Undevel oped anefa\éerm@ﬁ@sv PORicRRI N ¢ N PAMD AUBSTTAIECS UERSH O WIYRR t er n
transfer of puizTol e. Cenerally, positive working
phot or esi sts ar% prg?e'rred @d\;ge‘tﬁb#l@gaﬁé@e m%drkl ng photoresists as they
general | y exhi bi t CsvLiperather hasd)whermpositipaidrkihg ghotdrieeisp empositipasi ti ve
wor ki ng photoresist is capabl e of operation at i1-line wavel engths. The
present phot areegxmse&ot@;ragiatlpanﬂmeearaas ef theoph@tpeesist COMMRASItayi r onment al | y

or econt” i nveRbied © B rblilah EBRhR ForbNPE o ohs HevelHREEOLEPR 2

posi tive worighng tHedearesa nitlekpBsed pemainshséllble t@cmé dé%ldp%%bmiohhe use of
a photoacid generator. The present photoresist can be used fine

resol uti ons ahus, tIreatmeMméEereg@bsed Iposmhe-lwofkmlgaahd’iethwﬂntthased with the

present phot ist is water se of t ho resi m conduct or
ranuf act ur néevﬁppeb@% fPHIﬂI‘éEPE#I‘*ﬁ’qusé B ot BeiaafinganEPeompr i sed of

3 Sl a0 © DB AN ASIRRY Y e d1Est eaamIgedAgg.na aldedfrgge group to
a ~3-keto carboxylate salt. econ I|nkage group cou onat ed
d| azonapt hoqponmmeof(tﬁu@hd&ﬂylagﬁubetramesmfadebemmcowanedch0| ce of backbone and

any conononer, is influenced b% its solubility in water, as the initial
pol ymer must be s@fter éeweippyessitheinew aaRIIaIlséunp@twtsdIwbsﬁat@tm@mee

conpos t1 on [EEEMEY 2 AHbhihi B AHERSBel B BleaH b EoAg e LRI ERETRI S i 1
cause the ~3elePlt SoioN ok BlasnidbhséOcteRdREDSorioh vf kil capaalegiindat | on

fol |l owed by decarboxyl ation which |iberates amonia and CQ2. The pol yner
product fr onthehphotorasisteioating Maaartanmvadsdmm dexaddprbent. i Thevataas, ofon

subsequent e os r oi-line irradiati noi ety
inder goes. a1 SYbstiaLs ey e phofirest! Giating Sl reRems e Bt ctRh
ultimately y?ﬁadﬁauenah GHAR FRISANY bicatdf Irftne Nibshiale fRferdd agtigh [ om this
phot ochemi cal rearrangement 1s now sol e In water. As the starting

pol ymer undecgwespdmns tedhalphiotamaskused éor,thé eaposaresf thelradibtiot.o i nsol ubl e

(after heatin and back to soluble (after photoghem s t he phot or esi st
wi Il dissol vbg{erﬁ t@@\f@ﬂ@d@ﬂg\ﬁrﬁ%ﬁs 8@6\9 Ripdares %ﬁPQHn%HPﬁé’oB% r¢faQ¥edind hence

or acent i nveRrlig SPeing SpelAR LAV o Eiterd o S AR oy e as

a phot or esi steméliAstRALESEL isi destrabRIMO ddt trea® iy rerrsiniig phdterdsimine coupl ed
by linkage groups to two pendant groups. The first group is a ~3-keto

carboxyl at e layestaftqrake degalppntﬁntétemamq befaie ¢he etahénp sepokuINGrRASS aci d) .

et or i nsol ubs eRERERe Tné ERUENGR0 SRRSERARHRL B tebTisFRke BBRhNGlant hogui none
(DNQ noi et ygylufiofs4- sul fonate group, to the backbone. This group undergoes

a photochemnical rearrangement to a water-sol ubl e indene carboxylic acid.
The choi ce of bacE’hotmealﬁUrthnsud@ﬁeed asdhe sMmalleatleature whieh & ubi ity

t th itial I t f f,i tl | t t
provi do & suldsithomersimbsat eosEe dom hebint s ing Bubidete viNAe
I - ld I
VLY VYRR ee 38} S8 qo TRLg B SkBsnur R laaghefie I 1V
and second | mdsageargﬁmtpang mbhchiloetsttedagrreslpsrequrmpI@mmegmmlepsf al kyl ene

groups and al kyl eneoxy s. After application to a substrate the
phot or esi st 1aSSiNAR OInPa{ﬂ P aESSE hotolithegraphlic PEacess hyeheat | ng. This

the ~ I d dat i d
Gacar boxyl at P T BL O Mg a2 AR IBEa (I LR o ohat o

ket one. Subsequently, during the exposure fabrication step, the now water
i nsol ubl e phot or esi st -5




