.e3e.b6T.Xe . . z- WWTI ON-.SENSI TI VE COMPCSI TI ON OF CHEM CAL
AVPLI FI CATI ON TYPE B THE INVENTICN 5 Field of the Invention The
presdht, i nvention rel at e8i64&* a cherical ly anplified radl ation sensitive
conposi tion, and nore mmm mywmmmmm to the so cal | ed ' phot or e@i&MAYi 402 t he
manuf acture of electro s, printing plates, and

t hree-di nensional mcro 10cebjpects. Background Art An increase in the
processor speed attained by the devel opnment of m croel ectronic devices with
hi gher i nt egr arhormrdensisvg1i1vet bevrek ecionooy Crimdiast svpLhascAread tvera demand
for further 15 inproved radiation sensitive conpositions. That is, an

i nprovenent in properties, such as resolution of photoresists and

di mensi onal accuracy of inages, has been required for satisfying demands in
the mcroel ectronic device pmm According to the

Rayl ei gh' s esgjuatiead di=khe¢ Ihvéddkiamerein R denotes the ultimate resol ution,

k1 s @ constant, |smidgruye!@ehiionlzdilifed LON ABHEER, USRI ELLXPOSUr e,

and NA is the nu rlca a um nati tical stem 25 use
of a light sour c 'ng "%ﬁg‘fe ?°’VB§§%’fi€ﬁgtaﬁd FPTEX ?386?@353% tﬁ‘oél

ef fectively enméélkﬁe "ehetorgsist e Sor uth@rinanﬂﬁacstums obeelectiémict i vel y
applied to the dompodntspn peintithgagdilatdsQn dnaC RO mEANABREL | hido( 436 NM) to
i-line (3650m 4, % has pushed the resolution [imts of conventional near
Wi rradi atlon teg ol'ogy 30 to below 0.30 umWth the need to produce even
smal | er feature@#ﬂgﬁ@ﬂg-eﬂﬂwavel ength radi ation) such as deep W (DW

radi ation ( 150 - 32th nifcreadtasinbabenpreiepbay espeePhetiseqgemeraieed from DW
radiat i on_exhi bide ARt o8 Mlc0Ye dRib: BRG AR Al RELL SGAL: W F adi at ] on

sources. Therefore e numnber g otons per unit I's smal | er)
leading to a deffdfit 3T’d’rtt}eaﬁ}f*8'f‘7°8ﬁ° RIS Ras Jcﬁ?ﬁﬁ&ﬁqel“ﬂfﬁf% Rthergher
sensi tivityls Raipgovedn xaddstiony csepoiigosi tdoopssitddrised "Thaemigal lan s 2 2

MAY 2002 2 arml1nfpb&¢1en@h@t1<arﬁi&dpamesarﬁckwveegdmm 8f tphoBtd s

advant ageous in th%lmens catal ytic i |nagx %r ocess can rﬁvﬁ‘ﬂ hi gh

phot osensi ti vi ty. VISFERE SFORTGE Shot 558Rsi 19%/iR7 ah %%&sol uti on,
the chemical | y satps lerléddqﬂ&ﬁﬂ%lt-‘}fbrthsefhisiirP?lP@tBOTéGnﬁe\sﬁcpl presiugtionbei ng
substituted forinaesmsnti onal radiation sensitive conpositions and being
spread. The,gheni cal i Ll Q i ve conpositions conprise
a radiation (gen5| ti v}é%agggld gélgt(rggtl %Q%dae%teaggﬁo%oam d generator;
hereinafter often retérked +Mas "PAG' ) which generates an acid. 10 Upon
exposure, this JwhaGeireRarRn68es8Bha Qi tinalte &Iascmtabry,ze,81ﬁ d eyretanti,saol ution
reaction in thelscﬁé‘w%elﬂgﬁ bi’ech\éﬂflbhpggo{?mt Qée%tshétép@éﬂugec%kélwﬁuzes a

crosslinking re on in t case o ol oresi sts.

Posi ti ve- wor Ki n% Eﬁeer‘h“’f}%ﬁilc RBF T¥° e@%ﬁ%ti&\r/‘&’l"gfﬂsngag%ﬁfg e Y- cal | ed
"two conpon&nt wsqfensligb\hﬂewdsdsﬁVéaw shotemavekength inzexpesiing aoni ch has
bﬁen r ender eld ibmeId@bécﬁibalyaérkahweh&eiwnhwsesmlumki PEisdhad Bdat a part of
the water solu resi Y tective
aroup: and. (2) éf%ﬁgg%@g P&i%?"to ﬁ% é}a%#éloﬁ‘%fai%gdﬁ%?& %‘é’éhﬁ P%,i%
derivatives 20 #’Fﬁgk%&th(Wéc‘Fﬁ &P e i 363 d’E“éctar“\?ehﬁsr @Bﬂ?dde'@érl bed bel ow
are added to f urdshiutibnpieite dfh@nkedtiogsbpdaravpatrharataonc eechhibigysystem i s
known as a 34 hrt%ebqumaoﬂﬁm Grﬁ%ﬂ‘tﬁé"nlsé’d ?&P}ddﬁhégvér?ﬁaﬂéxoﬂﬁﬁf@ tive

corrp05| tion. Upgn g%ttposure uces a strongD aci d capabl e of
I

cl eavi ng the bofi® V(E‘é?'}eﬁgthpfﬁ‘?jé‘éf‘g’\/esb‘ihoﬁ% 48R PhEPPEsTaar 8yl ting in
the formati on ofl5ar 3d0kem)i.- xSl hesowe emsioyed AcCRhdtond gengratedpfrecu®d from t he

PAG upon exposUfRi&¥®dnékhis N augmRe emérg\y %h&}gkﬁosreegé‘de&@fbaf BfomCheéd@Vi Ng t he

protective group, f f rdqnl#orﬁesoruggésn '1% ]| r{{) o(;_,ugh%tgr{ odurceqtdurl ng the
exposure can cl eave a nber rofl 've 5sPFTrom t he resin.

Thi s contri But exnersy tiﬁes“‘ﬁgb%' skﬁ?é‘i“@ﬁ \FPt%/dﬁ?a“éhfé’lﬁ Eaé’liFV%niﬂ“isﬁjé’G radi ation
sensitive corrpoa:mbbﬂltaond\/bvmyh thaghedt sédwieevieagnponent positi ve-wor ki ng

phot or esi st conposi t 40N g+ LA dngh iGeP UMBYAL PNS YN18BE F@RbRSal, Phenol 35
derivatives having polyfunctional groups have been described in patents and
literature. In the case of positive-working two conponent phot oresi st
conpositions, the phenolic groups of the 2 2 MAY 2002 3



pol ymer are partly or fully protected.by acid-cleavable protective groups,
for exanple, t-butoxycarbonyl groups (USP 4,491, 628),

t- butlbx,ycar bonyl met hyl groups (USP 5, 403, 695), t-butyl grou? Y 2002
trimethylsilyl groups, tetrahydropyranyl groups 5 (USP 5, 35 gG’éA

2- (al koxyet hyl ) groups (USP 5, 468,589 and 4)SP 5, 558, 971, and USP
5,558,976), or conbinations thereof. A coor terpolynmer of hydroxystyrene

wi th (meth) acr%lﬂéfé@id@hqmé'ﬁéilﬁt#héreéﬁnﬁwwf\’é,hia@r‘él ped gxetadyapitagerns
protected by agj drpheavail ecﬁ'ﬁ:ﬁ!’dgéicsqﬁrf&gﬁﬁ gl -8 ods0" BHRS AR @ 4195!1_:;1@28
10 USP 5, 482,816, and USP 5, 4 ,. anyl_ groups, or tetrahydropyranyl
groups, has alRptiosensitiitied B¥ ‘G‘s‘é‘? ogi%ﬁrlqt\?ée%%ﬂ‘(@t}t wodcBigdvnent

phot oresi st corRRSItioRS. tHe addiican1pf &MHISeidli Opadidé Rt 0kens i ¢d

have been protected .in f he same nmanner as descrj bed above, to the

posi t i ve- wor ki $RIPLS1tAEnSr 3% Relnghsebrtitnted fd’é'sEPPB%Iti‘?PQJSI’agiGE%OEU
and USP 5, 599, O4ifki tiket fl&)tﬂp’tﬁﬁtﬁﬁnaegﬁid VBeI\@? KigpgreRAOt O B19d Sichemfcally
crosslinki ng agent H ‘gﬁ"ﬂ exanet hq._é; %ﬁﬁ’ am ne, |s added to an

al kal i sol ubl AMRKEIE SPLRSNS-LiYE 1088 oy isggy radigiign
The acid produsetbifties t kiBAG gfipTratipgs Urazentduqgmor oatoas! Igﬁhefl@tor
reaction in the exposed._ar arept. fro hefore

descri ption, g}fé%nz?? e’énoﬁeti%'orr'? %rtrercggg {:Ihé: ) %%FHQQWS g#“o?cb%t h
posi ti ve- wor KiUmprapsposage | thisWBAG ngleetmn aaldoidcawpici |cantangzestaslajaenause
PAG 25 governs_Ji Lespo ertjes uch,_as absorp f_ or
quantumyield %Jfgsg)gih&iﬁgr n%%?g%i&? Eh ’thgdl tclag% é’%\?eré] JIQ%Q’ ‘F’Sper?? es
of the producephadimgsists hard cad;adlysesemg:trbssnrbﬂﬂ:ing yeagtion| it ithet gase

Useful PAGs fo&% %t&‘tﬁgg %ﬁgﬁg)é}g&grgggs gative-working chemcally
nclude 1oni

anplified resis oniumsalts, particularly iodoniumsalts
or sul fonium salts Wasitdveovwerkbng rehdmigalilyi emphi Hied (MbSporegbstsioareind

USP 4,933,377)4 J% Séﬁmﬁ @twge&f‘ﬂ o&k%@a@éﬂﬂﬂi%atﬁafé}%héi&i’%é%%b A0,

sul fonate (USP or al |£hat| c/aromati1 c sul fonates 624, 787) .
I n addition, 3(51ha¢ayrﬁ6hn|8hil%hp &8 pesBudengereae aasvlsumtmneak@mrf%m c

aci ds have beeébﬁ&&%bh%ﬂmfagkm?ta{’t meagﬁlawaﬂ@r&ﬁ E‘He%ﬁﬁ:e&eﬂ@id BIRVE 2%9
chemcally anplified photoresist materials (USP 2002 475, h%‘g 867

and USP 5, 338, ¥ufthe EgpiReyith@n éPl’rdh%I‘?%‘é@ri%QFPH%CH%tﬂ:’i%’@ PARd

beeln_ fsuggest eda fRAG. 3Cbtﬁtllsp toa.gaqz Zgw.e mg%egag?lgiilgﬁgb%r bh::’lﬂh@:’itﬁl.mﬁfé&hbﬁtnlres
anmplified resist i SC .t hat. hi nul ear
ST T oni umConpTRAED 1 HREEA] GHerk AR RRAECEVS GTRREs ARPIAPPARA SR #58
sul fonat e arE atscm‘d:hltof @urtheri mfagﬁoh \f@rmlmmbrapnmly@rﬂwdane' ¢.athis
negati ve-workin otoresists. This, tent wev I
specific super?’%r‘ioet"b jlsn%ﬂ'éoémofa Sut f o LT cE ’°d’ﬁa‘§ o“The g‘ﬁggl%o"" gf%n%d

sul fonat e as PAd&lationondensttiioe w:d)mpolcfltfiyodr oxyUYpgn eexpbaseel, r ¢hien PRYVI ng

a prot ecf[ ive 1?5 p%' %h s%goﬁgi g{:ﬁ.g" Q%%%tglaw ég] a%g.hg t gg Bgn& hgg_@wgébl,‘Gs

t hose onium s roduci ng uor o he ‘sul'fonic~aci upon-exposure
are parti @al arplgpmnemeuoummsbesugeimorre@eﬂﬂ;ﬂngvm ytlmdfogm@tuiqnttpfmt e
15 resol ution Rb st [ & A9 hese
PAGs are knom‘%ﬁ (?Illrj%&ucgét e for I’?%%{I o%@&?aflﬂ?lgé(; ‘Bﬁsg?ggﬁu?%e subs:tbgtn%A%r at
t he substrat e/ ¥R} SKPPHHRS REENWN6ARSWREE B singhareasidgn frmedeavingat

m nor quant i t'ﬁ?e%réﬁ&t&%hh%oaﬁ ¥obal the ekihUopRFEbhaNECEE! hetecu RS d
(TFSA) produced during the irradiation process may evaporate (outgas) from

t he phot or esi RTIFUGRdaITdRGs EhEorgXRISHTE0fCAh C1ERYES f elakfte Jruieds of

equi prregt 30Thepx&ﬂi&b ttibgL@®%§thblﬁeﬁh€t dlewmen !'mdéczgﬂftS Hduitde 15 eheChigh PAGs
are use g .antici e a ong ti exposyre espec

t he evaporati rr’gglrf 5? tﬁg %P%{P,Cf Yag&%Biéﬁ%‘;TF@gojﬁ&;ioEaﬁEnﬁ%ﬂa‘f%s to
the health of d&dnpdsdakabnéorce. In addition, it is known that resist

mat eri al s cont ai ni nq, PAGs. whi_c roduce TES 0 SO | ed
T-shaped pattern pr JATeERS dig tuReS, G4 RORERE 1P kg8 TREE S PhRECESHEThy <
(i.e. 30 inadecprgosiddebay tomprisiig | polyhyirexystyhendi gésird amrlphqncahd

he diff
ropl acenoe 1 S TREK 1 VES g SRt dhio ichEIRb S nAFd beok S AdSNS |
far not very sprivedsf and Batevskuntet ednothei oasefof tteosiésavgt-Wpekim mm:e

i.e, of resol %6@%{1%%50&9@%%(45&& Qémﬁc?&sﬂltdn\é'ti’hé)% &ﬁcoﬁbﬁéﬂwaﬁﬁ@“ of

a chemcally a resi st systemusing a l'arge nu er foni c acids

HS

—j

produci ng onlun1salt precursors ,, 2 2 MAY 2002 5 has reveal ed that nost
aci ds yielding good resolution are poor in sensitivity, while those
conmpounds , which yield high sensitive resists do not performvery well in

terms of resolution. More specifically, it was found that | ow nol ecul ar
wei ght al i phatic



5 and some aronatic sul fonic acids have high vapor pressures, thus causing
the above nentioned corrosion of the equipnment, formng T-topped

phot &y esi st profiles, and yielding significant |inew dth chamge 34

process tinme delays) while |arger nol ecul ar wei ght aliphatic and aromatic
sul fonic acids do not 10 provide the requi¥ed sensitivity, or have

i nadequat e resol uti on power. SUMMARY OF THE | NVENTI ON The present inventors
have made ext mlymerarf:re npentiye o5 Sulidly eprpteickpdovkyl elkddicieédyable

anplified res of ¢ s &g;}g#% c |y
chem cally amﬂijo res g?lhgrrgat gotigl s%ta\‘}\lglﬂgh gr ess i keﬁ'i ?P&Ecgé H}S%H
corrosi on of éqdﬁéné%)bytobtlgagwm@mmeéhﬂ-hegm t(Uﬁ‘P ﬁaéoﬁoﬁﬁﬁ)
sensitivity a&dbhewgtttdugg ; mtheiehiyl b%eueée&e&&ahga%%ase Hawss now

found that a conbinatl on a filmformng hyd roxyaggl/sren reS| n W|th

an oni um sal t (SS8chr3N. Qﬁé’dab?e(ﬁk@m Ingreurs YSPnat 4e8 2180aand H¥Foni ¢

acid as a photasedogenedmi ASPCoNsHE Wigde 3p SxmeidARlonshendsadd.y Ry fied
radi ati on sensiti ve conposi tion. The present invention has been made based

on such 25 fi ®f ngteTRAMATNPY hﬁ’tir?%Y%foﬁﬁeec‘t’igf ﬂﬁ%ttb)raééléﬁﬂtlcl Ak on
to provide a cneiFesal ’tMeaBBJ:bé:tﬁl.Cid it 1160 paeftait b»fefﬁmmpogrété&"tédﬂbah
less likely to (::L i ‘éqeRcorrom on of the eq%@ ed photoreS| st
profiles, and 2 g FLEAYRR1S i GTQNPEr SRR L " ngoﬂr?ﬁ%e( PiAnf9hetZRrs. 1t
i's ?n]gt hgnoogjmt of 5tlmezpsmentandwemp ors, t4c92Er7wode &nﬁher@f@iﬂs/, or
anplified ra ensitiv osi tio can rea

Sohsi 11 vi ty ariFtraBERE RGN, GHORRE  BiAY SHAP e aegraRed a8 UBRBRb AT 35
It is still apositivebyexktingf twbecpmp&eeﬁt iphotoreshs t ocqunsict&oas The
chem cagl I'y arH%'a EESH 6Pddfs‘0so‘1&ti AS{d i@%hto%@oghgé%‘%%o@%b hofected

phot oaci d genera whi¢ch Vi T ue enera ion of
a nonvol atile iamtue e mlannanaasa qersolnlibad atzsrsci &bethevipolsivivegasesrking | t

is a further g:%‘%BEeQI ’%%&‘%’%ﬁ??é ifé/gcﬂés!c‘}flbfe Eﬁ%‘éé’% 3126494 dh g i um

containing th hem ca t1on sensitive cénpositlon
according to thé98r842nt invention and to provide a process for producing

the recording medi uf, ThgeCheakeal b¥ afRGAf] Ve WAk gl OBhé‘é&[sééiét% a

COI’TpOSI tion accordi ng to t he EI’ esent I nvéntion conprises at east an oni um

salt precur soCTRsEahnking Agent. surh as hexarethoxymednaaelanine, d6iafded a

phot oaci d genedatdy AkA1d fdd1wpher ?h@ﬂoﬂi/é” BEYBl Y[ 65 HaPAA 50aSidha usp
According to a preferred embodi men resent invention, there is

provi ded &%posi-B89e4dbl} ki Hbea%ﬁqu‘ve&nfptrqm thel PAGHRAN @Fpasiire; indusces
)COWPOSI tion, ﬁsc&oﬁblﬁﬁk%%a?&oﬁ&ﬁ hened T, kadi Hiz‘teéﬁdl Olnk COWDHSI ng: ( é
an oni um sa recu r iC era uor i nat ed. al kane oni ¢ aci
as a photoacid ggne%ﬁt i? al:(pafe}"tg& rFﬁ"FoF?r’r'?ﬁf 8§9’§H§/‘?jé“‘e Eggéﬂlar ¥&sin
V\ﬂ| Cgol sis nmﬂ;elr:mdtztlantldmell nbtlge tnmagmg pELLES ﬁbk@bth@gbubleegﬁmmgolnl
t he resin wt id cleavabl.e bectiv oup; a Q y
i ssol ut 1 on FAhPEt BV ARERIN Crer A1 A A A e BT Bl A
bonds. Acebr dlgmgerns alm mdspepgetpmipermeepr emmit asnalesrnpdiont bErleight
provi ded. 2 NG LkEnleh kiAo UETRERL | dorIUscl, CndD 1P U108y > Sl dine?
conposi tion conpri sing: an oniumsalt precursor
fluorinated althen@apeuhies sef dthe progwsedadicddgesucht a8, a(:izq sikrendddl.i
soluble film Ty gy s QXYSEITAYS DPSEFLI BRED et ot podkt 8P4 Aling an

aci d-sensitive cross |nk|ng ent ccordi ng Ird aspect o

present i nventangnnegatdve-werk Bglcé’@a‘iﬁalhldla@@lléﬁigér@sﬁlﬁt«é if’é’ééiflel#@i@edl um

conpri singp a ondRmldAle, ﬁ&&ﬁ:&l%@&?tidﬁbniﬁﬂﬁéélﬁéeof%Xl‘i'foﬁi@%{'sg%s%ttme
substrate, the radiation sensitive conpri he conpasition 35 of the

present |nventﬁtGHngAcE%‘Fm‘Hﬂ-@Qhéliﬁur"i‘%ioé'sspedpsgf t He 09848t 3 eSFon,
there is provigded3aspypressgd®r pieaipdeNy a raghaifWordsanéiméndte  and

trifluoromethane sulfonate (Usp 5,569,784) or
aliphatic/aromatic sulfonates (USP 5,624,787). In addition,
35 many non-ionic PAGs producing the above mentioned sulfonic acids
have been described for both positive-working and negative-
working chemically amplified photoresist materials (USP



2 2 MAY 2002 recording nmedium conprising the steps of: dissolving the
conposition of the present invention in a solvent; coating the sol ut| on
ontofa.substrate to forma radiation sensitive layer; and r EQ?%]

sol vent by evaporation. 5 PREFERRED EMBODI MENTS OF THE | NVENTI emcally
anplified radiation sensitive conposition 4he chenmically anplified

radi ati on sensitive conposition according to the present invention

basi cal | y conpfri28fs 847fandnW3® 60338 ngst hy.dr Bxykthen coerbaiebydregen hatide
onium salt pr [ g a t al t S

phot oaci d geng%!{dgl% gg@%‘?ﬁ. %@l@téotbt%%'(gl g&éﬁ}}gé’g ? 2x ahglagggé at‘.%oﬁ 1
sensi tive conpwgatiye-werkirg Qh@gé‘h@llm@@ni-iﬂf— rﬁ§1$t%épﬁﬁat59§925949)

al kanesul foni c aci d ggner 74 £4¢qr i‘%éi&éy“’cm S%ﬁlﬁ&f%‘d&%@ﬁi&%ilmﬁéﬂﬁ&é‘r e
can significantly inprove the performance of the chemcally a d

radi ation SendiaVing RYFHINCBSH L BHEANATtAAN RYBEBIQEAIKIHeS teedT® in

terms of imgaddduTet EGP, #HEAl 1ndge’ CESHMHEY UM @?nsﬁééﬁﬂ@é-%rkh.ﬁé DA
di mensi onal accuracy 20 of inmage del ay tine stabi a reduction in

S,
vol atil e conpdfatdveoHPEstng Avetoresiske. Thipmatend yi,‘°‘t’?|‘éelb-n|d€?ﬁﬁs‘&‘l’"ﬁ of
a EI ;Jorl nat ed sldguaestbéeif fc akipérasribe ﬂEQIé@ﬁ)‘fgsﬂEﬂ@tﬁﬂh@rcom 5agd§s§fﬁ in
a (a) positive-wor or ne atrve wor Ki n r oxystyrene ase

chem cal |y angt9%af ﬁb' ?aﬁv&%‘?‘% 9e E‘Brrpgéﬁ;%/i ot &%@PBH% r%Ht i on
sensitivily eqalrokysthpéneé dsed Qasﬂ:noﬁaxmfg @0 pirespobive gridupl WHaEcRM@ hane
sul fonate deriyvati ve use t he photoacid generator according to
the present i rRFerﬁHiH‘ ﬁF%é ‘ﬂﬁ?‘ g feiall y the sane resolution and, in
addi ti on, does 30 naimongr mmgsescwnGd:urttlmse suopiwsi nghyts bepreducing
(rectangular) r racy. SS, I| u

roughness are o sf"te;r?l\?gaﬁé%&k? S%(ti%gniév?cvig&%olrlppr eog] S%glr%fé{%@%ﬁ u8 %gf%d

al kanesul f oni (prefiegdretihe becapseatsupertienderensidgivibys amirrpmndj ui;taharmst
negl i gi bl g sat fé’s@lﬁ%koﬁ(@?&orﬁﬁa‘ %h&o?:fe%iﬁtt %ﬁ\t Yahns %’i :Ikn%d?bo%n 150

C) ( thus elimpnatin f'ormati on of tops and errs
equi pnent cor rdf%iiririonl. n thedet iPARS |anee Hnpmn cthang%@@r ethg nfeoamationasof he
mobi Ity and tiHji1Beedidr thé MbstLare Ydarl@RE s%tfﬁ'ﬂ%e?ieéﬂet iHHPffé’éé vely
I arge nol ecul ar weight fluorinated al ianesul fonic acid 1n chem cal

anplified r adi ¥R a8eASMRi ve filns are smaller than that of

trifluoronethanesul flocnwss Fouda, melb@éumtrmﬂhéf h&iaﬁ@ﬂf’e@@?'ﬁﬁevﬁa@ﬁélem
on the dense |ines to isolated |ine i new d

di mensi on€%f ‘f@tﬂfd-tlédtﬂﬂékora’ﬁ‘&tﬂéﬂgé‘-}lrfr?ééca?%i%l(r?gg‘?‘)eRfiPoﬁuc&P guﬁ’r%n
exposur e dose. thﬁre&,ef@dﬂatﬁd?e pﬁsc@ésthayonem&ﬁttes @Bu{:éf@spr ¢geit the

i nvention very advant ageq ntributes in sever ortant S to the
overal | et f orpiateResior Fimasd Bobsaiartesian @t bhe AReuLe AN BEPRITR
hydr oxyst yr eneediﬂmdnchermnealsbmeaﬂﬁbmhﬁledsr wsahrea wies1s iHyidregennpakidd ons,

P he hooit 1 BfoqcuhS pANE 2300 SBY MU RAT e ant HELERADTRRE £ TRV Eflhe 2

phot oaci d zgen(mamsmmseslpeqzrlam tompbhei ¢aparfatiing pumes it mimeenbil.ahile; an
oniumsalt pr I i i esid { 900 . The
oniumsalt pre r%%r ilwg T%‘o § '% Seﬁsra%%/llcﬁo#ﬁs 'tﬂtg%%ggﬂ:g% as % can gener ate
a fluorinat ed Hi lkdddsion onitc 1acmwm¢¢1@rtdrﬂgis1b matpraads r@mt@rib@ugnﬂﬁs t he
20 present i nug{y { I ﬁﬁg DER.

i odoni um sal t. tdhoéhf%%l{rz%ng{ge#d% a:tr?eﬁs&fj rtlals‘gzﬁea(bzl6 éa?jé%é ?sb n@ﬁgﬂ:?%ﬁfarl y
limted. Pref e!?%lﬁi}est' hend |shew hinewwldil SRaBges SR REPEESFS dﬁl@ﬁst hhie+ he

al kanesul f3gni i ifdedules dex %f'i, tomé sqabaqatgs e tBrai@h&gﬁ martrrﬂ%&tana
precursors, which generate | uori nat ed al kanesul foni c aci ds, include

sul f oni um sal theATEERSIM ProRerties of this moldy. Abtempls: B9 iGsRLAEYI Fhat e

and nonaf | uor (&&5@!&%%@&@@@:& £} Arsal dbRJit® ehiH Salitebeeéefsors,
enbodi ment of the pr tg: t invention, %he oni.um saltﬁrecursog |ch
generates a flURTASFALYEL%S kAFFFEUI F8ni EahciltPt | ¥o5Ys o

salt of a flualdteatietatlidanef sthé onastsiofpdrfontancel,) 1.¥. *ASOi}eéb).uﬁﬁ)n

wherein A reprceasp%biilgFB%_IIECsFezns%rt1v1§1(r:Fgc(::<'::qu(J::Ea .. and

An evaluation of a chemically amplified resist systemusing

a large number of sulfonic acids producing onium salt precursors
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Y represents RL S+ R3 or R4 1+ RS R2 wherein Rl, R2, R,

and RS each independently represent 5 an alkyl group, a monocyclic or

bi,cycd ic al kyl

group, a cyclic alkylcar bonyl group, a phenyly ZnayP2002

napht hyl group, 10 an anthryl group, a per%. group, a pyryl group, a
ry

t hi enyl group,
any two of Ri1,

oxyal kyl ene whash reyeated thatemogt at¢idsmarbédéngrdang regelwtiomiare poer

i nterposing suf Uen O+ 4 AdiN6n S %&é‘&onﬁgdd}?i@%ﬁﬂﬁﬂéﬁ&ﬁmﬁ@E’g}giéitel ng

an aral kyl group, or 15 an | car bonyl net hyl ene group,

R,

or

R2, and R or R and RS together represent an al kyl ene or an

h
aryl groups, 20 one or nDreq% drogen at
optional ly sub’éﬁﬁ%ﬁ?ﬁeGObQ/O%ri@r(fP%V@r!gm}ﬂs igetewRe®h FGF(P%Wél@r-ouﬁﬁore

consi sting of
al koxy group,

ébé@lﬂﬁﬁml?t o8 w8 fbind t%@upowanda)erddlar&b&ydh@ hQY¥Bhatic
cyclic al koxy group, a dialkylamno group, a dicyclic

di al kyl ami Bo ALEOMR aRPARSHT I SWESHAC acidrahave hdgh, vaRpI DLessHref o thus an
aryl group, arbaafswnngna @eRe dhldeteOr SOt of ¥habguDEMA: f bgl

(11) to (M)

I[11) O io Rio

00 11°R 0 b FEoRDSa; BhokaBeTsei Propiiety 10MMher 141 4ihsand IRnLEhEant
IRaaeht o?hdﬁgél’sog@gﬁbrﬁt pﬁbc@@s a&hmb Hedys, \A/rwmﬂermzaﬁie ]
I C

wmy be Subst | IMERPIPONELHRE AIPAREE BN ATARE ChcoPaREoRh 1880 R8I et

represent 1an agtotidectlye dequl ed Gemsativhgy, or have inadequate resolution

I ndependent | y

15

20

25

30

35

power.

The present inventors have made extensive and intensive
studies on improved chemically amplified resist materials for
production of semiconductors, particularly chemically amplified
resist materials which are less likely to cause corrosion of
equipment by outgassing and, at the same time, has good
sensitivity and resolution. As a result, the present inventors
have now found that a combination of a £ilm forming hydroxystyrene
based resin with an onium salt precursor capable of generating
a fluorinated alkanesulfonic acid as a photoacid generator can
provide an excellent chemically amplified radiation sensitive
composition. The present invention has been made based on such
finding.

Accordingly, it is an object of the present invention to
provide a chemically amplified radiation sensitive composition
which is less likely to cause the corrosion of the equipment,
T-topped photoresist profiles, and significant linewidth changes
upon process time delays.

It is another object of the present invention to provide
a chemically amplified radiation sensitive composition which can
realize high sensitivity and resolution, good pattern shapes and
stabllity thereof.

It is still another object of the present invention to
provide a chemicaqlly amplified radiation sensitive composition

containing a photoacid generator which, by virtue of the

cC

can



15 Re represents an al kyl group, a cyclic al kyl group, or an aral kyl group,
or R6 and R8 together represent an al kyl ene group which forns a ring
together with the interposing -C-O group, the carbon atom iD2tMay 2809

bei ng optionally substituted by an oxygen atom 20 R represents an al kyl
group or a cyclic alkyl group, one or two &arbon atoms in the al kyl group
or the cyclic alkyl giroup bei ng optionally substituted by an oxygen atom
an aryl group,9eneTatigpal&§| agmanyclrtidad avid.coen i fddpinakmt Pyobégmesent

a hydrogen at Oégsoci%t%d'\%i(tﬁo&?tg]a%s%ﬂ al kyl group, or a cyclic alkyl group,
R 2 represents an al kyl group clic al kg{ group, an aryl group, or an
®

ar al kyI group, and Rt ilﬁp? @EEHP%I' IgFkAE §he mFesgngyventdpp to grawsde an

aryl 5 group ,a aeecaf@irkg/heamu Ronth{€1:04 eHe ch%kniﬁaBi? a}anEﬁiﬁea xﬁalale@oﬂr oup
-OS ( R12 ) 2R13 .. The conpound represented formul a

advant ageos i FPRHAHI VPt CHROHIdE sPeaFdingy to ﬁfﬁeﬁﬁ?%?nfs &PV@HF%WE@@G o
radi ation senspidwiRieC@aNPOELEsS o Hrodubing ditd %cdiaingomd:;hﬁn affinity for

th t t d t t In f
Ty e he alkyl o chemsealls Ampl4 £ FRalatloF sRRtRIve cBnppsTEiah ght

cﬂﬁi n typebor éwcaﬁ:ﬁiad tbatie tgmten{hﬂ_?gehﬂmﬂ doafpeﬁ]cseIsOata Idasy i ne,

chl orine, brom ne, i odi ne at om e refers to

phenyl et hyl (phenet ﬁrﬁ "ﬁ'é"t’% aa'é:nfﬁec ﬁﬁ%tm%t?ﬁn“&t%h@ |ﬁk8¥iﬁﬂ'ée%ry|
pref er abl yor ef allanesupfienyt , acib fshyl phbbbg{d:idargetriwdtbkean@\ccor ding to a
Bompounds represent & BT SPRUES Jrdniiare e AR Btk T o R R,
and RS each i ndependessdrdingpriaseat preferiédalempoddment (Oofr efhey abrysentjl 6

| kyl , | -
gl czcl ?Eogpkyrﬂg&%% ;e); g:?'er abI:tg E%r&li% mno’g&gjfti@e %E?(ingg@%%'%b%fgo | z
bi cyclic al kyl anpldfded J@act;ta'qi,pncyemietiaﬁekymmmm .gﬁélﬁpférﬁt @rsme@b'l 9f a

C _6 m)noq}écl|@hé;lll}%lsga{:bglwénﬂlr&yp},omgrpglﬁ{gd group, a naphtyl group, 30
an anthryl™ group, group, a pyryl gro\t;“gk)lti a thienyl group, an aral kyl

group, or 35 an aryI@]a)rBBrﬂﬂjﬁ’ét 831 & PECGUEEPr ﬁ’hLﬁﬁrﬁ;a@SC%.lfBﬁﬁré{léh%d or

any two of R alﬁgﬁesuéﬂgnfé acfH a3 aagﬂoE§%é£EF§éH@iaE895esent 2 2 MAY 2~2
12 an al kyl ene or an oxyal ]?/‘[gene which fornms a five- or six-nmenbered ring

together with the ink%rpostiyferming h&drpﬁuﬁﬁér%ﬂeo??ﬁsgglliﬁlpn‘@hjcﬁ} 4§ 1s
optional 'y congtansatikaii hnab!hb:gé BYPSroAGRANG Akd1d Sol@Ee BEEGSS Bdthe

ebodi et o L8 PLIRR"hn Sad Y 01 LG SRS ey S5t ed by Formula
(3) optionally a dissolution inhibitor having at least one
acid cleavable C-0-C or C-0-Si bonds.
According to a second aspect of the present invention,
there 1is provided a negative-working chemically amplified
25 radiation sensitive composition comprising:
(1) an onium salt precursor which generates a fluorinated
alkanesulfonic acid as a photoacld generator;
(2) an alkali soluble film forming hydroxystyrene based
resin; and
30 (3) optionally an acid-sensitive crosslinking agent.
According to a third aspect of the present invention, there
is provided a radiation sensitive recording medium comprising:
a substrate; and a radlation sensitive layer provided on the
substrate, the radiation sensitive comprising the composition
35 of the present invention.
According to a fourth aspect of the present invention,

there is provided a process for producing a radiation sensitive



wherein one or nore hydrogen atonms of Rl, Rz, R , R , and RS are
substituted by at |east one group selected fromthe group consisting of a
hal ogen atom a Cl_6 al kyl group, a C,_6 cyclic alkyl 10 gr oIp. MAY 6

al koxy group, a C,_6 cyclic al koxy group, a di-Cd _ 3 al kylam no group, a
cyclic di-C6_|z alkylamino group, a hydrox¥l group, a cyano group, a nitro
group, an aryl group, an aryloxy group, an arylthio group, and groups
represented byrecorddnge medium), teempwising Firhehestepsorpfoundtsselringef thebl y
utilized wher Gldhpo thgnt o HeOPPEsLEP IS Aitg6n i (06BULERL{ Idontlifig( ¥

and R each |ndependent represent a rogen atom Kyl group,
whi ch may be <ifHdttileg: eateye §HBSBFa%rté’ ﬁamg%rra&ti@#éono‘rerssi@ws e9¥ere

al kyl group, vhidheiByiRg EhdHdivehednPYePaordtidar e hal ogen atons, or R6
and R together represent an 20 al kyl ene group to forma five- rrerrbered or
si x-nmenmber@d ring, R represents a Cl_6 aI kyI group, a C _6 cyclic alkyl
group, or a C~_1z aral kylpREFRRPED HMHR : s ppregent an al kyl ene
group which forns a fi
interposing -C O grotgy—“ AT gt

Sublstl tult Edl by an owahaﬁman@ mgpmmkadﬂa@qxﬁsahkyﬂ@é @umpeéiﬂiéﬁ 6
cyclic al ky ou one _or_two carbon atons in royp or t
cvclic alkyl FORFaBAnS o rasep o tBLer iR bag ca hs it Bedne BLks | -
aryl groupp orfaamingl nyaratyqdyxgneumase’m rédsiananhdReh eatiimisulapepdentsor
represent a hy en ato a Cl ro G, 6c clic K

group, Rz reﬁ&gcg‘mg? Cule e% 4 dr“é&ﬁg Ega'n%s% anlagea yIEl 8P8£%X°jad
C6 |z aryl grmemeratoa.C, |z aral kyl group, and R 'represents a Cl_6 al kyl
group, a C _6 Cyc" oli'ﬁlin%lrt%uphe %ﬁeﬁi@ki%a@ﬁﬁ%f%@!‘?diﬁ?i&s sf‘Ef\L yI

group , group -Si ccording to
anot her prefermcgmbémlrrenf othehePWMt invertipny 20be 1flbhovematesh, a

group of I

X "R ang RULKERLARERAED qdaiericHaRl erdn e Enifb AR DN fHon,
rmnocycl i c al keppPogugep,can osignifiiepatly Ampyove girhGurPeIaFOGmaBG@y(ﬂf cthe

al kyl car bonyl &reqrieamy%gmhea%mae&o& JaaRhthvée c%FnBHglti&H cBR¥aih P!

Rl1, RZ and R3 , or R and t oget her represent an al kyl ene group to forma

five- or six- @WéF@WﬁFKVF%@aFPﬁgre% 18- teppre afy dmage formstdopr Hhat Rz,

R, R4, and RYOPLegpdhtyonl0aeHbeyidetAEDY1AE BRASt dORGnSH dHH aeb@ﬁw{i
fromthe %goup consisting_of a hmrao%fn atom a hal ogen atom a Cl Kyl

gr oup, ofy cipages kyAed@bup:; -ap1iikBxy@ gresipstionc ing ¥oiatile
al kIOXKl gr oup, C@Iﬂbéléhﬁﬁﬂolﬂf@mf ; aad ahyll;gf@up, an aryI oxy group, an
arylthio group, an S,0 or I ein

each i ndependent!y rsg‘}f 8hBILY ¢ hg}éi’ﬁ h G‘riéﬂ %(’Em a ?nat F°Jg?"6?r1be£
provi ded t hat RkaneduRfonbc r&didsaﬁutnammshyidegnmembrhywhmgmed%n a

represents eit ra 4a|k ro e tQ her res

al kyl ene group @h pcchsqf ﬁswg}gr(ri'?% #‘ggghrepe E*\V r‘r"é”'?cgl%]gr pggrﬁ %’%‘f
group, R92r5eprtmdt<5hem:|©hlm(hmplalfkpﬂ graddpiifll sendifive ceppesiiorn can
By Oge 2t OTpdEl deCPARDE G BeEL IYY1 € Uga1 7l Rar EPEES LS Be BULY
group. Accor di¥ ng tot resent 1 nven n erre corrpoun
repr esent ed byccrn;rerwpadrns tarrlélwrcyne(tmammgmfmeﬁy I%&Vﬁﬁﬁf@ﬁn Further,
3,3,3,2, 1, 1-hexdd be Q%ﬁ@é&%ciﬁldce?i%%%oggaﬁagding to the present invention

tris-(4-t-butyl phen I') sul f oni um™nonaf | uor obut ane™ sul f onat e.
provides substantially the same resolution and, in addition, does

30 not form any scum. Further, surprisingly, better (rectangular)
pattern profile accuracy, and less line surface and edge roughness
are observed. Due to the low vapor pressure of the fluorinated
alkanesulfonic acid, the evaporation tendency of this compound
is almost negligible at typical photoresist process temperatures

35 (up to about 150°C), thus eliminating both the formation of T-tops
and the risk of equipment corrosion. In addition, linewidth
changes are minimized, as the mobility and thus the diffusion



These conpounds can advant ageously offer excellent |ithographic performance
and, in addition, can be easily synthesized. Specific exanples of preferred
oniumsalts represented by formula (1) include, but are not 'm’ﬁd , the
foll ow ng 30 conpounds (in this list, sulfonium 2 9(%5?
3,3,3, 2,1, 1- hexaf | uor obut ane sul fonate i s &bbreviated as S-HFPS and

i odoni um 3 3,2,1,1 hexafl uorobutane sul fonate is abbreviated as |-HFPS) :
tri phenyl S- ngmoﬁethm eoenanatdvehEniare HRRSCcuBAs- yel ghtt rf)lllpﬁén?t?d
phenyl S HFPS1ai[]{a51§sﬁifaﬁi@3éld3.Be.{WEilerﬁ'lcE aﬁPiiP dEQHfﬂﬂiorﬁgeq
S-HFPS, bis-(~-t-buty i/ S- HFP S— HFPS
4-cycl ohexyl pHdAms éFShé'ﬁ? lex I-"PPS tb#% - W@I@ﬁ@?g‘ﬁb‘h@%ﬁ@fﬁ’ﬁéﬁyﬂcyHFPS

tris-(4 _TM\fe&QQQdLﬂoH’Pi@"'M' Hhﬁéﬂﬁiv% 'é"f@gct%ﬁ hiry @aRgBY hines
Bi phenyl S— HFPS, bis-(4-chlor ophe tris-(4-chlorophenyl)

SHFPS, ~ 4- NSN- cihd B Eed AdpRdtA Ay ohe R é-nmiéth dimensions of isolated

bi s- (4- N, Ndi nEIihﬁésaﬂh@M%@yiinéH]QBwaﬁrdﬂP@quéI 'af’c-é‘b'iNeN é{posure dose.
di met hyl am nophenyl ) S- HFPS, Hédroxyphenyl hen S- HFPS
ERg use. aa%g,ﬁ

bi s- (4- hydr ox B eFephEhs pdie onium ﬁeW;'ﬁ'-’)e“é: dippention

bR s i i v i it Sl
ris- met ho - utyl o en en -

bi s-(4-t- butyl%%ﬁ?ﬁrénylg i) SqlePS(,(Xfri B-X?hﬁ‘?%ﬂ"(%b(&ﬁgph&ﬂ'ﬁ) @ hrps,

g 5- ?IB n‘gt I(:jml Hggimdxy!gheﬁlyinﬁl htteﬁyir:]yﬁ:yﬂ_dh‘é,s HI:based chemically amplified
is- i met r ox en

Crios (3 5 df ARt P NS Er P PBSRELASRS! @3, Hedt o5 8 B0y HE55HEM

Bi phenyl S- HFRf,d hatntdnandribyl ’dxq/cequhpmyhbmmiewﬂ) aiterrpl tite He@3thlaf

tris-(4-t-buty, b yphenyl) S-HFPS, 4-tbutyl oxycarbonyl phenyl

Bi phenyl S- HF&‘%%I%S.?( gg%%g%(yl oxycar bonyl phenyl ) phenyl S-HFPS,

tris-(4-tbutyl oxycar@n@ﬁmimmmgr .

