; eBe\ wd\ t (6TdNVB+t Desci ption PHOTORESI ST COVPCSI TI ON CONTAI NI NG A
CONDENSATI ON POLYMER Background OF The I nvention Photoresist conpositions
are used in mcrolithographi cﬂirocesses for making mniaturized el ectronic

conponents such as \mwmmwumm cation of conputer chips and integrated
circuits. Cenerall rocesses) a thin coating of filmof a

phot oresi st conpositi omehig&+first applied to f substrate nateri als% EPQ@ 2S
silicon wafers used for making integrated circuits. The coated 6‘ r Qe is

t hen baked to eva | vent in the photoresist conposition and to
fix the coating oﬂmmmmmwwmr ate. The baked coated surface of the
substrate i s next subj, to an i mage-Mi Se: osure to radiation. This
radi ati on exposure caug(gSSO%g chem cal tr%ﬁ@l@é‘ﬁi on in the exposed areas of
t he coated surface. PHiosdkHsesTIdogirosTONtcoavAIRING A COANOENSATON Porahvet r on beam
and X-ray radiant energy are radi ation types commonly used today in

m crol i thographic processes. After this inmage-w se exposure, the coated
substrate is tre te 0& 2 | aper solution to dissolve and renove

either the rad®e lunexposed areas of the coated surface

of the substrate. T; i : Lol p%jﬂ.ﬁ {
negat i ve-wor ki ng angﬁ%%srlééllgb%a@@éﬁlpﬁgs %E%gﬁgé]gégtﬁ?@gt-%r I n%bgﬁgﬁgg?rst
conposi ti ons amekmgpoidaturized eledtronic compdnaniscsycht deinsthedabrifatiomeofr esi st
conposition exposed 1 the radiation becone Iﬁss Ksﬂﬂl uple to a devel oper,
sol ution (e.g.caMeYies shinsnchitegrated sirclits: (penerily| B thase prRegsSesda Hivas

of the phot or esi 3t CadirVr 1 BRBICReLiE! BlySLYoR Nl 1l pbReHER sBpSbMt i On.

Thus, treatnen an exposed negaiiveworking resis _ _ er
causes renoval materidhesuthnassilioss adesassedf for htakimpimegted cir@dts. Thhabdafele
creation of a negative inmage in the coating) thereby uncovering a desired
portion of thesulstate 5 henshakad tgtevaparatecanyospiventdn the ehptasesiskeormpositior

oot 01 ve- vor kil it BlEEpRing afiotibR EBRGate . e baRad cheied a0

radi ation, thosithstiadfs Réxtidubjénied e aniiffageonise Bxpoereton@gitdiono t he
radi ati on becone nore soluble to the devel oper solution (g_@g. a
rearrangenent react| g radiatios)expastee e3ines arberigadtrapgissmadon dnthe

exposed posi ¢ IRRRSFR 2B S HF KERER el iShia I Lprh ERIERDaB AT o
the exposed argastrén belith 6A8NX-RE RiddhritkMecedratd itligtiorptypes icbmtRonlyr@ed n

the photoresist coating. Again, ‘a desired portion of the underlying.
substrate surftaday i misrolithngsaphipimrecessess Afterdhisgmage-wiseexposuradie

ol ut fon”or i ShATd SHo8REHE UerOF Wik HhESRBE: Mblaf 18 HRSRVE s e, s s
etch that portdigiarffhe radiatidReixpased Bh e uh&thdueel Are@siotthe 88ated%suiTe of

removed during devel opnent. The areas of the substrate where the
phot or esi st cdheiswugpstratd.l renmni ns are protected and, thus) an etched

tt i ted Ln th bst r at terial, which . ds to. th
bhot omask used for (S 2R YoEs &f phelaresist CamBostigns Maasiveyrarking ang
remai ni ng ar egsodtvd-WeriAg! WREH ﬁggﬁﬁgét-\élgglg thﬁ)rEQEPE@ﬁP%ﬁibﬁg afe

stripping operation) leaving a c ubstrate surface. In sone

i nstances, it éexpodediimageswise thaadiationathet dreas @fthe resistpdompositiors expesest |,
after the deve| opnent, step and, before the efching st to increase |ts
Sthesi on t ot HoS RGO HAFoGii 8s SOMIRdS AdsvRIas Sation G- @ roRg inking
sol utions. Posityj i RS i el : red
over negative SattaEEHIE) HIARIELAEXPLAER PR OF RE PRI SHY E8Blng rorRi
resol uti on capekitivety ssiubledtopatchea solutians fTéus ctraatme mtrof @n expos@dategativest

resolution is defined as the z{éal est feature whi ct} he resi st ongosi}i on
can transfer fWeWNhEesHWEhadevelonarcauses feapwal it eéoﬂl‘%ﬂ?o&@é@é asHp

i mage edge acui ; érF.ﬁy érﬁ.ﬂm HNg
appl i cations ;{gg?y ﬁé%{%@%@@%%ﬁ?pgﬁ%g%&icﬁgé‘%{'ﬁggégﬁf es% t afr?aé(?r?ghrbn' cron,
are necessary.thkerelgdeanddvaning 4 desired pogionadfthy sindeslyingtdubstriate stufiece on

devel oped photoresist wall profiles be near vertical relative to the
substrate. Suckhighibe PhCteriesishepPOstigaMHHERROHIRS  undevel oped areas of the
resist coating translate into accurate pattern transfer of the mask image
onto the 3 2 2 AP R 2002 substrate. This becones even nore critical as
the push toward mniaturization reduces the critical dinensions on the
devices. Mniaturization of the sem conductor devices has |ead to changes
in the basic photoresist chemstries, in that resolution, photosensitivity,
thermal stability have now becone inportant factors that determ ne the