2 0 MAY 2002 undergoes a conmmon phot ochem cal rearrangenent reaction at the
di azonapht hoqui none site, called a WIff rearrangenent which yields a
ketene internediate and ultinmately an i ndsne carboxylic acid. ZReMpol2gozer
product, in the exposed regions, which cofitains the highly polar carboxylic
acid group, is now soluble in agueous base devel oper. As the starting

pol ymer undergoes two solubility switches, fromwater soluble to insoluble
(after heat iwayelengthbaraund 366inm) and héyand.i in adiliton,dhis, almost pwatysr esi st

il t [ ti i wh | oped b . Th

e e Rl et Baremed el e B PR b NEP YRR o0 ¢
the polymer BagBqhhns @hpéﬁéte""%&fh éé’thFEa'tibM b%ﬂ?é’éwpe%\%)éé&'aﬁt L
concentration of carboxylate functionallity, an Inal "water solubility

t hr ough suf furdevelopediareat iofthe resiét doating ¢ranaldteintb aiceufate pattensal i ty. The
i ndene carboxylate functionality concentration can be controlled by both
t he concent rtEanNséer efitheHeaghiveagshentodhe sybstiatesor, DNQ and the exposure

d . Th I ' t he.. . e B~ ~ X Ra
On O whore R Gl iR eRing bhotertiSiadfe fieted SYathebala  ouy, x
is GO -(CGd rkiﬁg pléDIbsiés a%ﬁhé?@éne(éﬂ&é@biﬁédﬁér@ﬁ%scﬂmbn -6_20Q
MAY 2002 R4 is (C -CS) al kylene or (C -C5) al kyl'eneoxy. The pol yners of the
present i nvesapabilitiese Therpreaentypaositiveneorkingrpbotosesising eapablecdf i s di ssol ved
in water to form.the photoresist forpulation, The photoresi formul ati on
can e appl IRERUORaL IR Ravalengtiany T Atnsart BRAPrERRUORS oM e

phot or esi St gifer sbtBldidhd il ERVRmSRERY fitha)ybh BhbiitRAdospi n_coati ng.

When spin coating, for exanp si'st sol'utioh can be adjusted with
respect to tdubspratesentage of solids content, in order to provide coating of
t he desired thickness, given the type of spinning equi pnent utilized and
the anobunt of tine allowed for the spinning process. Suitable substrates

i ncl ude sil i%m’mﬁhv%ﬁ%rﬁ;@(bémjbﬁ resins, silicon dioxide, doped silicon
di oxi de, sil i ; : opper, polysilicon, ceramcs,

al um nunt copper nThd gredsent fakehtiomigdirediad o dadercddighle PotyméFsamat | | |
conpounds. The photoresist coatings of the present invention are

parti cul ar | yosnia pesitve workipg Watest saublehotenesist thatgloeamatirequiesmths | i con
di oxi de- ted f h tilized i,n . the. dycti ,

T or opr oces SRS ANStoRB defirafiy e prefeRp b B e SR herR 5. an
al um nunt al W%Glﬁﬁbﬁfb@ﬁliﬂ@%%% tHY, SeurferUshivék thESoIveitisedlgitihe al so

conprise various polyneric resins, especially transparent polyners such as
pol yest er s. presestyituitoedsistiawakery theanseadhihés photoraesisttin senliegretuctdr a

sui tabl e conmposition, such as qne contaipj ng hexa-al kyl disilazane. The
Shot or esi <t oRESHIING U enarnrssTael Blenght of 16, gobTRs S SOEPraRd t he
wafer is he fl : i t : eating
causes the (aafaﬁsel?gabg?%%?/ﬁﬁg”&rﬂi%est%/&%nﬂ%gérﬂg%%g% %#'ﬁ%@%egr adat i on
and decar boqbaplt@@ B-kbry @drbbly|e¥s#0 JA J@BBAH finkade goup ¢duptedise the
photoresist Tilmto become water insoluble. The tenperature _and tine of the
heating st epulfonatgd.dinzdnaptbpaninene (BNGMonpietyta thegbadkberaeddieand t he need
for all of the,~3- etckcarboxc}/l ate noieties to 2 8 MAY 2~2 .. .