4-tbut yl oxycar bonyl %’%%XE e%ﬁeﬂt@}e%e ﬁl 'P:'oﬁ\g&%iéo Oof

but yl oxycar bonyl pheny eny tris-( oxyc onyl p

S-HFPS, 4- phergneﬁ%ph@mmtmrphénw @#WPSalblmte(erﬁﬁé‘n‘thh @ﬁneﬁytes a

Bi phenyl ) pherﬁduo%iﬂﬁ?@d af‘lﬁc'aﬁe&&lfmﬁﬂyéém OPBRE ¥ 1 B RS DecirEbBI:s not
2- napht hyl Bi phenyl S-H fq%g ant hryl i um HFPS, phenyl thioanthryli um

HFPS, 25 9- antRﬂ%ﬂiCBllﬁﬁéiﬁyii@ o iaﬁeﬁﬁyliféhémlgﬁl@ia(t&-?-ﬂ??l:b%
S- HFPS, bi s- (4g1i@inkylR8enys)adkd.- bu&a&ﬁmyItoSaHEE’&eﬂrédal&mbameﬂewﬁe
bis-(4-t- butyl phenyl) S-HFPS, bis-(4-tbuty] oxyp henyl ) 4-t-butyl phenyl
S-HFPS, 420ycIRARSERtpIRYSA AN the endHm Fahe AR FUBSPFF‘@ a sulfonium salt
bi s- (4-cycl ohagwlamhganbméntsé& butyI phenyl S— HFPS, 4-chl or ophenyl

bi s- (4-t-butyl phenyl) SHE %lror oph I ty heny S- HEPS,
4- N, Ndi et hyl ami nopf%’r‘ﬁ/ éj‘lué’ <E)ut Wlﬁ%}ﬁ%\é Fch%‘l 25™s > bt
bi s- (4N, N-di nrpdx;ﬁi@m&anmenyl:}mﬂtdd but y| pReagérabIyPS, thieydr divuphimyted

0 L e b ik P SR

4-t but yl pl2ényltcs4HEREPOB, Stahset hyI 4 hydroxyphenyl bis-(4-t 2 2 MAY 2002

15 butyl phenyl ) S-HRE. eny yl
S- HFPS, 4-t-butyl oxyg%flg%ﬁaflox yp enyl Ei f'}t t%%ﬁ)% R‘ g%%ﬂ;@
b,is-(4-t-but thdaﬂbgﬁylaldﬁwpﬁéhwl)ima@@syl pneh\}de $u4|flnsium salts or
4-t-butyl oxycaydyymihmPieis Ris-44 13,3, 8ugy h@f@f‘&ﬂ&roérﬂﬁglgesulonate and
ey oy L on e SARHAEn S o (4t~ buty] phenyl ) S HEPS,

bi's- (4-t bupyl OXycar beivoraehgytem %Y:Iéh P¥farded 'ehﬂbﬁk.ﬁé‘&ﬂ)ﬁf eheFpeesent
4- phenyl t hi ophe bis-(4-t- butyl pheﬂ&% S- HFPS, bi s-

phenyl t hi opherf'ﬂ‘g/enl:ifmbut PEer?&ﬁﬁPﬁyl js"h( 498BETIESRerR I )

S-HFPS, 9-ant hflorinatéd dl-]dahb}#hl)fi@tm/d )ac.Sd HARSa shilFohfumerimddquidm salt
4- met hoxypheny

PS 4-1 - butyl phen bi s- (4 t hoxyph ) S-HFPS,
bi s-(4-t- butyl"pfh@n? }J°j4’?1%?£ﬁ)‘£ é‘ll frT?(?FBHt)égyﬁ%’enyl
bi s- (4- met hoxyphenyl) 15 S-HFPS, bi s (4- cycl ohexyl phenyl ) 4-net hoxyphenyl
S- HFPS, 4chl or ophenyl bi S-WI hoxyphenym) S- HFPS, bi s- (4chl or ophenyl)
4- met hoxyphenyl S-HFPS, 4 Bmet hyl am nophenyl bi s- (4- met hoxyphenyl)
S- HFPS, bi3$- (4N, N- di net hyl am nophenyl ) 4-net hoxyphenyl S-HFPS, 4 20

hydr oxyphenyl sgé}ﬁ_@/ YekF QX enyl)

4- et hoxypheny‘]tﬂ% IaléPgE}:gi-%- utyl loo\l'x‘?éﬁedﬁfglso%l f‘%ri:‘é%oxég enyl ) S-HFPS,
bi s- (4-t-butyl oxyphenyl) 4nmet hoxyphenyl S-HFPS)

3, 5-di net hyl - 4- hydr oxyphenyl bi s-(4nmet hoxyphenyl ) S- HFPS,

bi s- (3, 5-di nmet hyl - 4- hydr oxyphenyl ) 4 25 net hoxyphenyl S-HFPS,

4-t-butyl oxycar bonyl oxyphenyl bis-(4nethoxyphenyl) S-HFPS,

b| S- (4 t butyI oxy car bonyl oxyphenyl) 4 rret hoxyphenyl S- HFPS,

1 I~ s~




2 2 MAY 2002 16 butyl oxyphenyl S HFPS, 4-N, N-di net hyl am nophenyl

bi s- (4-tbutyl oxyphenyl ) S-HFPS, bis-(4-N, N-di met hyl am nophenyl)

4t.- but yl oxyphenyl S-HFPS, " 4- hydr oxyphenyl bi s-(4-tbutyl oxypH22yMAy SaopiFPS,
bi s- (4- hydroxyphenyl) 4-t 5 butyl oxyphenyl S-HFPS, 4-nethoxyphenyl

bi s- (4-tbutyl oxyphenyl) S HFPS, bis-(4-neﬁhoxypheny|) 4-t butyl oxyphenyl
S-HFPS, 3, 5-di net hyl - 4- hydr oxyphenyl bi s- (4t-butyl oxyphenyl) S-HFPS,

bi s- (3, 5- di methyePXeag@tSxyphenyl ) 4-t-butyl oxyphenyl S-HFPS,
4-t-butyl oxycar bonyl oxyphenyl 10 bis-(4-t-butyl oxyphenyl) S HFPS,

bi s- (4-tbutyl oxycar bonyl oxyphenyl) 4st-butyl oxyphenyl S-HFPS,

4-t but yl oxycar bonyl phenﬁr—bf§¥¥ﬁ?t utyKbxypﬁényijSrHﬁgg

bi s- (4-t-butyl oxycarbonyl pheny] ) 4-t-butyl oxy phenyl S-HFPS,

4-t-butyl oxycar bonyl nmet hyl eno henyl bis-(4-t 15 butyl oxyphenyl) S-HFPS,
bi s- (4-tbutyl oxycar bonyl met hyl*@8noxyphenyl ) 4-t-butyl oxyphenyl S-HFPS,

4- phenyl thi ophenyl bis-(4-t-butyloxyphenyl) S-HFPS,

bi s- (4phenyl t Ry yh) 42t -pButyd o pRe S 5

bi s- ( 4- - but yl ?%%% gﬁy#)' kL 06, Xy- éﬁ?hﬁy%hs}ﬁgﬁegﬁerﬁ%&hyﬁgéﬁ SR

S- HFPS, trbnetanyRlByHFeERUBUt yI di met hyl S-HFPS, di butyl nethyl S-HFPS,
cycl ohexyl methylongefbrRe &b DicyeRexYh10EE Yoy, HFPS, a- oxocycl ohexyl

di met hyl S- HFPS, a- oxocycl ohexyl cxclohexyl met hyl S-HFPS, a - oxocycl ohexyl
2- nor bor nyl mwlclib,cmﬂglw%mw dgEeePy| S-HFPS, di phenyl nethyl S-HFPS,
4 25 net hyl phepyhediyeghnp S- HFPS, bi s- (4-net hyl phenyl) nethyl SHFPS

4-t - butyl phenyl di net hyl §3HFPS, bi s- (4-t-butyl phenyl) nethyl S-HFPS,

4- t - but y| oxypReMFPhEP¥Et FRIUES- HEPS, bi s- (4- t but yl oxyphenyl ) net hyl S- HFPS,
4-cycl ohexyl plnyuhtlHiyet dwydupS- HFPS, bi s- (4-cycl ohexyl phenyl ) net hyl S-HFPS,
4- chl or ophenyl_ 30 d'netﬁyl S- HFPS, bi s-(4-chl orophenyl) nethyl S-HFPS,

4- N, Ndi et hyl &ﬁpﬁwhreﬁﬁ? R met hyl S-HFPS, bi s- (4- N, Ndi met hyl ani nophenyl )
met hyl S- HFPS,a $yirydr gxyumenyl di net hyl S-HFPS, bi s- (4- hydr oxyphenyl)

met hyl S- HFPS, 3P§-digetq%$-4hydroxyphenyl di mret hyl S- HFPS,

bi s- (3, 5- di metthy1™=8"%s $Moxyphenyi ) nethyl S HFPS,

3, 5- di net hoxy-ah laydidky¥ pipougd, drnet hyl S- HFPS,

S reps, nis ( Aerx i iR ebe JREN BT TS e,

4-t - but yl oxycanyotwo ofyRihély landi Reoh Rf agdHFR®gether represent an alkylene

bi s- (4-t - butyl gxy, r%gaﬁl e - . - :
4-t but yl oxycarbonyl p nyk93¥ﬁ§tﬁéhbgvﬁkgé% gigi?g-tgﬁtﬁ gx@%%ﬁ%%%@f%ﬂg%yl)
met hyl S- HFPS,tagethgriitth $he civisampisiposldivax pphiadinedi st ying- heirg

bi s-(4-tbutyl ghggm%légﬁdgﬂg@@p%xgﬂe ) JRupyl, S-HFPS, 4phenyl t hi ophenyl
di met hyl S-HFPS, bis-(4-phenylthiophenyl) npthyl S-HFPS, 2-naphthyl

di met hyl 20HFm@Be ¢F §ore hydsrgay atomstafy R .RHAPS R'4-andR oReIRBH AP RPNl ikt hy|
S-HFPS, bi s-( %ub@thfdt@ayﬁﬁpbhayl&r MRS | grioudsP e 1%cteiah retlomd it hytoup

S- HFPS, bi s-(9-anthr Ignet | . S-HFPS, 2-naphthyl dibutyl S-HFPS, enyl
tetranethylenéﬁ@ﬁﬁﬁﬁéP 2EALFLA9ATRATIM + BR AXKEL IFFPURe aEY§ES alkyl group,
S HEPS, 4 Cycl oherel phen Lot are by e SR b chl oy ompany e

- , 4-cycl o ny. trangt ene S- - chl or opheny
Cetr amet hy! ond: SPERLEE F1R R SIS BrRR o o ERGFOXEF SFeiPn, f SRS FE8 -
4- hydr oxyphenyd nitto gmetupy barexry3- ¢ifdtp), &n argilory lgroud,; apdaxxitiengtoup,
t et ramet hyl en - 3. 5-4i XY=z r phenyl tetranethyl ene S HFPS,
4- et hoxyphenf‘ﬂn%[ g?rggﬁset %%ﬁgﬁtﬂs‘g&@?’ %94&&}Sbut yl oxycar bonyl oxyphenyl
tetramet hyl ene S-HFPS, 4-tbutyl oxycarbonyl phenyl tetranethyl ene S-HFPS,
4-t but yl oxycar bonyl net hyl enoxyphenyl tetranethyl ene S HFPS,
4phenyl t hi ophenyl tetramethyl ene S-HFPS) 2-gfaphthyl tetramethyl ene S-HFPS,
4- hydr oxynapht hyl tetranet hyl ene S-HFPS, 25 9-anthryl tetranethyl ene

S- HFPS, phenyl pentanet hyl ene S-HFPS, 4-netlhyl phepyl pentanet hyl ene S- HFPS,
4-t-butyl phenyl pent anet hyl ene S- HFPS,Q=T-KutyT phenyl(lentanethylene

S- HFPS, 4-cycl ohexyl phenyl pentanet hyl ene § HFPS, 4-chl orophenyl
pent anet hyl ene S-HFPS, 4-N, N-di net hyl am nogkfenyl 30 pent anet hyl ene S- HFPS,
4- hydr oxyphenyl pentanet hyl ene S-HFPS, 3, 5-di met hyl - 4- hydr oxyphenyl
pent anet hyl ene S-HFPS, 3, 5di net hoxy- 4- hydr oxyphenyl pentanet hyl ene S- HFPS,
4met hoxyphenyl pent anet hyl ene S-HFPS, 4-tbutyl oxycar bonyl oxyphenyl
pent anet hyl ene S-HFPS, 4-t 35 butyIOéycargonyl nyl pen&g@ethylene S- HFPS,

4-t but yl oxycar bonyl net hyl enoxyphenyl” pentanet\tiyl ene S-H
4phenyl t hi ophenyl pent anet hyl ene S-HFPS, 2-napht hyl 2 2 MAY 2002 1la
pent amet hyl ene S-HFPS, 4-hydroxynapht hyl gentanethyl ene S-HFPS, 9-anthryl
pent anet hyl ene S- HFPS, phenyl car bonyl net hyl ene di net hyl S- HFPS,

phenyl car bonyl net hyl ene tetranet hyl ene S-HFPS, phenyl car bonyl net hyl ene

o v p—— o o 1 I~ s~



15 net hoxyphenyl) [|-HFPS, bis-(4-t-butyl oxycarbonyl oxyphenyl) |-HFPS,

bi s- (4-t-butyl oxycar bonyl phenyl) 1-HFPS, bis-(4-tbutyloxycarbonyl nethylene
‘oxyphenyl ) |- HFPS, 2 2 MAY 2002

bi s- (4phenyl t hi ophenyl ) I - HFPS, bi s- ( 3- nethoxycarbonylphenyI)I-HFPS

bi s- (2- napht hyl ) |-HFPS, dithienyl thienyl01-HFPS, 4 20 nethyl phenyl phenyl
| - HFPS, 3, 4-di net hyl phenyl phenyl |-HFPS, 4-t-butyl phenyl phenyl

| - HFPS, 4-t - but yl oxyphenyl phenyl |-HFPS, 4-cycl ohexyl phenyl phenyl |- HFPS,
4-trifluoromet hyl phenyl phenyl I-HFPS, 4-chlorophenyl phenyl I-HFPS,

2, 4-di chl or ophenyl phenyl |-HFPS, 4-dinethylam nophenyl phenyl 1-HFPS, 4 25
hydr oxyphenyl phenyl |-HFPS, 3, 5-di meggW¥yl - 4- hydr oxyphenyl phenyl |- HFPS,

4- met hoxyphenyl phenyl 1-HFPS, 4-tbutlyl oxycarbonyl oxyphenyl phenyl | - HFPS,
4-t but yl oxycar bonyl phenyl phenyl |-HEPS, 4-t-but onocarﬁ ny

net hyl eneoxyphenyl phenyl I-HFPéJTI"6HEﬁypt enyl phe 9) 30 |- HFPS,

3- net hoxycar bonyl phenyl phenyl |- HFPS, ﬂaphthyl phenyl [|-HFPS, 9-anthryl
phenyl |-HFPS, thienyl phenyl |-HFPS, ﬂnd nium salts wherein S-HFPS of the
above conpounds have been repl aced MAB f oni um nonaf | uor obut ane

sul fonate, and onium salts wherein I-HFPS of the above conpounds have been
replaced 35 with iodonium fluorobutane sul fonate. The onium salt precursor,
whi ch generates a fluorinated al kanesul fonic acid, may be synthesized by

various précesses. 2 2 MAY 2002 19 For exanple, the sulfoniumsalt may be
synt hesi zed by a process described in Y. Endo, K Shudo, and T. Ckamato,
Chem PharmBull. , 29, 3753 - 3755 (1981), and by the sanme process

5 Macronol ecul es, 10, 1307 - 1315 (1977). The oniumsalt precursors, which
generate fluorinated al kanesul fonic aci ds may be contained alone or as a
m xture of two or nmore in the—edposbBi+oenRaccordi ngVko the present

i nvention. According to the conposrt%;n of the present invention, the 10

described in a synthesis exanple des§ggbed inJ.V. Crivello and J.H W Lam

amount of the oniumsalt precursor adged, which generates a fluorinated

al kanesul fonic acid, may be properly™™eterm ned in such an anount range as
w Il provide the effect of the oniumsalt pecursor. In the case of the
positive-working chemcally anplified radiation sensitive conposition, the
anount of the 15 oniumsalt precursor adF%d is preferably about 0.1 to 30
parts by weight, nore preferably—aﬁbu%—ﬂ) to 15 p@flys by weight, based on
100 parts by weight of the frlnrfortlng hydr oxyst yrene based resin present
in the conposition. On the other d, in the case of the negative-working
chemcally anplified radiation senPtive 20 conposrtron t he amount of the
onium salt precursor added is preferably about .1 to 30 parts by weight,
nore preferably abo t r p

wei ght of %'E)he film %F%ega ﬁy r%%s%@crrg%e %emb@sgggggsé%%?% ﬁ{r{lﬁ%ggn
conposi tion. ZEonf, pagalkyl, gndwp.owhieh SB#X @qorselbatebuteﬁ byhenpr exenere

i nvention, f rgg?u in
conbi nati on w%%ﬁﬂg%ﬁ%éswqb ié'rl?(z:;tib PA zgre t o@g{a%k?%ﬁﬁgggﬁn%?%ar n
hi gh transpar &% pnefor gere ITPJ)OgﬁﬁsﬂQ“b%- 5K aed & (i9getbgntGare T ABF RFFRL

chenm cal |y anplf fd18¢16A61 §Edu) £ ESich| aerﬁgb conposition at the irradiation
wavel ength, particulgrly near 365 n 248 nm or 193 nm _As a general

feature, 48itable adﬂr‘f‘f%enlbﬂ\@n dIFPRRIU Gl S alfSYéf%"r%’rﬂ'y°§LR‘T oni ¢
aci FlsOI whi ch harea kg lbgtéuﬂl,??ﬁm‘n&n@bﬁ\flﬁbg&@xe@ r ﬁéﬂ&rﬁlsaﬂfaMﬁiaﬁfergﬂ%rgﬁGs

i ncl ude variou ni ¢ sul foni nLum salts anpl es

Lot oot 1 acl udtiEh EBrfe e i, GBaREReE b Lo, R EREseatia, SRR, Grots.

i odoni um 2, 4- dilteeichybbr retone dul £l atiegy, bsmhémpummlyoﬁmnmuted by an
toluenesulfonates F%foniunror i odonium 2 2 MAY 2002 20

pentafluorobeﬁ?@ﬁ@?u Bfat es, 1-ant hryl sul fonates, or
9, 10di net Roxyant hr yIR utdpmesstent s ﬁsraikiyal gyoyp efrearaytlicealkyel gubhipnieme or

oretorret 1 onis DA Eds A ORE AT GAhTRs Bl Eh I Srov,

salts, phosphchﬂil!m ortienaklst enbattmm'eed by, anroxygamatioms @n arykExgnpmes of

preferred noni gni g? *ﬁ o-ni trobenzyl sulfonates, aryl sulfonates,
bis-[(2, 2, 2- trrfluoro a ,Su f'onyl oxy) - 1- trrfluoronethylethyl] benzenes,
bis 10 and ! each independently represent a hydrogen atom,

[(2,2,2- trifIuoro-l-arylsulfonyloxy) 1trifl uoronet hyl et hyl ] - benzenes, a ,
| x -bis(aryl sul fonyl)di azonet hanes, a , cx

- bi s(al kyl sul fonyl ) di azonet hanes, (x, a-bis-(aryl sul fonyl) net hanes,

di aryl sul fones) I x -aryl carbonyl - (x-aryl sul fonyl di azonet hanes, 15 cXx
-aryl carbonyl - cx -aryl sul fonyl nmet hanes, c~ -hydroxynethyl benzoin
sulfonates oxrnesulfonates |n1nosulfonates and hbulfonyloxy pyrrdones :

Y - " . - Y I T



i[i) Where chem cally~yllfied radiation sensitive co~yosition is of
positive-working' tie Wen the chemcally anplified radiation sensitive 35
conmposition of the present invention is of positive-working t2peMAYh280Zi| m
form ng hydroxystyrene based resin is nade al kali insoluble by protecting
al kali soluble groups on the resin with 12 2 MAY 2002 21 an acid cl eavabl e
protective group. According to a preferred enbodi ment of the present

i nvention, theh@dkatygEgiRnLhas SyCLsi allRek FHAYPI-pl e aci d cl eavabl e
(preferabiy pendant)RiCr &&rnt%& kg YHdtpa il o éli@ﬁ@kﬁi?ﬂohp' NgPhEpPl € by

protecting alkali 5 solu g_ltou ps on the resin ythe aci | eavabl e
protective gr GHIP- AE‘EO?HlWEf’ k¥, 95PEPer #84 enbodi ment of the present
invention, the hydr ysdpredentBaatd1kesigrolas #cp®l £ HIRY1 o8Bt dnha

range of 25000 t o about p1%01(000 Wt h ?he poF sper sify .40 being in %’F
range of 1301 $RPUP.9@n FATAd §11e9\'€?%{ ythe ngF Ry =3t Weidght - i AF ¢ Hee r SRHP of
2,000 to 20, 00®-@iR'*) e’ pol ydi spersity bei ng not nore than 2. 20 Accordi ng

to a preferred enbodjnent o esen i on tran |on
mcroneter filmthi %e??mB?u‘?%é’% sr’"c“)S% %ﬁ@lﬁang ag%?l aI ly
better than 5Q% athdtr riadileds ogbom\ma]hmﬁ.gtilny The genbnbll sbyverité hesdihsin

resin, not prof Ry a | eavabl e d aqueous

al kal i ne devel @%28%? 8ﬁ9f§v%8g/°r s’f’&ng’g%yﬁn n| u%ﬁﬁ‘fgi_%% S a?ocﬁd_LC is
pr ef er abl Y0abaffini@§OE@anybe componant swoatpinéddabthe arbd:ltetﬂ@_l senspbive
angstroni m n. Qpn toggt%ner hand, the hydroxystyrene based resin protected
by acid cl eavab @ groups  has V|rtuaIIy no solubility. That is, the
solubility thereof in the Inafiermulandd) d theuabiwl grkup iasea dwaipope @ B@rtuti on
is preferably S S n ef£haakh ag%,.%
angstroni m n. A£§A%%%fn§80?%gt@h§é{%c? c?sfltllg%ﬁlecgpé {’116 pr e}sérell?\(gsﬁ%r?éen t he
base skel et on Wfe hpsogerir sRHEry riena %hm!-ﬁeesphmlsil?ﬁ)t byanine.yozy 119d1-!i¢n ted
and may bespropepl.y @REeAFANGH %fte%lé' e 'b@thfonﬁhéjrﬁflaéﬂh% QBHEhE?iP“S of

t he conposition, radi ati on wavel ength for exgosure production conditlons,

cheni cal 30 cd'?ﬁ?é’é’lpPBﬁY&ndlﬁﬂli’é?hVMéth%c‘tﬁG Rolikfa Prefamile@rerpbdhient
of the presentréﬂé\i%ntboghel?pnma@gtgglhy% Iy reeel1prsed resins usabl e
herein include: poly-(4-h grene) E 3 hydr oxystyrene);

pol y- ( 2- hydr oxyst yr df&Prd c’%/’p yhEeEegreq odigent” pfy G SPEEISRE wi t h
ot her nononer smmrtubﬁuIaagi.—uuﬁBftpwﬁma%@fpbmﬁ@pﬁépmweﬁteambmum

ot her nonqgners sable ere| Iude 4-, 3-, or 2-acetoxystyrene, 4-, 3-,

or 2 al ko#¥st yrh&rest ?%‘ﬁ nmat hyl styrene, 4-, 3-, or 2 2 2 NAY 2002

22 al kyl styrene, 3-a'kyR?, 4Rhydi‘oxaxsdm‘ea&chaxﬁ}eiiemldleyitlﬂhp@bms;@ttyr ene, 4-,
3-, or 2-chl orostyren qr o- 4h drox
3, 5-di chl or o- 4- hydro&yétlyraglﬁ‘é' FIEH népﬁégﬁ%(%@gysﬁ/rérfealkﬂ group, more

3, 5- di br onp- 4-pnediecapiyya che, alkpyl geomy),
a C,_,, monocyclic or bicyclic alkyl group (preferably C,,

25 monocyclic alkyl group or a C,,,, bicyclic alkyl group),
a C,,, cyclic alkylcarbonyl group (preferably a C,,
monocyclic alkylcarbonyl group),
a phenyl group,
a naphtyl group,
30 an anthryl group,
a peryl group,
a pyryl group,
a thienyl group,
an aralkyl group, or
35 an arylcarbonylmethylene group with up to 15 carbon atoms,
or

any two of R!, R?, and R?, or R* and R’ together represent



5 chloride, 2-vinylnaphthal ene, vinylanthracene, vinylanilline,

vi nyl benzoi ¢ acid, vinylbenzoic acid esters, Nvinyl pyrrolidone,

1-vi nylinmidazole) 4-, or 2-vinylpyridine, 1-vinyl-2-pyrroli @ hoy, 2082 vi nyl

| actam 9-vinyl carbazol e, vinyl benzoate, acrylic acid and its derivatives,
i.e. methyl 10 acrylate and its derivativé$, acrylanmide and its
derivatives, nethacrylic acid and its derivatives, i.e. nethyl nethacrylate
and its derivan atkylens paanyeum e lene vhikchiferva @ 29~ aEsiroRenpered

met hacryl oni t iRy +8g¥tRyt SRZPhe AN RRING! Sullfid b2l L¥&ne Iatom, 4sdidY!
benzoic acid esters, 4-vinyl phenoxy 15 aceticC acid and its derivatives , |

, a . 4-vinyl fH&S%oRE1RIcPPELINIId Yo SORACDS QR | Wi tH FEYANETPYRS deri vat i ves,
N-hydroxynal ei m de ¥éoriddngetd \@inor@SpraBéeidd enbbudinesle. of BhRl présém i C
acid and their derivatives, i.e. maleic/fumaric acid ester,

vi nyl t ri meBhylidiveRtdony; fye (FomRouRgsy EePEegentGd Pyn i prmdladilnoARenthasRl it s
derivatives. Apridean exanpl es of preferred ot her nononers usable herein

i ncl ude isopropenyl phenol, propenyl phenol, poly-(4-hydro enyl s

(et hyacryi ot o pol 8. RmBRSREISAGe ascmRooty b e B dnd & are

pol y- (2- hydr oxgtpsantked mbiyh)aacrydaite, olé (gréysr sxygdtdy | from the group

th | am de, .N-(3 25 hyd h I t | am d
A (2- hydr oy pIFEALF CRG T ST HER AEOM G nouFok 5Dy 1A CxrBEFYLE A e de.
e sry TP el oot i Groxseamyiy grout) e g1 o
4-(2- hgdr oxg- He%gﬁ%rig%r %‘E‘IJI‘IP-' %’cé‘té)?‘ri %ngil' 02 Ré,l kéI%%‘é‘%‘i‘%&& O}AIBOVaePY%%WJt he

chem cal | y angndupedar ayiarx igmoupenaintitue guoppsidn erylsgodumosint avelexy ki ng

type, the hydrgﬂ_)g(%ty in._i el I SVt ting
al kal i sol ubl e gr dpé?ggy?ﬁgfggé:gﬁbwabﬁ iﬁo%‘;gla} C éesae\lr/lggﬁgyg# ot ec ﬁ%\r/gigjr:oup.
The i ntroduct it (¥I) t hEuptberccompoynds gremrefergbly atidildgedwhaneian i oper

nmet hod depgndi I j | &0 t Sj and coul d be
easily carﬁrgi edﬂ%u;&%/}pg E%é%%ﬁﬁaé\?i ﬁé’ ggﬁ%ﬁ (sIrinqI ItSi W% II'e art. 2 2 MAY

2002 23 For exanpl e, R ipach) kadependenfily §epueseit enbydregen agom, a

phenol i c hydr axyl a sPUBrobpe wHiSRGhAF HaY ShBxY tielBY dHeP88More hhlEgd®Si N
are partly or fully protected bi%an acid labil rotective

ile p roup,
preferably by &f8Sor OFift Es.pr 6¥EL1¢ PakFLoGHRUD, WhiER May: Re atyRptditadedoe

G 0-C or G O Ind@dmorEXREDOESH Htarist 8&t RY Gandl ®UPSo Rire rip-esént Nl ude
acetal or ketal_ groups forned from al kyl or cycloal kyl ,vinyl ethers, silyl
et hers forPRed 34KHeDGi SEBYR 19 iHormhé £¥Y§‘rrm‘%ﬁ‘ qres, OF1 B TRETRATRS KR

pr ef:ur sor SI al Ey: etm%@ﬁgye:md éb[:(i)_l;n mﬁpﬂraaghﬁ c:F]_L &ygmnbca@@ul hexyugs hyl ,
cycl opropyl nmet .~ cycl ohe t - but v, - met hoxybenz

o7 o CFobonzy SRR ot ATRPSIIEERSR - B ey stoqs (i AORRRAs o 4% e g} sy
from t - but oxycqardupnyhiqh €oums ax €1ivandrcalhemgmbdresl fingrkdgéther twilkht the
acetate precur ; ep_the_al kal i I r o, t resin i ss

car boxyl gr oupi:an{%go%g?%\gxgl E’grgg!ﬁ)"l brgégngg%ﬁor?h%%sﬁl gkr?ee %%l?é]lif/élol?g
fully protéct exptidpnadlycsdbstaltiutedpbyt ant oxygeyy @akpom. pref erably by one or

nore protective gro i rJm.aci I - 4G j )
Exanpl es of protect .LHVDZ'" r g%%gtgségg’l"éhgle{?%%\@g ﬁlgl%eggll%gl %@lcgg@g‘éﬂ kyl
vinyl ethers «ne %t tve garhendatewsn 3y dder 3dk¥l (@R Ar ntherwyeiic alkyl
met hyl oxynet hydpoufEb&fy bt QSN AL Kkubs PEPEYe PRy ] Bié&?erPI&%Bﬁ\CYA Cs.12 ATyl
Npht hal i m dornet hyl", met hyl t hi onet Hyl , t-butyl, anyl, cycl opentyl,

1- net hyl cycl opBiUp., o8y 8| Ghex§Falkylng@®Peycl ohexyl , 2 25 oxocycl ohexyl ,
nmeval onyl godi phenyl et kirla, REXeddH Rldepeadbnt D iddpreeaay|a Hydrogeaxybenzy!
2, 6-di met hoxybenzyl , _piperonyl, anthrylnmethyl, triphenyl nethyl,

- met hyl adamarf i #ERYLIEREBpY PRI G YL RGBT,

2- gl ky: ;jl, 3- ﬁx?zo: [ lnw reﬂkb@%m aber yhlkyI igieubyl|&iCl yloycdlic alkyl grm#]p,
t-butyldinmethylsjly r.oup. According _tq,the present .invention, the
above resins rﬁaf’lﬁbe qu’&dggf"dﬂe Tr B %Irfﬁ'ﬁyg YR 3B rore. The

hydr oxyst yrene base®'t espresentssads;jaalkyligebup, faoC, gxpodiic allytlhgrewp ne (

365 nm or, DW( 248 nm radiation, _e- beam or o Xrliay S 3 di ng
to a pref arr eaé gfrffo i @ﬁfg‘g?’ %hé‘%?%s%ﬁ?ir}gr#vgﬁfi%ﬁunso%%(%?%ghé O%Ag&%
(phot oaci d gendd-stidRY)) ,Rféscri bed above are especially suitable for exposure

with VDW (193 nm i.afd hi pid. e t
absor pti on charact erﬁ?cst&iljcé;@xgtzp c?%néégéggéﬁfgg&gsgﬁaﬁeﬁéxgﬁp‘{h&ﬁg%é@p
hydr oxystyrene based resins suitable for VDW (193nn) applications include
co- or terpolyners of 5 (neth)acrylates with acid-cleavable protective
groups and nmethyl (nmeth)acrylate, isobornyl (neth)acrylate, adamantyl
(meth)acrylate, norbornyl (neth)acrylate, tricyclo[5.2.1.0.Z 6]decanyl
(meth)acrylate, or nmenthyl (nmeth)acrylate, co- or terpolymers of malefic

T N a —




copolynmers with polyal kyl cyclic conpounds, such as 8-nethyl 8-carboxy
tetracyclo[4.4.0.1. Z. 1,'.~o0] dodecene, 8-nethyl -8net hoxycarbonyl tetracyclo
[ 4.4, 0.1. Z. s.1,'.10] dodecene, 5 15 nethyl -5-net hoxycarszw 2002
brcyclo[2 2. 1] hept 2 ene, or 8,9dicarboxylic anhydride tetracyclo
[4.4.0.1.2.5,1,'.0] dodec-3ene as disclosed in EP 789, 278A2 and WO

97/ 33, 198. Accor di ng to a preferred enbodi mrent of the present .invention
when the posi tiYERESPR} rfly FERYPRT SPRRANSLS V@W%ﬁr?ﬁogﬁf?}ﬁ“%@céﬂ:ﬂr%@eto
the present i|inRMgntizena wedreQntain a dissolution inhibitor. According to the
present invention, the dissolution inhibitor per se is_not an essenti al
conponent of the cofposkti Bre hi cﬂn@r%aﬁéghgh’gﬁe?%@ﬁ?&ﬂé(pﬁﬁrﬁ%‘?ff%rafré'rxce
However, the digBelugiredp| thich mdhocycdit eflkygehrbup OrC, i [J¥i@%id16 c281ky1

specrfrc properties of the Itive-working_ radiation sensitive
conposi tion. EXQWPred G rﬂéﬁi?r%ﬁkﬁ%qﬁ‘g’ﬂoﬁri’ﬂﬂr kf t Yds 6PEP he?®ith

i ncl ude pol yrreraphazhygogri&rup L0brnamonwRb PRI IRIdsnd® | i3 Rt ahdamt tegéetivsdt d
cl eavable GO C or C—g) gm . According %o to the presenéI i nvent i 033’
ol i gomers or *SRFREFPBEUFR uﬁ?ﬂ Vol 8CufaF RETRFECDf
not nore thanalkylenepathgcul arly not rmre t han 1 000, are pref erred. Nbre

speci fic exanpl es of gr SISBH% hy{irbg%tln Shé’ﬁ%l%rf?ﬁ?d?&% 'Qm'i ﬁe gf%

or ol igomer conpoun havi ng groups are
partly or16ul Ispbstdtete@dbpy a& preats¢ctanee grangp swheatgdadimdne| e agtairC- O C

or GOSi bon t v h d

acetal or ketgl% grgﬁr% fdrfo% I pﬁzflr m'ﬁ: ag{wg %HCEQ g?élefisarlcya] %P&\% nyl
ether, silyl e @essy¢bieradkyl gmoupi taa6].calkoxpt bybypl @l Corecyclic alkoxyl
t-butyl (di net i1yl I e r ngd Pk{,re g:ﬁﬁyrreénpyl
met hoxyet hoxy%oa‘rl?}l X h ‘g‘%?%l;ﬁ lphyFX cgﬂ] lsmiﬁj e b&?ﬁ éry

4- et hoxybenz;ﬂryli*:héo nglt‘qltlbeﬁZl?I grours -ofnERrpHAee h(yﬁI)prtéc %br@elleiDuRyl

car bonat egsf OrfiRdRf e@Bht iﬁ&éﬁ@fﬁ%ﬁ&@?nﬂépﬂs‘éﬁ'{r §PtRer ANHylrdity lateh &£lat ed
phenoxyacetates formed fromt-butyl “or related agetate precursors. Further

speci fi ¢ exanfeddydf 9gPYRo| BFPW?%h’F%‘E oR’s ansa Rl e dRe PEF N SAARI taRe MHIer
or oligoner caEpeeBditpdrdged, R +0phesaitiosytnar Alies , Whikeh gf&;;pa;rt k‘y or

fully protected b s pro ective rou havjng an acid Cl eavabl e GCOCo
C-O Si bonds a“lgr heﬁr ‘Wﬁ 8R pHANEe GHEHP pBHER Pﬁ'&‘Fu%le‘-‘lng
al i phatic or ctyo@lemnbrphﬁth cthy riyﬁteepbemg armloest_;eb&pt R nedpheoonfy eC @, SOr s

contai ning _neth rreth | 0X) rrethox net h
benzyl oxy%ﬂt hylglkﬁ R Bd]ﬁf%al‘?erﬁr&&ﬁﬂ P‘Yé %‘Fﬂi“o%et RgPresents yvi
grryl , c?/clhopelra yriethﬂzfreghlyleégﬂnﬁpRHt yb{JEes'edtﬁmx?-Jeth%i r@tdnm cyclt ohexyl ,
oxocycl ohexyl, nevgl on [ ne ne itrobenzyl,
p- met hoxybenzyl, 2, %—cgf)%%?“ﬁ%lg%% pre’%g‘r;o%? emz%)r%( ﬁ%yf“ﬁﬁ?h@?? errey&
tri IpEelnyI met hydompunds hylmdaeraemye;d tlbw alfpdmopar anyll), tate ahydiS)-f (A-etrryl ,
2-alkyl-1,3-0 r r t
t - but yl di met hﬁ%%gﬁxylﬂélﬁ%?tﬁﬁe?’ )eéxar‘r%r!eg? 1@Qpre é!rr?‘?e‘g Pesd ﬁ’“oarFe
i nhi bi t or 8525 andictide (Bh&-PatyintienylosupEontiam nQnafhmm\anﬁ@Udtfoneaet one

or t hocar boxyl aztheserc&rﬁmﬁ@earxa%ﬁea@&&}s% GELUPExc¥ 1dh E@tﬂ@éf&éhité) be
polymeric in nature and f sai d géou psto appear as |inking elenents

in the main cmrﬁosmaaeesqr@e éﬁaﬁﬁdéﬁ R tGfEnte epelly Fyrohesized. and DE

2,928,636); 2. oliggpecheisexan IEBFdfC E%Méﬁjénﬂ&lvlls@qw%‘égﬂés@ﬁtéaﬁya' or
ket al gr oups |n t he rrzr n chain 06, 248 _and DE 2 ;
fa)

conpounds havifegFmsta 424t 15F4udfol b‘ét heFe ofolN adpited n%ar%af%ug?‘ﬂd’@ (EP
0, 006, 6263and donmPlanég {in €N st1isyChutrasfimBS308, kel al-hebfibukebmesdy S or

-am des (EP 0, 2Q2,196); .5. nds. havi .yl ether oup

3, 544, 165 and SBE%“‘E% fbﬁvagggg‘égaﬁe%oi 2%215‘&% ?ngof'rBG?J‘g{ﬁ“ hgvﬁg%]s'i]r'yl

enol ether graigxafiubFolButané3sulfoiditeand db'ﬁraylaﬂed&%)l mpsmnﬁﬁmtemyi or

rmnoketalswh akdehyde ar, keto.c nep [

devel oper bet 5 1Qaﬁ§tq€§%§}?l( %Egge$§%§'8€§és8 Legorre%%d’p yﬁﬂer

N, O- acetal s (lﬂheﬁy286 BPP§, tris-(4-methylphenyl) S-HFPS 4-t- butylphenyl

35 diphenyl S-HFPS, bis-(4-t-butylphenyl) phenyl S-HFPS, tris-

(4-t-butylphenyl) S-HFPS, 4-cyclohexylphenyl diphenyl S-HFPS,
bis-(4-cyclohexylphenyl) phenyl S-HFPS, tris-(4-



9. nononer or polyner acetals with t-butyloxycarbonyl groups (US 5, 356, 752
and US 5, 354,643); and 10 10. nononer or polynmer acetals with sulfonyl oxy
gr.oups.(US 5, 346, 804 and US 5, 346, 806). These di ssol ution QrthiMAyt2805 nay be
added alone or as a mixture of two or nore to the conposition. Qll) Were
chemcally anplified radiation sensitive 14 co~~osition is of

negati ve-wor ki ng When the radiation sensitjve cogg sitign of the

present i nventqyﬁ;o%ﬁxipmlt)i vE-HBFR ngt 1§HOTroPReN¥d hengd c8npffSes an
phot oaci d genarl@t-qm,-cnléré;snémm phealiabLHEPS Hb":ﬁéw(dlr—%ﬂﬁkﬁﬁﬁﬁ%pﬁ@d

ngent . Speci | MRy 4-BnnPaeiaamtrBonny CafpRdnal 18-Hebel Pler [l an o

resin, the crahislethlilagiregEisnytly unne@ﬁ&ﬁﬂy Orsmm’sqt her hatd- (gke/N< he

ARG TR Sy e e W

According to aaim-e(ﬂehyeﬂo:qrmmhyrmntphﬁnyuhesmmnttr:rB/-e(mt-&qﬂroxpphdmwl)

"o has o mi o Ee FuithesSPRebRL SEREROTS 385, v NGRS EYRR TR

t he 30 pol ydi spmmyllty L‘&'IHTQ’SI n trtarmmgemethdxmlequz 80 S-rﬂ‘irRs Jprefestably a

| | , G . ,
bei ng not o SUAPEREPRATpReyE SHrES B3s PP St A RrBe L PPRE LY
present i A0entS-d¥PSt he trianbisdiudiyloayphesybhet2rHRAS. m thiSckAwsthyi-4-he 35

hydr oxyst yr enqlm%lggg Fﬁ#f is cﬁ? lt hangbgfgor | '19.{['13 @t 5\ ﬁ&ﬁgfﬁ%ipﬂ

wavel ength. The so % of SI nin a water-soluble stan
al kal i ne develhyEexypherybh (22383“3(12 2 FRNFPS02 27trida~(3vdrAjmakhvhi4m

hydr oxi de ) athy%l:oﬁggﬁeﬂfff %f-@i‘i‘"Pké a@%%&tyl%@:@cé%éﬁw}ﬁ%ﬂ&ny@&?phen 1

preferably above 3 0 angstrom m n. According to the conposition of

present i nventS-&HESt hebjcr"a's‘é'&@P@YBWWWM&WBR?%YM er@eﬁﬁéedsT%@% | s
not parti gyl ardpass (4l Bl beey B daRYohe1 SkPesryl det er mgagrpy t aki nggit o

consi deration EBI i cations of the_conposition, radiation wavel en th for

exposure, pro LOXYERRRARY BreNYdheni <XiPhe¥losi t i DTHERRT t he Pike

According to &Wb@&@ﬂ)@iﬁ@i@ﬂ@ﬂ_b of thenylesent simweegtion, tgxgnm.e_s. of
hydroxystyren%?gt ed 10 reS| SI e herein in é 3_&%

pol y- (4- hydro Yj‘loéﬁﬁ?r ?ﬂﬁ roxystyrene); ¥+ ( 2- hydr oxyst y}€rie) ;
and copol ymer &)wyléxycarborqrmﬁthydenumyéme diiphlengllhS-HERBPEONBLS; (4-t-

her i o1 neP Lad Sy IORFeERRS ARGy T "8 °3 o) ToRREE B ene,

styrene, a nﬂidtylbkyceannﬂghe&yl)orS-msyl SQ-)piElng;Lthiophenyl diphenyl

3-al kyl - 4- hyd

2- 2h| grosty?/e:lsg ZLegrE% g%}c]% &'Péﬁg& &M{eﬁ’lﬁpo Rhﬁyﬁ%o%s yrene
3- br ono- 4hydrd;qi§t—>h4enben33113um‘pbeoyﬂ> Chim‘ge@rydiy%*t%ﬂ%ne-? naphitydndyphegyl

hi d h I

2ci d Vi nyl berr e E e e A oy [Rba e g o,

2-vi nyl pyepdi r?e'anIhWhﬁiPQ-eBﬂ%W@Sncﬁ@etwmhﬂmyll 'fa’eﬂ'a(r@/ thVFIr‘i%fP}é%Hﬂa)zbl e,

vi nyl benzoat e,g-ggp¥l, i Copg (dl-?dé@hyl?hélﬁfl yaw-\eeﬁutylﬁaerrﬁt hgLupsacrylsat e
and its derlvatlvesawg én dyl acrylate, acr its derjvatijves,
methacrylic ad"F¥ARdyPRentlr i Dottt Butylp W;A rretﬁa’é@'gﬁate s 4t
derivati ves, gjwt@lldxypnmf@pr ml-atautymm@ﬁ SSHEFSﬂatﬁ-@bhbheﬁ?IWﬂ ate,

fietikdbabe ¥ P AR AR AT T o T

esters, 43vi n;ﬁqﬂy&phnyyncstmm’sa,m@Mmphedﬂ| bbs 4 (et - butglpmmyw) prgsnoxy

acetic acid e e d its k] dro i m and
its derivati vz'fsl:ﬁ;ss I g?? c( grﬁi@'&r Bhen %c# i%’ﬁ%“’f% ?&%Fg d‘ma{ffg\"t hei r
derivati ves, |dimettmnamimommndrl35bm-t (ear-st—wmdtyﬂphemyb) aci+HFPSer sbis-(4-
vinyl trimet hy ysi | , nor bgr and jts
derivatives. ot ﬁgrﬁeggﬁ it‘{dp?ﬁ%thEZferrgggo?Lﬁé’rl\&n%ﬁ %rers gs € heredl n 2
2 MAY 2~2 28 |hmir@mhs@}p1 operdissHdndtbupybpkengtlphenolS-HFPS, bis-(4-

pol y- (4hy OXMB;&‘E%J:Q) ) 'ﬁ‘l‘ﬁﬂ roxy -
(et h) acrg at po y ?éﬁfi drgifyi phg??% é\igclf:l?gfai&emgm%%h gxyp%lesnyl)
(et h) acryl anilde pheny%/‘) BEPK.net R}ac W@ﬁﬁh%yph Yl) 4-t-

N (2- hydroxypw hé 1h)s-?i1;irpybsam gles - Nrfbthydr axHPergwphehiyat hh agr y4 am de,
N- ( 3- hydr oxybenzyl (rret h)acryl ani de, N-(2-hydr ox%enzyl ) (neth)acr yI am de,
3( 2- hydr oxy- hexaf | uor opr opyl - 2) - styrene, and

4- (2- hydr oxyhexaf | uoropropyl - 2) - styrene. 10 According to the chemcally
anplified radiation sensitive conposition of the present invention, the
resin is either acid-sensitive self-crosslinkable or

non-sel f-crosslinkable. In the forner, at |east one acid-sensitive



According to a preferred enbodi nent of the present invention, exanples of
crosslinking agents usabl e herein include oligoners or nononers having at
| east two crosslinking portions. Various crosslinking agent$ 20fa¥y @ type
are known in the art, and the 30 crossllnggng agent may be properly
sel ected by taking various conditions intd consideration. Preferably,
however, the crossllnklng %gent i s selected based on radiati on wavel ength

for exposure. Dy 1BRERBI L SrEEEPs Bler (bt ~FametRELT HThYIToSYPhAREL L ¢ ofr'
irradi ati on duaityaphbBayl IS-ghps nhar-e:nbueiammamwuokbpﬁe@ﬁl way el epgt-h,

uscd,  Exanp) cSUHIBPEREL ) od-BFESe) b () LU LomeSantedy GRBRRRY hict-

MAY 2002 29 nubustklpheanyll ospmsen 8- ﬂmlamlrqucb@bﬁﬁyuebudwnnﬁis (4 t-

/ f L d d d [ ER-A 133, 216 371
AR g (R T e T TR P W e R Rk S
deri vati ves whutlylphshal n SAHFPISQ f@ut-ﬁaﬁyﬂwqcarpmhylmeﬂnyabhoxypmm or
N- acyl oxynet h)gisgr qu@Sbun)El ar 'lcjul ar, the sam.?%g'ymet hyl deri gil% gfs are

at i ca

suitable for usée i'n the vvorklng chem y anplified ra ion
sensi tive conjudiyllospcatbenelmetbydrn ioxyphenyh) U-éabdbylptenyiesSyHERS.f our

N- al k t hyl f

bet ter ahol {14 EECEPIRIGHEARAC, Hdd, OH-F Bk eahBRPLEC oY bl g

radi ati on 1Qen$fteinvétbé¢rp@%¢¥1)orﬂ-tﬁ'rthéth@Il VRSIRAS.h 2anephthel hlsrbed- of

al koxymet hyl G99 pRBRy NSUEPPS! J-GeRlloylnLAUR L Butphafaran KakiNES | S
N t

not particularly crit I s” connect omever met hyl droups

are 15 prefermd®- (#h@e‘emébpth deMeEBoXTPRRAN Wp&nﬁaitnbllﬁymfm nto
the met hoxynetfyy. (qtme%om@t hyls-ﬁf*@ﬁoxynsﬁwu t%uleyiﬁmmﬁyl £ oups

or mixtures thereof . Also preferred are urealf orma e(y4 derivati ves

whi ch contain WWE?RYNWHF&yﬁEPNW-ohW -gethoxgEphensiet hyl
gro;lps | 2@5l\/{elslammts ngSj.lszml-M?@ldﬁﬁi}fi*lp%@ﬂyil)n40ﬂeﬁM@i1?ﬂféf ; I@'mtpsi Eraﬂe in
particular a as ly ou preferre cause, t he

rovi o bet {erctREPPRERYE ot BHFT|4 JHeifiorMEnABELL | ve- wo RIFRS cherP LT (4
anplified rad|caﬂjo@ap§eﬁ§1;| ve comwuﬁd:@@hbhgm derl VBLHVES, W t h aqamm- er
nunber of 25 hydr t hyl .gro The, nat re.9 p ese
derivatives i sa/%%ﬁéfﬂib%?ﬁrg%y pi"?l &‘;ﬂ E ec'g V\B%% %‘P

net hoxynet hyl NyNodimeahplgamizfopheagl) The ne:hathmga‘}ﬂmnyml dehsdem),rrpourml- may

cont ai n, a |on oxy.net h r,ou eth hyl ,
propoxyma?ﬁyl (L it')‘u?% rrerm%r% )hr 8‘35% xgpl}ﬁ&%l}r es %é?g%f M x% r<e4s' of
ur eal/ f or mal demmﬁrowpbenmli) and-maailmmyphbhml mas ei¢fB]le mmmglaxgphenyl

particularly [l eirgu S SSh

negati ve- \/vork:CHnig’Jc gﬁeﬁgfzh%ﬁ‘ﬁtﬁ |eg l'rflgglgat :%(r%% Zengﬂ%ﬁ%%%g#? ons t he
above condensastdoxppbengt s SHEEFd 33, hadimethyile4-hydraxampenyf| i bisir or
distillation gpaaRyphehel) PECRFPS, sﬂgﬂ@ I@ﬁd‘iﬁ agﬁ- ?&%&!%f&y%ﬁé&ﬁf) Q-

wat er have a negativeé |npact on the s life st
negat i ve- ®8r k.rw%hoxzpbem SHFLS30 %ﬁeﬁ’P@&F—PW%Rﬁhqnﬁﬁled’xﬁ’BHF%ﬂ- olselfsitive

conposi tion. YtheugpHBhRT) nesmsureﬁsr-qamswf B TBRITHoR h.Mxﬁ!l@éﬂﬂQ'e
] C

Her e reference |s rrade to the products g t sui tec 1
Sanwa Cheni cal? °¥th?*P3éJst SHFPSe B bRéY)l Wﬁ?rm%@}i’ﬁ Y1 bdsi64nt 5
GrbH) . O her Sl\étlh@&h(@héﬁ?]ﬂﬂ i BKHPBRS iigbmbs(w'@-ﬁdt@lbﬁyehﬁb&lyﬁlﬂhéi@d)l ny-GB

2,082, 339. Co CI al a prqdycts_inclu or. Kelrez'.
Al so usef ul Léggi/ %ﬂ?‘&gag‘t'ﬁ:t'g’“%ﬂﬁ’?‘%% e}hlﬁgmlas
ﬁrgmati C Itsﬁdlrctﬁaar-li@nmetnmlmhanyg)tm or 10 thr eesatkﬂtzscyrret hyIt b.fle(4_t- ' ud
ydr oxynet hyl .or. o S n ri cl ude
di- or tri fun ﬁ.gycy %&ﬁ&% ﬁ&gﬁydeé%ﬁ nKe % l‘n %&xﬁ)ﬁyﬁ §°HrFPS.
acetal s, enoI eth@mpylh;xlwttmys;l, bdaylesmetlsqumeythréb es, SyHFRScr ylbme(s%-

epoxi des, o Qi Y kR XEROR1 )15 WISRLIENEAOP nfLﬂi@gza SBheny byl Educed

into the reS| ren resin self=cro sI|

crosslinki ng aeptioxypbanyk) SoHFPH| 9 mntpaye birﬂrl(lﬁd@eébmmﬁtlﬂﬂ’s
(et h) acr ysmet Qe hgiqz &E( (WRi-aethlvd IWbyphen §'|lgen§|HFPS al ll.)¥§ (40"

al kynyl esters, Oﬁé met'h) acryl ate or reactl on roducts

2-i socyanat oetqfiﬁﬂ Wiﬁh?‘l‘lé]t)e fr & HPumseePhesyl a ISCHEB$S 4rchiprerhenyel

Gt her addi ti ve&@quhttbegpgﬂﬁh\éﬁywklmf@eemms -l(M -8ARbidprchy19di Atdon
sensitive conposition and the negative-working chem cal 25 anplified

radi ati on sensitive conposition according to the present invention may
further contain other performance inproving additives such as dyes to ad
just the material absorption, plasticizers to reduce the brittleness of the
material filmand to optim ze the adhesion on the substrate, surfactants to
|rrprove 30 the materlal fi I muniforrn'ty sen5|t|zers to arrpllfy the quantum