choi ce of photoresist to be used in the processing of sem conduct or

o T . - v -




The present invention relates to a novel polyner which when present in a
phot osensitive conposition inproves the perfornmance of the photoresist as
it relates to providing higher photosensitivity, cleaner inmages and,
especially, higher thermal stability. - 4 - 2 2 AP R 2002 Q‘WWZ@@G
current invention relates to a photoresist _conposition conprisSing a

phot oacti ve conpound, a sol vent conpositibn, and a novel polyner which is
an acid catal ysed reaction product of a substituted diphenyl ether of
structure (1), RR RB RSO~-C\C-O- Rz ~ O/ Ra (R-)m\~Rs)n" ( 1) with a
phenol sel ect ed f@oine thartand, mdwsr positive-weskipg mbgionesist ahmpesitiRnstare RS
are independently H__OH halogen., ..(C .to C4) al kyl . _tao (A4)al kaxy, aryl
o “aral kyr . Gppsho Tnadk B B Sa AT tertafotie ehtteredsiadmeati o
resin may be,agdded tbthé hadiaeIRBeLbi mordSolliBiet therd dvaldpr softlt 4%
process of imging the photosensitive conposition. The invention al so

rel at es to aeawahgdment neadtion ednursowhile tholsgraneaamdt expbsederhaimaetativebund

ovent i on dreAgeBacHRR SrPsr T, it SERUBEThalaR gMppsedRogtve” *="
e, e SRS 8 GRSV SL0b AR o MBI 1o bAScD Al o
et her of st thetcoating And, thBote&tidh ofR8\pOsifive Mnage@n Ahdphb{drBsist {odlting.

Again, a desired portion of the underlying substrate surface is uncovered.

After this development step, the now partially unprotected substrate may
be treated with a substrate-etchant sc.alution or plasma gases and the like. The
etchant solution or plasma gases etch that portion of the substrate where the
photoresist coating was removed during development. The areas of the
substrate where the photoresist coating still remains are protected and, thus, an
etched pattern is created in the substrate material which corresponds to the
photomask used for the image-wise exposure of the radiation. Later, the
remaining areas of the photoresist coating may be removed during a stripping
operation, leaving a clean etched substrate surface. In some instances, it is
desirable to heat treat the remaining photoresist layer, after the development
step and before the etching step, to increase its adhesion to the underlying
substrate and its resistance to etching solutions. Positive working photoresist
compositions are currently favored over negative working resists because the
former generally have better resolution capabilities and pattern transfer
characteristics.

Photoresist resolution is defined as the smallest feature which the resist
composition can transfer from the photomask to the substrate with a high
degree of image edge acuity after exposure and development. In many
manufacturing applications today, resist resolution on the order of less than one
micron, are necessary. |n addition, it is almost always desirable that the
developed photoresist wall profiles be near vertical relative to the substrate.
Such demarcations between developed and undevelopéd areas of the resist

coating translate into accurate pattern transfer of the mask image onto the



2 2 APR 2002 -5 The photosensitive conposition of the current invention
conprises a polyner, a photoactive conpound and a sol vent, where the novel
polymer is used alone or as a mxture with another al kali sol uble,
filmformng resin. The novel polyner of the invention is obtained from an
acid catal ysed condensati on pol yneri zati on reaction of the subapRtaged

Bi phenyl ether of structure (1 ) and the phenol. The substituted Bi phenyl
ether, preferably bis nmethylolated or bis methoxy netholyl ated Bi phenyl
ether, becomes a highly reactive electrophilic agent with two active sites
in the presenesbiaCtfishdBhidysich mohe CRGIRKAKL AR tbhErd RufRNGEAEHe
capabl e of polynerizing wth the phenolic materials. The phenol Is
pyrogal | ol , medoces tiw criticat direerinsibns dheherdsvicps.ef erred phenol is

pyrogal | ol . The polynerization uses an acid catalysé such as hydrochl oric
acid or ptol uene diniHrizatien of theseraicandydor deviess has ipachioghanaesrigihei ar

to one skill I : : e i.an. in the
absence of a%%g I'Q%h%&?gl%tn%@[g%gs @ ntg g ; g%oé&!;b fﬁh B ﬁgfisl&?‘\g gﬁ?{) ’ot ng{lgp

combi nati on ghalsitty*eiviesn&beedire impbriantRitteiQRat detehmidedtheechtige bfact i ve
under the reaction conditions. Solvents such as propyl ene gl ycol nethyl

et her, 2- heptrinboresist te brassedin e pyocassing i serpoenducieedayiees.x Viighes,
di gl yne, ethyl ql thyl et . TIh tion i
o ot St bl y 1 dReaRtSn HERIBRREChY shialeheMnsitn e rCl BRI | e
sufficient tHAGRSRLE PHofore8RE WRR higHe phiotddensitivitg anew rﬁghé'rhl‘ﬁroughp{ut of

pol ymeri zation reaction is quenched by base neutralization to preven
addi ti onal r dhetsubstrgtesrthoghnthesxpoisure stepiang phaterapistawith kighet titermal

Sol vents) are. repov. b cuumdistillation.at, which, point the solid.