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. After application to a substrate the

photoresist composition is transformed to a water insoluble state by

heating. This will cause the p-keto carboxylate salt to undergo both

Hoffamn degradation followed by decarboxylation which liberates

ammonia and CO,. The polymer product from this thermal elimination is

now insoluble in water. On subsequent exposure to i-line irradiation, the



undergo thermal elimnation w thout thermally degradi ng any DNQ noi eti es.
The coat'ed substrate is then exposed to i-line radiation, at a wavel ength
of 365nm in any desired pattern, produced by use of suitable nagkgay 2002
negatives, stencils, tenplates, etc. Expoéu‘re to this wavel ength radiation
wi || cause a photochem cal reaction at the DNQ site called a WIff
rearrangenent which yields a ketene internediate and ultinmately an indene
car boxyl i c apNQ mbistyexesgsbs & §Volff rearrangemehtiwhich, Ricaketene base. Thus,

t he exposed pol ymer has undergone a double polarity swi_tch from

wat er - sol ubl istarmadirtel uimatelyd/iejde lantisdere eachaxylimpeid. iecpolimesws a

Glevel oped t o pgEl ST BB oiodnEmRl RS RS hol ST MA. ket ne
devel opi ng sm #id Q!érmdg geNy eI elyosPinry solabtyosiedHespireffwater The _sol ution

is preferably agitate for exanple, by nitrogen burst agitation. The
substrat es asaublel toviesblubler(aftal heating)lenddeack toaiublat(afteral |, or

substanti al | |1, of .the, phqtoresist . coating.has di ssolyed fromthe
exposed ar eaéh&%b%ﬂ"%ré(sl’ th%#ﬁ’f@ﬂ?ﬁ@”'ﬁg‘ﬁ@%‘ﬁg '%gPM?liOBHEW Nanmoni um or

al kal'i et al gdugisoed i 1 @é’rﬁf] anmoni um
hydr oxi de. After é)égnﬂég] ar(??%ﬁé%@é%%%@\ﬁ greé (?§%ﬂ%sa[ hgglgeve ?)%l'ng sol ution,
one may conduct an optional post-devel opnment heat treatnment or bake to
increase the coating s adhesion and chem cal resistance to etching

sol utions andESGRIPT ddls PRInGEBRED EMB@PIMENTS esent i nvention may

al so contain othey, ?Fés%'?\?lin\}emf)ﬁqé S[Fé&eﬁ%% &ﬁgﬁm?@%{b&i&{rl)&@%p& adhesi on

anti-striation agen sensitizers, "I éveling agents -
pronot ers, Sf@eade@sfmﬁ@mesi&wvr%ﬂf)élym i$ B§Seritidll aohftisedas gron-i oni ¢
surfactants may be added to the solution of the polyner resin, sensitizer
and sol vent hrdkbosetdasipiatbby lirkaga gvipsde itvd gendant geaups. driteofirst subst r at e.

> Dperc S subst

anount of  upIRHPIS e by RF DRI MO Fua SPlt RS GAmbSTIRE S0l vent o,
f : tal by ; ! h |

col uti on on 2O GRed, P FFRIEAAEORR i A8ubROaR uhBERBMRERIL, |cca

i nclude, forpsieyEvdtchneny WakariasylubrRl ketenhdy hesssond) lirkabarpbup oct yl phenoxy
et hanol . The follow ng chem cal synthetic schenme and description of the

process wi | |c@nies ddiazanapthequinere PN eoietHda @ beulienatedragp.dad
utilizing co sitions .the present invention. This is not intended,
novever |t o TEHACBPRE e ds i ERbnes SPne e an Gl reafenfem i85 and
shoul d not bR,ERRBIULIE thdEheEABbRAIRBEANThEicABoe FTARKBbAE BnAraral ues whi ch
must be utilized exclusively in order to practice the present 1nvention.
_g_ 0 0 0 (.g9omvn@mec is (hfiltedcod Oyiitsssoliititydh weater, AsBNe (aijialpdlymer ol act one /
N/ O

must be sufficiently soluble in water to provide a suitable formulation
viscosity. Suitable backbones include vinyls, vinylethers, acrylates,
methacrylates, vinyl phenolics, vinyl carboxylic acids and vinyl
acrylamides. Suitable candidates for the first and second linkage groups
include ester groups, phenylene groups, alkylene groups and alkyleneoxy
groups.