™ A 7~ N 1 I o o




2 2 MAY 2002 31 napht hoqui none di azi do-4-sulfonic acid esters, or

onapht hoqui none di azi do-5-sul fonic esters, benzophenone dervatives, such as
2,3,4-trihydroxy benzophenone) or 2,2',4,4'-tetrahydroxy ben2@pinQ@inz,
napht hal ene, anthracene 5 or phenanthrene derivatives, such as

9- (2met hoxyet hoxy) net hyl ant hr acene. Sui t abi%e plast|C|zers i nclude e.g.

terephthalic acid esters, such as leCté| terepht hal ate, or poly glycols,
such as pol yet byteexypbenyl. SOIRES .t afir gtﬂ#’%ﬁﬁhéﬂta@ipﬁﬁhﬁ'&é{ néisokct-

surfactants, SyefyRsyppend tYCOé%m;i I 4dRT NVl IanflnRBh¥RYOPYLEne
gl ycol , or poI oxyet hyI ene laurylether, fluorine_ containing surfact ant S,
such as Fl uor ab-PUtyloeyPheRYL fr ofrBERFt ono 4MpYQRQKRYPhep¥daf ac bise (4

avai | abl e front;@eylru;@manymk & CbeHFpgl S , bBS§-(4)hydrdkypheAyr)  154-t-
(avail able from Asaki d as or or %anom | oxane surfact ant s, such

as KP341 (éval Uy koXPhaNY il nEt é%' i cal ethoxyphienyd,j ¢ apPds-(4 4-t-
Zensl tizers i rl@thtﬁlﬁ»@pgensémoxant hSnBFPSf)Ug'&blﬁv(ﬂmdﬂllﬂ&?bl A hlhﬁjill)ﬂ 4-t-
benzotri azol e MEFYPIIRREEY! cOTAPES  chorGimerhyExt BomseRBRenyL phafiof 4
Sol ub|b i ty rmfltumtwlmyphéuyua) dle—HBBSl obds- (3, rwldiﬁltahny&?]&miroa@plheny]r.] )
2,2"-bis(viny r op, tris(vin xyet hgx en et hane
di f unct i onal g {%e%%?ﬁ%@ﬁ%?%@ %E}-ﬁp %s’ et hyl e';?é%&??%%?a%f OF:)¥’B§F9¥gt e
The(rjmal ri'mi cabis;e(rﬂertabutylox@h&iarlp)ergm des, sucB-HEP$; butyl pdsbéazbate,
or dicu er I ayi e ahoye
100C. ngl cpl at?&r#d% r%g%%%er Rnc%‘uggo arﬁ%gé'%ﬁ ggpggsﬁ%ys, 20y
tri benzyl ami nebutﬂwcohbﬂy?hmmnﬂr bdisel hah&lamltwyphenmg)an cEnHEPBI ng
het er ocycl es, ‘E LN A% - lbutﬁ%ii%,gfc Jﬁﬁtl%gﬁ%pogypmﬂao EPQEL”Q:-H?%D”' um

conpounds, such as tetra roxi de, tetrabut anmoni um
hydr oxi de or téttmngmmthQDQmeWkrogen cont ai nbAg§-pétymers

35 suchjas pg} ﬁ?g yne, or polyvinyl pyig_girpg; conet hyl %&Qagay{at e.
O special inter est as latent image stabilizers are sulfonium MVAY
2002 32 deri vawtaEkoxyeazhonglnet Kypherphl dmthpatskesebenylpReHyPS .

sul foni um acet algheryf1 thiBPREYY1 Bil-qa-eobhefiGdh ?'19“ oSJr&tp@nt biEROE-
stabilizers include e salicylic acid, Sax olysa

|ic acid
derivatives av%‘i‘?réﬂit@ gPBﬁ?XH sut - toRuhYderYs Rhenyl 45+ d'YrF@t hy 12aRfRBtE%hzoi ¢
acid or ascor bbgsa(q-dbu,ﬁytbﬁmteﬁﬁq anowyres, these_admrtylves addeqdarmpy be

DY S BiSiamt ) o BB SRR FRkeS BOB LARPRELBER.
g:orrpo;s! ti ont hL@imglq?r die_mgyto?t]}tHsms:yg;anfblnéjegl encétenynodmnmt Ica‘oircl:tygeonléﬁbgt
Lg\r/rggs: '?int)n ccfﬁ%&f é l?FP?)’qug %)@rﬁqgn% 5@ SW’ t?ﬁ?cé’&ﬁf’g t\‘/n or
ilgd?lni)um( S§'§ oic.‘a)lfdr}?ar meghed aLm,sBI-foenabgcacmek;ﬂem-emmd%rbyméghyn;lsgd
resin having rru ﬁﬁa ﬁhel?%' \gﬁiélg(l\%gggi g'gﬂéb detB%)g?éfngoﬂ gﬁﬁ(yé)mﬁ

parts by &S ghnetitylmh@nuilsébmathmh S+HARSt ddshédimethitloheayi ) omethyl dS-

cl eavabl e C 0-fgppy, Q—Q—%‘ut??ﬁﬂenﬁfddﬁ&-{hﬁ k- ﬁppsolbtg- ?4-t-Q)uFE§'fl.bﬁe 1)

wei ght of the performace inproving additive. Furt negat i ve-wor ki ng

cheni cal |y anpPe¥ield S-2&Pa: | 6nts‘é‘h%ﬂ9’0@h@§bf'bo§iLWWJeo$qﬁFP§es bist(4-b- . 1
to 30 parts bypyeyBiypheny e %ié'th?@' L0 HEPS 0%#&1‘0&5 Q%hex@}l adﬂné@ﬁjrﬁat ed
al kanesul foni c_aci d represent ed formula (1) }-l arts ght
of the hydr oxySTHfEted as(e%rqygphexyéyh%nw me’claéhss EFSved- gtttl°5f>1° ARY
aci dhsenfsmtolhvedﬁﬁ@a@m rﬂumsagwtsf(andréﬁ@;dprfén)%() me@ﬂt_yll.OlSFHFPQ loa]gnsnby
wei ght of the r vi ng itive. e.c call'y gmpli
radi ation sensgf'l‘vg‘ %BQP 35 a%&#‘ﬁg to theresent | el(tflfgnlgl s
used as the SOdméﬁrqdamnhopmmsl)stmeunylam@twest| orlsydetyphichel c aipeshyi on
s coated on varigls SHOSYLALFEraxAibaylS GREAGE SUANIL ALES AifeBrPRSRY 1O
hydroxyphenyl dimethyl S-HFPS, bis-(3,5-dimethyl-4-
35 hydroxyphenyl) methyl S-HFPS, 3,5-dimethoxy-4-hydroxyphenyl
dimethyl S-HFPS, bis-(3,5-dimethoxy-4-hydroxyphenyl) methyl
S-HFPS, 4-methoxyphenyl dimethyl S-HFPS, bis-(4-methoxyphenyl)



2 2 MAY 2002 33 render latent inmages al kali soluble or alkali insoluble,
followed by rinsing with an alkali to form predeterm ned patterns on the
sybstrates. Thus, according to one aspect of the present inv@ws MM 208 there
is provided a radiation sensitive recordi medi um conpri sing: a substrate;
and a radiation sensitive |ayer provided the substrate, the radiation
sensitive |ayer conpris the conposition according to the present

i nvention. The"€dWiosr HFBg dtdotitydorgcanRonr sapheniy cdimethytay -HEPS 0

coated, eit herbﬁe (ah batydbkPéaronydbitybREny 1) VakiedH§1 SOl §aips, onjott he
Substrate. I es of ﬁgr eferred soI vent s incl ude et h}él ene glycol and

propyl ene gI yc bapyRherdl and 1EEIRYL et hePSHER?P i ved PH&Eréfrbm
especially theomwmbhxboﬁﬁrbmbﬂpﬂt)hyl et hggthyand t he gmtmg,hyl and4dtet hyl

et hers , esters d rrved 15 al.i phati yl &2 ds and
either ( CP l@et OXYPRY 81‘21’5?13{5’1@““’% %’Yl aﬁw&%ﬁ éa 3&%?

- al koxy- (I EI buﬁﬁ.ol)xycalrbeﬂphﬂethﬂlmbx&phehjﬂy) acmithlye, hsdmmpg/et hyI 4-
acet ate, al koxyet at e c a et.at e

gl ycol nonoal er@%ﬁﬁ: 8?%% e, %ﬁg}al g)}?ﬁpﬂrasdpy%ﬁe?&%ed}ymﬁ’%

et her ?cet at e] , m&ichyr hﬁmmt gﬁ-zxaphthyhodembyhig‘etﬂemz‘m Eybid-a((z-atapﬁthyhyl
pyruvate, e c r i e such_as,
met hyl et hyl efﬂ%‘ﬁﬂ rreaﬁ#%e i goﬁg{jﬂ{)%bone 1@?%@&; é%er?%sﬂe, %18'?4

cycl opent arﬁonebyd;mxymrpphbhnkhnm%hyhl B’HFBS kyI%anbbxyhrrﬂdmeth}uthaHFPS '

N, N- di met hy!| f%f@mgdgﬂﬂgyg‘hgr gh%r A Etza%gﬁthﬂ‘ﬁi&fft 80uFPS, phenyl

1- met hyl - pyrrolTdin-2-one bne a y déesirte
t hereof . Anontetnamethyheng| §cAPSt h’eﬂf@thYéDthﬁll tetamgthiydndek Et BARS, ar e

preferred. U tirahgivyiphbRyse! ’e’&Efaﬁﬁét‘?{yﬂeH@ SQ'—H?P& or 4 SQlYRRM o

heh
depends on the coatin rocess_used, on the desired |ayer 30 th| nesigland

on the dryi ng t®hmethydene PrEFRY} ﬂdclfﬁh?le??f}’]&fheph’é t@éF&t“FBhYl%n?ﬁe‘F@%'bl y

about 5 - 180% gadHi1drophahyicul arl ¥e fbahdthkA ena0% sol igdgrpghe conpgsyigon
according to th resent i1 nventjon nmay be coated onto the substrate by any

met hod w t hout SHBGRYdaMmipoRReNY 1y ttQFFBWet%YPcP’t%e ScHEF? ng rdvRgaxyahenel
properly sel ectegrdiethghing i nt oscappisderati mspumeﬁley:lm roxkbkényl

According to a refer enbodi the pres 02 34
invention, t he E&V&?neotrrpl i ?gg%}rprérdr at i o"h% gﬁ@?ﬂ’?f’@’ c‘{\)mrt‘r?@i"m%e%\dt he
pr gsent [ nventt@tframthyﬂ:dgass-aﬁmm Qﬁﬁétﬁgxmteﬁiylalteeﬂarﬁeﬂgfmeim@?m
substrate of substrates referr 0, herein_.inclu those
materi al s 2toor gp%gﬂ"& Y-8RYSatho 8P¥§ gﬁt’éﬂhﬂ’é@ﬁf‘? %uf{?fl&f ay
printed cir curbnstﬁroxynhepoajr@cmyrlcur t stetrgomethizlenaent | SAHEPOUI d be—tncade
of silicon su t N j N i_t aQi ityide,
Cungsten ni ¢ r R saRbeh kYo pbnb T BekBuotdnd WERST 4
boron_—phosphorplsqnyitbrhoghaszl gal tetmangthyliene, i nG-HEPE0 pho2phapkthyhd
the like 1IN aiddnfitnylBA88-APS! UShoar ORndihEhOA! et 2k Bnl ol ELhiBs Of

organic antl rerliective coatr ngs consi tl ng of organi c pol rs and ye

absor bi ng 28t theanbhsydutetyamatbydgnn. SHiFRShepPheR ¥l Penitang le‘llsﬂﬂﬁsﬁrﬂl"%: are

those known frpméﬂtﬁgleheﬂyr:tl oseﬁtaxhéﬂwﬂrrer ystalprdisspl ay@t-%ueplaﬁewﬁss
15 or indiumtin oxide pl at es and sheets, as we

bi netal lic or E?‘PW&F‘&F‘WE“% ﬁeEngoﬂ ErB‘é‘EY%Q?@HW“HéMﬁG@EWW%$CW Bfe
coated with nmtadﬁ:l@hest?mgnenﬁhesgeﬁtﬁtﬁéﬁtﬁileﬁerrmsmpsherrmldraoebﬁﬁéﬁat ed,
superficially roughen I nci pi enC#y etched or pretre ﬁed wi_t h chem cals to
i nprove 20 desP§¥ l%“ﬁtg‘ﬁ%??es HPSncr ease 4ol - &R AW AALPPRDORY 4y 6,
gr ]to [ lrJrFr:aa.;ve petitesiethyheh# e HFES nhnydraw;ﬂtl er@ﬂ.dpéhf,‘arﬁeﬁlﬁﬂfeﬁhbes lgFPS
referably use esi p ilicon_ or |con substrates
By bRl Eeptate Sty 5103148

are adhesi on prom

hexanet hyl di si dbhwsthoxyoHd -By dmoxyaphremgil! t r i pehbamsm}dma 25 TRHFRSIeni cadd y
anplified radi ive co rding t g present

i nvention may @%’ ﬁ@ﬁg% as ragB&?{f%lrlte%s}‘ﬁ%?ltgl ve coa |%g§ for the 4-t-
producti on of lphmlmwenrbaﬂwlmfmnwg | ayeengamebbylerse pr i BtHERP pl at st or

| etterpre Pri .t i i thogr’}?e%h.]i L,hiing, SEI B | pri nt and
30 erxogrS%phrﬂ(): cggﬁbgﬁ%@ﬁ y use uaﬁlregfl?%[?? applicati’on asﬁn'g-
radi ati on sens‘i"ﬁﬂé’ﬁ@érbﬂ oredivieinosiPpeay bspenkaAnethiyiene bEeiF RS f4ce
grai ned, anodigaddw 1@t bghéfh and/ penindGRtiened. ardyzpbgc or %Lﬁﬁbhﬁqui es,
whi ch have optional Iy been chrom um plated, and paper or plastic she€ 35
Further, the chemcally anplified radiation sensitive conposition according
to the present i nvention may be used in the manufacture of three

di mensi onal m crodevi ces, such as mcro 2 2 MAY 202




35 actuators, mcro gears, and the like using fabrication techni ques known
to those skilled in the art, such as the LI GA process. The (a)
positive-working or (b) negative-working chemcally anplifpedppaadiosst i on
sensitive conpositions according to the 51§r esent invention is coated onto
a substrate followed by drying to forma I'dyer having a thickness of about

0.1 to 100 dun, pref gLaEIX about 0. 3.to 10 ~.un, dependi ng.upon

appl i cati ons _pefﬁ@gug yiene SREFRY p AshYdnemanht iyl neptemehyleng 51 HFRS.
radi ation. Suid-afithiryadi glen®ameehyLese ar 8-BEPY SNt pReRY1 dhand thatémd | on
and o oury vabOP PREE HE R Aheng ) BEDPRY s B eB e RE R PO AR o,
elm' ssi ?)n,tor @gfényﬂba_i:aee%Bneﬂi}dhms Kr Fpaxtm'mm:t _lhyh.laﬁelrs, CB-HNPE,Idaserz.,K EUt
al so el ectron be ion_ be or. x-rays. Particularly pr red are Kr
exci mer | aéer Qap%‘rﬁx}ﬁafn%%'gfaﬁél Yeff'fting a 1%%113(#[“ and %ggl"ﬁ% 2-
respectivel y, rmaphthy@carbonybwthydeneel | aetxamettsslener t hes-HERSOrdi gt o
anot her aspect__qof i iQn here .i s provided a process for
produci ng a r et rt&ﬁga%ﬁﬁﬁ;nﬁeﬂggﬁﬁ%?l%s?ﬁﬁt egthgtléeﬁls? %f%{#%SSm ving the
conposi ti on ofdixhenyd prIeHERS, i nbéat{érméthylphenydht ; IeHEPSNng bhs-6dJ4H i on

onto a substr adiabben Sietyl . r i

sol vent by evg&j%lre;t?l ygﬁﬁ%’(’)rgfﬁgt?b tiﬁ'lgs_(gé%g%*%r{eﬁgﬂgrelg-?r%';ﬂsl’gvgeln?_i on,

t he cheni &8l | (4ipbutydexyphannl)od-HERSi thiss (dospodohexyilphenydd RSHERRM ed
to th bst 0 i t , Sy i i

onto the substyjalqy ¥r§Piﬁ%rcﬁﬁ;é§y‘1$heﬁ&9¥Vt ggaﬁﬁ% Sgﬁié ' %ﬂ%k%%rgﬂb)g

coating, dip coating or t herea , vent is re

evapor ation td1HERPe the Pi8r6didndishierophenyklyer ad-HFPSLm on bhe-(4-
substrate. Th%fmyahmmoﬁﬁ&gaql VEOiFSaN A sa¢RLRY&FORpHRF) NI Iiepd i | M
to about 150. Alternatively, 30 a nmethod nmay be used which Conprises
coating the raddiSaBon- 4RI -bYAEBEYPRIW Ont 0 an L-HFBEredi at ePLEbdT at e
rmtteri a: ?sdt h@tihb&ypt heryhpd nnmbrtsh,eﬂ Mtsar(szf-er-bh _16:?5?;51%&1?&6%&1;@) oh
contenpl ate rate essure, heat or onbj nation of pressure wi
ont - ALT rmt PSP SR et Grusony LebRay LAl of e hign de-

mat eri al sdf_or umébnyeaﬂwh'wll%? fmelbRylehe. Tiigpﬁtafﬁymly, t]h@l_F'PSﬁer bgwsu-g(r) rrfd
i s exposed i nmage mage. r exposur e e er i e 0
150 T or 30 1 0 Phepd thigHBen iy E e BIP g epoRFoaRi@nehenyhe T AP BSc

i mage. The | aydrs-i(2-haphthykat eT-HERS), a dettelenydr . thienyd demeiFPgnent4- in

t he case t LLLVEes i.Ag-radiati.on nsi il conmpaQsition

exposed rgéi o%%&gb&g}s{ %Yﬁ{eegl 5{'sjl‘n&'rﬂgiér'rg(/e:s(;’,é" I g,ygﬁl?‘m{rﬁﬁéigggg 5?15%}%3
negat i ve- wor kidrg -batiyapheny sphenyl ¥eHERSpodsi thuhryloxiyphemek phenyll IeHFPSs ar e
di ssol ved and 4 xf% sul .. LABJES t he, npstsr I en
exposed i mage %&%&ggg rger{}@?t I%lr?n??el g[ugg%?ht e‘.1 rﬁieéﬁrgg}téﬂlﬁgﬁ%?ﬁf%@& ayer
before the dewdleayiettiFPeeptigidiorepbenyh@henydii-HFPSy Hf4-ddehlorephenydi ng
mat eri al aCPorﬂie’ﬁ?ltOILhPPﬁfeS@UEMédeﬁBoﬁﬂgnirf egRety al 1 gy odygce
extrenely fine pafterns. If the heating step i1s carried out at tenperatures
whi ch ar e2foo h¥sroxipbennt e RRaRsL | VEi-HYPSE t ReSn@ing fhyl-4shydroxrcehenydd,

or, dependi ng ghenkhe agtiyed,| on LARANGxPPhéMEL ChelHerdh! Y 0RFPS] ed 4-¢-
reaction, 15 conplete ;:al)lure of the_imge formation may be observed. If

the sel ected tRHYIPEYEREPIYLOFRIPRERKL i npai PN of t hé "HEBS! vi ng pbter may
resul t. Suitalbutydexgtanssmylphengduephenysld! THHBRS, Whi-ah bd@ gl 8kocamtsbrani des)

particularly h oxi des of tetraal kyl MRNL..UM j ons uch as tetramethyl
D ront um nyeir SR eEeRerPRaa sy AETRAS' [ s RS b et ery
cont ai ni ngoal iIpiHEPISe adimethoxycakbonylpheriyly phtryDbCVEHHFPS,Or 2 shaplotaiyas,

met asi | i cat es, 0g€ sgh nd di hydr phosphat es, carbgnales or
hydr ogen car b(?r?;é%' é‘ gf al aPi g}r}gﬁ%’rlsa,p%aepgglfne dr Fﬁigﬂﬁ @?‘eﬂgiaﬁr miUm
ions, and al s@angnnoium saddstwizere e S-HER2 |Iadpthe dhose odmpairalss hagefhdenf or

m cr oel ectroni ' i i i 141, 43 P

% 626 023, or "ERe 0 op g fAZoHLACGie (ERbbRhe Hulnte fdnd Hhaght
282, and t hes&addseVoprein dallFBS sef Hdeugbdve Tampoundeavs bekaseepianadances
in the deygl oRARN39086h Hik A ucToblt 8RECE@ £oia@dl 0.1 to 15% by wei ght,
preferably about 0.5 to 5% by weight, based on the weight of the devel oper
sol uti on. Devel oper PghPREIS 2l PECERISRY q[WhishegpReratiash Ry flderinatied |
amounts of a vatanBgudseifc M aYemagdes dynthei ded ehPRAIriolsOpesteddts.
facilitate the stripping of the soluble portions of 35 the recording | ayer.
The present invention will be described in nore detail with 2 2 MAY 2002
37 reference to the follow ng exanples, though it is not limted to these
exanpl es only. Synthesis Exanple 101: 5 Preparation of diphenyl

4-t-butyl phenyl 3,3, 3, 2,1, 1hexaf | uoropropane sul fonate (PAG 101)




A columm having a length of 55 cmand an inner dianeter of 5 cmwas packed
with 700 g of Anberlyst A-26 (tradenane) dispersed in nethanol inits
‘chloride form 3, 000 m of nethanol was added 10 to 3, 002 2nMAYf208 54%
aqueous solution of tetranethyl ammonium hydroxide. This alkali solution
was used to convert the chloride formof ]t e Anberlyst i on- exchange resin
to its hydroxjde for The col t nol until the
Sol Ut ton wi ¢ NEPEAGRPORy (ihe SULARALTRARIE meT e priaeslFadiBy s #tbckgp) o
di phenyl 4-t - basgtibenih YbrmmaeKmudosmldvndOkmathh&@ Phaoi Buaihanol .
The sol ution 0, t.he c by el ution w net hanpl, at a
Fate of 30 m PRout oo R Pt Ao e “AE vORDE alnd PP AePErier 120t
occasi onal | y Smtlee;lsifs)remknplabéesm:eibﬁd Umomi ¥e Cohvelko napdrd.agWeonamsi | ver
20 nitrat t C}iﬁﬁf”” he hydroxyl group was

det er mi ned by h%&%&p?]ieolggﬁ\%\nsf hf@ Hcf%"'ll-' glgl e*d of di phenyl

4-t - but yl phenyl hydTba(mteiumssae]bmnremﬁ%r's'hewhbtnt gemenalte atfjumtiedted 1.0

| /g diph hyd
ol ) ot he SrsmiteEphB BN e ey Be Sopedihth Shide 8iad § BRI SR ) 4
g (50 mmol) otWtb p@smqryz B the cgmp981t10me¢a¢r¢mg3p«p dpemresentdimivengdou.
diluted with 50 m 3 8k & s&%F@ﬁr&ttﬂéprIQEne&%&b&ﬁﬁi&‘?stﬁé' rred

at roomterrperature or 2 hour's e sol vent was renov evaporati on.
The oil (1027 ameurt (ofpdha OIGG%)Sa)ltt Precypsar neddeths virioh zﬂqnﬁ?_-“éﬁesoaBO
gi ve pure di pbf@afifaﬁeabaiu&péwona&aéﬁ, ha é,hsasagfc%#mg aPEOSiHAS enat e.
The purity was neasured by C and found 9% NVR (CDCh): 1.44
(s, 9H, 4-t - bufyfl ansamaunt SaHS.e @&[‘ﬁa}l HOV@F)theﬁ%fzth ?ff@ep%%‘(%saiHH
aromatic). 35 &M&&&s' s hxamnbe ch@d: direa@éabbeﬂtwewdrmegylchwihamn m
3,3,3,2,1,1 Y 21:@@ 38 hexafluorQP ane iulfonate (PAG 102 91 03 g
(0. 45 m)l) ofa‘@ LAbLon eSeREL thives GorRgsTR1ABoEhR aoUBEN2EnERen 4

2h| iter tiy eeontak S’alltnﬂ?bo\iﬁsflﬂﬁ Bldasll e preFedanl{ hasout ior. ueto_zml partsTh

t her nonet er, ppRi_N unne a.condenser a a_nitrogen t . e
m xture was cﬁ&"’ee&gg& ﬂnoew{egeﬁa&;yogg Pr?ﬁr?g?gRaEaSng 18#‘{]1%9.56‘19 of
(0.90 nol) L roﬁ:cunr paces iby aemqh‘lt ldﬁthedfjgﬁﬂfémim@lﬁﬁrmktpfene based
1,1,1, 2, 3, 3hexafl uoropro e,.su NI C se _thereto

whil e the CorEatin SrRBtaPINcEie'chRBng AlhS. 18R B TthaY RESMO S ORI ERSe |
of the additi ofithehegativereoriangchembehXlgranipidiled rﬁqﬂatenpaeﬂsurtevwas

ret urned o] ture o] i i 1.1 oML s
After st az{logl %&ﬁ’\%ﬁﬁ b tpé\ogé@@?a@ éhascéém%eggi? ?gnée%#%%%]eaégﬁgrf%)hase
was renoved apueﬂ&mﬁml@bbutr fel d?|0I §o tmtrtts hyphetah ol mape paefenaely aboot m
vol une 15 wasgdg ofpad LotPs QRPQeTgth & vh %@eﬁart‘é%? w@m& %f the

sem -crystalline deposit was ‘fornmed. The ether was decan

preci pi tate whi1lm; § | hiydronyswengnobatedr gisdn| oPB‘h%Q‘Hanén Tﬁbe

sol ution was gggsskitipm se to 1000 ml of vigorously stirred diethyl ether
to reprecipitate the product. 20 After conpletion of the addition, stlrrlng
was contidfued for 2THoFRULTEG.othenondym gahks RESRHLROL] Ofr SHhedPEERGRE

et her, this pige&sitich V\ﬁlsiéregeaéedt@meoﬁpﬁ@té@aenhﬁ@@@lﬁ&ﬂocaaﬁdal hagi ty
of the produc\ga_.uﬁTge m xture was filtered, dt em cr al s
|

collected yie TECPRYNGE1ep WP RS s a er ?F‘ﬁgﬁﬁﬁ?nt of
t he crude sul fvnmmmanaiaimmaank%h tiaspademegnali thera)t bes.ﬂtﬂvet—wprklhag

he i mum aRbURY Taea ERrYPaRn Rt ddt i d S8 A ebhoR BB cony

on silicael cospogitiodsat the dirraddatien wavelengtianparvictlam vt meqeB65r m 30
puri fi cati on. H’Ih?f A8 Al o Fsrﬁﬁ hRS A O{I‘g@h&&ﬂ t%'&‘cﬁ t%‘&i@ ﬁﬁ!&%ﬁdﬁ%ﬁ&i' de

wer e di scarde ter coll'éction o maln fractrons,
evapor at ed t oPAGsshould§ pafogueylaeﬂid%mm@emiblyrs@fm}b m&sonwmh have

1120 . 235 T R (O ReREosy 1508, © gy Sebiblired Phaguntitas
15H) ppm TheVvptkeus agdondet §Pﬂ¥f%%%!”bysmscoénép§i§ﬂémanﬂa}-tﬁmdEtxgmgées, 97~

2 2 MAY 2002 %ﬁe:%’c% h?ﬁbfufé(agﬁiﬁorlﬂﬁn 8&6&%%&% Famphor sulfonates
tris-(4-t-buty I lsylﬁn sul fonium 3, 3,3 1, 1hexaf | uor.op rogane sul fonat e

(PAG 103): 5 a‘s protogoniym 3. %TdimeéChY%bﬂn%eI}ﬁﬁ%fﬁﬁé §F) YEPBiPRe
(prepared frogrdi phephusul fiodeeassul £batds br ogieonivi Fe6t, aashyard
al kyl ati on and subsequent oxidation with 2- chl or obenzoi ¢ aci d) was

di ssolved in 400 mM of 4-t-butyl benzene in a 1-liter three-neck

round- bottom fl ask equi pped with a stirrer, a

(_)




10 thernoneter, a dropping funnel, a condenser and a nitrogen inlet. The
m xture was cooled to 4 Cwth vigorous stirring. A solution of 63 . 0 g (
O0.. 30.nmol ) of trifluoroacetic anhydride and 34 . 8 g ( 02 21gAY00e of
1,1,1, 2,3, 3-hexaf | uoropropane sul fonic amgl was added dropw se thereto,
whi | e the t enperature was nai ntai ned undef%i ce 15 cool i ng. After conpletion
of the addition, the m xture was_stirred for 1 hour. The tenperature was
returned to r S6RtRETIRFOReR2enesyLEaNRtESy It ARTRREIFWEORALPEr 0PZ 95 GTour s
. After standldmeehemxgtl:ﬁryntsmmﬁaaéate Phesesi dve poéf@ttedlhargppgie
phase was renov and di scarded. Th botto phas of 20_a mat el y
150 m vol une OBt ed Wi%h 800 ﬁ? ‘H’f “(’.ﬂ et hyI eEL“FF@f \%a’g%éaﬂv& ce
with water angrepandsulfdiaiaisionadttherol astdnplesT e opmnrthaﬁcﬁuwaspms ed
over MgSO4._ After renoval of the ?ol\\,/\krﬁl a.sem cr¥€tal | ine solid

tige

obt ai ned. The ZEHAPy st | HSEPEE d2onily FAi0%y ATIRAPR: H3A i ‘her .
25 Thus, whit phosphdalwn ofsdlrtiss- (éelexmniy.inpheayta; Subf oransenium salts.

L

6H), 7.68 - 7.snulfpuatés) pparyBO TBBlﬁqmattgs.was bibs €l (7,126 @ - by i UG el y5| s

and found to ﬂ;:g@a s | owi ng,
sul f oni um sal %g' ?éi/%?rgéar |1ntgﬁ éﬁ%@l%@ﬂ%gia%%%r{]e%er as i nist he
above syntlhesds(ZQQaRptEbe(umed-@MlsULﬂ&lﬂloxyaSlTr| s- (4- et hyl phenyl )

Sulf on, U 3. 3k BadodaBESRIIAN GRAREG f onels (PAG 109) g1 N LCP0LY

(d, 6H), 7.51 (arylsglfony)diggemethanesy ity wé determ ned By HPLChdmal ysis

and found to i ph 1
3,3,321, 1he3§flf>‘ﬁgg‘c{if° é’aﬁgﬁt’%ﬁgﬁe?pﬁﬁ lg%éudsé =NTRe PEeyhapes., g
(s, 3H)) 5.24dlasydsu ﬂms quaryﬂmbvnzs- amSuJ;f@yldiazgsetlwnem

(ound o bo o it EBonils MLt 1A Ry ShERALY B byBRaKYIR thyalC
3,33, 2,1, 1he>P§P1286P05PiJ’E) |1°aﬁ1%t'9§21€%9&§/ /) U pPEuRfRRESse1 andg N o 43

(s, 6H), 5.23 sulToAPloX Iﬂyriiﬂblhes? Ebbetiablydorefidrred 2 the/ cbhibi{satibr) ,
7.65 - 7.78 (m_ 5H) ExT gurlt was det erm ned by HPLC anal yS|s and
found to be >9f7dhegoripm. Fai!; ByPhhERS | PRERSRY Weddopwith &, ” @ -bis-
3,3,3,2,1, lhena&tyugﬁmwna)ﬁa&uhé@naﬁ@s(PAGo]:OY) b 1H- NVR (@C13)-pis= 1. 34

18 3 d 7. 79
SSQICI g?te%@l p é"‘%ﬁla“]p‘é r{rﬂ) lﬁ’]H%)mﬁ B?ﬁ’%ﬁ fs?. nfn('gkﬂe&'l_%cﬁggpqopropane
sul fonate (PAG 108) . - < baf4 esiiDH) , 2. 41 -
2.43 1 , 5.28 7.24 - 4
7.79 gm |S;|)I—|) ppm Synt hedg?pg)% Q:q'[)m ac%og'pdiage 1z?a'?atl on%ﬁé&nt "anexzti%%
tris-(4-but oxﬂ?ﬂ‘@ﬁﬂtﬁ?s S lfidmi ﬁqnsixm @Yﬂrpxtﬁtxmnmma@pﬂopaw-sﬁh@rﬂtm ( PAG
102 500" F S et ot
t et rahydr 8bur awdmgyatzmw 3?‘5@@%11343%} PrA-hyoreEyalyFEens or a co-,

3,3,3,2, 1, 1- haeatl, w&awwseﬁ'e&ﬁ& dv_hlthe t9218hBY drldcotRPR6RdMErS el ow
-5 Cvmth a salted 1ce bath. After npl etion of the addition, the

reaction tenpéSafigreried BS19¥d fléf%e’ien"f Feddfegabions 9% PEQPPBF:L% HFut es
: AfGrl gnaL dd&@fquttrea dmd ggfiémfeﬁnim@ﬁyﬁ?*éﬁﬁt(ﬁe?& usmie)dl ﬁésima@p@nb difig éOO
g of tetrahydrofura n g 0 0X or obenzeng,. an
Saded dr opw SHD (TS EE itk FREBICEIN. MIPLHELSH (Faf LA Che SRORTI S8 f or
2 hours asot hicompespeia ute. offhpasvedwes-wakiaddegpeo otie hegposee twerkebngess
Gignard reaggnt . ) and the inorganic salts were renoved by filtration. The
sol uti on was comcéntrated to 22 I\/AY 2002 41 about 160 m and extract ed
with a mxture of 1240 nWheife dichi b o116 [ g i
sol ution of ammoni um chl ot de 6 T hase was

washed twi ce with water an ried. € SOl vent was T enove o yield an oily
5 product which wasWhkan phei f¢haminaldyl uampthiatht apddghjonn sensitdvgel

usi ng di chkor BaNE1 &GS oE e YN L Jﬁu&tiwﬁsé%%mﬁ%a@utm' um

3,3,3,2,1, 1- hexaf | uor opr opane ‘sul f onate was talnéd as a

yel | owi sh powdde (Ehlmg fomin@ hydroxgs Eyrane (Rasagh rasdmf Aﬁré’éﬁ%y E!HJFNJLt (

CDA, ) with 8nrgolubte t{y roté@tﬂd")alkaf?i b 1ub2eSrddlid'bn, tHdrebid whikir
7.20 (d, 6H) and 7.55 - 7.60 ppm (




Synt hesi s Exanpl e 110: Preparation of

tris-(4-t-butoxycarbonyl net hoxyphenyl) 15 sul fonium

3,3,3,2,1, 1- hexaf | uor opr opane sul fonate (PAG 110) A soluti @® MAYSH02 8 g (
O. 08 mol ) of tris- ( 4-butoxyphenyl % | f oni um

3,3,3,2,1, 1- hexafluoropropane sul fonate a 1.86 g (0.008 rml) of

3,3,3,2,1,1-h fl | d 2 t
Ceti uked Tor GATS GRPRVANTe bR} CLkYE, SRRy AAGPAFTERS o hereberEed
t he obt ai ned osmhixlimemﬂuof e tpresent- hyddmiiygme thke) hgadtéxystiyrene based

3,3,3,2,1, 1hex t. 100 I d
T o A DR SRR AT e b R RRUb g Myt ovgleves
anhydr ous pot a&-sﬂ-tm: grolpms &nd s chadie. 8llga:(:[).m@oﬂmb;ediy photediuitng alkali
chl oroacet ate t £ red
into 700 m% ofsaév\]/é ggrgﬁgxtra *2% ]535{1%’ gr égng h%:ﬁé;a u&’?&ﬁ%&ép‘g‘%’:ase
was washed w thQAHJtSer and dried. The sol vent was renoved. The oily residue
ified b I t ' h
e e 2oy £ WSRO APReRR oLl | ShrBBiniial e e NpRECHRE hane
31.8 g (yield :Iznyen)tign il gxydmygtmng based resin has a molecular weight
tris-(4-tbutox %thOPXﬁﬁ@th)iygb?nﬁ'$ )ab%ﬁ%;f 96‘6 Q with the poly ispers:(liiL:j%

3,3,3,2,1, lhexaf | uoropropane sulfonate |ng poi nt “of “the pro

was 78 C 10Thelngir tizargm e Odnto f2o|9|9omm§e firgfgrably @pmeiesudarg -
1.45 (5 27H) ,wé‘ig'ift ﬁ.ﬁ tI@é")rvangeZQf 5,0t Q:G[f'aiodd")witﬁ the 4 &%d@.g?eﬁﬂt 7.5
- 7.60 (d, 6H). Synt hesi s Exanple 111: Preparation o

~3. - oxocycl ohe‘?&ﬂlngz “HSr'BB?‘ﬁy‘Fh%tzhﬂ *sul f oni um

?031862 1I )1 hfengl ulqrdwcamflgﬁ toul aorp&*eeeilrgé\&% lahb%adI?eats?Ifutt'mdgfeééntM g
mol) o orocycl ohexane i.n of e 0 adde

(i opwi s6 50 i 198004 ETRATAAS 08 PEY HEPESE Lo S UR th{CRRRES OFtpe

m xture was Sthydr.&ﬂ:yﬁsay_rérﬁélgbaﬁ?d Teein 609 Gen#pPAELy msweideﬂmarartcbds rwtd

m xture was exjraci.ed. wt [ o[ onmet hane. r gapi ase was drie

and the sol ven{rﬁﬁgdtsﬂ‘a%é%\)‘@’e[ ew{éﬁ’d &Bﬁaseoly:[’gj‘&gyc?gﬁpaﬁ%ﬁﬁl e 19T de,
10 whi ch was puratfdctediby albisl cléatabde qioups, #Ubastandabd Aqoedlys alRalige
(156mm|)oft Q d \e o

added dr opwi se vﬁﬁs?"% %li%%ﬁ@ﬁ(no %ﬁiq?etf%f"ggr%%&':arnﬁiéﬁ‘{} %é%rmtdg?‘r edélgsc room
tenperat ure foks preferably tahovehat, 008 sngstrammin, Imgde gp:(eﬂﬂ'gr@bmabom

R

m  of mtromat ne wa reaction -m xtur € an S|rred
for three hourkesdin rpraheacdegertnt trelid Takeavabier drannsdchamsvieinaldy yo
filtration. Thfofddltlri% e %mqmceﬂérs@&ﬁﬂimé@he}eo@&ﬂ Etﬂ?@aﬁé’g@gn&ww se
to 600 m of diethyl her . preci pitat'ed sol was col | ected, washed
wi th ether ancPTt%’r“fsQJd‘Far]:iP@ddW%]rﬁI@trhW Welomgie PrPlﬁér?PbY d1lefs than 800
(3-oxocycl Ohe&ﬂgs?c:mr/h%m&ho Cg‘%ﬂé'fe%ﬁbi?”lé&ﬂ %h%n34aolaﬂgé1@fﬁf A Opr Opane
sul fonate was 1.67 1H— NIVR - 28% I@
3.10 (m 3A |, 3 65 Asgord n97t°(Fﬁle P°ai‘9‘5°n°§t31§%"rﬁ€( i°§yn¥1|*%3|s
535 2, 1. 1- hoat L 1or pe opang ot “'““"CW@?M“G"%?‘@'*’a“’eg%w“ " o6 ock
exaf |.uor opr op. S ate e- npec
round bott om R é‘&ﬁ?% e t[et# gngt P3Y él"ﬁoﬂ% i‘%?ddi’ g?lﬁﬂ“g
funnel, a cond:Bﬂsmt:,onamdemmdrr (ap@aicatmnsvazf dher geﬂpmiﬁoﬂrﬁ gaffaflomvl )
of potassium i |) C Xy and
acetic anhydr|"gacbae:|%lfgQ ure :\sgsgg‘oreogfo‘%%g%g ng 1er}’%of' gﬁ%{'m?l
acetic 35 3anhy©mm>@iadldn3m1dltime ddke enBcaording | tfouri pramlcrenhsmhddbdent

" h o .
Lenper at ur o veol kihs "hagedalio dhwahibhDexabiidly o8'5 Al RyrbilF B | o
addi tion, the Xesins asabdeohereitn ringhuden @gﬂm(ﬁrhmwatwmeel)zombom

tenperature oves 3k efyfin oﬁybPéUr&droIS}Et{rféHé}J RAa"egPdiymerasos ef t

for 48 hours and cooled to 5% ? Ice/water m xtdre was
added with sti4Ti .- BEr?TFgY@TQ’ﬂY%Yb’ﬁEFaWiHh °t1hl¢é’ mepeneRs, PaFbiFalarky was

kept bel ows10G1 g 184eRst A EdeehySiméss Of BRPISEUSE DEhkE MHEHEndTaMRYSsh Y
filtration, and the m xture was extracted twice with Eetrol eum et her._ To

t he remai ni ng ré&ﬁf‘éé’us“%-l“&ﬁ & wak radfed? RIS tIFeRC of 43 uRTordm de
di ssol ved i n 180cdRystrehe M tdtyslehnel, i NG. -Aétstyreakli tate of-, or 2-

bi s- (4- cycl ohexyl benzene)i odoni um brom de was isolated by fil tration,
washed, and dried. 15.26 g (28.5 nmol) of the brom de was dissolved in 100
m  of di chl oronethane and 7.3 g (34.2 mol ) of 1,1,1, 2,3, 3hexafl uor opr opane
sul fonic acid was added. The m xture was 15 stirred at reflex for 6 hours.
Hydr ogen brom de evol ved. After cooling, the reaction m xture was washed
tWI ce W|th a 2 . 5% agueous sol ut| on of tetrarret hyI ammni um hydr oxi de and

—— N o " o




Synt hesi s Exanples 113 - 115: The followi ng sul foniumsalts were
synthesi zed in substantially the sane manner as in the above synthesis
-exanpl es (PAGs 113 30 115). biphenyl iodonium 2 2 MAY 2002
3,3,3,2,1, 1- hexaf | uor opr opane sul fonate (PAG 113) 1H NWVR (CDC1,) : 8 = 4.98
- 520 (dfm , 1H) , 7 .61 - 7.78 (m 10Hp2ppm 35 Bi s-(4-net hyl phenyl)

i odonium 3, 3, 3, 2,1, 1- hexaf | uor opropane sul fonate (PAG 114) 1H NMR (CDCl13):8
= 2.42 (s, 18H1kyds¥9rené, 18 (B{aukyllld)hydrddystyrehdyAY 2-335441ialky¥34{d,

4H), 7.50 - d. 4 4-t - but yLph d
3Hé 3,2,1,1- hé}é’éFf"EfXFBF%%‘g%ne ‘Eul ff?nate uPXépﬁ%l%l 3 Om(%ﬁ?l%m'ﬁ 34
(s, 18H), 5. omydraxgatynl@ms} HB,, 5?dﬁé’h£o%-65h&d,roﬁﬁtyﬂerfﬁi - 3- Bﬁox(ml—4-6l—|)

Synt h 6 P f th h I do
B a1 The A AR b A e ot PonarEond sy REp Ry EPREHE . P SRR GREE o
of 4.40 g 620 chmtr)tdef 2 odiogpiinaphtbatene, Jsﬁ@xyrlﬁnmhrdcmm,ommg&hamblm
added dropw S& Xle su?%onzo égg)l ) of v%n%lt%ar}zo?ic a.t:}.d ester

1- hexaf | uoroprop ic aci'd at 0 excl usion of “noi s%'ure.N_The
m xture was stvinydpyaroibdoene enpeviyldaifiezolehodrs. ofhe-vdnyépuridinesas

returned 1o 0G 420983 pyr B dioha0 WRdnyY! 18LUERS WSsaddedctiopnd e

After the addition; was conti nue room t enper at
additional 1 hdmyl ‘Pﬁ@z%telerﬂcrwééceﬁglbbrmdedtSTﬁerdeﬂin@M due. waethyl

di ssol vedjpn %&?ﬁlteeémritsb‘fdeﬁfivﬁeﬂréé‘g a&fﬁi%}nihé Q:Ed %ﬂ?h@éh@&@ﬂ’és

phenyl |odon|u hexaf | uor opr opané 2 fonate were obtai ned.

The crystal s mt@amiaé'a afich apd ke demgawwsj- \Rfa§ Smethyl mﬁtmm(am?,) 8

= 2.43 (s, 3Hand* 98s- cﬁ.srl%a(:ﬂ{;é@, hdthaérdZadide GHa 2Hs deBPvativerd, (d,
2H), 7.61 - 7.78 5 Synt hesis” Exanple 117: Preparation of

bi 5. (4 but oxy FREIORSEERA T SHtRORFYMITL G 1 CLMEX bePaBiorghARd 1ts

Eul f?zatg (PA@e%'l%hltIﬁeﬁl stiid. El des.ﬁizrytlbémzd(z{;: %%16 st&?s’l.,m Wghirlplﬁeramzy o 30
is t but oxy S x| e.in ri di ne .an

m of tet rléhyéfcﬁr%g}éa%ﬂég AP Vﬁg(ol'&r ?‘m‘f% (PheRbirg E%§1c| 3
3,3,3,2,1, 1- h@e&fe&uqrm@lm aniaf mﬂat@e:wh:altavleeepnnlgydfmzymllanmme and
terrperature below th a sal,ted i um chl.ori.de)_ice ter
conpl eti on of 15 %Iélld’aﬁ JTet erié’a%'ﬁytfﬁrl% ﬁaﬁiﬁ/é“(ﬂéﬁ 15 &° gg(?ntd

fol | owed by stdemﬂvagifres 35 2D.ex nut es. ﬂa&icg/rﬁmuhmeagen&cﬁ:l ut mrnte/w.s
prepared from | f n

t et rahydr of uraﬁ' &%grgtgeé'%%a?% "nol )%\igglgﬁg%r §& zs'é%ggeand %eded :H%pvm se
to the 202 Marbpgogndbarbdie detrivativest. (Khother skamples wiispseferwafl f or

2 fours at | Nt DREAbHESs ThEbNe flertdy 24feflde deprananyl iuficess

Gignard reagen rnorganic s Wer e renove
sol uti on was mv@@nwnh@@om Rt ( 4IBUdﬁPxWré§th d@teéampml@q.zcmpw- of

di chl or onet ha[lk%eh%go eﬁyls)atur@,{eqqll)ggwg_hgg of ter andQ;c'iﬂr) fg_ nd 600

m of water organi’c phase was washed tw ce w The

sol vent was re‘rﬁ?xFé‘daf’SY% d Hn(&ragAnexypheny hhi dﬁ‘eﬁ/ﬁéa‘éﬁb}mﬁto '&dl%‘m‘n
chronat og rzaphmymos:ybh@ﬂyypl usi (et @leron aeadane aaq-t(lzehg}a»fakmétgrl)

obtai N bi 5- (4 BRONIEREIATI Frend (TR SFAHERETL3. oo G AP LABISHr ofine.
sul ;_onatg gs i(asll\tfg)%hzkybmeiyx))v\nt ﬁh(aewii)eiczmamcliggig) 5N-'§|226h§ﬁr§?§&m5
contirne Yy W

7.20 - 7.23 (dmef ?5% 633: @"ﬁ@iﬁ%ﬁgﬁl‘ &s %]e 118:
Preparati on ofard 4-(2- mwrmﬁldermW)pbeyyéneul foni um

3,3.3,2, 1’33)' hexaf | u%sOpﬁggébeédjl fa%B@&? (v?lfé% 1%%% chemically amplified

radiation sensitive composition is of positive-working type, the

hydroxystyrene based resin is made alkali insoluble by protecting
alkali soluble groups on the resin wlth an acid cleavable
protective group. The introduction of the protective group may
35 Dbe carried out by an proper method depending upon alkali soluble
groups on the resin, and could be easily carried out by a person

having ordinary skill in the art.