pol ymer can l%a'?'gt&l aj@&dy%yﬁ%HBF ioﬁblqﬂﬁrtpﬁ%c?gf ancea{ﬁt"ﬁgs ?@c}f‘ﬁtp&??%'?s!ft
concentrate ivitHoul defsrming th& BRASE of He mfeRyddpHABiesistf or mul ati on.
Addi ti onal refinenents such as fractionation whereby specific nolecul ar
wei ght portions ardetaécontaminaiormhss alse besnia probleauigh af loagtinenexthen is a
Dol ymer - may. dagHeatiiaet OB denPaineeOalet Haie T SimPaf” cBsaRtRaAFeing
present so tRglndrBgséd dafedts ik éage@ha?tmﬁbﬁ an@Vddie 595U BEHOARARCe. In
Met hods that 1 nvolve aqueous "acid extraction or ion exchange nmay be used.
The novel polpjasma gaocdssespmatdlatsedhiast sodivmamddeasm svhern theyarp geesémntin

compos: {1 on. AFIGTRSISHo B Re RLABINERE SoRGERTY Shes s VaIRESAe sof ubl o
resin may be addedwia 4 Q@ig Rk idHoreS1se afd lsabte R Srippad 6&5@@%@' e

resins of the photoresi nposi tion may conprise resi'ns such
pol yhydr oxystwithearygesutnidrowaye glasrhg hfepeyioryasne andstabilily ofdbens nade

fromcresols and algeq dgs“ ftac&ionate? ovol ak resins, and ?ther simlar

fesins. known SSTIPRRIGRIOT davigs is PREN 3PPY 19 Ar@asty ASORBILRE B SURRIRG | ses t he
novel pol yner, i i ; i in

Dot 0sonst £ 1 rBedd e rBREARAL mdtéHorAlatid SXthe AR ANHRIAdBR ™, ot the

presence of tprimsanywetiseqsfisyehrprablenanigesbbert faen tatimmithesmetal wentdrhinationent

of the total resin conposition gives advant ageous |ithographic properties.
When the novdn theBhAtarssish @arioylarinsadiureand Ko ins: HUStal iaels as low as 1.0

000" Dal t ons B L pROREIR ARG FIo N bR piER hEDAGp S \°

resins or polguendemwigshyictoedevisbs.ch may be used as the al kal+4 -sol ubl e
resin, are well known in the art. A procedure for the manufacture of
novol ak resins is despraseatinventipe relatestozmaoyg polveaer whichiwieepeaseat in

Resi ns, Knop hej P r erl i i
which i s i neds piPRReRsHEs SomilespRriaaies i i oriiaoe S phBaget &
descri bed i n relates RepRIVIdiNG highetPhol§straitility) deamatinigedand) e4peciallp, Wwhi ch
are incorporated herein by reference. Simlarly, the use of

o- di azonapht Highemibeavabstapiitit.oacti ve conpounds is well known to the
skilled artisan, as denonstrated by Light Sensitive Systens, Kosar, J.;
John Wley & Sons, N. Y., 1965 in Chapter 7.4, which is also incorporated
herein by reference. These sensitizers which conprise a conponent of the
present invention are preferably substituted di azonapht hoqui none
sensitizers, which are conventionally used in the art in positive
photoresi st fornul ations. Useful photosensitizers include, but are not
limted to, the sulfonic acid esters made by condensi ng phenoiic conpounds
such as hydroxy benzophenones, oligoneric phenols and

mul ti substitutedmulti hydroxyphenyl al kanes with
napht hoqui none- (1, 2) - di azi de-5-sul fonyl chlori de,



2 2 APR 2002 -8 In the preferred enbodi nent, the photoactive conpound is
present in the photoresist in an anount of fromabout 1 %to about 35%
nmore preferably from about 5% to about 30% and nost preferably from about
10% to about 20% based on the weight of the solids conponents. O her
optional ingredients such as colorants, dyes,4anti striation agents

| evel i ng agents, plasticizers, adhesion pronoters) speed enh& c%pr%?mz

sol vents and such surfactants as nonionic surfactants nay be added to the
phot oresi st solution of the present invention before the solution is coated
onto a substrat eSUm@AYl es of dye additives that may be used together with

2B (O oo az536) T rys paEef by eer bR o a P et bPnE ol Tolfprisa
42000), Victori aptitdactive Edmpdond 4 9dvenEsmpesitiordl arides nbtdl. pdNane PRARD)is ah

one to ten percent weight |levels, based on the conmbi ned wei ght” of resin and
phot osensi t i zes.ad#cathlysestiactior pramlo op asubgtitutedt diphenyl etbedfistruntutey(1),

i nhibiting back scattering of light off the substrate. Anti-striation
agents may be used at up to a five percent weight |evel) based on the

conmbi ned wei ght of resin and pp os}hsitizes. Pl astR izqﬁ% whi ch may be
used include, for exanple, phosﬁ ol caeid tri-(beta-chloroethyl)-ester;
stearic acid; dicanphor; ponprog ' ; \phenoxy resins; and
al kyl resins at one to ten percent '

wei ght of resin and photosensitize i 1T pl astic ?ﬁ ptives inprove the
coating properties of the materi al dnd enabl e the applrcati@gn of a film

that is snmooth and of uniformthickness to the substrate. Adhesion
pronot ers whi ch may béthiadhenatselgetedsieam sataghok resorcinol and pyrogatlol,

bet a- (3, 4- epoxy-cycl | )5- vyt i] angy | - di Si -

met hacryl ate; vinyl t&‘?ﬁ%ﬁo%@ﬁ‘# aﬁ‘&é |n§%§g§§ﬁty amgﬁd%ggé {gl @tég%ﬁkﬁ%éb
up to a 4 percent weiGikogY eyl dtargylomhs, conbi ned wei ght of novol ak
resin and photosensitizes. The coating sol vents ngéqbe present in the

overal | conposition ilnoaes embadiment ofithe investierhgn aaljeoldile réesin oeaypbe iadided.
Sol vents, of coyrse are substantially re ed after, coating of .the