After application to a substrate the photoresist film is transformed to
a water insoluble state by heating. This causes the p-keto carboxylate
salt to undergo both Hoffman degradation and decarboxylation, liberating
ammonia and CO, and yielding an aliphatic ketone. Subsequently, during

the exposure fabrication step, the now water insoluble photoresist



As shown in,the above schene, the al koxyvinyl ether substituted

oxobut anoate salt can be synthesized in tw steps. Firstly 2-braqnoethyl
vinyl ether is subjected to a base catal yzed nucl eophilic subst 2 0uMA%
reaction with the nethyl ene carbani on of "nmet hyl acetoacetate, at the 2
position. It is necessary to naintain a basic pH utilizing a non 2 0 MAY
2002 ~| o=0 0O Nz/ OHO - 10 - 2 0 MAY 2002 nucl eophilic base, to
avoi d degr adatdergoes$ atdoenmpnylhotadhamicalreagangemgnd tgadtiontdtdhe hydr ol yzed in

basi diti, t he .car boxyl at h ' [ 2, Which
yi el ds the (SRoRPNRGARONa S bctalBd SR Fedr Sibemab WaRDAR i Bnomer | The

di azonapht h L ROF ; iy C be prepared by
si npl e est e?ﬁ{%@g{ﬂﬁgﬁH%{jlgﬁéﬁ%%%Fﬁlﬁﬁeﬁkﬁ%me@d} h@%r oxyet hyl
met hacr yl at epolyiner product gd theespesed fagions, adtith coatatnsihg Righlyepdiden

pol yneri zed as shown in reaction 4 using solution free-radical technique
with Al BN i rfiarpaxyic agid grup, isnawtsshedle i agueousrhase dapeloper-ofis de t he

polymer is ¢ I f ratiq. i S 2 0 MY
2002 -11 T oT oly I cul arl or use as
o B G BAEGE S G ) s Bk YO PP BBl

a positive ViRsHub® S@h@?ﬁé@ﬁh@tand@ﬁw tosédigblal (aftef irtdagation)] el ng: a) a

pol ymer backbone; b) a (3 -keto carboxyl ate ammoni um salt noiety coupled to
t he backbonephnfoeesistvéll créat& ageositiveuipiageawhen dereloped fisun vnaagu enviset y
undergoing thermal, elimnation, to an al kyl ketone_ functionpality and

ammoni a and Q%ﬁeggﬁ“ﬂﬁmrﬁ%mﬁr&lé)fyﬁr“éﬁig@ﬁét,’g’%’&?@@'\doDNﬁ)aW@éet@él'ﬁbi lity from

wat er sol ubl g & 2GR thhf'H sl HePRal B3tH Pltial Fdter solubility through

sufficient concentration of carboxylate functionality, and final water
solubility through sufficient concentration of indene carboxylate
functionality. The indene carboxylate functionality concentration can be
controlled by both the concentration of the photochemical precursor, DNQ,
and the exposure dose.

The polymer is of the general structure:

R4 R R4 Rj
{ | \ [ | \
\ I / \I /
R, X R, X
R4 Ry
oo =
O e} o /
Ny
O

where R1-R3 are independently H, (C1-C5) alkyl or (C1-C5) alkoxy,
Xis C=0, -(C=0)-0-, CONH, O, arylene, (C1-C5) alkylene, and



c) a sulfonated di azonapt hoqui none (DN4) noi ety coupled to the backbone by
a second |linkage group) said sul fonated di azonapt hoqui none (DNQ nviety
under goi ng a photochemni cal reaction to an_indene carboxylic agig 02
exposed to radiation, so as to change sor 8bi lity fromwater insoluble to
wat er soluble. 2. The polyner as clained in claim1l wherein the ~-keto
carboxylate noiety is derived froman amoni um 2- (et hyl vinyl ether)

3- oxobut anoat e. 3R, iBHE {2 pikyteresorc(GiCp dlkyteredoaiym 1 wherein the first and
second |inkage groups conprise at |east one of an ester group, a phenyl
group, an al kyl group and an al koxy group. 4. The polyner as clained in

claim 1 wher el n Ut BBCKRAS®S B WP RTBRIGE Sréheh &Rl Pl ARiaa der ved

from vinyl et hers, acryl ates, viny I cs, Vinyl

car boxyl i c gsiviseramhichiisigisselvediiamaiesto form the photdvesisfopmutations. A pol yner
particularly suitable for use as a photoresist, conprising the structure:
Ra H R4 wher Enaphetoresist fopneladinasaniBe applieditocssubstiate byramyci- c5) al koxy, X

'S k)‘;fgn N gf;cge‘lv_‘é}egsa@ﬁ:ﬁhgg e-%%i' iRfe LhoioralisPhitYheRGind Hippigt & - &
spraying, whirling and spin coating. When spin coating, for example, the
resist solution can be adjusted with respect to the percentage of solids
content, in order to provide coating of the desired 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 |l 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
miniaturized integrated circuit components. An aluminum/aluminum oxide
wafer can also be used. The substrate may also comprise various
polymeric resins, especially transparent polymers such as polyesters. The
substrate may have an adhesion promoting layer of a suitable
composition, such as one containing hexa-alkyl disilazane.