20 A mxture of 10 . 36 g ( 4 . 5 mml ) of ditolyl sulfoxide with 7.21 g
(4.5 nmol ) of 4-cyclohexyl benzene was placed in a 125 m flask. Then 20 m
‘of a previously prepared phosphorus pentaoxi de/ net anesul f oni @ aNAY 2002gent
(prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of

met hanesul fonic acid) 25 was added theret@3while stirring with a magnetic
stirrer. The m xture was heated to about 50~. Thus, a dark brown sol ution
was obtai ned. After Edre exampher nwhen ddet adkatiaseliblehgrourten eheagsesinr r ed

femperature. abieihanots MiEory gkl REEHROIRTYa26RyS BriLBE brbBehfo T
of ice. The slighthe mﬂpeﬁa‘edpéﬁtlmm fadd YT Prosected fhy |anvadidy latidilei on
of 10 . 44 g (pflote&i%o%rlmﬁf ﬁ&:efe’i‘abll§ by Zone- ok fpfb’ﬁé&ﬁr\}éoggggéglf

onic acid to yield e ol was stirre our
of ethyl adetavklgihForadagidnheleambleng- ﬁrﬁtﬁf&%iebpﬂéétedlxamnéesrgﬁm C

phase 35 was vwashedt3Quegbupd 'Tfs%b‘i‘et ﬂei‘@fr? i nc@ffe LAt AT bfdke Eg. ]g§8{1 yent

was renoved by distillation.” The oily residue was recrystalliz rom et hyl
acetate and di Eemad Exromralkyl greyakoaikylorinyHeethers), fhlwbephgps formed

contenpl ated net@H i abui TAS1S I UeinéLhyBsi16anf | d by tHe th 8

:108-174ém 10H), 2.41_ - 43€hm 1% 612?-1:54?%6( 1%@%’1716

. 7.19 (d, 2H) reciur&?rs 7. 4%11(561 48thers 5of°de53 (fa?m4H)me%h?a‘Y‘re vl.7.80

9%1 (cSi t2hl-j)o Smdioyethoyyethees eé:{elrwio?ytun@t@ﬁnaﬁ@cme&w TQUBGF 9, be >
(1] AL esi s e 1 on O chl oropnen Su 0|um

3,3, 3,2, 1, lhexd oro“pF‘lﬁ%BﬂéYéﬁ'F"f 'ate°(“|5/3ié°%T§7 Yo A’an?o 1pethy

(5.0 mol ) of greurdiotis|, ortephepy| canbboxteke ﬂo:txiie& fidony '(Ebdi:dmh):boﬁyl

4- chl orobenzenge_was Iaced reV|gu

prepar ed phosphor Uy Bgﬁt'aom%ef:%ﬁgﬁg}sﬁ? %8 &d éé’g‘geﬁfbl( Weparehd

di ssol vi ng 36 predunsoasphor us pent aoxi de in 360 g of rret hanesul f oni c aC| d)

15 v addgd ther et Qi e S P SAbl ABENSh En LR o A FaEIL

exot herm ¢ reacti on occurred hér hea
hours. This resdured the sagmnlcegnowsl pred@vtalmprtbm reghe anespamtigsor hen

cooled to roo e { hxt of
water and 100 S BHPBFoLEEEeq B ahtaclq MATIE B MR ROHERS, | HeBepPbly,

fol | owed by adey ongrompmore ptectige grpupsovhichhfogm agid cieavgblel C40t@xaf

| uor opropane sy f@y-giapbdak? !‘.'x%}nglésyéf c}?ﬁ’&ﬂaétivzhﬁr _[é]s "iﬁ-%bﬁta' hegdifor 1

hour, and 200 m of dichl oronet hane was a heret© e m xture was

ext r act ed.20ThelRF e alhyhar GESLOmUAEGviBYVEefhers andestars H omnes: STand

then dri ed. Tzﬁré&{r\é‘%&% was regaEGhiRy di stlxﬁé@iﬂon Then&xiny ok§mb dlg1 Was
recrystallized from ethyl acetate to give 6 . 83’ t he conterrpl at ed

material . The BRYRARYSLEORELSERN i r nedPSR? "NN}Rt tpC13 PheRragyls = 5 N-o5 -
5. 52 ( d [ mphthallifiome¥hBL, metthyBtHibmethyl, andutyd3 amyl, E‘}cﬂ.dpen@tj}l phpm

el C LTRSS B U SN, SIS il 5
sul foni uma3, 3, axo?c}ﬂcllbhbﬂyaf|Wﬁ6@ﬂanﬁiﬁhéﬁﬁnﬁé1ﬂw{lpA® J:ﬁ’é})hy:iaeﬁﬁyﬁ Jo4 0. 08
o) oo LT 3 PRI A A | 2.6 s ol NALET PR3A,

3,3,3,2,1,1- hem{lfhludmapthyibane ZtinmnyZJ*@th?lsul fonlz-lmlryl\admadtxkol ved
in 200n1 of ti nder wth
stirring. After rengvrgggféﬁ*g o) ven?d'ggfﬁd%lﬁ] ‘| gt F%ﬁﬁ' %B‘tagfgg}ﬁcrude
product of tr|@il(ex1mab@¥ybhéw}mpt§w$blan3 G—Qlt?lﬂimeshﬁbsdawlugr@\mopane
sul fonat e sgyi el d aboucokRAYY Vet E§Q§¢¥ﬂj :L'n’&eﬁ@@oﬂ CH(heNabove resins may

N- di met hyl formam de and reacted wt ) of anhydrous
pot assi um car bbh ek Ad0BE. BT A ® MFxtErs of 1'eWQ tQIbH‘PFP d| carbonate at 20C

for 3 hours. The reaid ® 9d§6kﬂ§tﬁbﬂ@%a@@&r§éisirﬂtl% ZQBeaiam‘y Wkehlapsr
extracted with 10 di chl oronet hane., The organi ¢ phase was _washed w th water

and dried. TheSXRASHRS Wik 1 é-ﬁB?e‘(? Spynm) OF PYY(24f nmh, agdiation.s pgheathas
purified by colonbesiiv ofakogayphy on SI lica gel using a dichloronethane and

met hanol as the deve] opi sol vent . ct s col.lected to
yield 31.8% (yield 4%?%}5% 19 afalRRS %c?ﬁFFé ;ﬁ%@gg"‘e“@a“ the ‘present
tris-(4-t-but okysartionyl BemhouﬂptmyN)Gasulpﬁmmbaaid generators) described
3,3,3,2,1,1-he PLQ L r ct
was 78 C. The é@h/%rg &e ?ﬁfﬂaﬁ %%8 3 ?ow n OSSF%F% 19%&% é@']‘é%gg 8'9}]1 45
(s, 27H) , 5. 30 - 556 (d[m , lH) 7 10- 7.13 (d, 6H), 7.55- 7.60 (d,
6H) .




20 Synthesis Exanple 121: Preparation of 4-nethyl phenyl dinethyl sulfonium
3,3,3,2,1, 1- hexaf | uoropropane sul fonate (PAG 121) A m xture of 7. 81 g (
'10. O-mmol) of dinethyl sulfoxide with 25 9.21 g (10.0 nmol9 2 At 2002ene was
placed in a 200 mMl flask. Then 40 ml of a_previously prepared phosphorus
pent aoxi de/ met anesul f oni ¢ aci d r eagent (p?gpar ed by dissolving 36 g of
phosphorus pent aoxi de in 360 of net hanesul fonic acid) was added thereto

whil e stirrindafiehien nﬁﬁn‘@!%be@ﬂ’*bexcﬁléﬁng [BPFRTPELOR FOARRELP BRI

occurred. Thea&yshgmgp&ﬁt;udmdegéngmmterrperature for 6 hours. The
reaction mxture was poured into_ 150 of water. and 150 i ce.

slightly suspended E3PUP %QMY%QWE’Fé{EenF&qsﬁﬂeﬁeW%aﬂgﬁw 5?’-’2@‘5’ g (
10.0 mmol ) of (393n13)2 hpbliexseibnor opnepase swd-oni 6racitérpelyers aoid

| | t d
CPerl o onet naiEEiR S sl O] 814 ria sraRtl b S oEdve BreBhs aptaneriydn o
ghasg W‘?‘ﬁ vvaslheﬂtaezaenalaﬁe meg \Sdsbgontay:ralr tamhﬁttm_rh ryliata MAY 2d0eardsy1
rne e sol,ven nove | STI atl O e Ol e
ecrystal i 3od BEBMESHREY ol onor IS HE0ENs 5 g of | ARCEDIRERASRq
mat eri al . Thetrttcycmrse mméﬁidemnby Jmeruuma(:ﬁ;mﬂe) W tdr 8 =mehthyl(s,
3H), 3.46
Sy Pat0oty shEinyRenate 86 Brlfellonvihs o7 ﬁ%&?éﬁéﬁ‘}éﬁq‘?@%ﬁ?oun%to

be > 97% 10 Symolrbersene.anpl eﬂﬂQdilEYd;pmidamcdppentadiene, 1,5-

4- hdr oxy- 3, 5- %r@? e u

3,3,3,2,1, 1-hexa Fgo#%pr opéan&eg Sl@é?g’kgtéeh%P EBH%%%% %lxﬁt:lfjr'ég%f‘lsfél% 05 (5.0
mrol ) of di ph@ﬁyplmf%%’?ﬂ@ \malyagkgadcycls: occompsiupdsf, such as 8-methyl-
4-hydr oxy- 3, 513%5%9)1*139’86%9’&%[&' acpd1ins g, izﬁdsheééaék ghederdd - of a
previ ously prepared osphar us. pent aoxi de/ met angsul foni ¢ aci d reagent

(prepared by me§§emwgb°15!136 eragucdopAot Q- bent éomﬂdle i49d8Eeng- of 5-

et hanesul § ONine tA§1 5 - niétsh AGEASLHAL EbOcyBid B2 Si. |1r]“HE1)t\M2t-Ené‘- naeney,igc
stirrer. A slight exothermc reaction occurred. The system.was further

heated at 55~ RGATBORKIAG anfydrides ketZacYHlQi khi4i%kdnt  ohi'or) dRAASHrent .
The sxéste{n Wi‘%g“’[;@g @Qﬁﬁﬁddoigo!gwovwm@lzumghﬁ@ é’ﬂmh:{ F:.@@tl on mdle ure was
oure Into r an e spende

o e on ves 11 for Scoafig ot 1 miaferia opmaqatnen ' of HEPHRERL 5
, 3, 3, 2 ,linvehexad, | wdienpr onanep@sﬂﬁlw-%akudgtQ:a,aialtdoﬁn serididavei | .
The oi l stirred %f 1 hour ? 2919 - eg’%qcihl orgmet hane was added

t her et o. e F5MRPRL %nv%ccoég[ipgc Rd RSB VSH 380 Y\ GRS s By er al
times wth watddssoautiiemdnhdbitor. TAecendimentovtise persert inyedi son| [thtel on

The oily resi r I r t e

t he cont enpl a?%% g@ﬁ%%ﬁ%glﬁﬁ#%i%fz' g %uér)é;]i\%agxlgo |(Lf%ee ttt%'%l k&‘rﬁf&fe?%ﬁ%l X
8 = 2.33 (s, 6‘-H)== co@posiqtiors wWichdcrpateg0gasd lﬂtmr@phiqwerﬁbm@r(cg 1H),
7.63 - 779 PRy dfég%lm&bfqymrﬁ%;%&%m@eén B oFBY G oAt
found to be > esl s . Preparation o

2- phenyl caPp boﬁ?leﬁ‘éf-h‘ylpr@Pﬁﬁth% ﬁuth%ppaﬁt%eﬁvmgnz nadiatdeaf sensid@givépane
sul fonate (PAGokgdsitfort3 9 (100 mmol) of 2-phenyl car bonyI rret hyl d| nmet hyl

chloride was dissolved in 350 M of chloroform and 24 g g 2 2
MAY 2~2 Examples of preferred dissolution inh:l.bit r usabl

herein include polymer, oligomer, or monomer compounds having
at least one acid cleavable C-0-C or C-0-Si groups. According
30 to the present invention, oligomers or low-molecular weight
compounds having a molecular weight of not more than 3,500,
particularly not more than 1,000, are preferred. More specific
examples of dissolution inhibitors usable herein include monomer
or oligomer compounds having 1 to 10 phenolic hydroxyl groups
35 which are partly or fully protected by a protective group having
acid cleavable C-0-C or C-0-Si bonds. Protective groups, which

provide such bonds, include acetal or ketal formed £rom aliphatic



49 mmol ) of 3,3, 3,2,1, 1- hexaf |l uor opropane sul fonate was added to the
solution. The m xture was refluxed for 6 hours. During the reflux, hydrogen
chl ori de was evol ved. The reaction mxture was cool ed, extr 2 dMAYwildh
water, and dried. The solvent was renoved 5 by distil I ation. The resultant
solid was purified by recrystallization frd®misopropanol and dii sopr opyI
ether. The structure was confirmed by 1HN~t ( CDC13 ) : 8 = 3 . ,
6H) , 5 . 88 ¢5, ablgycldczyinyd @zth(saf nFilyH) etheps - formeg rfﬁmn( muimp e10
Synt hesi s Exanpifindt?fi1sEignarcéyt i @0pety 1 dibbth h%ﬂgryr@heeﬁi-slowdoamﬂ
3,3,3,2,1, 1hexaf | uor opr o&?ne sul fonate (PAG 124 1)

pot assi um hydr 8% waoHPed 0| $E8M n °W%Fhﬂhanﬂﬁth@7ye}1§”‘(yﬂ‘ei§9yhl )
of bis- (415 hyggerotiopRiine@Hon Wic13he 12,tlbl1tgixaéxﬁﬂ0r4mﬁé3&mﬁ@b‘éﬁhiﬂnat e

( prepared from a netathesis reaction of chlor.i was added to . .the

sol ution. The fT5t eRz¥lat i rP%Rd d5ANEh HSHF%thYIJhe PEEEVFNFSvas tABHtKLat ed

to 50C, and 15cdrigprdteklfoihdd Boi byl oRkyeaiisenynpragaasbry,0pnd e bhlgl et o.
The m xture was s were

d.2 er reflux_for 6_hours The precipitat
o oved by 11 OF AELBRed PREM BT det ARt IS T F R tYLOF REIALEY spp tate
distillation. frh@cumzdue mas:tﬂtrsamlcmdclexaﬂ@&emoﬁ)diﬂdlwtianammﬁﬁbe
sol uti on was vvas 2ev.el nd then dri

e e !\'(Il\é) me r omer [e) %d Thf gl gnt
was renoved to obtal i 5 B i r28 gerxﬂ?l 2P UPHRCE PaY 1R
obt ai ned o reér ysrm:tylzagrmrpsf rvdri:cdh aﬁeylpaasttﬂgr orTifalldyr protectevhsby a

ST T or (PEARE A dedup Bagydg o dSra Flkhvapne soze kB b bonad:)
Prepar ati on of Pubtgativebgroupsy bdghoryorsidey isughphendd ) ihotliede @hiphatic
3,3321,1- he féXHQBQF{'W gglhif R¢hers g é@éﬁ%ﬂsTEGEﬁé& !Efoxﬁ Q:HQ‘QO%S

obtained in su tra manner as I n ove

exanpl e, exceptoRtainingpytnethag , brdﬁﬁwmmﬁbthcedmﬂFthBthﬁunt

of t-butylydro structu £onfirnmedyb )
8 = 1. 42 1 BEﬁ%X?dﬂyﬁetﬁgﬁ bﬁEH@§§4 o5 18N ﬂhéﬁﬁﬂﬂ”@d@m@@ﬁQf

7.14 (d, 4H) mqtfaelthiemethyleo pph-rt{lﬁtylzm) amyl ppy mowmt;isu s E3<arrp| e
126: Prepar at'ﬁé‘tlﬂflcﬂrctlobéhf phenyb%et&mskyl ,0don; 1B thyd cgcZote 2-

hexaf | uor opropane sul fonate (PAG 12 (20 mmol ) of i odosy benzene was
suspended i n 19®PFHCloheyy . di"%‘}‘ﬂ”fﬁft}ﬁet ﬁéﬁéenYW%per%TWhﬂd?e%MedOto

0 |CfWI th sti (r]I r nﬂgrouhrﬁﬁrlg gzﬂeﬁneky” dbafzya, 3d23; eﬁdlmatigy'emédzmrl ,OpipRabAyl,

sul foni c aci Opt i qQna isti was .a at the sane ure
thereto urfifer é’i’(@? gl,"‘&lfhg'} noi st uFETP E%F‘W‘e was s?ﬁ??%q‘gpaggﬁﬁﬁfi
tenperature f oteﬂrélqampyrihy.lt etrq:maaaydrefmfaﬁyte Z-allkyE- W oxaizolnagl | o
0C, and 2.68 g e e, Was adde her

t enperat ure. %?nzr?ﬁé":péﬂ?é oftIf WVEFS £ as Tet ug é ]t;eéilmgih?’hﬂyl

tenperature, 1oréupl owed by stirring for 6 hours. Thereafter, the

i nsol ubl es were renoy, f ONye T, tg e

filtrate. The oily re5| JM é’LJH{;?%'H flrbefd yefééi:l)ré%t a Zlélt%?g?r(] ?Pvm&gg}g#]r om
di et hyl et3fer . ingluds thet fedlewitng wempopndsby 1H NNgt (CDCl,):S = 0.81 (s,
9H), 4 98 - 5.22 {1 dknodd)  ndvih - b 2312 0.0 dqt&%arbzx@fap@msm
7H). Exanpl e 101: A copol ynmer of hydr oxyst yrene_ an

4-t-butyl oxycaPEE‘?Rﬂas‘tb?P‘é’ﬁ@i%saﬁﬁ%ﬂ’éﬂmﬁ/ Vit thaentdradicspe pedymeric

pol y- 4- hydr oXy $h Hatt@eWahd 87 €he tsdlld ykseisé)&raahﬁ?ea:b%scmg&wbmﬂénas
nol ecul ar wei ght of 8,700 with a polydls ersMé as, det erm ned

GPC usi ng pol y3RyhenBain qhadngex as,  fldenchadn subsiituents W’E/&P@)@}Qt??%ne .

4-t-butyl agycaanh@mE 3, vpene3egps 7 . 3 as concl uded from i nspection of the
1H NMt spectrum Thlﬁ- V!F ner 30 will be herejnaft often referred.to
PA1-e8HPH

as "POLY 101." The OR PSS GRIPRPYR oheY iR PreiTE HPERERL a
solution of a pﬁsnetangmplslmgtmélm&unaﬂulayna(m 2§3@8l, 248darai DB12,9@BSR64YE

copol yrer . 350 3y GENBPRBABy I % oAtum oek 3.7 Fhpl, HABY oBFopine
sul fonate, O. Oacy)hm:letqcanrbbhyteagnnup lIEPhS)dO@GuG:RaQ and 0,006,627);
35 4, cyclic acetals or ketals of b-ketoesters or -amides (EP
0,202,196);
5. compounds having silyl ether groups (DE 3,544,165 and DE



2 2. MAY 2002 51 0.004 g of Megafac R-08 (tradenane), and 64.2 g of
propyl ene glycol nononethyl ether acetate. The solution was filtered
through a teflon filter having a pore dianeter of 0.1 dun, ?ln MRP2BRd on a
silicon wafer pre-coated 5 with DW18, an antireflective coaling provided
by Brewer Science at a filmthickness of 245 nm (bake tenperature: 200 C) ,
at 3, 000 revolutions and dried at 90C for 60 seconds on a hot plate to
renove the solyeot,264dhys , ao. 72 ~ un-thick thin fil mwas obtained. The
recordi ng materi t hus obt i ned was. i ew se exposed I t pask
brovi di ng 11 nes. ancaRRRs eV SLubhates Srhey BoaremLPE Frage eB e pw
st epper Ni konDMSR,?QOS?(E}() ;10B, having a nunerical aperture (NA) of 0 55
during exposure and a coh nce factor of 0. B5 Wt dose
) onp. The: medi dmMSRSABERTE A RAROREARs o€ daBTad ol gothdhent ont
i mge, andst hdaspaosebsteldl ity dn 2Be Gldwyelmpea! betiwgeh oprierndM0od 71 MOE 300,
a surfactant fre degﬂ/oper containing 2.38% by wei ght of tetranethyl
anmoni um hydroX| provi ded by d ariant Japan K K. A defect-free i mage of
the mask with hi @h ediggomelabiﬂ ipolymes Bh0-ciceddlss(U8c 1286, 602025 dun bei ng
resol ved faithfulgl y, 0 !:8%{
resist) of nom naI I yérgongeg:lt g*lpoa_l_ SEZ%%& q‘trslr}g ﬁéetsbég}’ﬂ) T &Ilyéré gst ant
in the range H&¥SweeA54.TER -andnU8nA. QSQEﬁ‘tﬂ)n ande resist profile was al npst
verti cal d verygqs Qu S dj V@ens Wer e
i‘g o3 nﬂ?%%neﬁ%&ﬁ?b?.@ﬁér A12UGRRE &{%fﬁtggg PGy V&5

observed. 25 Exanp ynmerization o acetoxystyrene,
styrene and t@ﬁﬁﬁmﬁ@ﬁa@?@llﬁé w468 886 }i ed out in the presence of

2, 2az0- bi s-i sobut yr @kl § s 108! YARIHZESHL halybbi dda a3Bnb0bt e by
hydrol ysis of the acetate groups with an aqueous ammoni um acetate sol ution

to prepare a fEXsterenef ro ﬁ?yﬂ‘PSﬁyE?yF%ém“E’P?liEﬁ@nand t butyI
nmet hacryl ate. The tg W T 5 : Skl s Y &
pol ydi sper5|ty of 1.69 as dete m ned h GPC u5| ng o_I yst rene as the

st andard, 135 and t he m&CHRC 2L Pge o2 -

t but yl met hacryl at e wagn7the &adiht&&nd%ﬁ%m.‘ln@ cbmpakiifm o‘f‘htne pp&e/srmft Wi ||

be h ft ft !
ol Lowi ng. | norBYeBELeh e ef RPbet TS ars, o Hhf 6omPaRt therurona™ tpes

posi ti ve- wor kiang phem:aaidy gh’ﬁdnaftbed radi a1inon amdng valkmm)osédlilmle

sui table for 248 sur g of the a copol 0 3 g of
di pheny! | odomarp 875t Eheste AL radi. 0 ahg, o 1B B EAGFE o8 Biagiyy oh

tri phenyl 26ul famiﬂuseasttmeecr@smmg_ngfagmgaf BpdeiFd calipdohenthe masdnt4. 2
g of propyl e”f‘isg% ”BQREPEH)Q gi@eér gk‘abl&r ylﬁ Salélkk&? H}H&n

obt ai ned was ere SpI n- coat & S’ con war e
baked for 60 fagedfdis omr@cnesapYat énathe IBerchgnd] wwhgnf tlnq:nrteisniakhesptof
0.82 um The r, r I t

Bcampl o 101, Tha doco van o0 %y Shp CORBSFIYIh HhRcRaRa R toe TRt or

90 seconds . ﬁ@VSBEé@auéﬁFtHeVelc@{ﬂﬁﬁhﬁe%sa&e?&ﬂb%“ﬁ#%nﬁF@%@P’?@ol ved
line and gpacegegtterns below 0.23 pm From scanning el ectron m croscope

(SEM inspection, it was_concluded that the_linew dth
According to a preferred embodiment of the present

invention, 1in the negative-working radiation sensitive
composition, the hydroxystyrene based resin has a molecular
welght in the range of 2,000 to about 100,000 with the
30 polydispersitybeing in the range of 1.01 to 2.80, more preferably
a molecular weight in the range of 2,000 to 20,000 with the
polydispersity being not more than 2.20.
According to a preferred embodiment of the present
invention, the transmission per micrometer £ilm thickness of the
35 hydroxystyrene based resin is better than 50% for light at
irradiation wavelength. The solubility of the resin in a
water-soluble standard alkaline developer solution (2.38%



of isolated and dense lines was al nost equal, i.e. the dense to iso bias
was negligible. Isolated line patterns were resolved 20 down to 0.16 pm
‘Exanpl e 1 03 and Conparative Exanples 10l and 102: Radi cal p@lZ/MaYi2ee2i on of
4-t-butyl oxystyrene was carried out in the presence of
2,2-azo-bis-isobutyronitrile as a 25 polyregrization initiator, followed by
partial hydrolysis of the t-butyloxy groups with a concentrated aqueous
hydr ogen chl or teherawdthiyil ammbni ym hpdrexﬂdéw dt @1y & y¢ prefetdilyl2Bowé 1t beo

t - but yl oxy styren uni t beln eft This ol.ymer_was then reacted
w th eyl vi GRSl in” e iEResezablY Bo0te aRtl APERFESRAME 50 ae a
catal yst to prigeomiimgt EOmﬂqnampoéit&dwdfotmmeeeat invention, the base

4- (1- et hoxyeth r t - butoxystyren The t.er t hus

obt ai ned had aq{r%#e}f:u 89 vﬁ'?gw%%f‘y 5%" vvlé"[sﬁ8 a- porydr stg%# }1&;&?1% as
det er m ned sby I3itesi ngnpolryayyrtmepaspehkystmrdpeandby hetahilngr iate o of
- By groxy st YT et kT Mpnydodidenly TEEDAGLY AfipSLILENE "FaadReily - 7

2.2 : 1.1 as neasure I'S polymer wi er €l na er 0
referred to aswavElengtda. for exXpagiiye2 0 0pr&ddtien ocbndl viprisngr @hemmcelwere

mi xed toget her o d13Adncang! td Adke0! AcBERiLAGY ﬁ@%hﬁ&%@?@%ﬁh%em

anplified radiation sensitive conposition suit
exposure: 9.8 @f othe hpregrite Hb@lt}ﬁér egagpley ¢D. ciydnaxystyrene based

triphenyl sy f ORL4HAS3 ubable: iae%@fffaiﬁélﬂidém QPRARE ( iuh?ﬁlﬁ@:&f‘st(y%éﬁ ER. CpdP) »

0.3 g (0.61 mmol ) of triphenyl sulfonium canphor sulfonate arative
Exanpl e 101, 0(12@3611106‘)’61?%%?) @Plfr(%ﬁmm’@[ﬁtﬂé'ﬁpeh talnidf*FQRﬁ ngafE 10

sul fonate (Conpar & V%rEéaﬂpafo%g)renehﬁiﬁh Nedred mehbRers Siphadul Arey
"triphenyl sul fonium'triflate” of trlgp enyl sul foni um acetate,” 0.05

g of 9-ant hr anRtBRAYMers apd t(eBRPéB@%F%er)Ex@“ s gt srthesaenemexsHgsable
(tradenane), anérein 6fnlliedf4propy) eve glyeetodpstarringy! 4ot hey- acat age The
solutions were filtered, and spin-coated on three silicon vvafers whi ch

have been 1o ecOKMYSHYER En epEaNFent 1 ~RREPYE$TE@ISe foatitig pPBvided by
Cl ari ant Japanakklstatreaef,i | m Shatkylkstshyidroftystytdake t erfpar-dialryl280 C)

. The resist fjl 20 .were baked foy 60 secqnds.aon a hot Iae 130, Cto
yield a film twcﬁ LYEPng: 712 > ~ . Qillﬁzllf’&ﬁ?%ﬁ‘ ?efﬁ;f)g OudT e
exposed as deshkydiwegystyrEnaenpl e ISGﬁicmpom-atyd:@xysmyﬁa)eand 3tbeombaked at
105C for 60 s pme Ex 25
The foll ow ngelg %%s%r égbbt 2}1 n‘é\’gﬁ.{a ‘?&E ﬁb‘g&s&y ILEﬁgell\}\gs a%hip%x‘?&yl

par ent hesiZ® ( 1ghlodigiet,, 2¢2inynaphtbdilene, *(:B)Yl:arﬂdsma):eni abtimyl@nilline,
Conpar at i veCo npl 3Exarrp m-)

(1)29 (3)18 (1 &‘\ﬁl :@ri\g Regg(tﬁj)tlon ~k'3n 0;%%?3 %gg%ﬁ)lso at ed
Li neResol uti onV-'(l'Ebdfi)YG‘rP?-i@SE?G: 19- YJZ'}Y)lJZ@- I?)@ns “Li rRE IXJI’i@!GPYMdM 4
(1)0.0 (3)1.1 izx)inylzzzp%}.(of@&enone, N-vinyl lactam, 9-vinylcarbazole,

vinylbenzoate, acrylic acid and its derivatives, i.e. methyl

25 acrylate and its derivatives, glycidyl acrylate, acrylamide and
its derivatives, methacrylic acid and its derivatives, i.e.
methyl methacrylate and its derivatives, glycidyl methacrylate,
capped 2-1socyanate ethyl methacrylate, methacrylamide and its
derivatives, acrylonitrile, methacrylonitrile, 4-vinyl benzoic

30 acid and 1its derivatives, 1.e. 4-vinyl benzoic acid esters,
4-vinylphenoxy acetic acid and 1ts derivatives, i.e. 4-
vinylphenoxy acetic acid esters, maleimide and its derivatives,
N-hydroxymaleimide and its derivatives, maleic anhydride, maleic
acid and fumaric acid and their derivatives, i.e. maleic acid

35 esters and fumaric acid esters, vinyltrimethylsilane,
vinyltrimethoxysilane, or vinyl-norbornene and its derivatives.

Another examples of preferred other monomers usable herein



54 |Isolated Line DOF @.22 ~.un (W)1.0 (1)0.6 (3)0.7 - 0.8 (2)Densel/iso
bias @0.22~.un (~.un)17 (1)Na (3)31 (2) Renmarks: The dose is defined as
the exposure energy to delineate equal |ines and spaces of 02224awaattern
wi dth. The dense line resolution is defined as the small est equal |ines and
spaces 5 patterns fully reproduced at thaR8dose. The isolated |ine
resolution is defined as the snallest isolated line pattern without top
filmloss of timecludee at 1Bbprophxqaphﬁheldensepi:bpmﬂ@ﬁeinsldefi npdlyxs(:!-he

depth of focu es ces t hat dgs The isol at | j pe
DOF is define °§‘ﬂ’§ﬁa %{'ﬂ Qﬁ'eigiﬁgr%ﬁ s’ol at eﬂoﬁ' n(ei]%a't‘kf’m jle The
dense/i so bi as(nieszhdat:médtas pdnky-l (|2nhwdm‘bhyﬂhéri3e]r)en(meﬁmammaﬂensn—(4-nes
and i sol at ed I dose. cl earI the
resist materi a fﬁg %ﬁ%i eS| st(%ﬁérl a ig}t"iéﬁé pr esenef I‘?@ﬁe‘r&%

best 15 Ilﬁhog(rnmﬂm)@cpvlmmwl 4 ohpdrérghenylde (;!aefp‘l)aslryEmﬁpée JN)4 and

Sotn Oo. . L. Chrerp3 el ) (MPReRaadey Y Yy Ve IR bEA ] Pro”

2-chl or oet hyl (meth)agrydamtde i nN-Ke-hydxesensyly)- tbh@'@nmmflgmdeacﬂﬂ- as a
catal yst to pr d ne
y p ?‘l%&%.ré é’*é/fﬁfor% réx%gi 3 P2 ne') rhydroxy-

4(1- (2-chl oroet ho et hoxy yrene e copolyner had a nDIecuI ght of
13,700 with a b5 956?35??191'6#) -styzens. determ ned by GPC using pol ystyrene

as the stagdard, andyddeedin %oﬁ%bﬁbh@c&ilffaﬂgﬂiﬁ XoE L4ae8€ion sensitive
4- (1-(2-chl oroet hoxg}tet hox rene was as_neasured by 1H NVR.

Thi s pol yner RCMPOSdthEReP aftthér RFaseRt, e#"éﬁ"é&%m e mgsin) glf "efther
follow ng i ng_raﬁiiicﬁl%teﬁs!\@i@e ns el drogst ifikable PHLPAGE- SN ERro8kUL hRAS1Of a

ositive-worKki ca I lified radiation 30 senS|t| 05|t|on

Tt abl o for B E58cramieny phobsart ong Bokd sebytebontiidhalr SPaop Ly

t2 r i2pI'\1/j<2\;1{yl2 s;l fmslemt31x8 t&,leéser]n hexnisg ﬁvi@pééﬁmf@ Igi:eﬁptcrd'giéaaﬁnlsetﬂéM) I
en ul.f o rifla ratiye a e
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104), 0 03 g dfhrtougprmnabidLge‘rmmamedeﬁmmatne pbo@oaeﬂdgenbr&/bgnftmraad&

t radename 0 I co n th r acet The

gol utions %hus 0 teﬁsﬁ'éld a\?\lé(rag'&f ﬁ'%‘?grﬂlé e}s/piér)lnggla?ea %r (f %’ g’f%d:

silicon waf er sregpdireg tmtmlre@nqufec):ossbamemq age®b. s@hbsndsosalian]trbtg

| ate at 110C N I 02

e The r oo gt Eeedtita Lh &S im B Pal ket GBKREES P dicfotinchdl

0.55, Q =20.53asedmasiacthrongdh asa¢cihdigpeneratedhinemthe pbotoypid gem:ea’mr each

wafer was placesl-bAHEH HeCkys o AKAgl PhAbmuARd Dlerding &0 theC 90

C (Test A ( the second wafers were stored In the clé mnutes

15 and then balfe@nitiaey 'flh% e forning i hrdroxysiyrene hased repdBePORItE s

vere devel opedi anotlesss Rabds iEkapDe & HBkevd e ate3HhEE GHet ce8PLE g
Tabl e 102. Table 102 Co aratlveCorrparatlveTest AExampl e 104Exanpl e

103Exanpl e 10AEE MRS Eip £o989) DHting39qms) PRV De ftzeduced 1nto the resin

Te)sgl utlig?n(zsd;m-)d) rbﬁﬁéi:otﬂbsé(@ém%aﬂS)bﬁ&ﬂﬁﬂzablaeResol lit l40n1(51 lin) 01 17(
nse . -1, . .

(2)1sol ated Li 056&592 ofti P &ﬁff%’i‘%&%@% g(th?) e(sff‘ﬁeﬁgg??éﬁgrbi as @

0. 22dun (nn) 1&xEnpes)&T crays Tidlapiyagéri)Nusebly Mwreinl)ndudeadl Bydfi's

ool 1o o mbAGhEES RAG4RG'Y TRURR Al LECRIPAAHS' BEX A Wb ©

crosslinking agents of this type are known in the art, and the

30 crosslinking agent may be properly selected by taking various
conditions into consideration. Preferably, however, the
crosslinking agent is selected based on radlation wavelength for
exposure. For example, resols are not very useful crosslinkers
for DUV irradiation due to their high inherent absorption at this

35 wavelength, but they may be employed when conventional NUV
illumination systems are used.

Examples of preferred crosslinking agents usable herein include



56 Dose (mJ/cnR)22 (1)21(2)34(3)Dense Line Resolution(W)O.17
(1)0.18(2)0.22(3)Isolated LineResolution (pnm0.17 (1)0.21(2)0.21(2)Dense
Linee DOF @0 . 22 dunl, 4 - 1. 5 ( 1)0 . 9( 2 )0 . 6( 3 )( 22 MAsQ@002t ed
Li ne DOFO. 22 dun (~.un)0.9 (1)0.4(3)0.6(2)Dense/iso bias @0.22~.un (nm 19
(1)37(3)32(2) T-topNoneYes, slightYes, nedia®m Remarks: The definition of
the test itens is the sane as given in Exanple 103. T-top indicates
formati on of amononextich| e axithse alnidgomerdt t hamelemisés/forhiaddehydeul t and

denonstrate su ' I o f the resist 1Al -of sent
mvent i on ( Teokt o oL oRhRE EBpdenhaod 88 FackL BRAH FF 1A 1330 R B PRy A i e
changes (Test B .34E3ddpamd DES37 111 M6dediMyprr peeferped crpdsdbinking @gents
(manuf act ur ed ' L = 2, ksp [ 7 16)
was reacted w %e Sui] ’E‘%’rﬂ%‘%&%ﬁﬁ%ﬂ eaﬁ%%%wavr?oszur}'@l q%fh g:%ln%g& ﬁr?ce’l? h&?geﬁé’&r

gl ycol di visny| Nehydsroxymetthyl pteadkogynéthyl obudhesyllbsmnethyl grouppr efare a

copol yner of 4; y - %Q}T& t K
partially crosg{%/ﬂ%eq({} y gﬁiéﬁu???& y eﬁr?g'l 8?5%%%&??% et %:tg%-l%_?ﬁ)er use
copol yner had im athe agegableewerking giehepicallpoemuldiisd essaddpgipy

trimodal ol eck'éﬁéiﬁ’ﬁéeémpdﬂtri'oh%ﬂ QEG ?re@gﬁ't'tin%'en%@gn. %reg%éﬂ%éi\y\ﬁeggozo

and a m nor anount of higher crosslinked parts as determ ne

pol ystyrene asWith feprAtraléoxymethne IRONRS argiespesdally \preseysed hegause

4-tetrahydiopytrey | prowpided ehetteas dHu1ehl M@ Ltabilide BBatweeGHanibkh MR
This polymer will be hereinafter often referred to as "POLY 105." The

fol | owi ng i ngr @PEHiledpegativesyrokdrg Fadinsippn sensdtive somppgitiop thag

posi ti vte_- wor Ki @?riglf‘tﬁﬂiv%@ {v!tﬁfajf?nfailﬁdrrﬁ&h@éﬂ mgalﬂoﬁﬁhﬁaogﬁows semgktive

co osiItlon sultabl e n exposur.e. . 0 apove

o Pomer o ana it of Hpera A gl 1 HRERH R 0P o' hs ok ST Gurar1y

3, 3]; 3i\12 er 1- h;aﬁnfumot npgﬁmo cgggéaﬁﬁ?le, %V?V%hgg?hdxymet ' dmhgmtg&wﬂmdarzo.z%
(0] \ | ce e . [0) C - r,adenane .

0 Ol ooyl I LA Cond: SfEaTr Oimd A8 b IR St 41T, 2 ©

spi n coat ed onaddktiancbmthemethoryme Edrllgreupshe thatethyil . priopospmetiagk,

| , which h | b d

on & hot bl at o05 PUFpRVREFhY £ Bl nilcehols trie . DATES pteat P RRACS

pm The recor durepfiamaldehyde depidvatives dwbich bedntalmxiiwpl dol Odix NA- -

0.55, Q= 0.71 ' K i hol . 5 5
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20 Melamine derivatives which contain on average at least three,

in particular at least 3.5 alkoxymethyl groups are preferred
because they provide better shelf 1life stability of the
negative-working chemically amplified radiation sensitive
composition than derivatives with a smaller number of
25 hydroxymethyl groups. The nature of the alkyl group in these
derivatives is not particularly critical in this connection,
however, methoxymethyl groups are preferred. The
melamine/formaldehyde compound may contain, in addition to the
methoxymethyl groups, ethoxymethyl, propoxymethyl, or
30 butoxymethyl groups or mixtures thereof. Mixtures of
urea/formaldehyde compound and melamine/formaldehyde compound
are particularly preferred. Before their use as crosslinking
agents 1n negative-working chemically amplified radilation
sensitive compositions, the above condensatilon products should
35 be purified by recrystallization or distillation and any water
present should be removed because traces of water have a negative

impact on the shelf life stability of the negative-working



Next the material was devel oped as described in Exanple 101. Scanni ng

el ectron m croscope (SEM inspection revealed that the recording materi al
resolved 0. 20 ~.un contact holes at a duty ratio of 1 : 1 Wi%fl MAYUZ0RD! e
dept h-of -focus (DOF) of about 0.9 ~.un. The 20 side walls of the contact

hol es were vertically, and virtually no fdeti ng was observed at the
resist/substrate interface. Exanple 106: Monodi sperse pol y-4-hydroxystyrene
(manuf act ur ed dhemiticapbyn dagdd f2BdCaadibtdon SénsitdveOOompud itdionpevariguss
1.09) was reacted with hyl _vi nyl her in th [ nc

p-t ol uenesul fc')“r?:igm\g(r:lfg‘dagé )a{tlrg‘\ét aﬁé;?s%ggt c?rbar e"p?é“ﬁ“grgi%%% 5%%%1."“%% co%% Smer
was reacted winefegiente dstmadeatddhetprdductiseCymreds dMdEsul Qytieed hNimailaest o
prepare a ter r < X)ﬁ!%r o daf{ds 0] y 30
4-(t-butyl oxyggﬁgﬁth%b%é?gﬁéﬁig)ﬁ ggpgzrlp {‘/érrerﬁéﬂéébég}r#%é?%ggé%%%cu ar
wei ght of 80, Bo®HM.-t h a pol ydi spersity of 1.13 as determ ned by GPC using
pol ystyrene a FeTalet=hido B . ol tl 4. :

4- (1- et hoxyet E)(;:?y sté‘gl/rene 40%-8%%%%/%%5?’%8%%%g%§r£%££?¥§E§53Q§Jé:
0.7 as measur &B 3084, 389 - NVRmmERicd ap by yaved 1able predueteilngiude Bakeddte
referred to ag "Polerk:; a186 dlAnhig hdds Ml SNIkING! SgdHieeds bogistdier to

prepare a 2 solution of a positive-worKking chemcally

Bl 111 ed raditi FBn2 522 F80R i S3PRRSAC SWATASREPEP TANYELS GO oF
exposure: 1§. 8 thrak hiRoRRRMMYICT ROL¥ERYme thydd ot AbyDbsyriehriiClgeBay ! phenyl)
phenyl sulfonium5 3,3, 3,2,1,1-hexafl uoropropane sulfonate, 0.02 g of
tetrabutyl amR¥esm FRRASHIELNI o Meregigds N IRCAPEG | BitexF atFhEunetinnaly of
Megaf ac R-08 (darddagaiehfdds G4dketonbs fhldtalafbabletidrsiheimpldtheds,t hus
obt ai ned was fil tﬁrreg spi n-coated on a Hi NR?-\ tria];:ed silicon fer and
baked for 90 SJOINEGEIERSn hoRCIViAtSSa gaethAGTYLates o t HeRPY * hafi™g a

t hi ckness of @ivihylstyddmeesecording material was exposed as described in

Ex le 1 - 55, 0o = Q.71 i K wWth hol
o181 380! Me, Il exSamtudb L sbRbPY, La Rttt RS lnd AT TS
C. Next the nutemdeal thesrelhrelsepfdcressibiakablled eramplamplof £0bssBagasyg e

was perfornmed ScCl i i a i_ng =. 0. i e =

0.60 at a dosé e1‘“4%4 %% qa??e( %{,gr?pgfrpv'i\%g béﬁg%u?eor%gggggrggﬁdgs @[HILOSC,

and devel oped (wietth)aheyiethoxynethylanide, dévethmorydvisxanpl eal®anybor, 60

seconds at 23 fghlLo l+LLRSI i I Jenss

| i nes and spacgsllgg't fﬁg%ﬁ‘/ﬁi t%gté.k%() d}@grzll-&g%d I'SO )gggﬁiﬁ?ﬁggﬁ%m fo 0.16

pm The paftemrofugbe @is 2-dseavignatoethyd methagmlate waitk wuesatwirtad/ed.

The DOF of 25 f1henbie! 8t ednidald.erns was larger than 1.0 dun for 0.18 um

features. Exanples 107 and 108: Radi cal copol ynmerization of

4- acet oxyst yrene w ti§)4Other \additivess was carried out in the presence of

2,2 30 azobi s-HsAndi fRd hgzsgi@i\ﬂei_illdmimgl Veh i1t | shp1aFidapol ya®{dEadn on

initiator, followed b drolysis of the acetate groups with an agueous

amoni um acet eﬁeélséﬁp-ﬁgi ofiompo Nof aife KH&r oR§IF T FI¥Orkinge %%H r

thus obt abped ampiarieact eddvatioretdudsitiingl composition hecdurEa/c afthe

p-t ol uenesul foni ¢ acid, as a catal yst o Prepare, a t rh%ol yner _of

o hydr oxy st yr FESeREL - HOVRSoPhoRIE: Y Y man ORERLD  (HRZ: § PRFESTARCe

ter pol yner hadimprosiagaddimblves sheh aselygst twad fustdtheundberi gdoaysiosmeion ,t v
plasticizers to reduce the brittleness of the material £ilm and

to optimize the adhesion on the substrate, surfactants to improve
30 the material filmuniformity, sensitizers to amplify the quantum

vield of the PAG, photospeed enhancers to increase the

photosensitivity, solubility modulators to improve the contrast,

thermal radical generators to improve the f£ilm hardness upon a

hardbake, and basic or acidic latent image stabilizers to improve
35 the material stability during its processing.

Suitable dyes include e.g. aromatic diazoketone derivatives,

such as 9-diazo-10-phenanthrone, 1-diazo-2-tetralone, o-



2 2 MAY 2002 59 of 1.71 as determ ned by GPC using polystyrene as the
standard, and the nolar ratio of 4-hydroxystyrene .

4- (let hoxyet hoxy)styrene : 4-t-butylacrylate was 7.1 : 1.8 ! d.luya¢ 2002
measured by 1H NVR. This polyner wlll be hereinafter often 5 feferred to as
"POLY 107." The follow ng ingredients wer@&lni xed together to prepare a
solution of a positive-working chemcally anplified radiation sensitive
conposi ti on suaphtheghibnomyV ( 48zhdPp- amiﬂefmﬁa:m eaqgiobur estdfs 9. 8oy ofot he
above terpoly b Vi he odom , 1
hexaf | uoroprog};é gt@gﬁ?éﬁgﬁ%, Bigéﬁi& $ (L'allr)iyl %\élt%}irghl um h %gépgrégn% 004
g of Megaf ac Rexyatdvedenasurh arﬂ@ 152.611.42tg1bﬁrd.pmo¥)yl bﬁezgplyemnermnowet hyI

et her acetate. e 4sqgluy co pc@§r
silicon waf ers2 -e?;d4bgkegéon a ot p g?g hérpé se@% srpé[e}tetn\Jé.!(J)f0g ogégﬁéf

thin | ayer Shavdihg a PheraHdyengs 0. skrﬁmt@vvresm t héuchcor diasy mat 8r{2d s

was exposed w,ﬂé{%@ﬁa ﬁ§@,_r i;lzaqutg}_.hggn@row ded by 20 a N kon NSR 2005 EX
10B stepper with an = a coherence factor 0. 80 using a nask

with lines ancﬁ‘biﬁ'é(?é@ B&PFHW%\H“@&UG%G g. uhe%eplbtheéée grid7esbersp.

The ot her recqiinJasbi@idcty1 VaserephitBhla¥é S€ o#X ‘glirbofs beamchadaft i on
provided froma JEOQOL JBXX SDI| operating at 50 keV wth a spot size of 10

nm (no 25 pr oRMYEFI¥LPRecF P -at a dose of 18.2 uC/ cn2. The exposed
waf ers wene plm&@ma FuiFacphitse andlhaketoh06n) §@§£Ht£i§m&fs 1%%11 Tae

materials were the eI 0 300, a surfacta t r vel oper
cont ai ni ng 2. tﬁa 'Pdogh%qeq Bﬁﬁﬁ’%{"%ﬁmﬁn?uﬂ‘? ﬁﬂe@éiﬂ g'eoolby

d ari ant Japamdiyléxy&ﬁhir%n@&&iﬁqoedheﬁt PR{GHimlel ewﬂahyin/gatsﬁu:fat:ﬂsnﬂg, The
exci mer | aser ex osed ter r.es ns S S es pagtterns
down to 016 dUIPaRd TLovERda (RYRTLERe L Sumafang oo RFES by RERS
pattern shape ’\’i\/a(sawadd.abmgufmm ®dadndppyn nInior& mmdicags walnes )weserdberer'Ved.

The DCF of 5t hg(alev%g'l%ig e Pps%[ke“ 9 or‘égnégilgxa:?@ pun

features . eam exposed reso ved gen e Prnés950 spaces down
to 0.16 um anc‘auri@lcéztaedm isteb asokirs 41o( @vatil ablienf romh8h DFt suf ChémicaloC@. MAY
2002 60 i sol atLq_(a.gqtterns was larger than 1. O ~.un for 0 .15 ~ un features

Suitable sensitizers include e.g. thioxanthone, coumarin, or
phenanthrene derivatives.

20 Photospeed enhancers include e.g. polyphenol or benzotriazole
derivatives, such as resorcinol, catechol, or bisphenol A.
Solubility modulators include difunctional vinyl ethers, such
as 2,2'-bis(vinyloxyethoxyphenyl)propane or
tris(vinyloxyethoxyphenyl)ethane, difunctional

25 (meth)acrylates, such as ethylene glycol di(meth)acrylate.
Thermal radical generators include peroxides, such as t-butyl
perbenzoate, or dicumyl peroxide, or azo-compounds having a
scorch temperature above 100°C.

Basic latent image stabilizers include amines, such as

30 tribenzylamine, dicyclohexylamine, or triethanolamine, nitrogen
containing heterocycles, such as lutidine,
dimethylaminopyridine, pyrimidine, ammonium compounds, such as
tetramethyl ammonium hydroxide, tetrabutyl ammonium hydroxide
or tetramethyl ammonium lactate, or nitrogen containing polymers,

35 such as polyvinylpyridine, or polyvinylpyridine-co-
methylmethacrylate.