ohot ores st sof df NomEBPRSEaDar e BVERPTRARSI S et SRTactSs O KEAdRNe ha
may be used i nclypde, é‘r%\“t'v@%%imﬂ) ition.—Bhe HventiOn BlsbH7atBOBY b PRERB Yof maki
pon(ethyIeneoxi&gef%anoi; octj?%ﬁg%ox?eeP%QHoI at up to 9 qumeigh{nalng
| evel s, based onhe hevelgrlymed aneiagbtiotolctivieecosapéoel damvedrfoaelthe pblymeer. may
be further reacted w th napht hoqui none- (1, 2)di azi de-5-sul fonyl chloride,

napht ho- qui none- (1, 2) - di azi de- 4-sul fonyl chl ori de,

napht hoqui none- @etgﬂe'djbééégg@ro@'é\"'rﬁé’w\}ﬁrﬁiﬁhori de, or m xtures thereof, to
give a novel ph i y be fornulated into a

phot or esi st conpri si Thetgresenhialentlont diacbseea covpopoiymend proseks efitnaking it
Optionally, an alkali sol uble resin and/or anptherpgﬂg&gactive conmpound may

be added to t he 3PHc BReOSERSitive cOmPepEPE FOPIBISHIG!Y PRy M&H, whaieihihe
applied to a su tj i . eSSl

2FE. i ncl udi ng dPreig SR cRBRER iR BRUREet 3 Btopulcey PRENT cfie
coating, for exatpt®we{e photoresist solution can be adjusted with respect
to the percentage of solids content in order to provide coating of the
desired thickness given the type ofRgpi nni ng equi prRgnt 5ti|ized and t he
anount of tine allowed for thes k?n|no process. Sui§§b B6subst rat es

i nclude silicon, alum num pol yneypi \ & di oxi de, doped silicon
di oxi de, silicon nitride) tantalRim coRs ceramics,

al um nunf copper m xtures; gallium e 5@@Ch Goup IIIN
conpounds. The photoresi st coatings e q cri bed
procedure are particularly suitable for application to thernally grown
silicon/silicon dioxide-coated wafers such as are utilized in the
production of m croprocessors and other mniaturized integrated circuit
conponents. An al urni nunf al um num oxi de wafer can be used as well. The
substrate may al so conprise various polyneric resins especially transparent
pol ymers such as polyesters. The substrate may have an adhesi on pronoted

| ayer of a suitable conposition such as one containing hexa-al kyl

di sil azane. The photoresi st conposition solution is then coated onto the
substrate, and the substrate is tenperature treated at from about 80C to
about 110C for from about 30 seconds to about 180 seconds on a hot plate or
for fromabout 15 to about 40 minutes in a convection oven. This
tenperature treatnent is selected in order to reduce the concentration of
resi dual solvents in the 2 2 APR 2002 -10 photoresist while not causing
substantial thermal degradation of the photosensitizes. In general one

o . e " o e o - oy . -




i magewi se exposed, non-inmage areas by spray devel opi ng using an al kal i ne
devel opi ng solution. The solution is preferably agitated, for exanple) by
nitrogen burst agitation. The substrates are allowed to remain in éhe
devel oper until all, or substantially all, of the photoresidf Atfag 0%9 has
di ssol ved fromthe exposed areas. Devel opersgmay include aqueous sol utions
of ammoni um or al kali netal hydroxi des. One preferred hydroxide is

t et ranet hyl anmmoni unTiny gdhobosdesitive sairpabition dé it epsent isVeRIONKRNRTFESs a
avai l able commercially fromthe AZ El ectronic Materi i8R ,
Cor por ati on, SoMRIYREliEPhleactive sppourd ap Pe%?g‘(e"aﬂq' gﬁgf%@gc'@c%}teg&%a"}eéﬂss
fromthe devel opi i ¢hi@n sonible fam-feasingdevial opment
heat treat nment O@re%g%{ gé:étrrl a?%crpgggﬁﬁg%ﬂag\‘éz APR 2002 -11 coa’Enan' S

adhesi on and chem cal photoresistance to etching solutions and ot her

subst ances. The post-devel opnent heat treatnent can conprise the gven
baki ng of the coatinghamdveluhsymat ef bl ioventun iscdxtaingd drosbap afidieABlysae .

The industrial applications, particularly in the nma k f
microcircuitry aondaNS@HOBIPOhEORIZAUONIBACKAT! ‘b&-ﬁ‘%ﬁ%‘%‘gé@Pg{‘@s‘?m?rh%f

devel oped substrates reat ' ffear @eh e¢redr] papferablychisl base
et ching sol uti oﬁt.ruG?‘H%e”gﬁoa?‘gjrthgﬁ&eﬂggwp%%F?P%ﬁg{egf tgh%rkwr esen%j i nventjon are
resistant to acj{itasatel 6hbisInswbny nmisolgrateddiphedy & e decomesAtigblyi on

for the unexposed photoresist-coating areas of the substrate, The substrate
may al so be pl asastive eheirophilicagentuit twaasdiye sU8S ifrilie RTEPPIGE R €Peci fi c

exanples will provid etailed illustrati [Ofmepfindwdinnithe
and utilizing tﬁ%taLyéﬁﬁ)gg?rteﬁlbéfrP§°YJP'nphtbe%%éggﬁteﬂ%%%ﬁégﬁ%ge exafdrpl es are
not i ntended t oo imlc Aatdrs. et pridil &eppegaliol t tesoianalor icateahel. df¢ eSt and
shoul d not be cgnstrued as provi ofi)ng conditions, paraneters or val ues which
nmust be utilizegrefaced phesblisipyregaliet. t o practice the present invention.
Exanple 11 In a 1 liter round. bottom fl ask .fi ' ty |&add or p-
thernmoneter with a coRSt m?f&?E@Pé{%EPea %Ce'{j r?‘%g/va é\ﬁhgﬁlat%wgg&éh (0.3@%%)
of pyrogallol, : 35 ) b S OIR&MELiy cawtysgs famiparctoydnet mn
(MVDPE) and O. 6Poggé?egéwg%'ﬁgflgﬂcgfex%h%?uenesul foni c,?ii d (PTSA) were ot