The photoresist composition solution is coated onto the substrate,
and the wafer is heated so as to cause the first polarity switch. The
heating causes the B-keto carboxylate moiety to undergo both Hoffman
degradation and decarboxylation liberating CO, and ammonia, which will
cause the photoresist film to become water insoluble. The temperature
and time of the heating step is adjusted, dependent on both coating

thickness and the need for all of the B-keto carboxylate moieties to



6. A photoresist fornulation, consisting in the polyner as clainmed in claim

5 di ssol'ved in water. A Yr.AL. AS. Af5& Af. AS9 . AS . AU ' . Ay. .Ay*. AY
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The solvents may be present in the overall composition in an
amount of up to 95% by weight of the solids in the composition. Solvents,
of course, are substantially removed after coating of the photoresist
solution on a substrate and drying. Non-ionic surfactants that may be
used include, for example, nonylphenoxy poly(ethyleneoxy) ethanol;
octylphenoxy ethanol.
The following chemical synthetic scheme and description of the
process will provide illustrations of the methods of producing and utilizing
compositions of the present invention. This is 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.
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As shown in the above scheme, the alkoxyvinyl ether substituted

(8] 0

oxobutanoate salt can be synthesized in two steps. Firstly 2-bromoethyi
vinylether is subjected to a base catalyzed nucleophilic substitution
reaction with the methylene carbanion of methyl acetoacetate, at the 2

position. It is necessary to maintain a basic pH, utilizing a non-
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I'1y109& () - Fhaclespliilic Base, to avoid degradation of the vinyl ether. The ester group
is then hydrolyzed in basic conditions to the carboxylate salt as shown in
reaction 2, which yields the desired alkoxyvinyl ether substituted
oxobutanoate monomer. The diazonaphthoquinone sulfonate ethyl
methacrylate monomer can be prepared by simple esterification of the
DNQ sulfonyl chloride with 2-hydroxyethyl methacrylate. The purified
monomers from reactions 2 and 3 are then polymerized as shown in
reaction 4 using solution free-radical technique with AIBN initiator in y-
butyrolactone solvent. The composition of the polymer is controlled by the

feed ratio of the starting monomers.
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WHAT IS CLAIMED IS:

1. A polymer particularly suitable for use as a positive working

photoresist, comprising all of the following:

a) a polymer backbone;

b) a p -keto carboxylate ammonium salt moiety coupled to the backbone
by a first linkage group, said pB-keto carboxylate moiety undergoing
thermal elimination, to an atkyt ketane functionality and ammonia and
carbon dioxide side products, so as to change solubility from water
soluble to water insoluble on heating; and

c) a sulfonated diazonapthoquinone (DNQ) moiety coupled to the
backbone by a second linkage group, said sulfonated
diazonapthoquinone (DNQ) moiety undergoing a photochemical
reaction to an indene carboxylic acid when exposed to radiation, so as

to change solubility from water insoluble to water soluble.

2, The polymer as claimed in claim 1 wherein the -keto carboxylate

moiety is derived from an ammonium 2-(ethylvinyl ether) 3-oxobutanoate.

3. The polymer as claimed in claim 1 wherein the first and second
linkage groups comprise at least one of an ester group, a phenyl group, an

alkyl group and an alkoxy group.

4, The polymer as claimed in claim 1 wherein the backbone polymer
comprises at least one moiety derived from vinylethers, acrylates,

methacrylates, vinyl phenalics, vinyl carboxylic acids and vinyl acrylamides.
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5. A polymer particularly suitable for use as a photoresist, comprising the

structure:
Ri R3 Ry Ry
{ | \ / ' \
\ I ! 4 \ ' s
R, X R, X
R4 Td
s o =
(0] o]
\/ °
N2
Q

where R1-R3 are independently H, (C1-C5) alkyl or (C1-C5) afkoxy,
X is C=0, -(C=0)-0-, CONH, 0O, arylene (C1-C5) alkylene,
R, is (C,-C;) alkylene or (C1-C;) alkyleneoxy.

6. A photoresist formulation, consisting in the polymer as claimed in claim 5
dissolved in water.