Of special interest as latent image stabilizers are sulfonium



Exanpl es 109 and 110: A terpolyner of 4-hydroxystyrene, 4-(t-butoxystyrene)
and 45 t-butyl carbonyl net hyl oxy styrene was prepared by acid hydrol ysis of
‘monodi sperse pol y-4-t-butoxystyrene to | eave 15% of the but oxy S
intact . A part of the hydroxy groups in the copolymer were teacted with
t-butyl bronpacetate in the pressence of 8fiethylanmine as a catalyst. The
terpol ynmer had an average 10 nol ecul ar weight of 8,700 with a

pol ydi sper si t egflvatdgeas siahc@s ﬁ@élpb?n@@woﬁéupohm%i&% 4ziphenyl
standard, and dfi¢oRRhMA'ade?its, Qi‘r f‘r%r@fD@ﬁYf&ﬂ%m 1é’ct(étebuﬁ8£ﬁ/§$ YAEESY -

4-t but yl carbon oxystrene was 7. .5 as neasured by NVR. Thi s
pol ymer will b"é‘aﬁl@relsﬁépﬂ-éiz%ﬁ enll?@fl&er e(F 190 a§alPGI¥qusa°1d 1E$a?‘he

fol I owing i ngr@dﬂ%hiiwifc Hoiadaé LORItIR/es! BvRl PARIE Feof MitiduaNcREmfcal
posi tive-worKking chenical %1%/?&( nplified radiati on sensitive conposition

suitabl e f8r -2484ndimethrlanine BRPEQif Acisl 9rgageoxie A5dde ter pol yner,

20 0.2 g of b'ﬁt&lbugﬁtﬁﬂé?&ﬁ&Q{Wbﬁ&h@élacaﬁdlft@.ﬁhéls)addé@%ylﬁé appropriately
3,3,3,2,1, 1- hexafl uoro his;;qane sul f onat e,

tris-(t-butyl G a)blé’uP'P%‘h? L? 001 to 10 parts by weight
3,3,3,2,1, 1- hetxﬁdduwmmgpﬁ%mmf @Rtthe Cchbnidaldllyt Ampulyiedmpagiation

pyrovate 25 -08 (tradenane), and 64.2 g of nethyl anyl
ket one. The scﬁqf’ﬁ 59("%5”?‘? j&vjé’ spi n-coated on two HVDS treated silicon

waf ers andobakegordiaghaio pirs emc(saﬂ prefdififdd émbodimetita dfhithd ayﬂesérayi ng
a thickness of 0 7

W Lh oxctmor 1 MNESAEh AN RORP BTSN RERbeNSY Sbp e 3L PERS

(NA = 0. 55, Qmﬁﬂiyeuson@ﬂmkcmpm*emes and spaces patterns dovvn to
0.10 pm at a dose of,,25,m/.

patternw se exposed «NI% ?1”?( t?)';.zo L%I 8t |€We19§§?{§dgﬂg s’ﬁtfghi&h g%[)donium
super conduct i rgpl%Oﬁ@afdlmnjH@g@draH@nﬂsmfanpe&Giﬂemnmgnhedfbwfml@| ng
a Karl Sug Q%ZOO/S stepper with a proximty gap of 30 dun at a dose of
60 mJ/ch Th >2ray mask had |ines and spaces pattern down 2 2 MAY 2002
61 to 100 nm and was(20ok9®pagtaebyoweight ofitde Hin fopninghydzaxysbyoensn
thick Si C menyane rddif ﬁé@ﬂ?&ﬂui‘éiﬁ?.iéa&f& ©18aked1d @to9@ oTECBLEH sanéleC

and devel oped as described in he exciner |aser exposed

material resol ved deifdel ta&d Qﬁ6t§d§té’§i§hﬁa‘?ﬁ dhgsdyssmlutdon 1B ¥RE t he

i sol ated |ineshavamg aene¥hat oHeslhelbe @.@ﬁvﬁahéa@samt Pr ¢eouBirbesa bealnaw
0.18 dun. The pattern sha doe was rectangul ar and oply m_nor standi ng waves

were obsePfed. The DR 0% He i QLS PIEEIEHNQE Fie H%F@E‘i‘m?‘l’%ﬁm@r ViRd f or
0.16 dun feat uiRBtiveéQ The x-ray exposed material resolved dense Ilnes and
spaces down to 0.14 -~. and olated lines d to 0.14 At s
geonetries the patt &M 3?‘?§ndehﬁ?o ‘?ﬁﬁarféﬂ§ew°rl%¥£g ctaﬂg] Yi s8R

patterns was |ﬁdjﬂti‘bhaﬁeﬂsiﬂ\dﬂ|ﬂ:oﬁlpbsﬂtidr5 ahm‘prfieatsures . 15 Exanpl e 111:
The follow ng ingre h [e ol.ution of a
posi tive-worKki ng chgg'l o r’r oanplpafr gaglfg' gﬁ Egﬁséloa}‘ff\?/)gil or?plgé‘?g?%%um
sui t abl e 26r BAYt2d8 anfi) u@dp@&dal@@sglﬁbnih@qidrmWntdéw Fowoula
Exanpl e 107 (PQ4Y 107), 20 0.8 g of 4,4 -(1-net hyI et hyl i dene)

bi s-[ 4, 1- phenyl'eneoxy acetic acid] di(1, 1-di nethylethyl) ester

bi s- (4- cycl ohexyl phel@) 109 panys byuvetghtuefEhe BY%IQXEWé‘Qaﬁ ‘?Qﬁﬁdo@?%*g'&n
sulfonate, 0.03 g of(dyighesylysupbhns UBYNQIHGE 28n0: Be1d-8énditive
condensati on product of 2 noles 9-anthrylnethanol reacted with

t ol uene- 1, 3- di ¢ERAS dALLRI (TMOHbs@Ber), 0.004 g of Megafac R- 08
(tradenamg), and 64. @ )% LI 108Y 58 0D aitit kWY weDRATEE Rk 5’% ripeFmaked dnfrovirey
solution was filtered, spin-coated on a I-~S treated silicon 30 wafer and
baked on a hota‘?ﬂiétjé’e( 90 sec/ 1100) to y| eld a thin layer havi ng a th| ckness
Of 0.51 ~. ~M . d = e { > & ) % : :

ml/ cne :

to 0.14 um The pat tmmchm:rmlﬂ@samp]:iﬁ@Ir:adiatﬂ:bmlle;tsﬂtim cstnposlitﬂgorwaves
wer e obser ed The e isol ated t.erns ,was._a r O
e um T oo adestdish, 8, thE BRShEI e RAAGIS 140 %gRA0UE Tne Bo-edfndd

"photoresist" in applications where the composition is coated

on various substrates, and the coated substrates are exposed to



4- Hydr oxystyrene, tetracycl ododecyl nethacrylate, t-butyl nethacrylate and
nmet hacrylic acid 2-tetrahydropyranyl ester was 5 radically polynerized in
the presence of 2,2' azobis(isobutyronitrile) as a pol yneri Zagi ggy i2g0eti at or
to prepare a quaterpolynmer. The quaterpol yner had an average nol ecul ar

wei ght of 13,200 with a pol ydispersity of 33.4 as deterni ned by GPC using
pol ystyrene as the standard, and the nolar 10 ratio of the conponents was
1.5 : 3.5 . 2.%endex DatentmiegescalkylilsoNible 6hia§kpdnll3d1mnl\abllé f®llowed

her ei naft er of r t 1 edl ent.s_were
m xed toget her forh%rggg rvgﬂa{‘ §8| u |a§%g Pogrm gl?ﬁe]tégH gatﬁ T érs.e
anplified radisuhshratéssensitive conposi t | on sui tabl e for DW ( 248 nm

d VDW (1 d
ohove 5 8"q of 4 4 hifl) aBEBEAHIE kol dielaBhedt"pel AL LG 1nlBREILREL,
aci d] d1(151- dihastehylst rp,myiég@era padiatiop ofenstive cyetohding pheditn

i odoni um 3, 3, af a I ne,
A N T e A M e

mononet hyl et H&t t@@eﬁ‘éb%traé?? :Tﬁbesﬁ%dtd@w\ﬁgnﬂﬂ‘@r dayexssomidaiag e t wo

si licon \’Vafersccihﬁp?is&%%ﬁda&‘ééfhﬁ% 6! End. pPeSH¥MBNGkAkL Yn avail abl e
antireflective coating avail fromd ariant Japan K K, baked for 90

seconds at 120 Cto %%PE’“&WHWW aGePTHRg 9 the Rrexerisdnyention mayibe |

02 ~.un, apd ofwaterd,eéititsr 8% RAAIoAAFHRTAINRA UtA o BIDAL1 S8 581vEeRYs =
0.55, Q=0. 80 at a dose of 24 ml/cne,_ while the other wafer was exposed

with an | S| 14 ddiforsuRsitratena Examigkes, Rf Pprsteryeds selvgnyssdngiude
w]/c&sz The ewwnwaqurcﬁalvmdepfwdﬂélﬁeoglﬂlbmﬁ@ﬂdsd ; mﬁfaoéﬂ%@. and adevieyoped.
e KrF exciner, | ase erial _reso ense |i an ces
patterns bel oW H’% W‘Pﬂigﬁ’%ﬁr%dr% REPEOH ot Hon ?{Eﬁﬁ’yﬁuﬁ‘ ngiﬂ g\ﬁa}n
sl i ght tendencgtHexsf ammtﬁetmmethijnearm Eiext:y]rmthbaseres&)emesdntmaefr@ﬁ
showed t he_.sa l,lutj on an NVAY, 2 cteristjcs as
the K F exd et Gos Cof RarBbFuTLe ASHBo e ERERsACo T8 ThER 1T pee
exceeded that @f (Che G Fahcqow@asrmu éci alC, bya &y - 5CExecrm1-e];kdnlg¢L-s],3§ucH'he

foll i d ' r

hocordi ng to 11 SyIcBRkLeLe, SARQNT HEEEaPL CRANGRORATYR SRERIEE. | |
pol ymer used, ﬂwyldmtais%.t amy PAGetphet amapwlgaaeg‘laﬁc@rl)memﬂ,kyﬂoether
"Di sslnh” deno&c%tatt@? 85560 Ay OPrb P dHid §iyHSEdonomethyl ether acetate,

20 propylene glycol monomethyl ether, ethyl lactate, ethyl pyruvate,

ethers such as tetrahydrofuran and dioxane, ketones such as methyl
ethyl ketone, methyl isobutyl ketone, methyl amyl ketone,
cyclopentanone, and cyclohexanone, N,N-dilalkylcarboxyamides
such as N,N-dimethylformamide and N,N-dimethylacetamide, and
25 also l-methyl-pyrrolidin-2-one and butyrolactone as well as any
desired mixture thereof. Among them, the glycol ethers, aliphatic
esters and ketones are preferred.
Ultimately, the selection of the solvent or solvent mixture
depends on the coating process used, on the desired layer
30 thickness and on the drying conditions. The solid content of the
solution is preferably about 5 - 60% solids, particularly about
10 -50% solids.
The composition according to the present invention may be
coated onto the substrate by any method without particular
35 limitation, and the coating method may be properly selected by
taking into consideration purposes and the like.

According to a preferred embodiment of the present



"Base" denotes the basic additive used, "Solv" denotes the solvent used,
"Rati 0" denotes the conponent ratio in parts by weight, "Substrate" denotes
the substrate to be coated with the radiation 15 sensitive c@Pdsiv 2062,
"PB" denotes the applied prebake conditions (tenperature/tine), "FT"
denotes the filmthickness of the radiati 34 sensitive conposition,
"Exposure Type" denotes the radiation wavel ength enployed (ArF 20 = 193 nm
exci mer | aser ,ikrentiond48 mneexclhmucdla_yer,ambllifned ﬂﬂaﬂno@uars'enslamae

o bean,= 30 KeufREsioR BRI gy udod Ul 1o RESS 8 BibRoblssr
pC/cne for e- bextgrialESn dememdsonfucten|substrese . eEmmples etk subshdatesns
25 (tenperatur p " e o] £

(tenperature/ tleéée’) Wt hoe;.ﬁ&é%%eg&tgigd§8€/ﬂf e’% r ane[m%f’gﬂ{ nmoni umri)%0 }18%0

sol uti on, “SRewf gapscitorse sepdopnduckoxmpabiltitiaydr prdated: c:l;tﬂqunés end
spaces, 30 " | A n | ay
Spaces, 30 Do Ll oL *ﬂé‘ﬂﬁwtﬂﬂxﬁg?%eﬁaﬁ%%%QF%SC%Q :
bet ween t he sm&%tétaéeﬁncﬁitlﬁﬁogloéréﬂﬁllISidq‘iCOnZJsfméﬁrli ﬁetéaﬁﬂé\ﬂmgitah@le ;' DOF"

denot es the defidys¥en| RCist A8 e s1 R8N 41 BE
EXAMPLE #11411511611 7118119POI merPOLY 1i0POLY 110PO|_Y 110P8_Y 11€P
111POLY 11| PACPARSSL0PPEEN1 %I?PAG&@W%lspA@mm%@mam@um

101- - - DI S3o1045iasspAde, 1&ddAbe 19k8/SEnlAd8Efon 04R8SE diyFAites may be
103Sol vent SOLV_| 0ISOLV 102SOLV 101SOLV_101SCLY 101SOLV_103 Rati 0

(ppw) 11. 5/ 0. 3/SQRYGA v id ghihtn 3Edims 3pf) opgagigs antigeflerbive G%?ings
0. 03/ 86. 014. 0/ &bnfyisﬁtiﬁb dE g clpdlyhidtsddnd aQyethdsdrbd a3t Ré 8xBbswrel/

0. 03/ 84. 4Substr€é€ ﬁ« 1?10% ARC 101B§§& jEB.eBéu S OaZtBéAéR%re tﬁo Xno

[ &/ sec] 90/ 609073 10/°60138F 80135/ BOFF se xnown

[ ut n] 0. 750. 67&1%0.tYlEOpi‘Bﬂ)u&lﬂExpofuﬂ.ﬁ?qﬁ'y@edéfﬁfraEKﬂEKpfdﬁnyrdﬁaDBas glass

[ O s6c] 2618023760001 08, 516024 802 S SORES PRRFD.Ag <FoBna /00 185, 1okl ay

Stability [hrss Bim@talitdi@>on> t4Bmetaliidngheets] >o186elSFtr BGd 1§36 >n@6>

86DOF@. 25 umé&mu]ct'iillgz%i%h3%e20&o%.5éd 3911:t1%5m§tals or paper. These
substrates may be thermally pretreated, superficially roughened,
incipiently etched or pretreated with chemicals to improve

20 desired properties, such as increase of the hydrophilic nature,
or to improve adhesion between the photoresist and the substrate.
Preferably used adhesion promoters for silicon or silicon oxide
substrates are adhesion promoters of the aminosilane type, such
as hexamethyldislilazane, or 3-aminopropyltriethoxysilane.

25 The chemically amplified radiation sensitive composition
according to the present invention may also be used as radiation
sensitive coatings for the production of photochemical recording
layers, such as printing plates for 1letterpress printing,
including lithographic printing, screen printing and

30 flexographic printing. Especially useful is their application
as radiation sensitive coatings on aluminum plates, which have
been surface grained, anodically oxidized and/or sillicatized,
and zinc or steel plates, which have optionally been chromium
plated, and paper or plastic sheets.

35 Further, the chemically amplified radlation =sensitive
composition according to the present invention may be used in

the manufacture of three dimensional microdevices, such as micro



N-DC NN 65 Table 103: continued EXAMPLE #120121122123124125Pol ymer POLY
112POLY 113PCLY 114POLY 11 4PCLY 115POLY 116PAGPAG 122PAG 125PAG 102PAG
'104PAG | 26PAG 123Di ssl nh-DI SS 101---DI SS 102BaseBASE 107BASE) POMBASED?
107BASE 104BASE 106BASE 107Sol vent SOLV 101SCOLV 102SOLV 101SCOLV 101SOLV
101SCLV 101 Rati016.0/0.4/ 0.0/ 0.05/83.588.1/0.1/ 0.8/ 0.04/85.914.3/0. 4/
0.0/ 0.1/85.014.7/0.3/ 0.0/ 0.03/84.513.9/0.7/ 0.0/ 0.03/ 85.312.2/0.4/
1.4/ 0.03/ 85.&x8uwadbrat aBARG eS|, BARCLHO 1BRQs10gEERT1taSBaREethh PBues

c 90/ 601 9Q/.6 / 5 T

Funi 0. 150, 670. B, 38 EOGSe GeRes ARSI, such, ap b MGA-REQgess-

[ MI(uC)/ cne] 388 442 PoBAREB-working or (b) negative-working chemlcally
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4BaseBASE 107BASE 101BASE I05BASE 103BASE 102BASE 104Sol vent SOLV 101SOLV

102S0LV 101S0Skift@bde xpdi@tdon\sourreasaare £enyept kpngl proadband radiation

10 sources, such as metal halide lamps, carbon arc lamps, xenon lamps
and mercury vapor lamps, which may be filtered to yleld narrow
band emission, or excimer lasers, such as KrF excimer lasers,
or ArF lasers, but also electron beams, ion beams, or x-rays.
Particularly preferred are KrF excimer lasers, or ArF lasers

15 emitting at 248 nm and 193 nm, respectively, and electron beams
as well as x-rays.

Further, according to another aspect of the present
invention, there is provided a process for producing a recording
medium, comprising the steps of: dissolving the composition of

20 the present invention 1n a solvent; coating the solution onto
a substrate to form a radiation sensitive layer; and removing
the solvent by evaporation. ‘

According to this aspect of the present invention, the
chemically amplified radiation sensitive composition may be

25 coated onto the substrate by spray coating, flow coating, roller
coating, spin coating, dip coating or the like. Thereafter, the
solvent is removed by evaporation to leave the radiation sensitive
layer as a £ilm on the substrate. The removal of the solvent can
be achieved by heating the film to about 150C. Alternatively,

30 a method may be used which comprises coating the radiation
sensitive composition onto an intermediate substrate material
by the above method and then transferring the coating onto a
contemplated substrate by pressure, heat or a combinatlon of
pressure with heat. All materials suitable as substrate

35 materialsmay be used as materials for the intermediate substrate.
Thereafter, the layer thus formed is exposed image by image.
After the exposure, the layer is heated at 60 to 150 for 30 to
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step 1s carried out at temperatures which are too low, adequate
sensitivity of the material is not achieved, or, depending on
the activation energy of the chemically amplified reaction,
15 complete failure of the image formation may be observed. If the
selected temperature is too high, impairment of the resolving
power may result.
Suitable developers are aqueous solutions which contain
hydroxides, particularly hydroxides of tetraalkyl ammonium ions,
20 such as tetramethyl ammonium hydroxide. Other developers
include the aqueous solutions containing aliphatic amines, or
N-containing heterocycles, or sillicates, metasilicates,
hydrogenphosphates, and dihydrogenphosphates, carbonates or
hydrogen carbonates of alkali metals, alkaline earth and/or
25 ammonium ions, and also ammonia and the like. Developers free
of metals useful for microelectronic device manufacturing are
described in USP 4,141,733, USP 4,628,023, or USP 4,729,941,
or EP-A 23,758, EP-A 62,733 and EP-A 97, 282, and these developers
may also be used. The content of these substances in the developer
30 solution is in general about 0.1 to 15% by welght, preferably
about 0.5 to 5% by weight, based on the welght of the developer
solution. Developers which are free of metals are preferably used.
Small amounts of a wetting agent may be added to the developer
in order to facilitate the stripping of the soluble portions of
35 the recording layer.
EXAMPLES

The present invention will be described in more detail with



NN 2 2 MAY 2002 68 The foll owi ng abbrevi ati ons were used for the

I ngredients shown in the table. POLY 101 to POLY 109 = see the above

exanmpl es POLY 110 - poly-(4-hydroxystyrene-co-4-(15 et hoxyet h@?)hmyﬁ@ﬁe)
6.7 . 3.3; Mv=8,700; D= 1.12; POLY 111 -

pol y- (4- hydr oxyst ryene-co-t-butyl nmet hacryBate); 7.2 . 2.8; Mv = 11,400; D =
1.86; POLY 112 - poly-(4-hydroxystyrene-co-4-(1lethoxyi sopropoxy)styrene;
6.9 . 3.1; Mvrefir2foe to-=tHe ]fbllb@iﬁ’g']_é*kéxﬂp’ies though it is not limited

pol y- (3-hydro vi nyl phenoxyacetate); 6.8 . 3.2; Mwv
15,200, D = 2. 1tt¥‘|9%|?v %%2941&5 By,

pol y- (4- hydr oxystyrene- co- 4- (1ethoxyethoxy)styrene-co-4-nethyIstyrene); 6.0

. 3.2 . 0.8; 0 4; 15 PCLY 115 -
pol y- (4- hydr oxys tyr%%g g’é ]jh(ﬁ 8-t but oxycarbonyltetracyclo [ 4 . 4 0

.1Z'S. 1' ~1 6 | Rrspaxratiene- c@f rral@illhmﬁ-ydrﬁdﬁ)rbunylplmnylS PW3s3428D0E- D =

2.45; POLY 11G,5ae1 1fonate (PAG 101
pol y- (4- hydroxyesxta{r ene- cooZ{ 1et ogggtﬁogw styre)ne co- 4- tetrahydropyranyl 0X

ystyrene); 6.5 zolumg having al\fw&g@l £6055 Tm- and1gn jppey digmeter of 5

pol y- (4- Bydm%%t Yagheacor e e 68 g frbeltyist A\thayteammehe&ﬁérs&o :

pol y- (4- hydr ox%’k?‘?t%lcbn$t§bthﬁ%@?cﬁﬁ%nyl%>&9§t% efidwethanop wag addether vl

ate); 6.81p0 2.¢b 32506 ml M’V a 571,%29.8uea1s* éol@r'%ioﬁ%f {d€ramethyl ammonium
pol y- (- 4-hydr - but ox rene- co- 4( 1- et hox

{m)/ rene CO- ¥L Xet hoxl{% rene co 4
-vi nyl benoi c 1686t yI gg{,%ra)lka;z G° ution wag uﬁedfﬁ?go @4 t-the chperige
2.25; POLY 12Gcxmpof ytHedAlper Dyeis ivhearchande h‘hdﬂ.ﬂxﬂ'ﬁ&}fé&&ﬁhoﬁda Bom’ﬁo My

= 9,200, D= 12,85 POY 121 - ly-(2-hyd tyren damant
net hacryl at e- é‘%ﬁ?&ug‘ﬁyf”aﬁef:ﬁggr%}/F%%%‘?yv,’{%(?/“?%%a tgl n%£905°f‘ﬂ:£’ar2. )1/7
PAG 101 to PA@zﬂmﬁrawaeﬂrdsdnetmeb@o&um;mbda@aiﬁe; mm‘mnes 35 DI SS 101 -

-(1-p Enylagqt%llde ibéi[d' %-%@gle eqxy_ac t]

d] - di | P 280 -k RyFyiRhenyl bromide was
?(r:: s]- [ 4I l?pher@dlsesndmsl m)été:miagbdrl oft ie2h@nd/mY g‘hé solution was passed
tri 1,1-di ,

(rlI rsre'g hyl et IhyI |1§%lu§§lh%’ %ﬁéﬁ?ﬁﬂe&g ?Tei%anne]t% Iaertah fc%(r’ % P%u%m d
ester, DI SS 1(the eduiie wasrmonitored nsmnyp@t@tmn@te: alncs occasionally
di hyl et hyl h '

i met hyl et hyl ) 1% nfGralﬁ'ledaB§ fite &A%'erom&e Jﬁﬁ%r ox?‘(:jg %L/@E}E%g&uﬂlver

hydr oxi de, BAS tetra-n-butyl amoni um
tetra-n- b@Pyl rérﬁﬂféﬁieuﬁﬁhuéépate NBASEtb@anqeéttﬁytm%y@ltme&mmegrm BASE

105 = tri-n- oGjad @diIaninBAYy LP6ratidn witiPPOl RHCIE: The yield of diphenyl
4-t-butylphenyl hydroxide was about 100%. The solution was
adjusted to 1.0 mmol/g diphenyl 4-t-butylphenyl hydroxide.
With stirring, to 500 g (50 mmol) of the diphenyl 4-t-butylphenyl

25 hydroxide was added dropwise 10.45 g (50 mmol) of freshly
3,3,3,2,1,1-hexafluoropropane sulfonic acid diluted with 50 ml
of methanol at room temperature. The mixture was stirred at room

temperature for 24 hours. The solvent was removed by evaporation.
The oil (27.5 g (about 100%)) thus obtalned was crystallized to
30 give pure diphenyl 4-t-butylphenyl 3,3,3,2,1,1-
hexafluoropropane sulfonate.
The purity was measured by HPLC and found to be > 99%.
'H-NMR (CDC1,): 1.44 (s, 9H,4-t-butyl), 5.23 - 5.41 (d[m], 1H,
CHF), 7.62 - 7.78 ppm (m, 14H, aromatic).
35
Synthesis Example 102:
Preparation of triphenyl sulfonium 3,3,3,2,1,1-
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acetate, The

Heingg wpie &ﬁ’eV\ﬁP%}%n%‘acﬁFt%i ch

and 64. of | ene q écol nononet h et

seml-crystalline deposit was formed. The ether was decanted, and
the precipitate was dissolved in a minimum amount of
dichloromethane. The solution was added dropwise to 1000 ml of
vigorously stirred diethyl ether to reprecipitate the product.
After completion of the addition, stirring was continued for 2
hours. After the solid was separated from diethyl ether, this
procedure was repeated once more to enhance the crystallinity
of the product. The mixture was filtered, and the semi-crystals
were collected yielding 165.0 g of crude sulfonium salt. The
melting point of the crude sulfonium salt was 104 - 109°C.
Depending on the purity, the crystals can be either recrystallized
from ethyl acetate or dissolved in the minimum amount of
dichloromethane and purified by column chromatography on silica
gel using a 95 : 5 dichloromethane-methanol mixture to perform
purification. The first fractions containingunreacted diphenyl

sulfoxide were discarded. After collection of themain fractions,

the solvent was evaporated to leave 135.5 g (yield 60.9%) of
triphenyl sulfonium 3,3,3,2,1,1l-hexafluoropropane sulfonate as
white crystals (m.p. 111 - 112°C).

'H-NMR (CDC1,): 0 = 5.24 - 5,41 (d[m], 1H), 7.63 - 7.74 (m, 15H)

ppm.
The purity was determined by HPLC analysis and found to be > 97%.

trlphenyl
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seconds at 90 d):qumkaedialﬂemtml nhiky&hehaampeg*aaurbmdsrmamtﬁir&dﬁﬁndezoleé

~.un. Top-\d ew, J,%%ie}f‘qc Q2 Qf Eﬁﬁgg’&?}l@{e fsﬁﬁ adli+ ol the ﬂﬁﬂtﬁ{?ﬁnﬂégg

eI ectron m crosc ndicated t ree s ex i"bi
surfaces withostizrad st bf hpiinhol &be ;t@ppomgur@rww ate&twgnedrheo r seomndi ng
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e (S um 1 sopaytion  HRE orgatts Adphiian #Ete Svbe Moy, &f bar removal”
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Snmooth (1)25 Thus, white crystals of tris-(4-t-butylphenyl) sulfonium
3,3,3,2,1,1-hexafluoropropane sulfonate (42%) (m.p. 238 -
240°C) was obtained.
'H-NMR (CDC1,): 0 = 1.34 (s, 27H), 5.32 - 5.53 (d[m], 1H), 7.62
- 7.65 (d, 6H), 7.68 - 7.71 (4, 6H) ppm.
30 The purity was determined by HPLC analysis and found to be > 97%.

Synthesis Examples 104 to 108:

The following sulfonium salts were prepared in substantially the

same manner as in the above synthesis examples (PAGs 104 - 108).
35 Tris-(4-methylphenyl) sulfonium 3,3,3,2,1,1-hexafluoropropane

sulfonate (PAG 104):

'H-NMR (CDCL,):0 = 2.42 (s, 9H), 5.24 - 5.41 (d[m], 1H), 7.43 -
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et hyl | act at e.SYPAFhegdssBXiR$h 109s obtai ned was filtered and spin coated

on a wafer presyaedtibhNod 84 s0ytbatdxyptenydl) AG1Bankim (Bl adsnane)L- a
commercial antireflective coating available fromd ariant Japan K K., which
has been bakedeHAfIYGECPLIPIRS s%‘gjcﬁfdéa.temgp‘ﬁhb?%} esi st was baked at 110C

for 60dse<r2]end31;]d Oagisv:ﬁrfed ih!sdlalaﬁidrhi 6KN@vs00ly 8G) 151 mid1y C@ﬁitBﬂs-\l\@id-ai’— was

exposed throu a_m i i_ne, and spac terns.do to . 20

Gar g a N kon Byerraarntt L anueSEde dno 80F oofd B8 Y ekt dyia pna i,

t he exposur e, nlheofafttrahy rat app 3BRCON eme as

h p Ih f dbeReraat wa8 @ifappedl dgs emdB4d Lypext
described in I f ter.,rinsi t r r.i.ed and
observed unde E%tﬁ%g}%feg’r '%Pv'v‘raégo F \'/fé%‘#ﬁmf 8 g%ﬁﬁg}t‘ig n es\s{ﬁ?ﬁggts% avg:hep'l'e
patterns free kdepdogrthentiemMpexgruner batowns® Exditpl ® sadfed Acedbatth.omffera
posi tive-warki ] { 4fd radi agl ! GREPPs{ dd PN
sui table tor \%P‘(:I%Sgb ﬁf# ég(,%ofﬁgi ljiriéJ i\%gs' %?ée%%?ggiﬁ(;%ﬁ? %E%%ﬁ; oW ngéiééé’

i ngredi ents: to5°C, followed by stirring for 20 minutes. A Grignard solution
was prepared from 8.4 g (0.34 mol) of magnesium, 100 g of
tetrahydrofuran and 68.6 g (0.38mol) of 4-t-butoxy chlorobenzene,
and added dropwise to the above solution at 0°C. The mixture was

35 stirred for 2 hours at this temperature. Then water was added
to decompose the excess Grignard reagent, and the inorganic salts

were removed by filtration. The solution was concentrated to



11. 14 g of pol y(2-hydroxystyrene-co-2-nethyl -2-adamantyl 2 2 MAY 2002 75
nmet hacryl at e- co-nmeval oni ¢ | actone nethacrylate) with a nol ecul ar wei ght of
8,000 and a pol ydisersity of 1.82, 0.31 g of bis-4-cycl ohexﬁmy#mz

I odoni um 3, 3, 3, 2, 1, 1hexaf | uor opropane sul fonate, 5 0.04 g o

di et hanol am ne, 0 004 g of Megafac R-08 (t4r1adenarre) and 88.5 g of ethyl

| actate. The solution thus obtained was filtered and spin coated on a wafer
precoat ed wi t habowb AfDt milckard | exbrachedexpih nenmdiktneehaér y1200 mb bised
antireflecti Ved&?@ﬁdf&xe‘%ﬁ\éﬁho%‘é gPa;f o AlthaRk ed HRBolls So1uibh Bff@awmﬁm
baked at 200C for 60 second phot oresi st was baked at 90 C for 60
seconds to gi veéh}oxidenang; éRﬂé&% "{ﬂteA?SO The srgaBkpdhase WAsUYRShedrdsioni t h

line and spaceypgh hWiitay dRdmartied) Ifhe sBﬂvHﬁt NheP rembvéd R Y218 ad 338y
with a NA = 0.60 at a 15 dose of 14.5 cnR. After the expdsure, the wafer

was baked at 1RPBo@uGH¥hich yag Fhes P&ﬁéfae%mfélm ghrometegrenhy oasidieper

AZ M F 300 (trgdena@@nga\didnabremétRand] asi e JapPa@ant< K Jrhaent airfisngq2. 38%
t et r amet hyl ammnl um_hy drOXI de faor_ 60 seconds at 23 _C.. The naterial

resol ved 0 . 14bP4 ‘BFWRl”ret'i’é(s"- and sHREOHM or n D0 Al aZdut - Bﬁ?ﬂ‘lQﬁ@PFBPﬁﬁFl on.
The interface belpemitd s optatmeid &€ hisld gheayiyeg 1awilsh bewass (AL psi18l° BRS
free of scum Exag.:rpFI e 143: A solution of negative-worKkj 3& %\r}\gm cal |

ampl i 11 ed radi TS HETRS LUERSHRS FONESABOSi RY oM {(SCe: ) SR tBu (245 47
exposure BB przw)alrcsdmrom sRe(dm],oniihg A.0gr edi.a@ot 6d, 6H) gndf7.85coFQbygner
of 4-hydroxyst reng )styrene prepared by radical polynerization in the
presence of 2, %’bl 4met hoxy- 2, 4-di net hyl val eronitrile) as a

pol ymeri zation 30 ini t [ at or, the copol ymer having a nol ecul ar wei ght of
9,200 and a poé%ghcﬁ éﬁ_ i as determ ned by GPC using pol ystyrene
as the standar rmnom ratio of 8. 2 as determined by 1HNVR, 2.0
g of distill edemilmxyrrethis?I meftadsnés - B—B)@@q@a@bonthﬁmyph@hthi um

3,3,3,2,1,4- he 0QaRe, syl t

Tnctate, 1S SEERAMRERDORAACIEY L MlbRa i doriole | Sa1AOM BRI
of propyl ene ghypedutionofidithy g é@h@mabbpﬁtté‘lsTNé b@tmerwﬁa@dtfparlnm
was filtered) § 3%02361t qdh@ﬁh?l@oﬂ%%%ﬂaﬁ%atﬁﬁﬁnla'tﬁ%d"@f 86 lﬂaio?’o@@ﬁoi?m

and baked on a £ ate at or 60 seconds. The resulti n%
t hi ckness was ©f 7@ 3o 1o -Bepeslnropropaser | pefard cERg| ™M @P0f Bl efied

at a dose of 28t PwadherspaRaead £&t efg ahotBs WA SsPiAahed t oastppst
exposure bake on a hot plate at 125 C for 90 seconds and devel oped. The

fine |inestthndC¥RPREALLID: O othe \8a1YRRK t Eh®. SBtalned | SEYde cBTAGNGY net

were resol ved dpyg- (cp.lﬁrdiﬁxglpneﬂ@pp a dose ghlfhial cn? was i3, adi,The
dept h- of - focusho:fc éfuorop]fgpggg su.DL%onate yielitd Oat?oout 100%) was dissolved
in 160 g of N,N-dimethylformamide and reacted with 55.4 g (0.40

mol) of anhydrous potassium carbonate and 60.3 g (0.40 mol) of

25 t-butyl chloroacetate at 80°C for 3 hours. The cooled reaction
mixture was poured into 700 ml of water and extracted with
dichloromethane. The organic phase was washed with water and
dried. The solvent was removed. The oily residue was purified
by column chromatography on silica gel using a dichloromethane

30 and methanol as the eluent. The white product was collected to
yleld 31.8 g (yield 45 %) of analytically pure tris-(4-t-
butoxycarbonylmethoxyphenyl) sulfonium 3,3,3,2,1,1-
hexafluoropropane sulfonate. The melting point of the product
was 78°C. The ‘H-NMR spectrum gave the following signals (CDCl,):

35 0 =1.45 (s, 27H), 4.56 (s, 6H), 5.20 -5.56 (d[m], 1H), 7.10 -
7.13 (4, 6H), 7.55 - 7.60 (4, 6H).



pun . Exanples 144 and 145: 15 A solution of negative-working chemcally
anplified radiation sensitive conposition suitable for D\N(248 nrr) and
e- beam.exposure was prepared fromthe follow ng ingredients: f a
copol ymer of 4-hydroxystyrene and 4-net hoxystyrene prepared cal
pol ymeri zation in the presence of 2,2' 204&zobi s(isobutyronitril e) as a
pol yneri zation initiator, the copoyl nmer having a nol ecul ar weight of 9 |,
600 and a pol yshregherssdst Bxample 21las det er mi ned by GPC using pol ystyrene as
t he standard d a qner tio Q determn y 2.0
g of recr ystaﬁpli‘engfgt%gﬂ’aﬁgt o??ﬂﬁi’ﬁg?hedfydcof nrorb?gn@i %EYP sulfonttm

t et r abut oxynetdyd, 3gl2udoeil Fhexadf Biqropiropaneg - Ealfohate | ((B?e?mlll)l)sul foni um

Pyl oxi de. 0. 0 % SSRARRARRE 1 A8 (b 3e o) Ve BELRRIBIGIATRAL |
gl ycol nonénetiBQ mdt o rethamodt was Hdsedofivorwtse I’-i@smbblfalanéﬁl% \ﬂaﬂ-urtrlbnetuéd
and spin coat erﬂem;me&wpﬁaﬁé COMMAT Yadtl [ oA %ﬂ&i}ea@, %dgﬁi#}?@dpf

(hexanet hyl disilazane) at 000 rpm Afte akin ot plate at
for 60 secondshOUFs:i |'Phetmﬁe¢kmé§éatcﬁr wagadded, and qm%xﬁmeawmextsscm

waf er was sub g %&qoéam@fmreﬁw%%'anac Aks¥ {Bs T aPfed | NaR Kk
space patterns down to 0.10 ~.un usin kon SR 2005 EX 10B KrF exci mer
| aser stepper queatov%rer@wedotcsn;em ciudie Beoxogyclapexy2a@thyl saflfide,
ml/ cn2. The otmcmagrg :Effé@%iredwtim@tmr(buﬁl ngs t heyr-cyoam whitd £I
described in Exanple 108 at a dose of 14. cnZ. The exposed materials

then were subjed & 1538 poet) eRpothite B%H(‘B‘% “@Sh@tisﬁpé‘t’%da%“%m]aroﬁo

seconds and d&\/ﬂi:@lﬁﬁdhaﬁeThﬂde&ddQ@rdfaﬁﬁseemﬂChmBé e(ipd nnes0l \exd 4.1 ne
| i nes and spac%és down, t 0 Isegpated Ilnsvvere reso ved own to

0.15 dun when °¢5‘15’§‘é’r8f’r%i“‘?m"i“b A &gomr 8‘“88E?ﬁ“’6? Y% he
0.15 pmlines Agterabthdt 0. 80 gshlutidhe &E baadD exposks. rammol pl ofi eﬁﬁmbr

i sol ated I.i_ne h1 dth_bel ow O, Ies 146 d 147. A
sol ution (% asan\éggtg‘tl vg \%oﬂ?%(:faﬁégu&%: °R|r881"‘?e su#%&g}tsﬁfs (i o:hn s@&sf“%i?/fe
conposi ti on switaomethane Deds Za@deﬂr)dmmvi]sﬁ xXor atyxeexpasmllenv\mmp.lmaamﬁ
fromthe follg f te r 4 roxystyrene,
styrene and N y?o%ﬁé’%?g Q#%graﬁ 190 atp"‘ %latﬁggl'eg&lr’ar%rgﬁ%(o%ﬁﬁl,
500, a pol ydi sfas sengved by sgltmmiqn rmeTérllftaat@ wHs goncdnigraled to 3 1.5

of recrystall4z A c I
2.4 (1ot hy|'{‘ait 'y m&%?mé QTYJ%I%HS(@% rgi’%‘é‘%h‘ﬁ &i‘ﬂéhﬁ frges- 4 e
(4 t - bdOy| mf@gim)itﬁé%maﬂiaig 3weschlin@%em umﬁépamtlsulefcbﬁat ands5
0 02 g of tetr@%,@e
(tradenane), an 4 gi@?&”f mnon%gil%gﬁ%gmgxgtﬁ%?%xﬂrhe
sol ution thus %‘B’c%bﬁéﬂi’?/\as'“qmﬁler éﬂlﬁ?l'élllg‘bl 3 - Sodt &l oh'tr@’ﬁa\ﬁéugFPP’éQﬁﬁ%f ers

treated W th agu1Fdnateowad’ Dot . 30 (hexanet hyl disilazane) at 3, 000 rpm
After baking qn a hot EI ate,at 95 C for 60 seconds, _a filmthickness of
0.67 t 0.02 ~. BnANVRI CBEEa) ek 10R8 R - ehdMankeitls %30 subj Bt{Bd SHJ . ah- 65
exposure tzbrou-ng.a7m(tmk i) h 4.ase -l NS wywl (PFpgceHpatterns down to 0.10 pm
using 35 a Ni kon NSR 2005 EX 10B KrF excinmer |aser stepper (NA = 0.55, Q=
0.55) at a dose of 18 mlJ/cm-. The other wafer was exposed with x-rays as
descri bed i n Byarthlesis1Bxartple dde of 52 ml/cne.

Preparation of bis-(4-cyclohexylphenyl) iodonium
3,3,3,2,1,1-hexafluoropropane sulfonate (PAG 112)
30 A 500 ml three-neck round bottom flask equipped with a stirrer,

a thermometer, a dropping funnel, a condenser, and a nitrogen
inlet was charged with 43 g (0.20 mol) of potassium iodate, 69.2
g (0.43 mol) of cyclohexylbenzene and 43 ml acetic anhydride.
The mixture was cooled to -5°C. A mixture of 43 ml of acetic
35 anhydride and 30.1 ml concentrated sulfuric acid was added
dropwise thereto with vigorous stirring. During the addition,

the reaction temperature was kept below 5°C. After the end of



2 2 MAY 2002 7s The exposed nmaterials were then sub jected to a post
exposure bake on a hot plate at 95C for 90 seconds and devel oped. The fine
1ines and spaces of the excimer |aser exposed nmaterial were %Zﬂh\qeggg

to 0.22 pm Isolated Iines were 5 resolved down to 0.18 dun %1 e of
25 ml/ cn2 was applied. The depth-of-focus4df the 0.18 ~.un |ines was about
1.25 ~.un. The x-ray exposed material resolved dense Ilnes and spaces down

to 0.16 pm whi tke | addihion. thes tempenaguseved dben ueacddon. selution 1was
Exanpl e 148 angy {(RHRa &b rdonrEXafplfathhd oT¥P aﬂ?gﬂbaf‘ofﬂ@f& %gh&ﬁ%ﬂ Cahby

anplified radiation sensitive conposition solutions suitable for i-1ine

(365 nn) exposketihidng Bixbare wasr daft Hox 48| keunR andgeetathte: 5°16. 71009 of
a copol ymer (r@lcﬁcal 8r; \&euemw&émﬁmakas‘&é sl Dfh tsQ:'IEﬂ ur@u;siﬁ&) of
3, 5-di net hyl - droxystyrene and 4-hydroxystyrene (3 . 7),

distilled H"exa %&&ﬁ%ﬂ‘-ﬁ% nEtafefetignobempegatuse H#Et%?ﬂ’t é?ﬁ%ﬁw &Fh C.

hydr oxi de, 20 ﬂr%ﬂa@%d“@ﬁ%‘s&%@ 0&3 (bb@é@@ﬁﬁm) saiﬁg 4%:@ gr@ﬁovrérdopwene

gl ycol m)nometgéll et her acet ate. base.  formul ati ons
solution of 0 a¥ions_apdhe f“ﬁ?‘B‘bﬁ%ﬁ‘Sﬂs) eHFEﬂ‘é'?ﬁﬂ tgl&ppo‘ﬁ}ii}}npetroleum
3,3, 3, 2,1, lhexefnaiar o'pds aheneemal i My hqudoss FoledibA wibk adabkdpirpwieeeds

gl ycol 25 nononet er acetate | e 145), t he
ot her base for?nﬂﬂ%f’@ é"igle ?ﬁa‘ﬁ?ﬁﬁe% Fé@ﬁ@m‘?’rﬂ eﬁl%%flﬁé:ﬁg’?gni um
trifluoromot hartee spﬁéailpaﬂ:atdl ssobyedum;&ﬂogleer&lbemwrhenmd@muml bronoaet hyl
et her acetate was ,adde tiVv 10 0 e solutions thus
obt ai ned were Y39 tjeﬂ'og'(?%gﬁcgg ?Mé’ 5h?‘& gl'{q' %:Eti g silicon wafers at
2, 400 rpm Afl®r2éaki(rg. Bmhbtomltheebnbmﬂdb @dsodiebodeednids 1,00bmihof
rraterlals yi el ck f 1.06 0,03 T fer e

subj ected to a%f%%qa)oc]):fsbre %E%oug a '}r)nask (?41‘% nemggi‘ i %swglrfg ng(e:é
patterns down hexaf IX@repuapamé ngsul fidniionamER ¥dssadded. - [Theemiktpperwas a
dose of 82 M/ gpg... ?g}q i t at
105 C for 950 secon ?gﬁ %ﬁdﬂ;@ el%&gll e\\,/\ﬁ]f&ré B @kﬁ&a% g??a ga(;f RE%P
Exanpl e 145 r e@dMag . othpgreagiyion mé’stlaﬁmwéfﬂ)aféébeéémiéﬁr\@térﬂjzt%aﬁlﬂGPWe of

the resist patiShiSioiehf tel§le¥hy e Al bRl nydiMieSKRA tHehear fd $E0The
portions or scumwere 5 observed. The dose to print_isolated lines wth a

wi dth of 0.28 $AVRRE f ¥36d ftheBe DamoNpdne. Fhe n¥edlowishor refddesnpddsti ve

Exanpl e 110 al seerrehieded- 28omluh HisBBeopato BRRToRFLt 6FHr mikeWRKeEo the
top of the line patterns was rounded, and the bottomof the line patterns

had 10 an 4fnde9tif é'lzract%ré@on%? n&F wPis- ChiRNcd ob e PRERY o s d OHBR YR Nt

i sol ated |ines3yg t3) 2 1vi1dhExef 1kbrbprépaneassiiFonate? bFhib proéaae¥ansdd a
therefore this forml atlog (\)Ags 'L(Jgged to be clearly inferior to that of the
9

Exanpl e 145. 1SN, Pein fhparative Exanple 111: From Exanpl e 104,
it is evident ‘lnhmt(f@cl@pi acenrnk -Ofl 7e6i (nt,akeH paged1 RPASs4pi(hh) 2HE, 4.96

hexaf| ate based nt e I r S]
conpositions wt | ca g';eﬁ'[:eletl Vi ?}5 gnd ‘{rh s’oﬁu??onagagfab@ql tim 9@“
guartz wafasr (Ted pnrityms @@mmmw #PL.6l analysisomadfoing to lne»t a7 %. of

5.0 g of poly-(4-hydroxystyrene), and

Synthesis Examples 113 - 115:
The following sulfonium salts were synthesized in substantially
the same manner as in the above synthesis examples (PAGs 113 -

30 115).
Diphenyl iodonium 3,3,3,2,1,1l-hexafluoropropane sulfonate
(PAG 113)
'H-NMR (CDC1,): 0 = 4.98 - 5.20 (d[m], 1H), 7.61 - 7.78 (m, 10H)
ppm.