di ssol ved i n 10hegart ehnpiapyé esedgMeckantiarhgan be fen in bebsence ohgperven
tenperature. . Wth the thernmowatch unit set t : ' I &9N&Nts
heated to refl ugr ithagPraseneeot & singimselve My %g%%sﬁgt'%@?ff@éﬁﬁe%
tenperature rose to 110C at which point the thernowatch was adjusted to the
sanme tenperature. The reflux tenperature dropped from 110 to 95C over the
next 1 112 hours and renained at that tenperature for the course of the
reaction. The solution was heated at reflux for a total of 6 hours at which
point 1.3 g. (0.008 nole) of triethanolam ne was added to neutralize the
acid catal yst. 2 2 AP R 2002 -12 The volatile nmaterials were distilled
off in stages with the thernowatch set successively at 190) 210 and finally
220C until no additional distillate was obtained. While the resin was still
nolten, ethyl lactate was added to the stirred mxture until a solution was
obt ai ned. The solution was adjusted to about 40% solids by weight. The

wei ght average nol ecul ar wei ght (Md) as neasured by Gel Perneation

Chr omat ogr aphy (GPC) was about 4400 Daltons. Examlp a 2 A batch of resin
was made using the sane procedure as shown in exanple 1 except nethanol
(b.p. 64-64C) was used as the solvent replacing PGQVE (b.p. 119C). A polyner
with Mv of 1479 Daltons was obtained. In a 500 m. round bottomed fl ask
fitted wth a condenser, overhead stirrer and thernoneter with thernowatch,
63.0 g. of pyrogallol (0.5 nole)) 77.4 g. of MVDPE (0.3 nole) and 0.6 g. of
p-tol uene sulfonic acid (0.003 nole) were dissolved in 100 g. of PGVE. The
t her mowat ch was set at 110C and the solution was heated to reflux over the
course of the six hour reaction period. After 6 hours, 1.3 g. of

triethanol am ne was added to neutralize the acid catal yst. The sol vent was
distilled in stages up to 220C until no additional distillate was obtained.
The nmolten resin was poured into a crystallization dish and allowed to
solidify. The Mv for this resin was 3647 Daltons. Two resists, conparative
and test sanples) were nade using the ingredients and rati os shown bel ow
The conparative sanple did not contain any of the novel polynmer while the
test sanple contained the sane total resin concentration as the conparative
sanpl e but’ substituted 2.46% of the total resin with the novel polyner from
exanple 1. The photoactive conpound for both was a m xture of 71 % NK 280
with 70% esterification | evel and 29% NK 240 with 60% esterification |evel
(proprietary 2,1,5 diazonapht hoqui none



2 2 AP R 2002 -13 conpound avail able from N ppon Zeon Co.) (PAC). The

al kali-soluble resin for both sanples was a fractionated resin nmade by
condensi ng mcresol, p-cresol and 2,3,5 trihydroxy benzene in a ratio of
5:4:2 with formal dehyde or parafornmal dehyde with the nole ratio of total
phenolics to formal dehyde of 1 to 0.68 using 0.03% of oxal 2@ ARR@W4s a
catal yst (Base Resin). Sanples were prepaged as follows:

| ngr edi ent Conpar ati ve SaneTP, ~st SanePAC2. 86 grans2. 86 granmsBase Resin’
8. 14 grans6. 91 gransNovel Polyrrer from Exanpl e 10. 00 gransl. 23 granskEt hyl
Lact at e33. 15

waters were Ea%{@nﬁgﬁpndeg? 'Y BP "ﬁr t%i%ﬁ 8‘;% ﬁ88§ﬁ88§ \%Bof\f?%?%guééﬁﬁlslalsl A
soft bake aldffehe G SRARNUSINLRABHERRE suéﬁh&gé%;méwﬁq@éngrs% devi ce

using a 0.5 "Fowed by a post’ exposure bake

seconds was aketdteyweyebs, aﬁgtwhmmtbyalbnerglysoo%bdﬂdétﬂﬁ(ktﬂeweﬂaymﬂrue{etdetTﬁﬁEt hyl
anmoni um hydr oxj| deiz? (a al able from AZ El ectronl c Materials,

Cor por at i on re&giay Finrete wum@tééweﬁiwem QusnR0 gpoﬁgéndgééﬁr‘#m@h of
R A O

st andi ng waves 1I"6n critical

di mensi ons. Biy&néleﬁtlofharfédcﬁoﬁa@qgéﬁéhé’cﬁ&’y basé eeunanzstigrebrebant Adwatisoat r ol
sanple to repI i cate nom nal optinmumprofiles. In addition the test sanple
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by cooling or the polymer can be isolated as a concentrate in a solvent of
choice for use in resist formulation. Additional refinements such as
fractionation whereby specific molecular weight portions are removed may also
be used. Although fractionation is a preferred method, distillation or extraction
may be used as well.

The polymer may additionally be treated to remove metal ion
contaminants present so that the final resist formulation is low in contaminants.
Methods that involve aqueous acid extraction or ion exchange may be used.