35 Bis-(4-methylphenyl) iodonium 3,3,3,2,1,l1l-hexafluoropropane
sulfonate (PAG 114)
'H-NMR (CDC1,): 0 = 2.42 (s, 18H), 4.96 - 5.18 (d[m], 1H), 7.41



0.3 g of triphenyl sulfonium 3, 3,3, 2,1, 1- hexaf | uor opropane sul fonate
(Exanple 149, wafer 1) dissolved in 25 50 g of propylene glycol nononethyl
et her actetate and baked at 120C for 60 seconds. A second qu rtﬁ Buez\r
(wafer 2 ) was coated with a solution cont%i ning a mxture 25.&¢N§
pol y- (4- hydroxystyrene), and 30 0.3 g tri 6 enyl sulfoniumtriflate
(Conpar ative Example 111, fer_2) dissolvyed in 50 g propyl ene glycol
mononet hyl et h'er7'a‘11(?et(ét‘e4§ d badbd dr5226@ 41 ®PMseconds. | n addit ion ,
two ot her quarBis-(Waftebat{lphéeyl)3 fodbndainer3, 8,3 ,8e1e1 FexdfiRaoprbpake
solution of 5.0 oly-(4:1- | oxycar bonyl oxystyrene) dissolved in 50 g
propyl ene gl yc%ql%r?%ﬂ?&éegé@{; gﬂh%r acetate 2 2 MAY 2002 so and baked at 90
C for 90 sec?)rfﬂsmmina,szénd ﬂ.yer(e,swmﬁptsad)ot? ahmlqat[igu atr}w,g 7EgB -
spectrum anal ysi i spgct,to intensity of the carbony ond. Then
Che film of wabdp gldw/aéﬁgroﬁg%? ir#'g‘ii (L BB act with the film of
wafer 1 and the 5 filmof wafer 4 with the filmof wafer 2 each at a
pressure of a Q5k th wafer pairs were subjected to a fl ood
irradiation w%tﬂ%f%?Fgééﬁﬁln%r é;'ser irradiation at a dose of 80 mJ/cn¥
and baked at d9Rreparation <dcohdeethiylpheaydr phenyid ipdonitme 3uPpsr 25l db- .
The wafers 3 al{lgza‘kl‘ﬁ%!i:‘épgs grrl%t ggﬁ&?%@%"’a(fp‘ihsl}@?)l and 2 and their FIR
orded. After substr n

spectra were agaln rec acti o f the two spectra ( before
and after 1@xpcbureesitdksef suspensdeanefedi g (29amma¥)sof jadesylbenzene

t-butyl oxycar baybexi 9E04Pch MrdndenBhb a8l dRrR wﬂs@?ﬁ} gggﬁgﬂ RAYES

into hydroxy groups by trifluoronmethanesul fonic acid pro uring

exposure and 1% dt £¥.3si2nd - L neexaFaoreprapangursfate pgedd akpPsGrandexke,

while only 14%ef1dsient -t )b ¥EAE boNYiheX YmGkuHeS @hst ReiPeLy MRt OPodRf er
3 had been cleaved, indicating that the trifl uoronmethane sul fonic acid

produced from YeRReTaUREEQEich DRAUES -v oThR iYedPeRaturfvas returned to 0°C

3, 3, 3, 2, 115 heaglnlor DO mgn €30! I inyli )Cof Gt Shyanedwa s taddeamazOpwtd el Aftér om
thi s experinment iL?t&d(é%\%ﬂbe copcl uded t hat %he apount of acidic, corrogsive
and vol atile pHid Pens NG X3S ceBLLPYRY | ¥h TROM FEMPRFaLNEE | HF
equi prent and gimeibazadrdrous. t ifhe wdheht afast évapsrfdteads iThesoDLy resddbe y
bresent 25 ni GpsoREons abehRRce ST MR rabitde. CERERSRIS o of
Exanpl e 141 weé-redaydghenyh peetnghi beddndusurd,3¢8, gL aj hebxafluoraprépate and
pos1 11 ve- 8 ki SRR uBrEdbrhafed Ume Vet BENY SRoREE IR phpase " °
seconds, the fBid yweddhwasedl.2tg.100C for 8 minutes in a convecti on oven.

The printed i vel gpe | a gdeveloper _solyfi o] i n,ng,t he
follow ng i ngﬁgwlﬁ‘?'°g' §5‘g?ﬁl§%q5ad%?’e' r?é?%od:gsl.tb(t)(g?%f’ g%@i'ukﬂ'?%uryl
sulfate, 1.5 g7 4 d&di 8l nel 64 |5 Jabéd pént 2Hhydriatdd, - 7279 (MY 5HdoPPB1 1.6 ¢
of trisodi um phosphate dodecahydrate, and 92.5 g of ion-exchanged water.
The plate was then rinsed with pure water and dried. Step 6 of a

sil ver-fi 2§ cotmthesds- EXamrie eld Having a density 5 range from0.05 to 3.05

and density inefepaaitsonl 0.dF WaspLond-ButbiypREAPLIRAYIN t hguEsHYiunkVen

the finest screens ang Iinescﬂ_g{ t he orlgi nal _were cl earlé VI)Si bl e. The
printing pl at e obtadnddr REXHLUARIREPPARS c SHAEANYLES el P25 886 hi gh quality
i Npressi ons orMma l&heeﬂ.irsddOEi)Setimi ofi Iso.lmﬁhij(m,l'ﬂdo R pbe bhd- aodt -
Conparative anple 112 nodi r,S€ y-4- X yrene( N ppon_So
i v Syt pReaRE R Gl BhY e 5 (418 W63 4E Rt RES And S
et hyl ene ionylmket bér tetrdahydrofeemse was pdtappeshe3&léomy c(@c34d asld of
trimethylsilyl 3,3,3,2,1,1l-hexafluoropropane sulfonate while

keeping the solution temperature below -5° C with a salted (sodium
chloride) ice bath. After completion of the addition, the
reaction temperature was ralsed to 5°C, followed by stirring for
35 20 minutes. A Grignard reagent solution was prepared from 8.4
g (0.34 mol) of shaved magnesium, 100 g of tetrahydrofuran and
42,8 g (0.38 mol) of chlorobenzene, and added dropwise to the



15 catal yst to prepare a copol yner of 4-hydroxystyrene and

4(2- et hoxy) - et hoxystyrene. The copol ymer had an average nol ecul ar wei ght of
10, 500 as determined by GPC using polystyrene as the standayd.yAheiiRol ar
ratio of 4-hydroxystyrene : 4-(2ethoxy)-ethoxystyrene was about 6.9 : 3.1
as nmeasured by 1H NMR 20 The followi ng i gredients were m xed together to
prepare two solutions of a positive-working chemcally anplified radiation
sensitive conpebbvet olatiibabht 0°ct. Dit€ wlikture wapostireedd £6r g2 dfourtse agbove

I 0. 4 b 3
ﬁgggf?lgg;opropane syl e%%ttér%Exg%{.‘%%%g wggé%%o?é?or |p§ﬁ Eﬁésﬁﬁ P8R um
triflate (Corrpériagmaaei Feagente 1The jnorgamiy gabts wer@rhla«nmdahy nfé,lt@aﬁsorg of
N, N- di met hyl ac o‘i%tiQnQ%A]s goﬁé rll\ﬁgs?ge%ctg ti@&ﬁ&% ex@ﬁgcég%@ﬂt% g

of propyl ene g yco nonomnet Per acetate. The soltions thus obtained
were filter®d éﬁ@los'plrpﬁ:dﬂt@d-oé'ﬁm@yth@%n ¥ & of @ spturated solution of

phosphor - spi n- g ASS dHIePhakaysd 60 infih ok23aPELEN BHE! bE BhRe was

dehydration bake at 150C, and baked on a hot plate at 95 or '90 seconds
to yield a thi NaFhgRtHAeR W@tbwast%ﬁeﬁnés%e%ar The rolyengswas cemgyed to

recordi ng nat egidid Waso £KXPPEEEuSS wméﬁrwa;eappm% %B‘ﬂi&lﬂr&hlcﬁl%atdbﬁéhy@ =

0.71) using a mask with contact hol e patterns down to 15 um at dose of

52 ml/cnm2 2 2nWiﬂaoselszs%%akéarmtmeseeom d&ﬁ'e}?si@ W@nﬂ:he

material wes denel m&%@%nagﬁgrffwtidhs%ﬁal Eori¥ihedSalG 6§t§l§&{ﬁﬁ’teﬂe‘éea| ed
that the recordjn materl ahg; t he prese i nvention resolved 0.18 um

contact hol es SPt& Ryt P1fatdPHe*¥PEeRY Pl?‘lerﬁ’ldep?%lﬁﬂ“if’ﬂ'cu?'(%éi)z &t Labout

1.40 pnn. The ﬁeﬂﬁnﬁdﬂ@mbahbe st0fbAste BBlLS1 V@A YW lliowdsh padeY (nf.pal | y

no footing was served at the resist/substrate interface. The conparative

material resol ?lg%l ‘g) 20’9h © FHTUGTIER: W | SO TR LW He M f (DG Le)s WiEF P ot

| ess than 0.8 tlué2 (&0 HEBHDrpIFe.IESz ek Qdipdr, atH e 7E2anpl7e 28184 Thed )f,oahdawi ng

i ngredi ent s, we eg 4N X 0 h pr epar e two solutions of a

positive- \Allcs)sr Ki l;719 %nhe%pc'%l %?Fn ﬁpl ed radi ati on sensitive conposition

suitable for DW (248 nm exposure: 15 9.8 g of the above terpolynmer (POLY

102), 0.4 g ofg {ﬁ% tE'xQHBﬂapgfé‘-y' )sul fonium 3, 3, 3, 2, 1, 1hexaf | uor opr opane
n%ﬁse i or 0. 35 g i i i

sul fonat e (Exa g of triphenyl sulfoniumtriflate
(Conpar ati ve ERueparatiom ) | of 03 gbds-{4rpeikhydphenyi b cnelahexytiphenpl

0.004 g of Meoafpeodidd 3(&r §d§nf‘nf-)he}@fq.u@§oéﬁgpéme pél?fﬁ'&fé{l‘:e begoha)

mononet hyl ether acetate. Thé Solution t'al hed

spi n-coat € on a Hi rhDERtuEs: of 19i- B6cHH 4n&fBmobh efbdkial Wosubbosidanwashon a
hot plate at 13583 tp (4 §lithdA )t BENY | S¥ANKRAYY BEN Fedd ek NSEsced 1809 U2 50m82

flask. Then 20 ml of a previously prepared phosphorus

pentaoxide/metanesulfonic acld reagent (prepared by dissolving
36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid)
25 was added thereto while stirring with a magnetic stirrer. The
mixture was heated to about 50C. Thus, a dark brown solution
was obtained. After the exothermic reaction ceased, the mixture
was stirred at 45C for additional 3 hours. The temperature was
then returned to room temperature, and the mixture was poured
30 into 100 ml of water and 100 g of ice. The slightly suspended
solution was filtered, followed by addition of 10.44 g (4.5 mmol)
of 3,3,3,2,1,1-hexafluoropropane sulfonic acid to yield a white
oll. The oil was stirred for 1 hour, and 200 ml of ethyl acetate
was added thereto. The mixture was extracted. The organic phase
35 was washed several times with water, and then dried. The solvent
was removed by distillation. The oily residue was recrystallized
from ethyl acetate and diethyl ether to give 11.5 g of the



25 ~.un. The recording materi al was exposed in the sane manner as in

Exanpl e 101. The dose was 29 mJ/cnz at which 1:1 |lines and spaces of 0.25
um were provided. The filmwas then baked at 135 C for 90 se??gqmm bot h
the materials, subsequent devel opnent as described in Exanpl yi el ded
resol ved line and space patterns 30 bel ow € 21 dun. SEMreveal ed that, for
the material of the present invention, the linewidth of isolated and dense
| i nes was al nosontefuplated anateprdal so 'Ith@e sémyetbreswam sanddirmgAbbe, 'HviReas

for the conpar igl, jagkarge, t ns as, ed t
lines. Furt her;(l&#)eff )”ﬁ%%rra(?er |la of qt he g:r'e;iggl? |%v£int| ona% 3&' ?IhpI s%?gt ed
lines were free 3r&m(8iBhoddd .of- the Til(daRibsdl ¢3d dodh (tdo gH)Y2 Tu0 On

the other hand, §os3tfig C@;;paﬁﬁalye;gm.te,rlagl Bp{nhf/m( —»@re dropouts of

isolated |ines of Tess than 0.14 dun from 02 83 the substrate.
Synt hesi s Exanphe RFLtYWapdeserninesd by i gnalysisangifovadyto gl ¥ &ftum 5
nonaf | uor obut ane sul fonate (PAG 201) A colum having a length of 55 cm and
an inner dianeter of 5 c¢cmwas packed with 700 g of Anberlyst A-26
(tradenane) di SpRFRetLs FXAPASNSI%in its chloride form 3, 000 m of

net hanol was agdgdegat&tor008e mrod- @ -hioRapRensl sokuifamiwd 3 &3 ramsuhyl
ammoni um 10 hydroxide. This al kal i, sol Utlg@qéslﬁ sed to convert the

chl ori de form PREHE R HRHAPRDE |S(5‘H' eReh&n to its hydroxide form
The col ummovas then pasiretunyd (df mst. bang! (SN0 immdle oFoldydr ofl o Idxdbphanyflr om

th I b . 39. 0,1 I f di | 4-t-butylph I
suFf ggl 3g1nbrg(r:ngﬂ ‘i/%gvi&f‘sgb?i@g(%nodﬂﬁ)) ?% ﬁfélgf"e%eﬁéﬁ%.#ﬁ%éﬁéggéﬂ on
was passed thrmu@lzhmlcﬁlasm bTheal R0 iminofvat preveitduslyl prparedailosyholls
m /hour. The e go:YPdSe ahgglggfélrﬂcngc?dpzoete%«'néxftoﬁé%%a%adegr&%sIoﬂ.r\]rgl Ly

tested for the Sence rom € 10ns usrn
sol ution. Next 36t91@fcpkmﬁmcrraxs pentdoxide h;zd.’B@O(pI ognmtﬂnaﬁeswhﬁomm @cidned

by titrati T |

ool Foni um Hyar 48P jgaasd Mtaidrero B X ChEs Bt RATRY s fabnBbld WEER, a1 o
di phenyl 4-t - balyglsheerathemmiexrdact n hoeaymmedng, The Sm)tey waB0 fuwghey of
the di phenyl e 25 0
ol ) of d st PPaEd BB ot N M0 veBteda MiPRMLREE dourf’ Bab

met hanol at ro8fveteRRand-ur Ehe ﬁi@ﬁ%i’éﬁethﬁ% eqqlede oaroem ckAMRazsdEEeur e

for 24 hours . rffer&fltMnt miRturE MR HoliYed VARY abbom -ofTRELEL! add 31Q>o g9 9
( about 100% % t hus obtained was crystallized to give pure 30 diphenyl

4-t - but yI pHenyPE sif& onfRensidARE LY Suspendad %Q:]I‘-Tté?&t‘éas fidtpuedt nyI/H@WGd
measur ed by Hpbga@'d(itﬁ.@ﬂ@(i 10.60¢ (5. @%l}"dxﬂ\ﬁ/%,(ﬁmh:%)t héx4f1dsropHdpane

4-t-butyl), 14 romatjc Synt hesi s. Exanpl e 202:
Preparation of SPH g]u'F‘PéHﬁ}a ]IC{“)PEEJU'[ 3he éﬁi AT BELE 7
2 MAY 2~2 84 9ho@B, ganﬁd) 760 nml ) o f d Thhllvadyle tRHhé OWaslcad@sd ditnaeiteed TRe1300
m of benzene Iﬂﬁﬁ’é vlvatsere tthr ee ectgIIHTF ound- bottogﬁlask evgasé‘pe%ed vmthla
stirrer, a thePmbhit%er? 3RS ﬁé 0TI G BBATR  WA% 53§ R
inlet . Thzs m ximes wﬂash madtleed and 4tHenvdiriedi. gdheu solvent was removed by

distillation. The oily residue was recrystallized from ethyl

acetate togive 6.5 g of the contemplated material. The structure

was confirmed by 'H-NMR (CDCl,) with 0 = 5.25 -5.52 (d[m], 1H),

7.32 - 7.43 (4, 6H), and 7.63 - 7.74 (d, 6H) ppm.

30 The purity was determined by HPLC analysis and found to be > 97%.

Synthesis Example 120:
Preparation of tris-(t-butoxycarbonyloxyphenyl) sulfonium
3,3,3,2,1,1-hexafluoropropane sulfonate (PAG 120)

35 56.8 g (0.08 mol) of +tris-(4-butoxyphenyl) sulfonlium
3,3,3,2,1,1-hexafluoropropane sulfonate (Synthesis Example
110) and 1.86 g (0.008 mol) of 3,3,3,2,1,1-hexafluoropropane



5 stirring. A solution of 189.0 g (0.90 nol) of trifluoroacetic anhydride
and 135.1 g (0.45 nol) of nonafl uorobutane sul fonic acid was added dropw se
thereto, while the tenperature was maintai ned under ice cool'gr}gm ‘ﬁfZWr
conpletion of the addition, the m xture was stirred for 1 hofir %‘ e
tenperature was returned 10 room tenperat #’7e, foll owed by stirring for
addi tional 15 hours. After standing overnight, two separate phases were
formed. The uppekfghasacidhswerewiiedoavied dins2e0 odchf ¢hbamoly Thé¢ tsouplhese of

whch a sem * e pEr R NErREIRLORCE it 200 plbrflnd ChE¥es TPl “ong

t he preci pi tat@fvﬁ@ @péygnVeW@i%tiﬂqlnltﬂer arhrurebtefingd coude patodacs. ofhe

sol uti on was 0 m of vigg stirre i gt By t her
to reprecipitate the p?\%ﬁﬁ}'ﬁl‘? '?‘&ce}r conpl etl on ég#i%h%e addi tld‘ao(ri:i %'?l’rhr?ng
was continded he¥afluegepsopan¢ sulfenate dyidldagboupadi0ftd dvds hssihlated/In 20
ether, this prw@g%@nwﬁ%ﬁ@&&@tﬁ@rﬂaﬁﬁgﬁm d&&%‘&%@fﬁl 5584 G VL4 by tY
of the product he m xture was filtered the sem -crystals were

col | ected yi el @ n@nhydrous pofiassiyme carbopatamasd 160.3hd nkd +40ngnelol nef of

the crude sul f@iiuputght dddarbenatd 8at: JeeReHNU ORot RS, pU‘i‘héYreEE€1on _
crystals can be either recrystallized 25 fromethyl acetate or dissolved in

the nini mum antRHtION FashPersadt kR 29% Phref ivrtely and extrastedaysti aphy

on silicaigel AstHIBram8thand. direll 8+gamktdYRrsEE WABNRhsRE K tudlt® hateeramm
purification. The first fractions contai ning unreacted_di phenyl sulfoxide

were di scar dediT3§%-or TS 1S veRt RS ReMOYeR oY, ddistddlas IE‘ne Tt vehlY was
evapor at ed t o reardueldds puglfvedbe &auﬁ%cmonfartbgbapw oﬂ@Hﬂdaog@bubmgr

S5 o C1ony b derpERhatRedd e REReNRT2F BU°| BINCAIRIRGe PO 1 LIRS o

be > 97~ . 35 WyiitehgmioduEx awps ec@lFc téde tar gttemd 31 8 rg styielid bas y¥ phefyl )

sul f oni um, 85 aflu e n G - .48 8 ¢
( 0.15 mor 5}4\@,@%9‘ X-t-pg‘g?yl h’g‘%’?? §gsntu| E‘HSQ ’g%ﬁ%?té‘ "%PBﬁ?Yl’l

di phenyl sul flatalﬁmdlml- bat §L3b2dm1dé1exaﬁlﬁeﬂ>18ramtml yzesh.‘aﬁdthati on 'Bimel
subsequent oxi I I dr 5 S1 0, m
of 4-t-butyl beﬂézaiene |ﬁ6m‘t1%f0?ﬂig iﬁﬁgégn‘gaici?ognd-%t tHg&r‘rI?I? %’:\%{cdcelju& ég
with a stirrerfheafohbowingesignals (IHR) ng EUnAs| (s a2 Tondendter 5aﬁd (al[m],

ni trogen inl etlH T h xLugelgvaﬁi c ahedqt gs4 avi gRyous stirring. A
sol ution of 63 .) 75 IT? . 3 )of 7t ??ﬂ UC,O\I’,&OdaBetI gﬁanhydrl de and 45 . O
g ( 0.15200 nol ) of nonafl uorobut ane sul fonic acid was added dropw se

t hereto, whileg ds@aPekahpie MmAs naintai ned under ice cooling. After
conpl etion of t addi tion, the m xture was stirred_for 1 _hour. The

t enper at ur e Wa%rerRé’cWHQB to PHom tEMSIIYLRPENY] o | HREHY st i r FRAGOR BN
addi tional 15 h@irss .2, A, tehegdENbirddropansi Gl fohdbe 1fp2zrepangt e phases were

appr oxi mat el y' 150 il BOKAAES o7 ci Y 6 b v PO BDOE B A O AR G
washed twi2se V8171 yaf k0. GeumtioR) ®ECdtelndnes aab @laicedsin &f 200 m1THEask .JaThen
phase was dri e‘gq over I\/gS04 After renoval of.the solvent, a SeF']f’ légtal l'ine

20 solid was oblai ndd Th%sem & yst REFVARUEH i d RESRAEER) st aPPPIRIOTY m
di et hyl et her .péithaoxi@e/metafeailFniof acid reagepst (@repaired by dissolving

5000 was obt 21 GdeoY HnaRor R AR el LR Mot DS et BARL Sl el adP) 0
ppm 25 The pu#aa yadded dberehe riehilly sHRICiagaivyth sa anaigrietuied sttdrber> %
Synt hesi s e3§>< tzgilo{;ﬁ’elgﬁ% réB8ti oM PPesl! &‘HQ' £ Fids V&ri?c ed at

synt hesi z stantl al the sane nanner as in t ove synt eS| [
exanpl es. 30 'H’QQ&“ G&mﬁﬁfh‘y‘luiﬂlefﬁfl $ PR u'ﬁhwﬁﬁﬂqt&@ﬂdbh’ﬁ% gt ppured ( PAG

204): 1H NWR ({¥el3b08mT &f datet afd)1s50- Z>f 1Ze47trﬁé s14At IRP BuspbRadyr i ty
was det ernm ned Ql;{ HPLC anal XSI s and foun be

4- Met hyl phenyl 8 ag it beretn ﬁ%ﬁ%ﬁ"(%PBtﬁﬁd&ﬁé%lﬂﬂ‘ %hat § 6 -OPreebhs)

of 3,3,3,2,1,1-hexafluoropropane sulfonic acid to yield a

35 colorless 0l1l. The oil was stirred for 1 hour, and 200 ml of
dichloromethane was added thereto. The mixture was extracted.

The organic phase was washed several times with water, and then



1H-NMR (CDC1,):8 = 2.45 (s, 3H), 7.40 - 7.55 (d, 14H) ppm The purity was
determ ned by HPLC analysis and found to be > 97% 2 2 MAY 2002

Bi s- (4- net hyl phenyl ) phenyl sul f oni um nonaf | uor obut ane sul fo%na,}e%P 206)
1H-NWR (CDCL,):b = 2.43 (s, 6H), 7.43 - 7.53 (d, 13H) ppm rrty was
determ ned by HPLC anal ysis and found to b > 97% 5

Bi s- (4-t-butyl phenyl)-phenyl sul foni um nonafl uorobut ane sul fonate (PAG 207)
1H NVR (CDCl, ) dgied.l. 4Bh€ ssodilt wWass /rem@zell Wyn didtdllagdonThe Thear iotiywas

determ ned b PHNAL 0
4- Cycl ohexyl %henyfdlgé]%%ﬁ'rﬁc g‘f%m umdtngrri?ﬁ 5 %{Lﬁénglgﬁ ona? egj(vlgA& 508)
1H NMR ( CDC1, ) 9:0f3 thelcostemplated mageried). The Sizuctere)lva(snconﬂilﬂ;mepbw The

t det HP, f dt b % . 15, Synt [
D Y5 LA i [P TS Y5 0200 (Ul G0 - oS s 152 Y B

nonaf | uor otut ah@[m8li fldhat - ¢PAG '20‘9‘3 (o aﬂs)t.l 7¢2Q sol t§t3| é8.02Hp®mn.g (0. 164

nol ) of bis-(4
pyri di ne and 43%9?%*92"?&%/ g?%%ﬁ%%ﬁhggﬁ L&aéﬁa}%%p%gﬁd(}ougélltg (%' %Agfgfth)l )

of trinmethylsilyl nonafl uorobutane sul fonate while keeping the tenperature

bel ow -5 C wi t BygtisediiscExlampr8ain. After corrpl etion of the addition, the
reaction terrperature was ralsed to 5C faollowed hy stirring for addltlonal

20 minutes. A BFERAEAIONS 0fof (RINKKias spﬁé’aﬁF%ﬂlHrP%]-Bdlp}@e’Ebl Fnlfomiups
rrﬁ?nesibumlol00393g:i 2gl:jlag\ﬁd&ﬁiwﬁfpﬁiﬁn§8bsﬁ1]&oﬁﬁt38(m) Di2p- tTEUt oXy
chl orobenzene, and a rop oV ion e m xture
was stirred for 2 hogFaxi‘PrFlﬁV’\gsise%@r g?u‘?gmo%)ie‘f# aé%?n §ué§8’éjod§ yith
deconpgsg t]tlel t&xe?sg; (G, |09molﬂ) refBgehydragg- Sosid]ﬂ':dmt gaﬁlzoénéada%sg plllabedd
removed by filtra i ncentr.at e 0_abou an
extracted with a3 n#%?ﬂ‘?‘ g@’ Zeg%iﬁ RIS HOR A T e@@ﬁeé pg;‘f"sgg“us
sat ur at ed aquepentmtﬂﬁe/mtgﬁesm;ﬂnnﬂmacmd areéagendn (pHéiih ned tlnmtcﬁrssollveng
organi ¢ phas ter . i t. wa
Cenoved §o; erh b SERRenilits MhAth oA 1B 6d bl 6 motAena R ERl '

chr omat ogr aphywas @ﬁded: a:lmetgswhgldl %tﬂmimmma:he aamaghet it usnitrrethusa

tris-(4-but OXyBgf %)e %BFH”&Q??@% erﬁf? %,E%ég t% MR sarendpY

2002 s7 obtaine y ye ure was
confirmed by 1haN:ed a(t @D%lgo;‘ Gvhours .= Ihis42e$u$t¢d zml—ls;gniﬂicariﬁ coldr. 42

(d, 6H) and 7. d8ve1opmentRPMHtd sy&ibm §a§}’fﬁ$}?%o%l@&a%lPoc%ﬂ-%en%e?ﬂ%ﬁ?:&' on

of tris-(4-t-butoxycarbonyl met hoxyphenyl) sul foni um nonafl uor obut ane

sul fonat e %@A@Q&(ﬁea&téepuﬂ’éwliﬁ wgs poyred dnfo 108 mp|of) water and 100 g

4- but oxyphenyl of 134 fomwnm@ﬁ@i} wsgeﬁaaa%owt&ew& @&dtaré@ &o190008
mol ) of 10 nonafl uorobutane sul fonic acid in of ethanol was refl uxed

for 8 hours wiPhagdairiomgt Lt tseq (év%ﬁ'B‘Pé? |°(§n30? 3t I?elsérb%’f‘ﬁfl"f%PEPBBBe
Erpdlugt gf Erl1 §u1ﬂoﬂll}€ﬂla@>.l§1pﬂ|€@ﬂle)ldsﬂillf9@1m rmrla}‘\l-zgw @hut‘la?@ ﬂﬂﬂr‘é\,ﬂaESE
i eld abou Vv n i or manm de an
r)éact ed with Sgoh/g %03884'51?%'1! ‘31"’?@ 319"‘31% MQ%QSFW%’%H’ ‘bom3®e
and 60.3 @4 0. xdﬂxtmfe vm‘s telxttrabted) ormhec erghaiat pBé)ﬁé fweas vdshieds sevbBeal
cool ed reactio ous.e 0 m Qf e nd extract dW|th
di chl or onet hang1 e o‘ri:1 g%l%%gbh%nséej ﬂmr%‘}, dzg%%d V%Q\eh%w%}'é?@anaf dred® TR
sol vent was redmbbﬂ.lamnel | Bher ediljfuresb@ue was iregrgdtaylizddifirom ethyl
chr omat ogr aphy I e e
clont - The WRTE L6010 e 45 8F Rl T AE R AT e T RS R puB S
anal ytically pm@cpnfumeﬂbbﬁﬂmwnﬂinyt ﬁebtﬂoﬁﬁpﬂa&r@ﬂ)) 5u34 o’di.Gin(dlm],

nonaf | uor ta s f e Nicgt ct h O}4 O signhal s
no (CDgls)%é _m‘) U | 35,”4 1ifh 71'11 (s lgbﬁse 7&;@;3961\/7675 §pﬁ gﬁ vrdilg '9

7.87 (d, 6H). %pﬁlg Fg hB(sa tgngl.PPd by HPLC analysis and found to be > 97%

Synthesis Example 123:
Preparation of 2-phenylcarbonylmethyl dimethyl sulfonium
35 3,3,3,2,1,1-hexafluoropropane sulfonate (PAG 123)
18.13 g (100 mmol) of 2-phenylcarbonylmethyl dimethyl
chloride was dissolved in 350 ml of chloroform, and 24.36 g (105



Preparati on of ~-oxocycl ohexyl 2-norbornyl nethyl sulfonium 30

nonaf | uor obut ane sul fonate (PAG 211) To a solution of 14.14 g (0.106 nol)
of . 2-chl orocycl ohexane in 100 mM of ethanol was added dropxggg\?o of a
15% sol uti on of nethyl nercaptane sodiumsalt. The m xture A P83 for 3
hours . Then 600 m water was added, and #Be m xture was extracted 35 with
di chl oronet hane. The organi ¢ phase was dried, and the solvent was renoved
to yield crudenod-)or@icgcs phexl, 1IvhekyE 1sotdprimpanehsabf oviest ) waisf addedyto

et} ot or's e, Benieion . (e mlaTRER yas rée fupeditbe 0 HonER. * My ingothd

dropwi se with mflglx( lliyﬁmmln) cmloﬁldreowmewbdrvedneThacreaqtrlpadnmtuneoms

tSIe:n\zg:: atSUI[:Ign;f UOI’ IQBL% ane SU hﬁ)fwa |1§g% ed%geaf 4%8%%&"% ‘?I’ orreljp%ane was

added drop®i séyt o dttlséiléa'cmmn m Rher eceavd tanitr r edlidr waws epubdfited atby oom

t enperat ure. Yok k44 tr vvas
concentrated to gg'sm}éiii rfej%rg@djéé r pvmogea{l% %&%%P?Bgyiﬂ@t Il :
The preci pi t atstrusthird wds masftmletbbyeﬂ -NMBSIGRE1y) ¢ B ethdd Geid 6H) 5 88
recrystallizedd romet Byt acef aje. (dmf yig) & &2 = qxg@yﬁ,@l‘t@(yg - nor bor nyI
met hyl sul f oni um nonaf I uor obut'ane 'sul f onate was 1. I H NVR F X
=1.33 - 2.28(m 16H , 2.30 - 3.10 (m 5H |, 495- 553ppm(2m 2H) 15
Synt hesi s jgxamgyiftnésds Ex&Rsuetiogn of bi S- (4-cycl ohexyl phenyl ) i odoni um
nonaf | uor obut ane sul fonate (PAG 212) A 500 nl three-neck round bottom f | ask

equi pped wi t h BEFepRrALien 26 diy HrirbwdrdPxyRhenrthbhiirfondime B, 3a3 cdntichser |
and a ni tr ogemedxalrguoveprépeie)esuldddate3 (pa60129) nol ) of potassi um i odate,
69.2 g (0.43 nol) of cl phexyl benzene and 43 ceti.c anhydri de. The

m xture was cool ed tGO%YECP&MﬁSr%P@P% sii“mgjfyd}c?é‘lipﬁ %ﬁf%ﬁ&i‘fﬁﬁ-{&%o. 1
m concent rat ezt(sulnﬂuriaf aoétcha\ma added72% dgopyosest hesE) o of t hbis-gor-ous
stirring. dd| o) reaction e was..kept bel ow 5C
After the! rt°F H Cﬂdn terrper at argnng?%g'ﬁbeé@?ﬁ'BﬂggBWR?rb% was
returned to r cmrilfbaa]ber (@tnﬂpamdefrcm pame takhefs iz rteadtivouof chlbrddedswdd i ng

m xture was |le r d I
ice/water m xtgu&rdee Wed ng O(L;]‘&it%ﬁ st(:;qu1 (r%r ‘ﬁ%’é&? V%ﬁg;ﬁq%rggo%exféthﬁool# o ”];rehe
t enper at ur e ofsdliutibaawas otheap hehited tass&Ept ahdl bSu 1.QLC.(ORL&cnpl ) adf ok -
crystal's of p ﬁ&{Bxﬁ%eRﬁa&"ﬁ&&e&%&FBﬁ@ﬂs ¥nklrktat TRl ﬁrh%s heated
precipitates wer ract twce wt rol eum et her. ot e renmal ni ng
aqueous s@ébut iundexageflugdfer fr bpurse 48169 Rfecdipdbatesn Werer vemeNess diwed

in 100 m wat efy MirbRighi ' irRg. syi%eﬁfegﬂ 2R vl from the filtrate by
bi s- (4cycl ohexgl benzene)i odoni um brom de was 1solated by filtration, 2 2

MAY 2002 89 1lghdoryr i e mesidug wag digfplyedrin h%'i%r'@#n% Ryl
di ssolved in 1QQtEte?l THeCHbPEOIBYH haB6yadHEdlGedefal Imés WDt walter, and

nonaf | uor obut ane sul foni c_aci d_was added. The m xture was stirred at_reflux
for 5 6 hours.theafBirsdr b%%saévs%rvrﬁédrem‘fe& tesitaty a YrdlPe Qdtli-onthe

m xture Was wasdm@émpdated \wmiterial. S%Sa%eame@Obyrtféury@ftaueizaf@éxhyfrom
anmoni um hydroxi de and . then dried. The solvent was then remved

yel | owi sh r esiHeFNsether ysThe| $ RIS WaS FQBH’B%&Y/ |%8B%5§Pcét)ner
mxture to givé 42,.239($53A8H), 05 3d® -bbs304cam, obrxyImhgnyl?). 210dani am),
nonafluorobuta,ln Igog&tﬁ%m](p (CDCl ) 1 S=1.12 - 1.75 (m 22H) |,
7.23 - 7.90 (d ppm dri y "was determ ned by HPLC anal ysis and
found to be > 97% Synt hesi s Exanpl es 213 - 215: 15 The foll ow ng i odoni um

salts wergg,sy %ﬂeégg ',@a@ﬁst 1a8tially the sanme manner as in the above
synt hesi s exa e I phen I odoni um nonaf | uor obut ane sul fonate (PAG 213)

1H NMVR (CDC13)P®Pﬂfat29n- 7.985 (nfii40H)t hwtylcacbenylaxymedbydexephenitld) by

HPLC anal ysi s pifdnfianng, 3 03 be 1 19¥us’ska8£’uc§3).L r(oéDg%t @Gl&'&ﬁaifé) (M@'qrﬂdém
nonaf | uor obut ane sul fonate (PAG 214) 1H N 6H), 7.20

- 7.58 (d, 8H) ppm Theethtike pymwagn Wér%?ﬁe’d’%iﬂﬁl’@%ﬁ%%l& ihe sNd t o
be > 97% . Bi sndrthel- BYt YA PRHRNHbbvk 08P KB 10 REEWEPE Ot tHhEOPAb e IPAG

35 bromide was replaced with an equal amount of t-butyl bromoacetate.

The structure was confirmed by 'H-NMR (CDCL,): 0 = 1.42 (s, 18H),
4.55 (s, 4H), 4. 94 - 5.18 (d[m], 1H), 7.10 - 7.14 (d, 4H), 7.56




25 215) 1H-NWR (CDC13):8 = 1.48 (s, 18H), 7.35 - 7.49 (d, 8H ppm The
purity was determ ned by HPLC analysis and found to be > 97% Synthesis
Exanpl e 216: 30 Preparation of 4-nethyl phenyl phenyl iodoni um

nonaf | uor obut ane sul fonate (PAG 216) To a stirred suspensi ch20MAV1 2003 g (20
mmol ) of iodosyl benzene in 100 m of dichl®8ronet hane was added dropwise 6 .
0 g ( 20 mol ) of nonafl uorobutane sulfonic acid at 0 C under excl usion of
35 moi sture. The A% PBPe(dastilirred at roomtenperature for 2 hours. The
tenperature was returned to OC again. 1.84 g (20 mmol ) of toluene was added
dropwi se. After the addition stl rring was 2 2 MAY 2~2 90 continued at
room t enper at (PGS 1S4Brempte126hour. The sol vent was evapor ated. The

oi ly residue vmsepijﬁs;gbmed,fl Q-QI—BhJﬁﬁiplﬁéM Héify1s o ddon@mWas 3¢8ohed, 1.0

obtain crystal s of_ .4- rreth hen i_.edoni um nonaf | uor obut ane
sul f onat e. >Th AR ﬁé}’%‘% éﬁ%ﬁ ’x)//ﬁt(l?Aﬁe}aﬁ The yield was 6.7 g.

1H- NVR (CDC1,):8 = 2425g( 620 Ml)?aﬂ&odozymex(mn&h&s mmgpe}ihedpm ilbro MBS
det ermi ned by I—l_rl:‘ % is and found to be > 97% e 201: 08

copol ymer of A ;ﬁfr” 5’3? 3?5‘?{%6 €4- tTrlﬁJt%‘r‘iSBE?Eé?‘BdYﬁﬂ %Féﬁet%& pYekr ed
by reacti ng nosidirdmer. sed péb yg 4(-2@/d1um0;ostqfr enea, i, 2hi di -Hexafilylozapbopaie .
The copol yner I I h th a po spersity of 1.18
as determ ned %‘;?/&@&%ﬁsa%%é 38Pys?§?iel g§str-£ﬁ \q)an"@ar a‘—"ddyliﬁi aﬁi) é? €3 of
4 15 hydr dRystiempearatutetthereyb andeardxmiyisdonrofmeoistire.. Theasixione waked
frominspecti h Y,

i ngredi ents vveosr'r]teiq:fn;le?egtjrla N’L\%@éﬁ%&%%gpé?%ahégﬁlgut|%-lbn§(§1§9'§gpos i \%S V\%‘? ki ng
chemical | y anpghixtivae wasi atqt@ﬂrnsénslpt |0\7é3 c@m@osﬂ 68019 s(u’wc awal ¥ oof DIVE-248
nm exposure: g 13ndefl LAe AR C M at0- t% pera&uSS Jhe

tris(4-t-butyl phényl) sulfoni um nonaf uoro Ut ane sul onate
t et ramet hyl arﬁﬂﬂﬂ%ﬁtﬁyﬂreﬁlﬁé’a mljoreg was KeSurRed FLagoomy a@eaaﬁe'rurend 25

64.2 g of 18r opsdiaRkred ¥GOht IBNRIEIERY 6ChB8Es ACehalEartdle &%utihgawefes
filtered through a teflon filter having a pore_dianeter of 0.1 dun, spin

coated on a sif§%fefiaved BY&%@&&OWHTW%%% WA ineBovedt frem chg i ng

provi ded by Bremeira%ei entf @119 Fesiaid ivde @us10led 15y BRI eAREIGH Ur e:
200 O ( at 3, 000 o rev ns_and dried at 90C for 60_seconds,on _a hot

plate to remvEWieelddH ther 0. e FRFPRHLEe Y2s rPuairmed BY Mo MRrhe
recorgl ng Imatt efapyl )has 0@1@_ r(?d gﬂ§d| Ege W ?fgxpﬁggp um)ng-;alg;ars]kv, 2D3W
providi ng_lines, and .spac rns pm per inmage w a
st epper N%Ron %8R 059E§(§1'O%t G%a\PPWg?ﬁ' nm‘rl cal 35 aperture (NA) of 0.55
during exposure and a coherence factor ( Q) of 0. 55 with a dose of 22
ml/ cne. The ’&c‘,’lqﬁ .baked at 100 C for 90 seconds to devel op the

and e nen pr

| at ent i mage, ocessed 2 2 MAY 200z 91
A copolymer of 4-hydroxystyrene and 4-t-butyloxycarbonylstyrene

was prepared by reacting monodisperse poly-4-hydroxystyrene with
25 di-t-butylcarbonate. The copolymer had a molecular weight of
8,700 with a polydispersity of 1.18 as determined by GPC using
polystyrene as the standard. The molar ratio of 4-
hydroxystyrene : 4-t-butyloxycarbonylstyrene was 7 : 3 as
concluded from inspection of the H NMR spectrum. This copolymer
30 will be hereinafter often referred to as "POLY 101."
The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:
9.8 g of the above copolymer,
35 0.3 g of triphenyl sulfonium 3,3,3,2,1,l-hexafluoropropane
sulfonate,

0.02 of tetramethyl ammonium hydroxide,



at 23C by puddl e devel opnent with AZ 300 MF (tradenane), a surfactant free
devel oper containing 2.38% by wei ght of tetranmethyl amoni um hydroxi de
provi-ded by Cariant Japan K K A defect-free image of the mpaghiav 2002 hi gh
edge stability was 5 obtained, structures < 0 . 25 ~.un being resol ved
faithfully to detail and the wldth ratio ( ]1|near|ty of the resist ) of

nom nal |y equal |ines/space structures being virtually constant in the
range between 9.0 -9 0f MegabaosR-08 rfhtnadepsme hym anfhge, the difference in

l'inewi dt h bet wggnz dgnsee dm5§§ew%1@1amﬁoheﬂw1veeléiotac@eaeelo than 5 nm
and the densell so b .as was Verﬁ‘é,l The resist profile was al nost

vertical and venR§ SHYARN was FﬁE?dquu@E}g% tefdgRnEtiteohayingf R9TRaves

were observed. dExaetd:e 0203 1 1pm RaghiiGalcoatpal yied isaatiiceR Wafer pre-coated
4- acet oxyst | ate was, carried out in the

ren ne and .t butyl net hacr )
presence of g&%%b%s f? sS‘Bﬂ‘WEﬁ#?FF%"%?%’CW %@Y?‘é‘?ﬂ Py HrENeEiSgisnre
fol | owed by hydt@l goim tn&ckilaessawt % nfil (Bake aém;sérameel 30eIC)W &6 33000
agueous anmoni um et ate solution t ter nmer. 20
4-hydr oxyst yr eﬁ%" FhhomTe 2 Bﬂa‘S{m& I Bf’re{‘)ﬁé?ﬁ %OaF% ° %F‘p%‘?ér%]ratﬁea%
nmol ecul ar wei ghéemefe the so206nti t Thaspa §diSmer thick thiin £60m gasdritaineded by
GPC using poly rene sthe st dth nol ar _ratjo of
4- hydr oxyst yr e'?]% ey yr en% matF Bg?g%h% w%gmegewizse e_fpgie%é’tsépﬁi ned
by 1H NVR 10 PCa¥Wn&X provi@ing hidrfes hodi sm;acemgpatﬂtems deame toi & eld ttogeeher

senti t1ve. compitids B8 ls PP BEepbLENIRY % 206T LA, RERL b iedica] 00,
copol yner, 0. 3apexfuns $NA)-of-®OU85 Aphing lexposdoeaiamd m@nhbrence)lfabane G0)

sul fonate, 0. nggo C§(5 hi’tﬂ@%gesc'# 1@ %xﬁ‘:etﬂ{e?meg Qlﬁ‘bags BhxdG IR 390R:08
(tradenane), and : ene g rmnorretﬁ et her acetate. The
sol ution thus 5%?&?%@@06%5.@5]‘#9 VG&OPSW%J@G&P(E&W% ARBStBen inresesged

silicon wafeer aﬂda.ab@@g ﬂu@ﬁl@%&@%ﬁﬁn@%ﬁtrhﬁk whﬂb@oata éﬁQf&‘cf&Mf%bd a
filmthickness _of ~.un. The reécording material was exposed in th

same manner as9eYelSReRconEainingc2.38% by weighs of HBE’éa‘U@g‘YB‘O aﬁ‘HPBH"Em The

filmwas then Rpdeskade b2BvEad®™® @1ae§eﬂ@ISJapa$yngquenaeﬂeaelmmnagé
descri bed in Exangtlle 201 resolved line and £ace atterns below 0.22 pm
e

From scanni ng 8F eth§ Siask Wbk hh edgenvsfaphiber ash obtpingds %\’(E’Itﬁaéa
that the |inewadi. rz55pm>fbeuﬁgIr@sedvaactaiejmmyrﬁﬁdwamhﬁu%heeﬁmth ratg@o the

dense to i,so bi was, negl Lgi | sol.ated_Ii ne erns resolved down
L0 0 - 14 2y EEndRisRe Son I Bed Resiilas 15 o ETARRHEE. 29vannd 562/ spgce

Radi cal pol yrrestzmttmsobeetng ‘bmmimysbpnsﬁmwam taver radg@ubeﬂweetme 00
presence of 2 b i

fol | owed by paﬁfl%\% Eydr ysrltsryeofge%#ia 550 3]/' o‘gayc/)s é%a’s%q}er%%cgfcéﬂnc{i‘%%gat ed
aqueous hydr ogemoeth or aslensbther oadge® poughbness!- hgdr sxgsdimenwaves hweeés of
the t-butyloxyy %é Qpps being left intact. This copolyner was then reacted
with ethyl viny er in the presence of p-toluenesulfonic acid as a

cat al yst t2P prepare a terpol ynmer of 4-hydroxystyrene,

4( 1- et hoxyet hogﬁjﬁ;yé g9 .and 4-t-butoxystyrene. The terpol yner thus

obt ai ned had a nolecul ar wei ght of 23,400 with a 20 pol ydi spersity of 2.14
as deternined Rydigad t@ﬂ?&%ﬁﬁ/é@%%é’fas“ﬂﬁ’@@%‘&ﬁ‘é&?@erarﬁﬂﬁéenﬁpﬁr tratio

of 4- hdeOXyStMﬁs@Bnettﬁbx'&Qaﬁe whsbldarriBBt bt Wit ene\eprésence 2oL 2 -1 as
measured by 1H N PCLY 203 The foll owi ng ingredients were m xed

t oget her to pr%b%r%iszﬁs?BPEYF tofley R%it#veP Hraien cdinFiaseri i ed
radi ati on 3eNSEHLVEwerD Y0 hiyiiroDysis t | tthef wcewotéZéBo PO S @quBolBs g Of

nonaf | uor obut aRNGH DR APEE . AT M) tos PRy 81 SerRONENST &1 81 um
acetate, 0.05 hydforstytrenapet byyremet sl ( BDALmtgdr bmethaérﬂ(héteg of Whgaf ac
For conpar i sonto R fakias Bt Bt ElerY oot TRERTER RinidiRpeteats' ©

sensitive conpo§il |6(9nasalane|mnaevlm3e GPCepsireg] poﬂyshyere;masn‘alnmataagard.

descri bed §JS'[ gﬁ ﬁg;erﬁt 0816 0-&7 9- 1&? 40],2;9%)5 af
) o) r t e : t-
tris-(4-t- uty1a eny oni um canphor s c?on te 352 ‘wa¥ %6?)1}
butylmethacrylate was 7 : 2 : 1 as determined by 'H NMR. This
polymer will be hereinafter often referred to as "POLY 102."



93 (Conparative Exanple 201) or 0.24 g (0.41 mol) of
tris-(4t-butyl phenyl)sul foni um phenyl sul foniumtrifl uoronethane sul fonate

(Conpar.ative Exanple 202) was used instead of 0.3 g (0. 41nm;21
tris-(4-t-butyl phenyl)sulfoni um nonafl uorobutane 5 sul fona %%Y 2@? utions

were filtered, and spin-coated on three si%i con wafers, which have been
precoated wt h an experinental antireflective coating provided by d ari ant
Japan K. K. at Bheiferkawinegndsgredientanvesekairedpépgether bRoPOyParerhe

resist filns lébﬂtﬁri%nbakap Jo@&tﬁoeS@sﬂmﬁg %ﬂeaieahplae&pqiﬂeaorsdaatyb 'd a

filmthickness of 0.75 pm The recording naterials were expose
described in mtévzofowmrt@%@ui@able 303 i3&»Wd (tzﬁénmbhk%’ﬁPQﬁUIFGSC for

60 seconds. Deyg @@n&h@/agbm%@%lgﬁggrl bed in Exanple 201. The results
15 were as follows . Table 201: ConparativeConparativeExanpl e 203Exanpl e

201Exanpl e 3202%bose nﬁfcn%PZ?“(Yi-) 310@31)\12%( B-Bedzé- Li hethexdfduerrerepa®. 17
(1)0.26 (3)0. IghAfbnlatel, at ed Li neResolution (pm0.15 (1)0.19 (2)0.20

3) Dense Line 0. 0. 0 2)1sol ated Line DOF @. 22
l(JI‘I)’l (dun) 1.0 (% g(’§) r%phereylss@%feea %%%t"ﬂi(ea)s @0.22~.un (pm9 (1)Na
1(33)27 ggg Rerrme4 %OoEnMémedcﬁm—@,B (8radgnais) adgad in 8ar ent EESI s (1)

est - i.S i ned as, the exposure
oner oy 1h del 194 9 shuRFoRYiane BiS0) BEustethy > st itk Seefiid: wi ar b The
dense linaor esﬂwtsbdntiendﬂﬁmeﬂtaﬂsnédnev&srrﬁliléetecb,qmﬂnl—ca&’sed oh 3 MMDS 2002
94 and spaces tern rod e t ose, e isqlated line
resol uti gn i s 315.53{:% Wsmaelrl gu gg‘%?%t ocf I ﬂnaeﬁgﬁl‘?er‘%{l i SﬁguPié‘g?)
filmloss of t&te naon@ &0 vheld dofdImThbidkness lafd® .BAFnms bk lrredoaéinghe

dept et Lo g'ia‘lﬂaé Gﬁ&%ﬁgflocusﬁ%faglg@%)l %ntn%g agOﬁF‘F’(d a%slgio Eﬁ#‘ll "

DOF i s define as the dept
dense/i so bi addse ves 2715@/9@ .t Hehe fhmdswh@nﬁaéqedrﬂellivtﬁ/@@mﬂewsenﬂs nes

and i sol agd lsm%qghnkflféveti%ﬁen%%s ?@é?rﬂﬁe%‘iﬁ %x%}n?%llbldfé%w&@ifrhé hat
the material usin he resist nmateri a resent 1 nvention has t
best |ithograpHit w%rmhwr@n&ﬁ}%e%@ hl"ée sERpRescamning| eleghremd

Conpar ative Bﬂﬂ&‘o%%o%@&s@m ?@sﬁ)ec]t@.owbnfghﬁg%o?ﬁluded that the linewidth
poI y-4- hydr oxyst yrene( N ppon_So Mv ol ydi spersity

Y 16 1 e Rt SEGAaEE4 PG, Ao SEBAGIWAR APROSE 166aln 1R pFoR GepBBcto

p-tol uenesul f i pABEIwaES ReAaAbAbYE! t@oRALEEELrR HARELYIE wetle resolved
4- hydroxystyrene and 4(1 (2-chl oroet hoxy) et hoxy) styrene. The copol yner had

a 20 ol el ardW® FOt Oof9 18700 with a pol ydispersity of 1.21 as deterni ned
by GPC using polystyrene as the standard, and the nononer ratl o of

4- hydroxystyrene . 4-(1-(2cC roeth et hoxy) st : 2.9 as
neasured by 1%1’7@{”31(%&5% %‘2 &% ?%éx%’ #’I‘?ﬂ}é, %ngaa 23 vvere nm xed
together to ermﬁlualt poﬂamsmmmnsoﬁf4at-pmmﬂoxgsmrkmmgvame:mrraédyout
anplified radl en b ui, ,.ab

exposure: ﬂ%% é%%éveeneccopo anéos 22 :13?{)8@%11%‘:{&&' pahenya})

sul f oni urrﬂﬁon&fdllme@“baaamn Smismatonatf@laéwadmyepaﬂﬂ:)al byOG8oyysis ofi Pieny|
sul f oni um acetyat £ 8 dgﬁﬁé‘gﬁ)s g&do

propyl ene gl ycolkﬁlmg’(i %4‘11& agg?rf%’%ﬁréor conhpari so O;hl tgP\g%P%\%er ki ng
cheni cal | y anpielutdenstp IP&‘GPQFP &W@ﬁ@ﬁﬁtﬁ%&ﬁrﬁéfy tlﬁnoﬁoﬂlﬁ itohutykoxy

prepared in thaweR JHChe Ay U6F€HNREEL] U%iﬁ%%lyﬂéf%% EHE}I r@adted Of
tris-(4-t-butyl phen%ll )sulfoniumtriflate (Conparative Exanple
with ethyl vinyl ether in the presence of p-toluenesulfonic acid

30 as a catalyst to prepare a terpolymer of 4-hydroxystyrene,

-
-

4-(l-ethoxyethoxy)styrene and 4-t-butoxystyrene. The
terpolymer thus obtained had a molecular weight of 23,400 with
a polydispersity of 2.14 as determined by GPC using polystyrene
as the standard, and the molar ratio of 4-hydroxystyrene

35 styrene : t-butyl methacrylate styrene was about 6.7 : 2.2 : 1.1
as measured by 'H NMR. This polymer will be hereinafter often
referred to as "POLY 103."



2 2 MAY 20D2 95 203) or 0.25 g of tris-(4-t-butyl phenyl)sulfonium propane
sul fonate (Conparative Exanple 204) was used instead of 0.25 g of
tris-(4-t-butyl phenyl)sul foni um nonaf | uor obut ane sul f onat e. peMég(zFﬁ ons
were filtered, spin coated on two |I-~S treated 5 silicon waf (total
6 wafers), baked for 90 seconds on a hot p?3ate at 110 Cto yield a | ayer
havi ng a thickness of 0. 75 t 0.02 dun. The recording material was exposed

as described | FREx£0pilewing dmaredients wereq mixed thefe HRs prgpare

i ndi cated in TabletL2dht o¥i ESSQf@v@fwd&MBgV@l{é?ﬁdé@i yRRmNad e B Ala@H ¥nOn a
10 hot plate and baked for cond /5 C (_Test A t he second wafers

were stored i ns?‘i‘%igvé'aﬁq“BBﬁ” N EIHaRdee EO5 RUY HA4 8 Bid dSXPRRYT] he same

condi tions (Tests B .ofNatle, abbesccopdigmeryer e devel oped as described in

Exanmpl e 201. The_ result e co Ied in ble 202. 15 Tabl e 202

Conpar at i véConPa? at Fve'@s EE e ?645&3‘8}"8“! 3 un ootk 2.1.1-

Erzr;]{ crr|Z) 2482{2&&:&&8]]10(&)})56{)&% Lsuief drastel lfgkai)n%wm)d(}iz)lé(en 0. i?( 1)0.21 0 29
sol at ed Li peReso . nse.Line :

~un( W )1.4 5' ?)59 F‘é‘?@ %2)F Bhapedy s¢ °’B&‘ EFPHor. i%’ﬁ%“ge

(~.un)1.0(1)0. m&);@arhtive Ex&@)Derkoy,i so bi as @0. 22dun (nm 17(1) 30( 3) 27

I d
hour) Conpar at 1 98%bnBal b P oo PISHLF 825 s7EpaehPl SOLESNRY ctSkiBiceBnetinno) o4

(1)23 (2) 34 (3yTfenate (GomumxndtiviediKannie) mozy m):em@fteec) Of£en (Bferrad?

MAY 202 96 | t 1 0.16 (2)0.21 (3)De Li
DOF @0. 22 SO @&d ?’Qﬁﬁﬁgiﬁ“ﬁ(%‘%}'?ﬁ# ét ed Li n<(a )DOFO 2(2 Zjunnse o
(~.un)1.0 (1) 00401$@f6t(r2pmem3e/s®<fd@|im @etaztzeam (nm 15 (1)37 (3)32
(2) T-topNone (§)y%sy of '999h¥ﬁ§amé'&ﬂ}1U@cB%%ék gbephtion of the test

itens is the sanme as given in _ggpq opln catesformatlon of an
i nsol ubl e phas@- @t topfotegatae & s(ttra‘#ﬁéélée)esacﬂdc s denpnstrate superior

per f or mancg of 64 e g &F Proppiénd 9dlﬂ:folt ﬂ%nBﬁ\S'Eﬁ‘ﬁE dthé@nhkepatdest A and
superiority in_dinmensional stabil] upon ti me changes (Test B).

Exanpl e 205: M@ ApleasBeye zﬁmrﬁﬂys?-?ﬁieﬁé“h?&ﬁ‘ﬁﬁﬁc?%rwqw SPlhléEB'h
goﬂadCo Ltd. waMh‘:s—, 2 w@6n ﬂﬁ%‘bﬁj; ﬁé@hﬁi){z‘ecoagthé]dla) wiRE r&@rtég&)e\ﬂihlant?]ﬁ

| ro ran an nor .anoun Ol CX,C—=-Lrle ene CcO Ivin et ner
e DY oo ca AR G 4B Gt B R ety BLABAANE JaPa Kool i £5im

? hydr o?ysty[} efnei@mésﬂs bet%@mmmmwl tﬂ:&mb@r%ﬁﬁyéemopaﬂlh gheyresnasifimged by
X , WI1trli ene (o) I N er an.,ayera

nol ecul ar i é‘ﬁ? %P%‘&/‘ga %HO%\% ﬁ%oéﬁ e%%@hp glqﬁf% %ﬂgégl 8;}09 &ﬁﬁrﬂ gg?"&ht

di st_ri buti on athkdimess?of 8001 (+ H.026@k.and 7 , 000 and a m nor 20 anount
of higher cr 05@{;{% oed - RaLd %a@ér&l'ﬁ&y&ge &’ste?a?s ‘@feterBQJe& SVELMH RS 161e

st andard, and nononer-rati o

4-t et r ahydr opy ¢4 d)qwt,yﬂeﬁeowms) ramdglthysnGbﬂ:edS at A95N€asor &b lmecohidsivR

(POLY 205). T g X e 0 prepare a 25
hSed &l dink w dﬁﬂtenlca Eibga fﬁiéﬁﬁﬁiﬁg fof!

solution of a positive-wor |n 'y anpl i iation sensitive
conposi ti &% sufhefiodlewinmresnlbs wereesipirines (Dalgley 161 nakingovas added

copol ymer, 0. 42, pf¥erntnlyl ¥l pxycanany! phgnyhtindeaRke, Sps§ aligydr) .

Table 101:
Comparative Comparative

Example 103 Example 101 Example 102
Dose (mJ/cm’) 18 (1) 29 (3) 18 (1)
Dense Line Resolution
(1m) 0.18 (1) 0.26 (3) 0.18 (1)
Isolated Line
Resolution (pm) 0.17 (1) 0.19 (2) 0.20 (3)
Dense Line DOF @ 0.22 pm
() 1.4 (1) 0.0 (3) 1.1 (2)




2 2 MAY 20D2 97 nonafl uorobutane sulfonate, 0.03 g of tri-n-octylam ne,
0.05 g of N, N-di net hyl acetam de, 0.004 g of Megafac R- 08 (tradenane), and 5
64.2-g .of propyl ene glycol nononethyl ether acetate. The sol gt gay g2
filtered, spin coated on a silicon wafer covered with a

phosphor - spi n-on-gl ass | ayer, which has béén pretreated bake at 150 C, and

baked for 90 cacnnds on -2 haot pl ate at 115 C-to -\’II al rl a Ig_ynr ha\u ng a

DT UUrMTUO——UTT O TTOT
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at 120C. Next llehsevfﬁserb:bas \hiﬁ éév=| oped as desqgribed in Exanple 201.
Scanni ng el e me)croscope (SEM msgqc“?n r vealﬁéj t3lﬂ)at t he 1§1

recordi ng matertrar—resotved 018~ unmcontact—hotes—at—a duty ratio UI t
1 with a usable depth-of-focus (DOF) of about 0.7 dun. The sidewalls of the
cont ac; hgl es m&ekyemiﬁezabéy,lsam@tm?éd daltne éﬂpigﬁﬁ&é eflengs t@baelimshiad the
resi st/ substrate rface. 20 Exa e .206: odi s e
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triethylamne rtesoﬁhubpam els d@ripeﬂyaerth\é s!ndl;l@nsmxyso;{a‘esm line pattern

4- (1- et hoxyet r d 4-(t I tyrene

t er pol yner B&Qﬁgggef )giﬁ%ﬁl %a%su é’ré)\l%/%al%égﬁwo%rt 8%2%% t h'ﬁc{aé %)18 %?‘l‘siﬁlgr sity
of 1.13 as detD@E‘niﬁedB%ne@D@Sumagiqmwgfyfm af egeabtlimesr andasphadse 30
mononer rati o gf tﬂaPycst@(ysfﬂn% qg\g%atéé%(f{r%t g@i‘ygé g@fghéﬁy5§ L %?/piilll-l of

4-t - butyl oxycarbonyl oxystyre neasur e
(POLY 206}0 THecus| ph m)f/qﬂe@r ddpegtat vihat doged tThgedrese! bspridagr dsa

sol ution of aqa@3hbiives V\E}{é“lrigxe%tl‘ﬁﬂhcéifﬁ’ex%rﬁée' Bb@@eé@@éﬁéeo'iiﬁéssm' tive
conposition suitable for DW n exposure: 9.8 g of the above

terpol yner, 01391gted hineg A W}PB % phenyl ) phenyl sul fonium 98
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the resist material of the present invention has the best

15 lithographic performance among these three samples.

Example 104 and Comparative Examples 103 and 104:
Monodisperse poly-4-hydroxystyrene (Nippon Soda Co., Ltd.,
Mw=12,000, polydispersity=1.16) was reacted with 2-chloroethyl
20 vinyl ether in the presence of p-toluenesulfonic acid as a
catalyst to prepare a copolymer of 4-hydroxystyrene and 4-
(1-(2-chloroethoxy)ethoxy)styrene. The copolymer had a
molecular weight of 13,700 with a polydispersity of 1.21 as
determined by GPC using polystyrene as the standard, and the molar
25 ratlo of 4-hydroxystyrene : 4-(1-(2-chloroethoxy)ethoxy)styrene
was 7.1 : 2.9 as measured by ‘H NMR. This polymer will be
hereinafter often referred to as "POLY 104."
The following ingredients were mixed together to prepare three
solutions of a positive-working chemically amplified radiation
30 sensitive composition suitable for DUV (248 nm) exposure:
9.8 g of the above copolymer,
0.25 g of triphenyl sulfonium 3,3,3,2,1,1-hexafluoropropane
sulfonate (Example 104),



0.02 g of N, N-dicycl ohexylam ne, 0.004 g of Megafac R-08 (tradenane), and 5
64.2 g of ethyl lactate. The solution thus obtained was filtered,

spi n-coated on a HVDS treated silicon wafer and baked for ReGPs on a
hot plate at 100 Cto yield a |l ayer having a thickness of 55 dun. The
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Table 102: continued
Test B (after one hour) Comparative Comparative
Example 104 Example 103 Example 104
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sonmewhat 2 ~ MAY 2Q02 1ol unstabl e and col | apsed at geonetries bel ow 0.18
dun. The pattemm@oqowas rectangul ar and only m nor standi ng waves were
observed. The DOF of the isqlated patterns was Ia})(u(%er than 1.0 ~.un for
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g of tri pheny|m@1ﬁqlﬁ.ﬁrmﬁmr@f(|7d§00 with an essentially trimodal molecular

weight distribution at about 2,300, 4,600 and 7,000 and a minor

amount of higher crosslinked parts as determined by GPC with
20 polystyrene as the standard, and the molar ratio of 4-
hydroxystyrene : 4-tetrahydropyranyloxystyrene was roughly 6.9 :
3.1 as measured by 'H NMR. This polymer will be hereinafter often
"POLY 105."

The following i1ngredients were mixed together to prepare a

referred to as

25 solution of a positive-working chemically amplified radiation



20 0.05 g of a condensation product of 2 noles 9-anthryl net hanol reacted
with 1 nole toluene-1, 3-diisocyanate (DW absorber), 0.004 g of Megafac R-08
(tradenane), and 64.2 g propyl ene glycol nononethyl ether ace%gtﬁAY -fﬁhf
solution was filtered, spin-coated on a HVDS treated silicon waf er and
baked on a hot plate (90 sec/100C) to vyi el a | ayer having a thickness of
0.55 dun, exposed as described previously (NA =0 . 55 ) at a dose of 35
ml/cn® | bakedSFWiW%é@ﬂ‘ﬁ%iEfqujGaé’ﬁG 685 PH el 48TRE ) nBXBPSEIE i esol ved

dense |ines ang,spqcss dhet bBbGE Eoyanyner30 0. 16 dun and isol ated |ines down
to 0.14 ~.un. The_ pattern shape was rectangul ar and onlé m nor standi ng

waves were obs8r$2d. 9ITheIbort drutyHoxysarherlnhianydr ndiphenydoytswdfongum

for 0 .16 ~. un3feps 2 as 1-hexafPhEfopobaned sdiBondte 4- Hydr oxystyrene,
tetracycl ododecyl negqagryl ate, t-butr?/l nmet hacryl ate and nethacrylic acid
2-t et r ahydrbpyPahy19 ARsOFE S, ol yeri zed in the presence of 2,2

2 2 NAY 2~2 $0@5 ag o W, Nsabuéyliyladdtamdeas a pol ynerization initiator to
prepare a quater yner. .,The_quat er pol r had, an erage nol ecul ar wei ght
of 13,200 withgagg‘{)l%&%B‘&P@Fgﬁja%ﬁ‘&g.‘ﬁgﬁea@%?m‘ ¥ by GPC usi ng
pol ystyrene asé6thz gtahgaogyland ¢lywcdi monomethyhietheaf acbeatenponents was
1.5. 3.5 . 2. neas d . by, 1H NVR Y 209 The fallow n
i ngredi ents vve?}ée rrsl%%glailﬁ%éﬂeatshgir’ﬁte&eér'e%%ﬂbc Sg%ﬁf’i%ﬁlﬁc%n B’ngﬁc\?g—e%ﬁflki ng
chem cal | ylaanpwith ed phadpbhox-ospigeoni-gilass ckayeosi whbch hiast beer fratrigdted248
1M eXposur e 2By B 380( 82 %ThaRURI S0, Lelorthedon! St/ BLEERAUY Ti5

descri bed above, yl ét hy
bi s-[ 4, 1- cycl ohexylehdoxy thin itayer djavingl,al-dilekniegseolfyl0). 66sthm:, The g

of bis-(4-cycl ' j I t 39
of triethanol a%@ﬁ?&%%kér%?ﬁ%ﬁ%@%@%é&?? rggggﬁgﬁde)]ﬁ ggéﬁggézﬁél gyg
propyl ene gl ycel 0o feEh)L 78] msringcatmask Wikh sohtadiholespattemnsedown
Spi n-coat egs 0Nt W0 131k GETh ¥EEE0E FDmBYERT HRT Bak M Ebr%~?é%£ﬁa% a®120°C,

commercially available antireflective coating available from C ariant Japan
K. K, baked forNewt seomateaial s 1deRalopgdads LeFciid@idn dnaEXamRien ddd - of

0.55 t 0. 02 dgBanifith 8NEc¥Be i vess P ISEMFSLkpeeii BRGrdvareantia: €Ad (NA
= 0.55, Q= 0.80) at a dose of 26 mJ/ a4 vvh?le the ot her 25 wafer was

cne,
exposed with ahefeFdingmateniad rapelved Ria2ld My eentaqt Bokss-ag a dytyragiqose
gf 1|2 : g m#]caf.lFTrmngnwiedam@@mebe-bwe@l_ (lboF)%:fl aag@gdﬁgaﬁrr._lﬂiﬁeang
evel oped. e exGi mer l.aser ex ed material resolved deps i nes_an
spaces patt%r n?ﬁ%l@sﬁ ?% the, gon; Qg?:ﬂ 5 VREE YRRy - 1ﬁn‘grﬁeir§ﬁagi¥
both with a sl hghfodtendemay bbsévred Bt ahe. rdSistddubmteater ihtafacexposed
mat eri al showed the sane resolution and pattern characteristics as the KrF

exci mer | aser exposed naterial, however, the DOF of 0.18 ~.un lines
exceeded t hat Bkampile KIOB:exposed material by 25% 35 Exanpl es 214-237: The

L0 000,25 BbhA ARSI, AR SR Frdh RSN o 202
"Pol ynmer" 2fenofes. thd.poMyrer8 .098d, oy spexsdt¥s=t hd9NARas preacted with
generator) usedihyDiaskANetilaneheend Hredense! d boRol ddhdid1¥ondeCeid as
a catalyst to prepare a copolymer. The copolymer was reacted with
di-t-butylcarbonate in the presence of triethylamine to prepare
a terpolymer of 4-hydroxystyrene, 4-(1l-ethoxyethoxystyrene) and
30 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an
average molecular weight of 10,200 with a polydispersity of 1.13
as determined by GPC using polystyrene as the standard, and the
molar ratio of 4-hydroxystyrene : 4-(l-ethoxyethoxy)styrene :
4-t-butyloxycarbonyloxystyrene was 6.5 : 3.8 : 0.7 as measured
35 by 'H NMR. This polymer will be hereinafter often referred to
as "POLY 106."
The following 1ngredients were mixed together to prepare a



5 "Base" denotes the basic additive used, "Solv" denotes the sol vent used,
"Rati 0" denotes the conponent ratio in parts by wei ght used, "Substrate"
denotes the substrate to be coated with the radiation sensiti Qﬁm@gition
used, 10 "PB" denotes the applied prebake conditions (tenperature ne),
"FT" denotes the filmthickness of the radi®tion sensitive conposition

used, "Exposure Type" denotes the radiation wavel ength enpl oyed (ArF - 193
nm exci ner | as&PIufdan ofrapofitdve-Herking chemicpl iy ammldfied wHaddadden

| anp, e- beam =g8Rs kel e lRmbbeNt P&RFul aviay for Ipud (Y8 nm)DegSoswieiot es the
appl i ed exposure_dose &I n /cnZz for ArF. KrF, I-line and x-rays and in

mJ
pC/cn2 for e-beaf)9 PeahgeAaBPEE tefPUIMered post exposure bake conditions
(tenperature/touss, 20 "bev" wesolecyedbHekyitferyan depREAPIENIsUlfonium

. : 5 :
Sol U1 o, - Res Auhek ds 1 RERAECOTRISPDR SLFPR40H dense L1 | ines and
spaces, "Del ayoSvahy laft tetdaebates dnbx&;diiun?wydi-qskmﬁa,nge < 10% upon del ay 25
et veen ¢ he. supst? & StaRaNe ALCEHIGREIIAAnG, o5 w11 me. pattorns. and -DOF-
denotes the dept®odfg fofic Megafad. RH08INtradeaame) 1&hdlabl e 203: EXAMPLE
SLLPAGPAG 202086 205 DG T BRESAEAG 218PAG 210D1 85l nh- DI SS 201--- DI S8
202BaseBA3SR 201m&5m1aasmmmsmeamﬁumamE sHidScaoatad S 4 ANDSCOLV
200 2015 3PN Nt DPY Yp it 00l o gty
0.02/85.113. 7/ at 35°C. ¢ ydedd/a gbigiayEOh8ying a thickness of 0.57 ym. The

recording material was exposed as described in Example 101 (NA

= 0.55, 0 = 0.71) using a mask with contact hole patterns down

15 to 0.15 pym at a dose of 55 mJ/cm’ and baked for 90 seconds at 120°C.

Next the material was developed as described in Example 101.

Exposure was performed as described in Example 101 using NA =

0.50 and a 0-value = 0.60 at a dose of 24 mJ/cm’. The material

was baked for 90 seconds at 105°C, and developed with the

20 surfactant-free developer of Example 101 for 60 seconds at 23°C

followed by water rinsing.

The material resolved dense lines and spaces patterns down to

0.19 pm and isolated lines down to 0.16 pm. The pattern shape

was rectangular and no standing waves were observed. The DOF of

25 the isolated patterns was larger than 1.0 pm for 0.18 pm features.

Examples 107 and 108:
Radical copolymerization of 4-acetoxystyrene with 4-t-
butylacrylate was carried out in the presence of 2,2'-
30 azobis-(4-dimethoxy-2,4-dimethylvaleronitrile) as a
polymerization initiator, followed by hydrolysis of the acetate
groups with an aqueous ammonium acetate solution. A part of the
hydroxy groups in the copolymer thus obtained were reacted with
ethyl vinyl ether in the presence of p-toluenesulfonic acid as
35 a catalyst to prepare a terpolymer of 4-hydroxystyrene, 4-
(1-ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer
had an average molecular weight of 8,700 with a polydispersity
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[ O/ sec] | 05/ 90 5/ 90110/ 90125/ 90115/ 90Dev

[ C sec] 23/ 6023 023/ 6023/ 2023/ 60Res [dun] 0. 180. 150. 170. 190. 150. 18Del ay
St abi | i ty 10hr s§8 3>08>the gbove tempeflymerAngle [ ]> 86> 87> 86> 86> 86>

cont] nued ExaNpLES 5556357 05 A FrSoRERT IRy Dtofpdim, 28 3751 By
215POLY 219POhexaffparpprepang BEaBate2PAG 201PAG 224PAG 204PAG

210Di ss| nh- - DI §§,§%31,ng @@@%4551@7 AQLBASE 205BASE 203BASE
202BASE 204Sol vent SOLV 20150LV 20250LV 201S0LV 201S0LV 201SOLV 203

Rati 014. 3/ 0. 8/0 P %%/ Hegafar 984 tradename), and
15 64.2 g of propylene glycol monomethyl ether acetate.

The solution was filtered, spin-coated on two HMDS treated silicon
wafers and baked on a hot plate for 90 seconds at 110°C to yield
a thin layer having a thickness of 0.53 pm. One of the recording
materials was exposed with excimer laser radiation provided by
20 a Nikon NSR 2005 EX 10B stepper with an NA = 0.55 and a coherence
factor 0 = 0.80 using a mask with lines and spaces patterns down
to 0.10 pm at a dose of 27 mJ/cm’. The other recording material
was pattern-wise exposed with e-beam radiation provided from a
JEOL JBXX 5DII operating at 50 keV with a spot size of 10 nm (no
25 proximity correction) at a dose of 18.2 pC/cm’. The exposed
wafers were placed on a hot plate and baked for 90 seconds at
120°C. The materials were then developed with AZ* MIF 300, a
surfactant free developer containing 2.38% by weight of
tetramethyl ammonium hydroxide provided by Clariant Japan K.K.
30 for 60 seconds at 23°C followed by water rinsing.
The excimer laser exposedmaterial resolved dense lines and spaces
patterns down to 0.18 ym and isolated lines and spaces down to
0.14 pm. The pattern shape was rectangular and only minor
standing waves were observed. The DOF of the isolated patterns
35 was larger than 1.0 pm for 0.16 pm features.
The e-beam exposed material resolved dense lines and spaces down
to 0.16 pm and isolated lines down to 0.11 pm. The DOF of the
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210D ssl nh- Dl S5 €é¥ipolyileSS 0202BhgeEAGHs tRAERASE 4201 BASoRRIFASHe  0ABASE-
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0. 04/ 85. 914. 3/ 6f Abn6dDépdrsl BE1 YUt t7-bltéky St rer: 63/184ve 1B3WBDtHé baLbky
0.03/ 85.3SubstsateB 1Sj BA ARC . 202BARC 201Si PB

[ sec] 907 600 EAERA R oh 28 F SioERe BEATPRY 9ApYPs Py tHe gopoLymarwere
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Stabi ity Iohr sholenlar weightssf4mr.d00| eriihgle HolyfispersBiy @61 806 89>
86D0F@. 25 ~. Ugefd4iiinbalrcee 881ngPbigatyiane NsNH@ standard, and the molar

ratio of 4-hydroxystyrene : 4-(t-butoxystyrene : 4-t-

butylcarbonyloxystrene was 7.1 : 1.4 : 1.5 as measured by ‘H NMR.
This polymer will be hereinafter often referred to as "POLY 108."
15 The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) and x-ray
exposure:
9.8 g of the above terpolymer,
20 0.2 g of Dbis-(t-butylcarbonylmethyloxyphenyl) iodonium
3.3,3,2,1,1-hexafluoropropane sulfonate,
0.15 g of tris-(t-butylcarbonylmethyloxyphenyl) sulfonium
3,3,3,2,1,1-hexafluoropropane sulfonate,
0.03 g of tributylammonium pyrovate,
25 0.004 g of Megafac R-08 (tradename), and
64.2 g of methyl amyl ketone.
The solutionwas filtered, spin-coated on two HMDS treated silicon
wafers and baked on a hot plate (90 sec/100°C) to yield a thin
layer having a thickness of 0.72 pm. One of the recording
30 materlals was exposed wilith excimer laser radiation provided by
a Nikon NSR 2005 EX 10B stepper (NA = 0.55, 0 = 0.55) using a
mask with lines and spaces patterns down to 0.10 pm at a dose
of 25 mJ/cm’. The other recording material was patternwise
exposed with x-ray radiation provided by a 0.6 GeV superconducting
35 beam storage ring with a peak wavelength of 7.5 A using a Karl
Suss XRS-200/3 stepper with a proximity gap of 30 pym at a dose

of 60 mJ/cm’. The x-ray mask had lines and spaces pattern down
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%oli Chs by o ARs i T oG R r-an SRty minoT SR RS HarEs Jate ohrerved: o
0 : 2.0; MvThelRPOBOSE tBe-idolétedPibtrt&Xifs was larger than 1.0 pm for 0.16
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ate); 6.8: 2%%@‘3‘%& Mv = 7,200, D = 1.65; POLY 219 -
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2\“2‘2y Pg_]gl (2:28'%% P% #%?%%&/ls f(raenle&g(% §°F1?‘y’dF8x§s yrgﬂre(é);% 319%11%) Mv
= 9,200, D= mwetmes 2he papbeyng Z@Mx@mtq&léﬂeseo 2Tmee t DOF - ot abheent v |
met hacryl at e- Cﬁdﬁ@hoggftéﬁéq%%yii'tfeﬁ thah D }1' ¢ pm For M5 I@st%\g&fﬁ[)- =

2.17; PAG 201 to PAG 216 = see the above sy esi's exanples

bi s- (4- but oxyphenyl di phenyl sul foni um nonafl uorobut ane sul fonate, PAG 218
= bi s-(4- g8t hyg I hphenyl sul foni um nonaf | uorobutane 2 2 MAY 2002 109
sul fonate, PAG 219 - tris-(4-chlorophenyl) sulfonium naonafl uorobut ane

sul fonat e, PAGERfellowing tinBEFQFG’kE/% aVebeyE%ebhEPge Shetforkd | REARM S dhe 5
sul fonate, PAGQkionPbENyY Ipo@imvbwoﬁmﬂ‘go enume&msf laHPnobus@neadvht oot e,

PAG 222 - 4-hydro 5-di e he hen sul f oni u nonaf | uor obut ane
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i onar s, A2 %8 °fdthé4térwwﬁs“ﬂmd AT T
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sul fonate, DI &_ﬁ:ﬁﬂldi(; n-d:(:ﬁemiyemthynmyéswe) bi s- [4, 1- phenyl eneoxy
acetic acid]- dd AL ]g' di et hYLELD Yi)gél%rh’exylphenyl) phenyl sulfonium

3,3,3,2,1,1-hexafluoropropane sulfonate,

0.03 g of triphenyl sulfonium hydroxide,

25 0.05 g of a condensation product of 2 moles 9-anthrylmethanol
reacted with 1 mole toluene-1,3-diisocyanate (DUV absorber),
0.004 g of Megafac R-08 (tradename), and
64.2 g propylene glycol monomethyl ether acetate.

The solution was filtered, spin-coated on a HMDS treated silicon

30 wafer and baked on a hot plate (90 sec/110°C) to yield a thin
layer having a thickness of 0.51 pm, exposed as described
previously (NA = 0.55) at a dose of 34 mJ/cm®, baked for 90 seconds
at 120°C and developed.

The material resolved dense lines and spaces patterns down to

35 0.16 pm and isolated lines down to 0.14 pm. The pattern shape
was rectangular and only minor standing waves were observed. The
DOF of the isolated patterns was about 0.8 pm for 0.16 pm features.
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For conpari son, go& tive-working chemcally anplified radiation sensitive
conposi tion sol&?3 oY) \G&POSHFEpared in the sane manner as described j ust

above, except thatgbH&ne qUa¥Bpabymaldesetibed above,

tris-(4-t-butyl phenyl)sul fonjum perfl uorooctane sul fonate (Caonparative
Ecanpl 6 208) oP-B 4105 fot 706 TR 6L R Lo ANt nery IR SRe Y

trifluoronet haaeetid fawid]e df ( Coppdimdtinyg eEkgnpl €s€d}5, ) was used instead of

0. 529 (,0..708 mol_) .of tris-(4-1-b | phenyl ), syl foni u

nonaf | uor oblt aﬂe93u$f ot P1ssd 4‘Fﬁ¥£’§8ﬁﬁ’f¥wqx§3e fiPHP’éf‘é‘El, %33&'&'&6& ed

on two siliconhesdflhworepropandi sinl feneteheen precoated with DW 30, an

antireflective,cQat] rQVi rewer Science at a filmthickness of 90
caaL4 W BRIt Dl

nm ( bake condi i ons: ®rhe substrate reflectivi ty at this
fil mthickness0wee4 apmioMegatat yRHI8 . ( tHadehahek, vand baked

64.2 g of propylene glycol monomethyl ether acetate.

25 The solution was filtered, spin-coated on two silicon wafers
pretreated with AZ* KrF-2, a commercially available
antireflective coating available from Clariant Japan K.K, baked
for 90 seconds at 120°C to yield a thin layer having a thickness
0of 0.51 £ 0.02 pm, and one wafer was exposed as described in Example

30 101 (NA = 0.55, 0 = 0.80) at a dose of 24 mJ/cm?, while the other
wafer was exposed with an ISI ArF stepper with a NA = 0.60 and
ao =0.75 at a dose of 11 mJ/cm’*. The exposed wafers were baked
for 90 seconds at 125°C and developed.

The KrF excimer laser exposed material resolved dense lines and

35 spaces patterns below 0.16 pm, isolated lines down to 0.14 pm,
but both with a slight tendency to form T-tops. The ArF excimer

laser exposed material showed the same resolution and pattern



35 for 90 seconds at 120 Cto yield filns having a thickness of 0. 72t
0.01 ~.un and exposed as described in Exanple 201. The exposure was

foll owed by a post exposure bake at 120 C for 60 seconds argd2 MAY 208AY 21 2
111 a devel opnent. The following results (Table 204) were obtained. Table
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(2) Standi ng WavesVisible (2)Strong (2)Visible (1)Dense/iso bias0.22 ~.un
(nm12 (1) (%23 2) E4T£§ test itens in the table were the sane as those
in Table 203. BtIMIERedd4rtilits, it can be concluded that the material of
t he present i rMitenfobhowirsy sadtatsigresenegitiwe compusitiens|wernpepfepamsdcand t o
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tris-(4-t-10ut yIQissiphf denétes rhenddasolwtbdntinidbdgbfonsed ( Exanpl e 239),
0.03 g of trip " gg%éggg “Eﬂf%%tsibefxddigi\fe Lg2~2 112 0.004 g of Megafac

an .2 go yco

R-08 (tradenane), propylene g ononet hyl et her acetate.
For conpari son’5q33<i depetedrthegodivertcuseq. anplified radi ati on sensitive

conposi tion SO'Mﬂi%r"sd&ﬁé@e@rﬁ@%ﬁgbﬂeﬁb%éﬁﬁ% PRE bR AGRY, | Ped j ust
above, except that 0.52 of tris-(4-t-butylphenyl)sulfoni um

trifl uor onet hardRsirrsAaAeretsfdeas iRat bexyatedwighsthergdiation
bi s- (4-tbyky! phahtivedesmpds f1idnl, uor onet hane sul fonate (Conparative
Exanpl e 208) was used instead of 0.52 g of tris-(4-t 10

but yl phenyl ) sulHRnfeRe Hfsh iRe FRPISERRRE nditiopse( temmeragnsedkiee) .

filtered, and "HE" denited @hel WiL1f |HthdeRnéekebE aheh radiaehomayendeeive
precoated with DUV i% a antireflective coating provided by Brewer Science
Corp. ( USA, aO"POSIEAPRRi ckness of 60 nm (bake conditions: 200C/ 60 sec).
The substrat e "Expogiurectype't ieabtédithe rhdiabioknasveleagth eamplohad bAre

Baki f 90 d t .90C i havi t hi ck f 5t
001 dun. 2Pop-% A8d PhEBEATE AT R e mog 3P ol SRELSE eeBbe chpiihang 265
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th f j LN i i I 2 1ng. Th
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summari zed in Table 205.
25 (temperature/time),

"Dev" denotes conditions for development (temperature/time) with
an aqueous 2.38% tetramethyl ammonium hydroxide solution,
"Res" denotes the resolution capability of dense 1:1 lines and
spaces,

30 "Delay Stability" denotes the linewidth change < 10% upon delay
between exposure and post exposure bake,
"Profile Angle" denotes the angle between the substrate and the
sidewall of 0.25 ym line patterns, and
"DOF" denotes the depth of focus of dense 0.25 pm lines.
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28 ~.un and strong |f opt (f of ign. R|di $sol uti oph r ys| s |reveal ed
t hat the contrasg—gf—fthgTympargtTve maferall wes antty—degr aded
probably due to ja grogslfi nki ng neactijon|of| the i er| dgrivyative at
t he sel ected post exﬁangre gtgem:%grawore. 30
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Exanmpl e 241: The follow ng ingredients were m xed together to prepare two
positive-working chemcally anplified radiation sensitive conposition

sol utians suitable for i-line (365 nm exposure:

(ol ecul ar wei ght 12
4- hydr oxystyrene (2 .

238, 2 2 MAY 2
nonaf | uor obut ane
g of Megafac RO
t hus obt ai ned wa
nmthick film of

avail able from C ar

seconds. The 10

t hi ckness of 850
and space patter
0.50) at a dose

90C for 60 secon
water rinsing, t
resol ved 0.26 du
formati on. Exanp
anplified radiat
exposure were pr
g of poly(2-hydr
nmet hacryl at e- co-
8,000 and a poly
i odoni um nonafl u
0.004 g of Megaf
sol ution thus ob
with a 60 nmth
antireflectivesz
baked at 200C £b
seconds to gi vé
line and space
exci mer | aser wj
exposure, the
aqueous devel ope
K K) 5 contaim
23 C. The mat e
'Ftopformﬂiog
phot or esi st was

negati ve- wor ki ng
suitable for DW
i ngredi ents toge
styrene prepared
2,2' -azobi s(4met
initiator, the c
pol ydi spersity o
standard and a

distilled hexane
sul f oni um nonaf |

200 ) of 3-nethyl 4- hydroxystyrene an
1), 2.8 g of the poly-N O acetal described in Exanple

35 8. 6 g

gfz RAE Q! ymer

‘@af er

00 l.S_aF.—lﬁ gqgf—2=qmthry gy
sul@og% &| Q| 2439 of Lnip i umlhydr oxi de, 0.004
B ([tCaden n 88. ctgt el Jhejsol ution
sﬁigt&’eggj%ﬁdﬁ?oa% ’tgzo&e\gj %th a 160
RZ Bard tg(tma%ﬁhﬁeg,ﬁaﬁ edf Mect|i we coating
i:a1t°*Ja¥a§ [ #a¢ h d gt P00OC flor 60
bhdt of esfi st| was |baked af 1 conds|tq gijve a film
nm The| cqat pd [waf er S exgdoseéd ffhiouph|a pask with |ine
Ns |d@wn,ft 0 |Cof AR umjusilng| a |Ni kon SINR1{7031 5t gpper (NA =
of, |58 | i/ ¢ & e 3|8 paguy ¢, t Be QRiAr_Yas| Baked at
ok a;njgieveltgpgc;a‘?‘\ﬁo esctl|bad JInsbahplle RO “After pure
n€'(vdl 6% | wasifed |Sdog(dSiphspyed| undel| SEM| Thermeeri al
h I[i @eS"land Bp&IE patlt @i ns| f rlee| of| s¢um and - tlop
e 1242: 20| Twp qol utijons of g ppsiftiVye-worlki hg [chem cally
or] sens|i tijve| cqnposijti on psuiltabl g for NMDW (L93 nm)
epared by mx g}t hé“fgl Ioowi ng ngr§di entyg tpgdther: 11.14
DXy Sty Pne odf & et ~2-adamaqt yI| @5 3| o «f | v
&l akbni c 'I| agl o Tatlhatry| ailel| @t B| a5 bl egli®Yr “hei ght  of
i epsidly ofQllHe C®[3E| 2P |bi 5- 4- B chpRaxy| pheRyl
pr gbtit anfe UFf Bheat e,2|0M04 g of frethyl| dj etlhahollam{ne, 30
c{R-08 (tnadengme) lang 83 3 gl ofl efhy] llactatle |The
L aijned wWas |fi]tered gndfspj n|coatgd on @ wafper |precoat ed
ck |f X ry |of #D| Bywer iqredl al | mt hacrlybat e[ basefd
patli iy o oVided (ByS@|ar| at Blapan. [KOK.S| B whigihghas been
r oS econdsa| Be phet Yt &3 gcagay ng® %t [P ¢ f:or 60
a fli n&hi(ge%qb 45% i and exposed t hijouph |a fask with
at tler'ns [doyn | 272 NAY 202 116 to 0. 10 um|us ng a|l Sl ArF
ra—NA-=—0—-6p—gt—a—gost—ef—34—b—mH-¢r2—AHpr—the
was |baked| at|<11@\|C forj 60 secdnds ahd |dejelloped with an
f AZ?cVIgF 300 graider,]@ne vaill gpl § &1qm Clar| antoJapan
|27 B8% Tt T piTRehy|®|ansdj Bp gyd’ioii de| Borvp&|sBeonds at
A rﬁs%v&d | BA-ughd|i Re S e Sh&jelpagt & mpid[hdut any
TheR)| mijeRl| ake et vegn {18 ant Pref|l E¢tive |copting|and the
frge of [scdm{ 10 Exarnpl ¢ 243:] T |solut) ons pf
chiemcgity anpiji fieg Tadirationsgnsitivecoppgsi{i on
(248 hm| expopurie e prepared| by m|xing|the flol { owi ng
t hgrS g 7| ESpt a"gog)lcymer of 4-kydroxystyrgne|and
g Thed call Poryeericat| @ [N dhg p{‘es%nﬁecofg Q
helyab ol dil ik Py Bughairgnidtr i el | a5 8wl wrex| zgt iipn
opql @ ek ha@ngd R |edlI®r Yei ght| of Y, 200 pnd a
f 2.14 ds deferpine®|by| GAC ysi hg |pol yst ytene 20 as the
pnanel rlatijo jof |8 . 4 as determ ngd by IH{NMR, [2. 0 g of
[ hgxypetlhyll mel am ne,| 013 |g of fri|s-(4-|t-butlyl phenyl)
uorfobpt gne|suf f gnat e, ”
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25 0.02 g of tetrabutyl

(tradenane),

ammoni um | act at e,

sol utiaqn thus obtained was filtered,
silicon wafer at 3, 000 rpm and baked on a hot plate at 30 115 C for 60

and 62.4 g of propylene glycol

0.004 g of Megafac R-08

nononet hyl

eth

spin coated onto a H

er

acet at e.