The novel polymer can be formulated into a photosensitive composition
comprising the novel polymer, a photoactive compound and a solvent
composition. In another embodiment of the invention another alkali-soluble
resin may be added to the composition. The alkali soluble, water insoluble
resins of the photoresist composition may comprise resins such as
polyhydroxystyrene, substituted polyhydroxystyrene, novolak resins made from
cresols and aldehydes, fractionated novolak resins, and other similar resins
known in the art. A particularly preferred composition comprises the novel
polymer of the present invention, fractionated novolak resin, photosensitive
compound and a suitable solvent. It has been found that the presence of this
novel polymer at ranges between about 5-50 weight percent of the total resin
composition gives advantageous lithographic properties. When the novel resin
is used in a mixture with another resin it is preferred that weight average

molecular weight is in the range of 500 to 4000 Daltons.



made using the novel polynmer of exanple 1, while the control sanple was
- 2 2 APR 200z 14 prepared by replacing the novel polynmer with Bl-126X (a
proprietary nononeric phenolic photospeed enhanci ng conpound avail able from

Ni ppon Zeon Co.). IngredientControl SanpleTest Sanpl ePAC2. 86 gng U&?
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from Exanpl e 10. 00 gransl. 23 gransEt hyl Lartate33.15 grans33. 15
gransn- Butyl Acetate5.85 grans5.85 grans Silicon wafers were coated,
exposed and devel oped using the conditions described in Exanple 4. Large
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gave a better thermal stability as conpared to tHhe control sanple. 2 2
APR 2002 Polyhydroxystyrenes are described in U.S. Patent No. 3,869,292 and
U.S. Patent No. 4,439,516, which are incorporated herein by reference.
Similarly, the use of o-diazonaphthoquinones as photoactive compounds is well
known to the skilled artisan, as demonstrated by Light Sensitive Systems,
Kosar, J.; John Wiley & Sons, N.Y., 1965 in Chapter 7.4, which is also
incorporated herein by reference. These sensitizers which comprise a
component of the present invention are preferably substituted
diazonaphthoquinone sensitizers, which are conventionally used in the art in
positive photoresist formulations. Useful photosensitizers include, but are not
limited to, the sulfonic acid esters made by condensing phenolic compounds
such as hydroxy benzophenones, oligomeric phenols and multisubstituted-
multihydroxyphenyl alkanes with naphthoquinone-(1,2)-diazide-5-sulfonyl
chioride, naphtho-quinone-(1,2)-diazide-4-sulfonyl chlorides or naphthoquinone-
(1,2)-diazide-6-sulfonyl chloride, or mixtures thereof.

Suitable solvents for such photosensitive compositions may include
propylene glycol mono-alkyl ether, propylene glycol alkyl (e.g. methyl) ether
acetate, ethyl-3-ethoxypropionate, ethyl lactate, mixtures of ethyl-3-
ethoxypropionate and ethyl lactate, 2-heptanone, 3-methoxy-3-methyl butanol,
butyl acetate, anisole, xylene, diglyme, ethylene glycol monoethyk ether
acetate. The preferred solvents are propylene glycol methyl ether acetate
(PGMEA), ethyl lactate, 2-heptanone, anisole, ethyl-3-ethoxypropionate (EEP)
and 3-methoxy-3-methyl butanol.

In the preferred embodiment, the amount of total resin in the photoresist
compasition ranges from 60% to about 95% and more preferably from about
70% to about 90% and most preferably from about 75% to about 85%, based

on the weight of the total solid components of the resist.



-5 Clains 1. A photoresist conposition conprising a) a polyner which is an
acid catal ysed reaction product of a substituted Bi phenyl ether of
structure (1 ); RRO-CR RI\C-O- R / C/ Ra(RR)m~(Rgm(1 ) with a
phenol selected from catechol) resorcinol and pyrogallol) whepeapiRopo R8
are independently H OH halogen, (C to_ §4) al kyl, (C, to C4)al koxy, aryl
or arAlkyl, nel-5; b) a photoactive conpound; and, c) a photoresist sol vent
conposition. 2. The photoresist conposition according to claim1, wherein
the photoresist further conprises an alkali-soluble, filmformng resin. 3.
The photoresi st dBrpedirefesiedaembedimgnt: thecpheterstiveaemeionnd fie peadeat in the
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present at 50-95%of the total resin conposition. 5. The photoresist
conposi t i on kasedren the weight aif theyolidsecamnponenrtsnovel pol yner has a wei ght
aver age nol ecul ar i ght. in the range of 500-400 |tons,. .. .2 2 APR 2002
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No. 44045) and Neutral Red (Cl. No. 50040) at one to ten percent weight
levels, based on the combined weight of resin and photosensitizer. The dye
additives help provide increased resolution by inhibiting back scattering of light
off the substrate.

Anti-striation agents may be used at up to a five percent weight level,
based on the combined weight of resin and photosensitizer. Plasticizers which
may be used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester;
stearic acid; dicamphor; polypropyiene; acetal resins; phenoxy resins; and alkyl
resins at one to ten percent weight levels, based on the combined weight of
resin and photosensitizer. The plasticizer additives improve the coating
properties of the material and enable the application of a film that is smooth and
of uniform thickness to the substrate. Adhesion promoters which may be used
include, for example, beta-(3,4-epoxy-cyclohexyl)-ethyltrimethoxysilane; p-
methyi-disilane-methyl methacrylate; vinyltrichlorosilane; and gamma-amino-
propyl triethoxysilane up to a 4 percent weight level, based on the combined
weight of novolak resin and photosensitizer.

The coating solvents may be present in the overall composition in an
amount of up to 95% by weight of 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,



9. ‘'The photoresi st conposition of claim1, further conprising one or nore
additives selected froma group consisting of colorants, |eveling agents,
anti striation agents, plasticizers, adhesion pronoters, speed enhancers
and surfactants. 10. A process for inmaging photoresist conprising the steps
of; a) coating a substrate with a positive photoresist conposi2? ARRf209m
claim1; b) heat treating the coated subst9ate until substantially all of
sai d sol vent conposition is renoved; c) inagew se exposing the coated

phot oresi st conposition to actinic radiation; d) renoving the imgew se

)
exposed area i eS| it ] 0 ; and
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step. 2 weidiiRe€182baded b .thd lkenvimsdseight of kise solids. further conprising
heating said coated substrate froma tenperature of from90C to 150C for
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T2 The procdl@ -3l BRoRERr b fodiiiait (P b EkRd R R P
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seconds on a hot plate or for from15 mnutes to 40 mnutes in an oven

after the dewevepphetosctipve compound, which may be formulated into a photoresist
comprising the novel photoactive compound and a solvent. Optionally, an alkali
soluble resin and/or another photoactive compound may be added to the
photoresist.

The prepared photoresist solution, can be applied to a substrate by any
conventional method used in the photoresist art, including dipping, spraying,
whirling and spin coating. When spin coating, for example, the photoresist
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 iV
compounds. The photoresist coatings produced by the above described
procedure are particularly suitable for application to therrﬁally 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 be used as well. The substrate may also
comprise various polymeric resins especially transparent polymers such as
polyesters. The substrate may have an adhesion promoted layer of a suitable
composition such as one containing hexa-alkyl disilazane.

The photoresist composition solution is then coated onto the substrate,
and the substrate is temperature treated at from about 80°C to about 110°C for
from about 30 seconds to about 180 seconds on a hot plate or for from about
15 to about 40 minutes in a convection oven. This temperature treatment is

selected in order to reduce the concentration of residual solvents in the



13. The process of claim 10, wherein the exposure step is conducted with
radi ati on having a wavel ength from 180 nmto 450 nm 14. The process of
cl aim 10, wherein the devel oper is an aqueous sol ution of
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selection’depends on the photoresust properties desired by the user as well as

equipment used and commercially desired coating times. The coating
substrate can then be exposed to actinic radiation, especially uitraviolet
radiation, at a wavelength of from about 300 nm to about 450 nm (preferably at
about 365 nm), x-ray, electron beam, ion beam or laser radiation, in any desired
pattern, produced by use of suitable masks, negatives, stencils, templates, etc.

The photoresist is then optionally subjected to a post exposure second
baking or heat treatment either before or after development. The heating
temperatures may range from about 90°C to about 150°C, more preferably from
about 110°C to about 150°C. The heating may be conducted for from about 10
seconds to about 30 minutes, more preferably from about 45 seconds to about
90 seconds on a hot plate or about 10 to about 30 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the
imagewise exposed, non-image areas by spray developing using an alkaline
developing solution. The solution is preferably agitated, for example, by
nitrogen burst agitation. The substrates are allowed to remain in the developer
until all, or substantially all, of the photoresist coating has dissolved from the
exposed areas. Developers may include aqueous solutions of ammonium or
alkali metal hydroxides. One preferred hydroxide is tetramethyl ammonium
hydroxide. A suitable developer is AZ® Developer available commercially from
the AZ Electronic Materials, Clariant Corporation, Somervilie, New Jersey.
After removal of the coated wafers from the developing solution, one may

conduct an optional post-development heat treatment or bake in increase the
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coating's adhesion and chemical photoresistance to etching solutions and other
substances. The post-development heat treatment can comprise the oven
baking of the coating and substrate below the coating's softening point. The
industrial applications, particularly in the manufacture of microcircuitry units on
silicon/silicon dioxide-type substrates, the developed substrates may be treated
with a buffered, hydrofluoric acid base etching solution. The photoresist
compositions of the present invention are resistant to acid-base etching
solutions and provide effective protection for the unexposed photoresist-coating
areas of the substrate. The substrate may also be plasma etched or have

metal deposited.

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing the compositions of the present invention.
These examples are not intended 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.

Example 1

In a 1 liter round bottom flask fitted with stirrer and a thermometer with a
constant temperature thermowatch unit, 63 g. (0.5 mole) of pyrogallol, 90.6 g.
(0.35 mole) of bis-methoxy methyl diphenylether (MMDPE) and 0.6 g. (0.003
mole) of p-toluenesulfonic acid (PTSA) were dissolved in 100 g. of propylene
glycol methyl ether (PGME) at room temperature. .

With the thermowatch unit set to 100°C, the mixture was heated to reflux
using a rheostat controlled heating mantle. The temperature rose to 110°C at
which point the thermowatch was adjusted to the same temperature. The reflux
temperature dropped from 110° to 95°C over the next 1 1/2 hours and
remained at that temperature for the course of the reaction. The solution was
heated at reflux for a total of 6 hours at which point 1.3 g. (0.008 mole) of

triethanolamine was added to neutralize the acid catalyst.
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The volatile materials were distilled off in stages with the thermowatch
set successively at 190, 210 and finally 220°C until no additional distillate was
obtained. While the resin was still molten, ethyl lactate was added to the stirred
mixture until a solution was obtained. The solution was adjusted to about 40%
solids by weight. The weight average molecular weight (Mw) as measured by

Gel Permeation Chromatography (GPC) was about 4400 Daltons.

Example 2
A batch of resin was made using the same procedure as shown in
example 1 except methanol (b.p. 64-64°C) was used as the solvent replacing
PGME (b.p. 119°C). A polymer with Mw of 1479 Daltons was obtained.

Example 3

In a 500 ml. round bottomed flask fitted with a condenser, overhead
stirrer and thermometer with thermowatch, 63.0 g. of pyrogallol (0.5 mole), 77.4
g. of MMDPE (0.3 mole) and 0.6 g. of p-toluene sulfonic acid (0.003 mole) were
dissolved in 100 g. of PGME. The thermowatch was set at 110°C and the
solution was heated to reflux over the course of the six hour reaction period.
After 6 hours, 1.3 g. of triethanolamine was added to neutralize the acid
catalyst. The solvent was distilled in stages up to 220°C until no additional
distillate was obtained. The molten resin was poured into a crystallization dish

and allowed to solidify. The Mw for this resin was 3647 Daltons.

Example 4

Two resists, comparative and test samples, were made using the
ingredients and ratios shown below. The comparative sample did not contain
any of the novel polymer while the test sample contained the same total resin
concentration as the comparative sample but substituted 2.46% of the total
resin with the novel polymer from example 1. The photoactive compound for
both was a mixture of 71% NK 280 with 70% esterification level and 29% NK
240 with 60% esterification level (proprietary 2,1,5 diazonaphthoquinone
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0.68 using 0.03% of oxalic acid as a catalyst (Base Resin).
Samples were prepared as follows:

Inaredient Comparative Sample st I
PAC 2.86 grams 2.86 grams
Base Resin 8.14 grams 6.91 grams
Novel Polymer from 0.00 grams 1.23 grams
Example 1
Ethyl Lactate 33.15 grams 33.15 grams
n-butyl acetate 5.85 grams 5.85 grams

Silicon wafers were coated at 0.97 micron coating thickness with the

samples. A soft bake at 90°C for 90 seconds, exposure on a Nikon i-line

exposure device using a 0.54 NA followed by a post exposure bake (PEB) of
110°C for 60 seconds was followed by development in a AZ® MIF 300

developer (tetramethyl ammonium hydroxide) (available from AZ Electronic

Materials, Clariant Corporation, Somerville, New Jersey) for 70 seconds at

23°C. Scanning electron micrographs (SEM) of the two samples were

compared for photospeed, standing waves, side wall profiles and general

reproduction of critical dimensions. The test sample had over 26% faster

photospeed than the control sample to replicate nominal optimum profiles.

addition the test sample exhibited sharper side wall profiles, less standing

waves and better resolution at the finest resolution lines.

Example 5

Resist formulations were prepared as follows: The test sample was

made using the novel polymer of example 1, while the control sample was
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Novel Polymer from 0.00 grams 1.23 grams
Example 1
Ethyl Lactate 33.15 grams 33.15 grams
n-Butyl Acetate 5.85 grams 5.85 grams

Silicon wafers were coated, exposed and developed using the conditions
described in Example 4. Large feature size images were used and the
exposures were adjusted for optimum resolution with each sample. Individually
coated wafers were heated on a hot plate with temperatures in the range from
110-130°C in 5°C increments. The samples were checked by secondary
electron microscope and the maximum temperature possible for retention of
intact features was recorded. The test sample maintained side wall profiles at
120-125°C while the control sample could only maintain the same level of
profile at 1156-120°C. Thus, the test sample with made with the novel polymer
of the present invention gave a better thermal stability as compared to the

control sample.
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1. A photoresist composition comprising :

a) a polymer which is an acid catalysed reaction product of a

substituted diphenyl ether of structure (1),

R R
RO/ ! 3\C\/0R6
BN eY
(Ry)m (Rg)m
(1)

with a phenol selected from catechol, resorcinol and pyrogallol,

where, R, to R, are independently H, OH, halogen, (C, to C,) alkyl, (C, to
C,)alkoxy, aryl or aralkyl, m=1-5;

b) a photoactive compound; and,

C) a photoresist solvent composition.

2. The photoresist composition according to claim 1, wherein the

photoresist further comprises an alkali-soluble, film-forming resin.

3. The photoresist composition according to claim 2, wherein the alkali-
soluble film-forming resin is selected from novolaks, polyhydroxystyrenes and

substituted polyhydroxystyrenes.

4. The photoresist composition according to claim 2, wherein the alkali-
soluble, film forming resin is present at 50-95% of the total resin

composition.

5. The photoresist composition according to claim 2, wherein the novel
polymer has a weight average molecular weight in the range of 500-4000

Daltons.
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substituted diphenyl ether is bis-methoxy methyl diphenylether.

7. The photoresist composition according to claim 1, wherein the
photoactive compound is selected from 2,1,4- diazonaphthoquinone sulfonate,
2,1,5- diazonaphthoquinone sulfonate, 2,1,6- diazonaphthoquinone sulfonate or

mixtures thereof.

8. The photoresist composition according to claim 1, wherein the
photoresist solvent composition is selected from a group consisting of
propylene glycol mono-alky! ether, propylene glycol methyl ether acetate, 2-
heptanone, butyl acetate, anisole, amyl acetate, ethyl-3-ethoxypropionate, ethyl

lactate, ethylene glycol monoethyl ether acetate, and mixtures thereof.

9. The photoresist composition of claim 1, further comprising one or more
additives selected from a group consisting of colorants, leveling agents, anti-
striation agents, plasticizers, adhesion promoters, speed enhancers and

surfactants.

10. A process for imaging photoresist comprising the steps of:

a) coating a substrate with a positive photoresist composition from
claim 1;

b) heat treating the coated substrate until substantially all of said
solvent composition is removed;

C) imagewise exposing the coated photoresist composition to actinic
radiation;

d) removing the imagewise exposed areas of said coated photoresist
composition with a developer; and

e) optionally, heating the substrate either before or after the

removing step.
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12.  The process of claim 10, further comprising heating said coated
substrate at a temperature of from 90°C to - 150°C for 30
second to 180 seconds on a hot plate or for from 15 minutes to

40 minutes in an oven after the developing step.

13.  The process of claim 10, wherein the exposure step is conducted with

radiation having a wavelength from 180 nm to 450 nm.

14.  The process of claim 10, wherein the developer is an aqueous solution

of tetramethylammonium hydroxide.