The

MAYe 002 d

seconds. The resulting filmthickness was 0. 72 ~.un. An exposure as
descri bed i n Exapplte 20 fottpwgd—at @ dosgof B2 midAcnmg 1T gxposed
material was then gubj ?actedg.o‘,,eg\,pos*t exposurle bake ¢n g hot Q:lti at 125 C
for 90 seconds and /&l joped® . fivme g agitdl sppaces relrgsalfved down
to 0.20 ~.un. Iso&lﬁj?SQi@egﬁ@gr Y e d E’( ga\l@ goﬂ.\é; Yo % a dose
of 38 ml/cnez was a‘p% @HE Pra-ogf -1 Gue|oi | t Hea)d.Qpdun| 1A|nes was
about 0.80 pn . 2 Y2 n‘?ﬂz Bl es 2447and 245:| . |A bollution of
negat i ve-wor ki ng| chenjcdl |y ajmplli fi & radijatilon| sgnsiitiye |cofrpdsi{ion
suitable for DW([Z48 hm| and E-Qeam 9 exposure was pfepgargd py |m xi ng the
fol lowi ng ingredfents|tQoethel +|% 949 al alchpo yner |[of| 44{hydr gxyst yrene
and 4- net hoxystyrgé:‘.arg;pa &l %°¢Q% c8l Dplyneri Zafi @l W) L |Pegsence of
2, 2 ' azobis(isehuyranitrg] <R H golyei datg|or| | tijal p| The 10
copoyl ner havi ngl & |n@| &l r‘,@m@%lﬁ&fﬁ): 00 and &Rl PdiSper|stty of 2.21
as deternined byl GPG& LSt ng |8l YaEyr ef|leas |t he stardald jand a| mgnomer ratio
of 7.8 . 2.2 as detlerpi ned{by] 1H- NVR,| 2!0 |g of fedrystallilzefd
t et ramet hoxynet hyl |gl pcarill, D.3 g of| tetrjabyt okymet hyl| gljucprijl, |15 0.3 g
of tris-(4-t-butyl pheny ugfgrtumqogafluorobﬂane sul fonage,| 0{02 g of
t etramet hyl amoppumspnfr oxi-ler|S.Q04 § M gaf ac & @ irqperane), and
62.4 g of propylene | ygol' |mperet Rl ef ey “acet Ren| 28| The, 58 [ullon t hus
obt ai ned was fil erg ad s ngat el At Buwo ki l|i SomimEl ers t|reated with
an adhesi on pronpt ¢r™[ hgxa Al—di §|I8rane) |at] 3,|000 rjpm| Aftdr baking on
a hot plate at 95Clfol A0 seconds, alfilmibilckheds of 10 74 21 pm was
obt ai ned. One en was [sulp jectled ta ah expasufe [through|a pagk with fine
25 lines and spgace |d&} &qr a3 @t 0 .20 | un ubi oo N kon NSR 2005 EX 10B
Kr F exci mer | aser o3tBppdr (Y =|8.5%| O {0;’&% all 2| @ise|ok| & qP/cre. The
ot her wafer wa$ d3peb WAL 12 ePhSamdlsena |t ke Bt beam \Rigeer,\dﬁ\scg bed in
Exanpl e 208 at tg dos@ &t o4. gilocnf §1e-|exposed mat & alls [ hgn were
subj ected to a$post| ekpdsuf ake 3®|on|a |hof p| atle at [95C fpr (90| seconds
and devel oped. ,Thetexg+Aer ef—expgset—nmt-eri-pl—resohved—+4re—H nes and
spaces glown t o¢0| 2( oM | S¢ edd i ggs yerle nespl ed|down|t o] 0.[15|/dun when
a dose'df 31 mH nt a8 japy 8. <The; dgntch-of-focu&:)fothe 0L 13 dun |ines
was about O. QOadUE(. 3p he €‘e@3>§o§'aé‘instem | L @|dBg¢ #sB|aBed |ines
with a I'inew didh bel%iver. 10 Bl mhe o <t 9| MYYe208p “ExGindles | 246 .dnd| 247: 8
Two sol utions a |rigpatfi ve-ApfRiong gh@nital Ily pnpl T i ed radLatim
sensitive conpos|tion]| syitablle flor ﬁN( A8 ni) Bnd xirdy exppsure|were
prepared by m xigTthe—fiotowmg—gredtents 5 togetirer—3$-9ryof a
terpol ymer of 4-hydroxggtyi , |styreaneland Nnhydraxyfpetihyll nethacryl am de
with a nol ecul ar vveifght:of 508, &[pol wli sperpi tlyopf_|1. $9)| anjdef nONONMEr
ratio of 8 : 1.8 |0 Pw|1. 5 Y of|orzdlyst & L1ed| gt Lot Hoxymg|hs
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sul f onat e,
R-08 (tradenane),

0.02 g of tetranethyl
and 62.4 g of propylene glycol
-The sol.ution thus obtained was fi'ltered and spin coated ontgp

ammoni um hydr oxi de,

wafers treated with an adhesi on pronoter (hexanethyl
rpm After baking on a hot plate at 95C 20 for 60 seconds, a film thickness

15 0.004 g of Megafac
et her

nononet hyl

ac

ok

di sil azan

et at e.
i con
3, 000

of 0.67 t 0.02 dun e yaffery ted o jan
exposure through a K [ wi d s$pace|pa wip tp (.10 pm
gs:sg)g at Ni kgn NSRf‘ N :cgsq; gtep F{'(-éi 25
: at a dose o a\as! | ex X0 ayls as
descri bed i n Exanp § UE¢ ). Eﬂ'he & fMatefials were
t hen subjected to i & a hot| pllat far PO [seconds
and devel oped. The e f1 exci exppsed
material were reso c SO ed|T1 W resol vegd down
30 to O .18 um whe € S | i ed. e hwof-focus of
the 0.18 dun |ines ™ 3 exppSHdSims e, aLLr.,esoI ved
dense lines and spji 5 | B gixt}%dﬁif{esiv\@\[e” isﬁ0| ved
down below 0.16 ~.{n | &1 QA i Ve Hxapitle” 210; ~Two
) ; - O v
negati ve-working c eq atjon seénsjtijve 2 2 MAY (2002
119 conposition solutj i ne (136% nm [exposiur ¢ wer €
preloareld by mX|htng E ee( ts|toget Per: Z4>Cg o? al cgpol yner
nol ecul ar wei : : enper at uf 0
g,S-di net hyl -49hyd QX &ﬁ ygog siyf,_;enog % SDQ?,N:!.Q g [of
distilled hexanmet hpxg|mei|hy e g OF| Getk pex{t {1~ jlagon| Uin
hydr oxi de, 0.004 g|of| Bech d&ame)”| and B |4Ng Y priopyliene
gl ycol mononet hyl et hlef|ac Ppff of tlhe|bake |f of mil afi ohs,| a
solution of 0.35 glof} (4 p yih 1i4|jhpnyl sl fonilum
nonaf | uor obut ane sul fjonat e i1 20 g|of| propyl enefgllycgl porlonet hyl
et her acet ate wasg addef| (¥ Wil g|to the pler|bdse|fof mjl ation,
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15 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfoniumtrifluoronethane
sul fonate dissolved in 20 g of propyl ene glycol nononethyl ether acetate
was added (Conparative Exanple 210). The sol utions thus ob?tai gﬂq %ze
filtered and spin coated onto HVDS treated silicon wafers ) O rpm
After baking on a hot 20 plate at 90 C 6%r 60 seconds, both materials
yielded a filmthickness of 1.06 t 0.03 dun. The wafers were subjected to

an exposure tHsu§RLIAOWRK ahPraviations wese ek FaE dhsairgredienshewn. 20
~.un using a NKaneNeBp1&55i 7a i-line stepper at a dose of 82 mi/cnZ. The
exposed materials 25 were_then baked on a hot plate at 105 C for 90 seconds
and devel oped.FOfYe 104t &Pi BPLH{14he Brgnbhe ahrye €xgmpdaso. 28 dun |ines and

spaces patternpmnd the phofile of=the regeity-RAthpaRGy¥iva-endedbly- (1-
rectangul ar. No whisker-Iike raised porti osdnstyor scgm vvereygo observe%l. The

dose to prent SOOPYELROKY NBYRANE o 6w/ di h3of: dWg 8.dR0nR T duddito be 91
Imllcm’z. ghe megony ah 10f =th@o@qnmatnyaﬁ%qaﬁwn?-aﬁotl%mmhwgwt@ﬁ; ~.un
ines and spacges patter ._Howeyver, the t of the line patterns was
rounded, and t-ﬁ‘e2 b'o%t‘gmnﬁ‘f T%'Iﬁoﬁe Bat‘t%ré@ had 35 an undercut structure
conbi ned with poh¥ere scual2The dose to pripdlyi-{a-Ry&totystgreniet Boagw it h of
0. 28 dun was fqund to be 95 [cnP _and_t per rethis_f l.atiqn

(Conpar ati ve IS% &sggﬁ?po SIERP2082 1'231\%55}'{%59%%@-' L <lledfiy
inferior to tHRALYof thelExanpl e=248. ey (S-BftrarylsGargre-abl-¢et Bxatyl e
211: From Exanpl Lo viydent ot hat 1 he, repl.ac nt,of griflate 5
based PAGs wi {(ﬁ'r&%égngﬁg#?%%ea eszéeg'BAng b#' t e 'pr1§$g§§' i%v’er?{'izoln yi el ds
radi ation sensitive RO3¥positildhs w th i demolyal(4sbydroxystiyyreardcoedo( 1 i on
capability. A first K‘?:&F oated w hon.cqnt aii,ng, a

m xture of 10 5.0 gécq#‘%p § -LS gr o?%s?%rgn@%%&%ﬁg{eg%'ofﬁ S,
tris-(4-t-butyl phenyd-BsuMroni I afll godeBdt ane sul fonate dissolved in 50
g of propykenegdilycol pmponethyl %@g\i-@@Irs;ta%ﬁyaeflr&?éﬁ%-%tmé%ﬂw@rt-ﬁo

seconds( Exanpl e 249, wafer_ 201). secon qgﬁ[otz waf er was coated with a

sol uti on cont RuhorycarheRyttetgeyslold. 09 41°’41kydfedsat3inenssro-nadetc3 g

tris-(4-t-butydmiyarybesyl fonigm i jgyakeq dd@e0lpred2i #1550 g propyl ene gl ycol
nononet hyl et her _acetate_and baked at 120C 20 for 60 seconds (Conparative
Exanpl e 211, &8 202). 116 = poly-(4-hydroxystyrene-co-4-(1-

ethoxyethoxy)styrene-co-4-tetrahydropyranyloxystyrene); 6.5 :
20 2.5 : 1.0; Mw = 9,400; D = 1.18;

POLY 117 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl
vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw = 12,300; D = 1.72;
POLY 118 = poly-(4-hydroxystyrene-co-4-t-

butyloxycarbonyloxystyrene-co-t-butylmethacrylate); 6.8 : 2.1 :
25 1.1; Mw = 7,200, D = 1.65;
POLY 119 = poly-(-4-hydroxystyrene-co-4-butoxystyrene-co-4-
(1-ethoxyethoxy)styrene-co-4-vinylbenoic acid t-butylester);
7.0 : 1.2 : 1.3 : 0.5; Mw = 11,300, D = 2.25;
POLY 120 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8;
30 Mw = 9,200, D = 1.85;
POLY 121 = poly-(2-hydroxystyrene-co-2-methyl-adamantyl
methacrylate-co-mevalonyl methacrylate); 1 : 6 : 3; Mw = 7,700,
D = 2.17;
PAG 101 to PAG 126 = see the above synthesis examples
35 DISS 101 = 4,4'-(l-phenylethylidene)-bis-[4,1-phenyleneoxy
acetic acid]-di-(1,1-dimethylethyl)ester,
DISS 102 = ethylidene tris-[4,l-phenyleneoxy acetic acid]-



In addition, two other quartz wafers were coated with a solution of 5.0 g
pol y- (4-t-butyl oxycarbonyl oxystyrene) dissolved in 50 g propyl ene gl ycol
nononet hyl ether acetate 25 and baked at 90C for 90 seconds (wafer 203 and
waf er 204). Wafers 203 and 204 were subgjetted to a quantit&ei M&Y

spectrum anal ysis with respect to the absorption intensity of the carbonyl
bond. Then the filmon wafer 203 was brought into intimate contact with the
filmon wafer YoE-ddd lrAtmethriefhvidrstesos with the 30 fil mon wafer 202

each at a prespige absabsut(10ndekgletRyl Bedre mafiey, paphényine-byb-¢et ed to
a flood irradiation \é\nﬁtgﬂVKrF exci mir | aser irradiation at a dose of 80
mJ/ cn2 and balég’d“%thy thay{ hparRend G 85dd GFERT waf ers 203 and 204 on the
upgegSSiﬁe: TkaxsmfertstOS aed 20_étn@1ﬁd§;ward dﬁ??,ﬂnﬁﬁ%ﬂ?{ﬁ?_tﬂﬁ-?mgt20$
Spectra ( béf orREIRYAREBY LIRS BGI8) °5T6% . becane evident that 47- of
the t-butyl oxyBaSE QW exyetramgrhydf amhenpamyiigpdroxide,2 2 MAY 2~2 121 wafer
204 had been i nt dro roups by tr.ifl] uorqnet hanesul fonic acid
produced dur i ﬁ%‘%g@gufegﬁﬂ%am%g’ﬂnﬁ%ﬂ?%wHQ’%&’? f during the post
exposur e bake,BASH [1®30r| yetid@ernibutlyd ambohihmXdexrtatenyl oxy groups of the
pol ymer on 5 3_h ‘Efﬁﬂ Lheli cating that the

trifluoronet h\é%[e&;lh%goni@gg ﬁgggﬁéggy#@%&%afer 202 was much nore

vol ati | e t18an BARE A®3afF| totobwachyd.asdheoni ¢ acid produced from wafer 201.

Fromthis expeiideilpe 'L__ttfggt}l_;%m\ci\,%?]g ggl_ed t hat the anpbunt of acidic,

corrosive and volatile produc m ght cause destruction 10 of the
irradi ati on ecRASFER7 sntriphenHasyifontiumtacetatgl.th of the workers is

si gnificantly gsanagd, ~"pespdiddd ¥19c8eNRoRGMeIhyIACRNYR! Scdtlaiced with the
PAGs of the present invention. Exanple 250: 15 The radiation sensitive
conmposi tion ofSEVaMe=22thaslacd&te8d on a mechanically surface grained

al um num @i | guiey dioized hetwyRingAt k8koalout 1.2 g/ne. After inmagew se
Source for 23 AR, =t WY FERC e KAE0BY (avS10BbLs oFral et foBRR o
source for 23 ,t f ared ' [ a
convection oveaq.x.hhe printed i mage was devel oped with a devel oper sol ution
containing the follow ng j jents.by a splush_paddl e nethod: 5.0 g of
sodi um | auryl e%’tﬁéf z}?’éﬂ "1'?@‘93&%‘% ?@d?urﬁ%’éﬁwf’cﬁf@‘_ Wey §FafRCebs 1.6 g
of trisodi um EBRRPhate=dpue EARCIDAVAS® afaaddablg £fom Breseethsogencap; er .
The pl ate S ri,nse i ter d.drigd. ep 6 qf.a

il ver i1 co]%f{]fdr:&gds?t@WZAéspp?ecg%&ﬁsg&é’%@ﬁgﬁ?yglf%?é:eg’ﬁgngﬁ.iﬁ%c?)o' 3. 05
and density i rBARSE0S s Df1iGelBARGIAZ BaxiohlIe( @rad Yadleotivomelard drite Japay .
Even the fi nesg lic)r eens and lines of the original were clearly visible. The
printing plate obt'ained in the nmanner described gave 32,000 high quality

i npressi ons oAl fozmulatiens contpinm imigoraandurt (< 0202 ppw) 2FOMegaRad/S
12z 1. A cherrii__qjd Xt%ﬁﬁéh&h@}j_élﬁ:@a%tthﬁﬂ.seng tive conposition which is
positively working conprising;, an opiumsalt precursor which generates a
fluorinat 8§ al kanesul fonic acid having 3 to 4 carbon atoms as a photoacid
generat or and mdnig1® 198NARY dBiHaaxsE! BREnpRSLd 05€8h8- 16%6: A chem cal ly

anplified radiation_sensitive congoy tion which is negatively working
conpri si ng; The following ingredients were mixed to gether to prepare three

solutions of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:

30 9.8 g of the terpolymer (POLY 102) of the Example 102,
0.35 g (0.708 mmol) of triphenyl sulfonium 3,3,3,2,1,1-
hexafluoropropane sulfonate (Example 138) or
0.54 g (0.708 mmol) of triphenyl sulfonium perfluorooctane
sulfonate (Comparative Example 104) or

35 0.29 g (0.708 mmol) of triphenyl sulfonium trifluoromethane
sulfonate (Comparative Example 105),
0.02 g of triphenyl sulfonium acetate,



an opium salt precursor which generates a fluorinated al kanesul fonic acid
having 3 to 4 carbon atons as a photoacid generator; a filmformng

hydr oxystyrene based resin and an aci d-sensitive crosslink} 2dMAv200?,
wherein said crosslinking agent is at |east one nenber selected fromthe
group of a nel am ne/formal dehyde condengate, a ureal/fornmal dehyde condensate
with at | east two acidcrosslinkabl e gr oups, resols, di- or trifunctional
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COR9 (VI) O wherein R6 and R each independently represent a hydrogen
atom an al kyl group, which nmay be substituted by one or nore hal ogen
atons, .or a cyclic al kyl group, which nay be substituted by

halogen at ons,

or R6 and R

t oget her can represent an al kyl
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Example 139 and Comparative Examples 107 and 108:

The following ingredients were mixed together to prepare three

solutions of a positive-working chemically amplified radiation

sensitive composition suitable for DUV (248 nm) exposure.
9.8 g of the terpolymer (POLY 103) of Example 103,

0.5 g of &, ¢-bis(cyclohexylsulfonyl)diazomethane,

0.35 g of triphenyl sulfonium 3,3,3,2,1,1-hexafluoropropane

sulfonate (Example 139) or

0.35 g of triphenyl sulfonium trifluoromethane sulfonate

(Comparative Example 107) or

0.35

g of diphenyl iodonium trifluoromethane

sulfonate



said filmform ng hydroxystyrene based resin is an alkali soluble and acid-
sensitive self-crosslinkable resin. 14, The conposition according to claim
13, wherein said resin has a nolecular weight of 2,000 to 20§ 20(fy 2002 a

pol ydi spersity of 1.01 to 2.80. 15. The conposition according to claim 14,
whi ch further conprises performance i nprving additives. 16. The

conposi tion according to claiml15, which conprises: (1) 0.1 to 30 parts by
wei ght of a sull FB‘HP%%@W‘? E¥8mPLen 198}, of a fluorinated al kane sul fonic

aci d, regresgnbedsby dordfdpaeny] : %ﬁiﬁoﬁMManegtat@yomelght gf Saldhhyd¥oxyld
styrene based re Y 127 o 70 parts by weight of sai
aci d-sensi ti ve® cShgsﬁ'lQréerz‘?@ag@‘é g?g%nétﬁag‘ﬁ)"e!“ei tPE 0 parts by wei ght of
perfornmance i mproxi gpMgdiopylese diycolhemohonpeRyl i @theat aeetatd.to cl al m 4,

wherein said r |at|o sensitiv hot aC| erator.is.a c
fornula ( I‘r’d fi’-ﬂ Il.a)ns f—'@rel-f:il% &gﬁ‘&’??%ﬁ’éﬁ% qgcf)@ ?Eﬁt a
a |z alkyl gr eaph, wlﬁ&bhavenbemlpmcmatledcymth OB kyel, granpireflectize

Yot 3 lr s R tha B8y Pae ol BEYer Hcdie 500 i, HPHRBLANARLS
an arill car bonybfietédy | reme (gake p cantiht lpng 0 Zﬁowmnsécbns, The em;bsttwatéf

R1, RZ, and R t I rgan

oxyal kyl ene whi cﬁi?gziﬁncg g’? £€g%rﬂ% tREE er%éd w%?:nﬂa%%ge e(rg Wt h Balkﬂ.gg

i nt er posi NP sufFburdI®secondnatadohe mem{idledng tidimn gaper itavdngya civicdimeesd
with aryl grou The 0S I g\{ﬂg id
radi ati gn gens?% %é&’pﬁopoggﬂgpgegé g‘?%‘%?ﬁgl gbgg%r%lgu% ?J%?}:m a %t?s By
wher ei n one or MABFeSERRE 8gdseamRdoelegtray miRroseope érﬁ@iRstaﬁetl‘@m addal |y

substituted bYtﬁieéﬁiiﬁseﬁﬁiﬂigﬁpsﬁ8$€ﬁEﬁPféééE@ifﬁde5&?&5&@3E§ﬁhﬂﬁlgé a
hal ogen atom a Cl 6 al kyl group, 6 cyclic al kyl group al koxy

group, a C,_6 BYRFPE & RBW%@}S éntﬁ rﬁord%ﬂ%?‘?tﬁﬁi Q‘ieﬁﬁpexBP%eﬂ:PFc

di - C6_I ~ ajeky! déﬁbf‘i’oéﬂ' QHFBxa?Elﬂl)édi@rYdNAgL%J%s & C—A/angsgr&mg & HH1lE-QHEOUP,
an aryl group, an arylthi otgrou nd_ gr oups represqnt ed

ou
by fornul ae (H“?Qk j?/tlrﬁ 0. ?IW}‘ ‘]’O‘I aCtahﬂl?\}Pf)t SHREr éFnaFiB"%d’le RLfem
i ngependenél % haRE® St 05° h%d?ﬁgﬂn sﬁdmmsaaga_g%@j@zﬂedgroup whi chcsma% be
substituted by_one or mre ha e atons, or a C3_
cyclic al kyl Fgﬁpr Wnll c';haﬁﬁy %ﬁ&h@abﬁ? ﬁq#ef or more hal ogen at ons,
or R6 and R tUhetbest rispmsseate atheldayiecas Yhosy iro Example f03ye- nenbered
or si x- meng:bered ring, RB represents a Cl1_6 alkyl group, a C,_6 cyclic alkyl
group, or @ C, |z aralkyl group, or R6 and Re together represent an
al kyl ene group which forms a five- or Babdera®iSered ring together with the
interposing -0 group, the cparbon atomin tne r|n% peing_optionai iy
substituted by an oxygen atom | RO represent d PTRRLELLVRy| [ GP Fri"& c| 6
cyclic alkyl proup, one or two| Esahple a13975 |iBxdnpdeall 8y pEcampls lidse

cyclic al kyl 95835'& B&w:% Eptl opall )A'ZSle?tl tdted P]Y (aﬂ oxypen %om) a Cp 12

aryl group, o gr-otf;
Dense C/H
Resolution (pm) 0.22 (1) 0.22 (1) 0.22 (1)
Isolated C/H
Resolution (pm) 0.22 (1) 0.23 (2) 0.23 (2)
Dense C/H DOF
€ 0.25 pm (pm) 1.8 (1) 1.7 (2) 1.6 (3)
Isolated C/H DOF @
0.25 pm (pm) 1.3 (1) 1.1 (3) 1.2 (2)
C/H Sidewalls
@ 0.25 pm Vertical (1) | Vertical (1) Tapered (2)
C/H Bottom
@ 0.25 um Good (1) Foot (2) Undercut (3)

C/H Top @ 0.25 pm Clear (1) Round (3) Round (2)




R1 and R11 each independently represent a hydrogen atom a Cl1_6 al kyl
group, or a C3_6 cyclic alkyl group, Rz represents a Cl_6 al kyl group, a
.C3_6.cyclic alkyl group, a C6_Iz aryl group, or a C _lz aralk®IMgyr 2p, and
R 'represents a Cl1_6 al kyl group, a C3 6 cyclic al kyl group, a C6_ |z aryl
group, a C,_lz aral kyI group, group -Si7 (RI z) zR", or group -0-Si (R12)

zR'. 19 The cofpostton—accorgirng—to—ctatrmrd,—wheretri—Hp—the—conpoung of

formula (1), |BtardngrWaves andfmléachll)ndeﬁéﬁﬂbhel(\/l)r eprdisdilea (T) 3

al kyl group, £feMRpQey.Cl i c| al kyl group, Cl o-12 bicycl)c alkyl group, a
C3_6 cyclic a LGT?:%rbo Fgroup, a phen oup, or a naphthyl group, or

any two of R DGF@JAHWGR": or §F|‘§°F%$ %/Jo)oe hé’PPP@E‘Fe(s@nt HOPRAOTR éA¢ gr oup

to forma five- or six-nenbered aI kyI ene ring, one or nore hydrogen atons

gfal eRlct e?zfrsmvheég F‘Bﬁ‘bﬁc%ﬂg{‘% SUbStI g%‘ﬂt% e Ie S Onetjg{"oﬂf a

Cl 6 al kyl grosyperdoz3ifi pgrnfomnmideylalgoolm use @h_&oatkoxytholﬁ aesisa.C3_6
cyclic al koxyl group, a hydroxyl group, an aryl group, an aryloxy group, an
arylthio group, and groups of forrmulae (I11), (Ill), (1V), (V), and (M),
wher ei n R6 5andE:Rmpdac i 40 nded cCapatiat ive pErampile didSher a hydr ogen atomor a

met hyl grou h

nydr ogen, R 1 S RASEErb8 o1 0y Aol iend) M HIBA S ponl REEEIER00
represent an &tdsd.gneagreapted mhmm 400,718 szewmocmrémesa &Oppﬂrgmer
together wth 'frﬂ? d°2’ Qf'l'i‘&i 1eBLPHP: wﬁg{gtewfeﬁeﬁ'éﬁ With :-sz%ahkyjche

group, R and sent a hydrogen” at om repfesent’s a net hyl “group,
and R1' repres@?ﬁ@lécnbi’ﬁy@xigrﬂimlpszprotﬁ@t%ﬂpom tion according to claim

4, wher ei {osaifhe FHABRINGT 1A§F A ch tls! )wehré ﬁikéd Stéééé’lﬁ'it )tbpbeeish}éu{a}&m um

salt of a fluorinated ai kane sul fonate. . An 1odoniumsalt _ of formula (I)

as defined in $9thons ofa W%Uriw&rweﬁkélagtch@rnif:e%maa\p(lrlfiaé gafiation n

claim 4, wher eidhaatt iv8asbmPOEL i @ueBaBleNFSH mvoqmaeﬂh)é%o%@rby R, R,
or R is substituted b¥Ha substrt ent defined in claimA4. )

Tri s- (4-t - but yI phéhPf) $he s e 3’“‘§r2 1, 1hexaf | uoropropane sul fonate. 24~
Tris-(4-t-butyi phgnysr)ﬁLdﬂvanyunafmmfderﬂr,abmvarﬁ@dxﬁanayethe Williamson

ACACA A AL A L. A% A A AS(V A
9. A A3. ASJPAF. ‘%ﬁ‘e@, Fﬁé"ﬁ@%@ﬁ A‘é higno) é}é W R A ’&Ai‘is Az chiogoethyl
. A9. A3. AFL. A’ \Ai.nylAe%MeAB&% A9. A . A% A39 A A39. A "% A% A &9. A % A3 . Al
ALASuAf'A A A&Y A% A 0 A&%
A% AL. A s. Ac%)se(:f’g5 Al s nbry ) d 2N dE, BETphER s fontant” A5, 5%0%) 1
L. A A9. A Al Q%WaﬂAoQAptépaxm SiuQ.fIdnAteA(Bxanp_leA&w) OoRA3. A A 9. AA
S. A A& A& A{, 824 calc
a] cal] cal caU] cr%gga%%g(] ﬁ%cﬁﬁ:éll)] caj ca)igﬁgﬁg? f&-& 9511 VI\F ?{::{lé%%]”a] ca
U] c*al] ca 20] csnlfjosrazpec fTerpapatdvie Bxamplgy109) or

0.03 g of triphenyl sulfonium acetate,

0.004 g of Megafac R-08 (tradename), and

64.2 g of propylene glycol monomethyl ether acetate.

The solutions thus obtained were filtered and spin coated on two
25 silicon wafers each, which have been precoated with AZ KrF-2
(tradename), an antireflective coating provided by Clariant
Japan K.K., at a £f11m thickness of 60 nm (bake conditions: 220°C/60
sec). The photoresist films were baked for 90 seconds at 115°C
to yleld a £ilm thickness of 0.62 £ 0.01 pm. After exposure as
30 described in Example 101 (NA = 0.55, 0 = 0.55) at a dose of 29
mJ/cm?®, the exposed wafers were baked at 120°C for 90 seconds and
developed.
The recording material of the present invention resolved lines
and spaces down to 0.20 pmwith vertical sidewalls profiles. The
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11,500, a polydispersity of 1.69, and a monomer ratioof 8—: 1.8":

0.2, '

20 1.5 g of recrystallized tetramethoxymethyl glucoril,

0.5 g of 4,4'-(1l-methylethylidene)-bis-[2,6-bis-
{hydroxymethyl)-phenol]
0.3 g of di-(4-t-butylphenyl) iodonium 3,3,3,2,1,1-
hexafluoropropane sulfonate,
25 0.02 g of tetramethyl ammonium hydroxide,
0.004 g of Megafac R-08 (tradename), and
62.4 g of propylene glycol monomethyl ether acetate.
The solution thus obtained was filtered and spin coated
onto two silicon wafers treated with an adhesion promoter
30 (hexamethyl disilazane) at 3,000 rpm. After bakingon a hot plate
at 95°C for 60 seconds, a f£ilm thickness of 0.67 + 0.02 pm was
obtained.
One of the wafers was subjected to an exposure through a
mask with fine lines and space patterns down to 0.10 pm using
35 a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55,
0 = 0.55) at a dose of 18 mJ/cm’. The other wafer was exposed
with x-rays as described in Example 110 at a dose of 52 mJ/cm®.
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Example 148 and Comparative Example 110:

Two negative-working chemically amplified radiation
sensitive composition solutions suitable for i-line (365 nm)
exposure were prepared from the following ingredients:

15 7.2 g of a copolymer (molecular weight 15,000, glass

transition temperature 145°C) of 3,5-dimethyl-4-hydroxystyrene
and 4-hydroxystyrene (3 : 7},
2.0 g of distilled hexamethoxymethyl melamine,
0.02 g of tetramethyl ammonium hydroxide,
20 0.004 g of Megafac R-08 (tradename), and

42.4 g of propylene glycol monomethyl ether acetate.

To one of the base formulations, a solution of 0.35 g of
(4-phenyl-thiophenyl) diphenyl sulfonium 3,3,3,2,1,1-
hexafluoropropane sulfonate dissolved in 20 g of propylene glycol

25 monomethyl ether acetate was added (Example 145),

while to the other base formulation,

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium
trifluoromethane sulfonate dissolved in 20 g of propylene glycol
monomethyl ether acetate was added (Comparative Example 110).

30 The solutions thus obtained were filtered and spin coated
onto HMDS treated silicon wafers at 2,400 rpm. After baking on
a hot plate at 90°C for 60 seconds, both materials yielded a £ilm
thickness of 1.06 + 0.03 pm.
The wafers were subjected to an exposure through a mask with f£ine

35 lines and space patterns down to 0.20 pm using a Nikon NSR 17551
7a i-line stepper at a dose of 82 mJ/cm’. The exposed materials
were then baked on a hot plate at 105°C for 90 seconds and
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sensitivity and resolution capability.
20 A quartz wafer (wafer 1) was coated with a solution containing
a mixture of
5.0 g of poly-(4-hydroxystyrene), and
0.3 g of triphenyl sulfonium 3,3,3,2,1,l-hexafluoropropane
sulfonate (Example 149, wafer 1) dissolved in
25 50 g of propylene glycol monomethyl ether actetate
and baked at 120°C for 60 seconds.
A second quartz wafer (wafer 2) was coated with a solution
containing a mixture of
5.1 g poly-(4-hydroxystyrene), and
30 0.3 g triphenyl sulfonium triflate (Comparative Example 111,
wafer 2) dissolved in
50 g propylene glycol monomethyl ether acetate
and baked at 120°C for 60 seconds.
In addition, two other quartz wafers (wafer 3 and wafer 4) were
35 coated with a solution of
5.0 g poly-(4-t-butyloxycarbonyloxystyrene) dissolved in
50 g propylene glycol monomethyl ether acetate
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health of the workers is significantly reduced, when triflate

generating PAGs were replaced with the PAGs of the present
25 invention.

Example 150:

The radiation sensitive composition of Example 141 was coated

on a mechanically surface grained aluminum foil and dried to a
30 weight of about 1.2 g/m’. After imagewise exposure through a

positive-working original with a 5 kW metal halide light source

for 23 seconds, the foll was heated at 100°C for 8 minutes in

a convection oven. The printed image was developed with a

developer solution containing the following ingredients by a
35 plush paddle method:

5.0 g of sodium lauryl sulfate,

1.5 g of sodium metasilicate pentahydrate,
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m 10% | & (2)0_ Y1 o( owdr 037&%56( lents were mixe ogether to prepare two
solutions of a positive-working chemically amplified radiation
sensitive composition sultable for DUV (248 nm) exposure:
9.8 g of the above copolymer,
0.42 g of tris-4-t-butylphenyl sulfonium 3,3,3,2,1,1-
25 hexafluoropropane sulfonate (Example 51) or
0.36 g of triphenyl sulfonium triflate (Comparative Example 112),
0.03 g of triethanolamine,
0.05 g of N,N-dimethylacetamide,
0.004 g of Megafac R-08 (tradename), and
30 64.2 g of propylene glycol monomethyl ether acetate.
The solutions thus obtalned were filtered and spin coated on
silicon covered with a phosphor-spin-on-glass (PSG) layer, which
has been pretreated by a dehydration bake at 150°C, and baked
on a hot plate at 95°C for 90 seconds to yield a thin layer having
35 a thickness of about 0.65 pm. The recording material was exposed
as described in Example 101 (NA = 0.55, 0 = 0.71) using a mask
with contact hole patterns down to 0.15 pm at a dose of 52 mJ/cm’



10c(c( 10c(c( 10c(c(! 3"10%(c(& ()-=5>M??2@MM4uSl! ~%10% r& ()-1!~
m 10%<<& ()-Y't ' 10%<h<& ()-Y!' nf10%<& ()-Y't m10%<h<& ()-Y't
n' 109%h<h<& () - Y@>BCADBDCDDDwi [ ML! ~9% 10% r & 10h<h< 10h<h<
10h<h<!'t % 109%1<h<& ()-1 ! p% 10%I<d<& ()- | ! p% 10%i<d<g ()-| 1t o& 2% (- 1D
DQDTDLEFFF} [ : ML! ~ y3L" 10%: F& ()-11f" F"BJ?O%SB&' ()-Ma
F'10% . & ()-M aF:10% . & () - MBLO%& ()-#: - 10%& () - LHI JK L LaLwuco1! = 10WU
10UU! 3L" 10%JusRRd baked forffseeandsiat k15 1Qogiext fhe mgseripdpag: d(e)Vﬂﬂ-Pyeé" 10%
& ()-!aLbLoLr %}Mﬂ&)ﬂ 130X (e 16", 10%00& () - #! " 10%00& () -# "10%
& () - #109%08 () - #- 10%0& ‘(#
10 UUOPQ+ RERRSXSE in‘y'P?c oRER§3ed Yhaf the recerding naterigligffhe present
& ()-9!~" 10% Cen¥entilon $886XFed Jo-.# Bt il QU4nPacE lﬁélé‘sSEETIEiHMUSétﬂo of 1 :

"109P( P( & - #1 k " 10%K # 10% 10% & 0O 10

10O & 00k CFER t SORRRNRE FSHBCRSR Y, SE 100G 1t 101 th L B (45 e

" 109%( F( & ()- #d)ﬂ t'h.éOGGlﬁﬁ(c& h%ﬂéé%l kvl é%ﬁ‘il(tlﬁ(c%ll(,)%ﬁ% fvirgu?§11|r tnOGIfOTE)ing was) "
n 10% F &I # + NN | ~ n 0 N ' - " 0 -
ol 10((%'-2 T( f&) () %fe[d[l(?’;q( &rtaf_iéé%utgso%q:(e} ?i@,eg:fgce. The compa.r%:f g
10% & ()-X\Y\ Z‘natérﬂ]di] Kesolva® (/90 s tbAtasti 4B les with18%epth-of-£focus

&, ()-H10%< -H <<§ (lad o %58 - 107M(A( 107(~(]1_8" " asaawx6: 1
107N (A (1 ~*"1 0% i) . -
109%& () - 119" 10%v<w<&' ()-!ts"10%<h<& ()-!ks"10% <_<& ()-!ys" 10%nk& () - a@

= dd} oP10Fg)
LOmene! *}*Plo%maé@’]((%]1 3‘%“5"-£’“P<a§a§‘§1@?"§*‘%3ﬁg§% del f gg- hph} [ <oP1OFFnT 10
%R ()-!TFni 10Y88% {9l Iomiour1nyrediaue Were WRedOtpyetier toaPreperedtyd-' ph

%% l(<§5' Hgg?l%%%g%oh%%@p@féﬁm%ﬁiﬁ}; BeR3Ral 9FEnP14F1¥4 radiation
sensitive composition sultable for DUV (248 nm) exposure:

15 9.8 g of the above terpolymer (POLY 102),
0.4 g of tris-(4-t-butylphenyl)sulfonium 3,3,3,2,1,1-
hexafluoropropane sulfonate (Example 152) or
0.35 g of triphenyl sulfonium triflate (Comparative Example 113),
0.03 g of triphenyl sulfonium acetate,
20 0.004 g of Megafac R-08 (tradename), and
64.2 g of propylene glycol monomethyl ether acetate.
The solution thus obtalined was flltered, spin-coated on a HMDS
treated silicon wafer and baked for 60 seconds on a hot plate
at 135°C to yield a thin layer having a thickness of about 0.82
25 pm. The recording material was exposed in the same manner as in
Example 101. The dose was 29 mJ/cm’ at which 1:1 lines and spaces
of 0.25 pm were provided. The film was then baked at 135°C for
90 seconds. For both the materials, subsequent development as
described in Example 101 ylelded resolved line and space patterns
30 below 0.21 pm. SEM revealed that, for the material of the present
invention, the linewidth of isolated and dense lines was almost
equal, i.e. the iso to dense blas was negligible, whereas, for
the comparative material, a large iso to dense bias existed in
the lines. Further, for the material of the present invention,
35 the isolated lines were free from dropouts of the £ilm and resolved
down to 0.12 pm. On the other hand, for the comparative material,
there were dropouts of isolated lines of less than 0.14 pm from
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in methanol in its chloride form. 3,000 ml of methanol was added
to 3,000 ml of a 54% aqueous solution of tetramethyl ammonium
10 hydroxide. This alkall solution was used toconvert the chloride
form of the Amberlyst lon-exchange resin to its hydroxide form.
The column was then washed with methanol until the solution
withdrawn from the column became neutral.
39.93 g (0.1 mol) of diphenyl 4-t-butylphenyl sulfonium bromide
15 was dissolved in about 50 ml of methanol. The solution was passed
through the column by elution withmethanol at a rate of 30 ml/hour.
The eluate was monitored using a potentiometer and occasionally
tested for the absence of bromide ions using an agqueous silver
nitrate solution. Next, the concentration of the hydroxyl group
20 was determined by titrationwith 0.1 NHC1l. The yield of diphenyl
4-t-butylphenyl sulfonium hydroxide was about 100%. The
solution was adjusted to 1.0 mmol/g diphenyl 4-t-butylphenyl
hydroxide.
With stirring, to 500 g (50 mmol) of the diphenyl 4-t-butylphenyl
25 hydroxide was added dropwise 15.01 g (50 mmol) of distilled
nonafluorobutane sulfonic acid diluted with 50 ml of methanol
at room temperature. The mixture was stirred at room temperature
for 24 hours. The solvent was removed by evaporation. The oil
(30.9 g (about 100%)) thus obtained was crystallized to give pure
30 diphenyl 4-t-butylphenyl sulfonium nonafluorobutane sulfonate.
The purity was measured by HPLC and found to be > 99%.
'H-NMR (CDCl,): 1.44 (s, 9H, 4-t-butyl), 7.62 - 7.71 (m, 14H,

aromatic) ppm.

35 Synthesis Example 202:
Preparation of triphenyl sulfonium nonafluorobutane sulfonate
(PAG 202)
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maintained under ice cooling. After completion of the addition,
the mixture was stirred for 1 hour. The temperature was returned

10 room temperature, followed by stirring for additional 15 hours.
After standing overnight, two separate phases were formed. The
upper phase was removed and discarded. The oily bottom phase of
approximately 500 ml volume was dropped into 2000 ml of diethyl
ether, upon which a semi-crystalline deposit was formed. The

15 ether was decanted, and the precipitate was dissolved in a minimum
amount of dichloromethane. The solution was added dropwise to
1000 ml of vigorously stirred diethyl ether to reprecipitate the
product. After completion of the addition, stirring was
continued for 2 hours. After the solid was separated from diethyl

20 ether, this procedure was repeated once more to enhance the
crystallinity of the product. The mixture was filtered, and the
seml-crystals were collected yielding 173.7 g of crude sulfonlium
salt. The melting point of the crude sulfonlium salt was 75 - 78°C
Depending on the purity, the crystals can be either recrystallized

25 from ethyl acetate or dissolved in the minimum amount of
dichloromethane and purified by column chromatography on silica
gel using a 95 : 5 dichloromethane-methanol mixture to perform
purification. The first fractions containingunreacted diphenyl
sulfoxide were discarded. After collection of themain fractions,

30 the solvent was evaporated to leave 139.1 g (yleld 58.7%) of
triphenyl nonafluorobutane sulfonate as white crystals (m.p. 83
- 85.5°C).

'H-NMR (CDCLl,): 0 = 7.71 - 7.83 (m, 15H) ppm.
The purlity was determined by HPLC analysis and found to be > 97%.

35
Synthesis Example 203:

Preparation of tris-(4-t-butylphenyl) sulfonium
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200 ml of tetrahydrofuran was dropped 126.57 g (0.34 mol) of
trimethylsilyl nonafluorobutane sulfonate while keeping the

temperature below -5°C with a salted ice bath. After completion

of the addition, the reaction temperature was raised to 5°C,

followed by stirring for additional 20 minutes. A Grignard

25 solution was prepared from 8.4 g (0.34 mol) of magnesium, 100

g of tetrahydrofuran and 68.6 g (0.38 mol) of 4-t-butoxy

chlorobenzene, and added dropwise to the above solution at 0°C.

The mixture was stirred for 2 hours at this temperature. Then

water was added to decompose the excess Grignard reagent, and

30 the inorganic salts were removed by filtration. The solution was
concentrated to about 160 ml and extracted with a mixture of 1200

ml of dichloromethane, 600 g of a saturated aqueous solution of

ammonium chloride and 600 ml water. The organic phase was washed

twice with water and dried. The solvent was removed to yield an

35 o0ily product which was then purified by column chromatography

on silica gel using dichloromethane as the eluant. Thus,

tris-(4-butoxyphenyl) sulfonium nonafluorobutane sulfonate was
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—'(d, 6H) and 7.78 - 7.93 ppm (d, 6H).

Synthesis Example 210:

Preparation of tris-(4-t-butoxycarbonylmethoxyphenyl)
sulfonium nonafluorobutane sulfonate (PAG 210)

A solutionof 62.29g (0.08mol) of tris-(4-butoxyphenyl) sulfonium
nonafluorobutane sulfonate and 2.40 g (0.008 mol) of
nonafluorobutane sulfonic acid 1n 200 ml of ethanol was refluxed
for 8 hours with stirring. After evaporation of the solvent, the
crude product of tris-(4-hydroxyphenyl) sulfonium
nonafluorobutane sulfonate (yleld about 100%) was dissolved in
160 g of N,N-dimethylformamide and reacted with 55.4 g (0.40 mol)
of anhydrous potassium carbonate and 60.3 g (0.40 mol) of t-
butyl chloroacetate at 80°C for 3 hours. The cooled reaction
mixture was poured into 700 ml of water and extracted with
dichloromethane. The organic phase was washed with water and
dried. The solvent was removed. The oily residue was purified
by column chromatography on silica gel using a dichloromethane
and methanol as the eluent. The white product was collected to
yleld 34.4 g (yleld 45 %) of analytically pure tris-(4-t-
butoxycarbonylmethoxyphenyl) sulfonium nonafluorobutane
sulfonate. The 'H-NMR spectrum gave the following signals
(cpC1,): 0 = 1.45 (s, 27H), 4.76 (s, 6H), 7.15 - 7.18 (4, 6H),
7.74 - 7.87 (4, 6H).

Synthesis Example 211:

Preparation of f-oxocyclohexyl 2-norbornylmethyl sulfonium
nonafluorobutane sulfonate (PAG 211)

To a solution of 14.14 g (0.106 mol) of 2-chlorocyclohexane in
100 ml of ethanol was added dropwise 50 ml of a 15% solution of
methylmercaptane sodium salt. The mixture was stirred for 3
hours. Then 600 ml water was added, and the mixture was extracted
with dichloromethane. The organic phase was dried, and the
solvent was removed to yield crude -oxocyclohexyl methyl sulfide,
which was purified by distillation (b.p. 45 - 47°C/0.3 mmHg).
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nitromethane and added dropwise with 20 g (114 mmol) of 2-
bromonorbornane and stirred at room temperature for 1 hour.
After that, a solution of 2.28 g (15.6 mmol) of silver
5 nonafluorobutane sulfonate dissolved in 400 ml of nitromethane
was added dropwise to the reaction mixture and stirred for three
hours at room temperature. The silver bromide was removed by
filtration. The filtrate was concentrated to 50 ml, and then
added dropwise to 600 ml of diethyl ether. The precipitated solid
10 was collected, washed with ether and recrystallized from ethyl
acetate. The yield of Pp-oxocyclohexyl 2-norbornyl methyl
sulfonium nonafluorobutane sulfonate was 1.88 g.
'H-NMR (CDC1,): 0 =1.33 - 2.28 (m, 16H), 2.30 - 3.10 (m, 5H), 4.95
- 5.53 ppm (2m, 2H).
15
Synthesis Example 212:
Preparation of bis-(4-cyclohexylphenyl) iodonium
nonafluorobutane sulfonate (PAG 212)
A 500 ml three-neck round bottom flask equipped with a stirrer,
20 a thermometer, a dropping funnel, a condenser, and a nitrogen
inlet was charged with 43 g (0.20 mol) of potassium iodate, 69.2
g (0.43 mol) of cyclohexylbenzene and 43 ml acetic anhydride.
The mixture was cooled to -5°C. A mixture of 43 ml of acetic
anhydride and 30.1 ml concentrated sulfuric acid was added
25 dropwise thereto with vigorous stirring. During the addition,
the reaction temperature was kept below 5°C. After the end of
the addition, the temperature of the reaction solution was
returned to room temperature over a period of 2 to 3 hours. The
resulting mixture was left for 48 hours and cooled to 5°C. 100
30 gof al: 1 ice/water mixture was added with stirring. During
this operation, the temperature of the reaction solution was kept
below 10°C. Precipitated crystals of potassium salts were
removed by filtration, and the precipitates were extracted twice
with petroleum ether. To the remaining aqueous solution was
35 added dropwise 45 g of ammonium bromide dissolved in 100 ml water
with stirring. The precipitate of bis-(4-
cyclohexylbenzene)iodonium bromide was isolated by filtration,
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dichloromethane and 10.3 g (34.2 mmol) of nonafluorobutane
sulfonic acid was added. The mixture was stirred at reflux for
5 6 hours. Hydrogen bromide evolved. After cooling, the reaction
mixture was washed twice with a 2.5% aqueous solution of
tetramethyl ammonium hydroxide and then dried. The solvent was
then removed. The yellowish residue was recrystallized from an
isopropanol/isopropyl ether mixture to give 12.2 g (63 %) of
10 bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate.
'H-NMR (CDC1,):0 =1.12 - 1.75 (m, 22H), 7.23 - 7.90 (d, 8H) ppm.
The purity was determined by HPLC analysis and found to be > 97%.

Synthesis Examples 213 - 215:
15 The following lodonium salts were synthesized in substantially
the same manner as in the above synthesis examples.
Diphenyl ilodonium nonafluorobutane sulfonate (PAG 213)
'H-NMR (CDC1,): 0 = 7.20 - 7.35 (m, 10H) ppm.
The purity was determined by HPLC analysis and found to be > 97%.
20 Bis-(4-methylphenyl) iodonium nonafluorobutane sulfonate (PAG
214)
'H-NMR (CDCl,):0 = 2.25 (s, 6H), 7.20 - 7.58 (d, 8H) ppm.
The purity was determined by HPLC analysis and found to be > 97%.
Bis-(4-t-butylphenyl) iodonium nonafluorobutane sulfonate (PAG
25 215)
'H-NMR (CDCl,):0 = 1.48 (s, 18H), 7.35 - 7.49 (d, 8H) ppm.
The purity was determined by HPLC analysis and found to be > 97%.

Synthesis Example 216:
30 Preparation of 4-methylphenyl phenyl iodonium nonafluorobutane
sulfonate (PAG 216)
To a stirred suspension of 4.40 g (20 mmol) of lodosylbenzene
in 100 ml of dichloromethane was added dropwise 6.0 g (20 mmol)
of nonafluorobutane sulfonic acid at 0°C under exclusion of
35 molsture. The mixture was stirred at room temperature for 2 hours.
The temperature was returned to 0°C again. 1.84 g (20 mmol) of
toluene was added dropwise. After the addition, stirring was
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The solution was cooled to obtaln crystals of 4-methylphenyl

phenyl iodonium nonafluorobutane sulfonate. The crystals were
5 washed with hexane. The yield was 6.7 g.

'H-NMR (CDCl,):0 = 2.25 (s, 3H), 7.18 - 7.58 (m, 9H) ppm.

The purity was determined by HPLC analysis and found to be > 97%.

Example 201:

10 A copolymer of 4-hydroxystyrene and 4-t-butyloxycarbonylstyrene
was prepared by reacting monodisperse poly-4-hydroxystyrene with
di-t-butylcarbonate. The copolymer had a molecular weight of
8,700 with a polydispersity of 1.18 as determined by GPC using
polystyrene as the standard. The molar ratio of 4-

15 hydroxystyrene : 4-t-butyloxycarbonylstyrene was 7 : 3 as
concluded from inspection of the 'H NMR spectrum (POLY 201).
The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:

20 9.8 g of the above copolymer,

0.3 g of tris(4-t-butylphenyl) sulfonium nonafluorobutane
sulfonate,

0.02 g of tetramethyl ammonium hydroxide,

0.004 g of Megafac R-08 (tradename), and

25 64.2 g of propylene glycol monomethyl ether acetate.

The solution was filtered through a teflon filter having a pore
diameter of 0.1 pm, spin coated on a silicon wafer pre-coated
with DUV-18, an antireflective coating provided by Brewer Science
at a film thickness of 115 nm (bake temperature: 200°C), at 3,000

30 revolutions and dried at 90°C for 60 seconds on a hot plate to
remove the solvent. Thus, a 0.75 pm-thick £ilm was obtained.
The recording material thus obtalned was imagewise exposed using
a mask providing lines and spaces patterns down to 0.10 um per
image with a DUV stepper Nikon NSR 2005 EX 10B, having a numerical

35 aperture (NA) of 0.55 during exposure and a coherence factor ( J)
of 0.55 with a dose of 22 mJ/cm’. The material was baked at 100°C

for 90 seconds to develop the latent image, and then processed
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tetramethy ammonium hydroxide provided by Clariant Japan K.K.

A defect-free image of the mask with high edge stability was
5 obtalned, structures < 0.25 pymbeing resolved faithfully to detail
and the width ratio (linearity of the resist) of nominally equal
lines/space structures being virtually constant in the range
between 1.00 pm and 0.25 pm. In 250 nm image, the difference in
linewidth between dense lines and isolated lines was not more
10 than 5 nm, and the dense/liso blas was very small. The resist
profile was almost vertical and very smooth, as neither line edge

roughness nor standing waves were observed.

Example 202:

15 Radical copolymerization of 4-acetoxystyrene, styrene and t-
butylmethacrylate was carried out in the presence of 2,2-
azo-bis-isobutyronitrile as a polymerization initiator,
followed by hydrolysis of the acetate groups of the copolymer
with an aqueous ammonium acetate solution to prepare a terpolymer

20 of 4-hydroxystyrene, styrene and t-butyl methacrylate. The
terpolymer had a molecular weight of 14,200 with a polydispersity
of 1.69 as determined by GPC using polystyrene as the standard,
and the molar ratio of 4-hydroxystyrene : styrene : t-
butylmethacrylate was 7 : 2 : 1 as determined by 'H NMR (POLY 202).

25 The following ingredlents were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:

9.8 g of the above copolymer,
0.3 g of bis-(4-t-butylphenyl) iodonium nonafluorobutane

30 sulfonate,

0.03 g of triphenyl sulfonium acetate,

0.004 g of Megafac R-08 (tradename), and

64.2 g of propylene glycol monomethyl ether acetate.

The solution thus obtained was filtered, spin-coated on a HMDS

35 treated silicon wafer and baked for 60 seconds on a hot plate
at 130°C to yield a film thickness of 0.82 pm. The recording

material was exposed in the same manner as in Example 201. The
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and space patterns below 0.22 pm. From scanning electron
microscope (SEM) inspection, it was concluded that the linewidth

5 of isolated and dense lines was almost equal, i.e. the dense to
iso bias was negligible. Isolated line patterns were resolved
down to 0.14 pm.

Example 203 and Comparative Examples 201 and 202:

10 Radical polymerization of 4-t-butyloxystyrene was carried out
in the presence of 2,2-azo-bis-isobutyronitrile as a
polymerization initiator, followed by partial hydrolysis of the
t-butyloxy groups with a concentrated aqueous hydrogen chloride
solution to prepare 4-hydroxystyrene with 12% of the t-butyloxy

15 groups being left intact. This copolymer was then reacted with
ethyl vinyl ether in the presence of p-toluenesulfonic acid as
a catalyst to prepare a terpolymer of 4-hydroxystyrene, 4-
(1-ethoxyethoxy)styrene and 4-t-butoxystyrene. The terpolymer
thus obtained had a molecular weight of 23,400 with a

20 polydispersity of 2.14 as determined by GPC using polystyrene
as the standard, and the molar ratio of 4-hydroxystyrene
styrene : t-butyl methacrylate was 6.7 : 2.2 : 1.1 as measured
by 'H NMR (POLY 203).

The following ingredients were mixed together to prepare

25 solutions of a positive-working chemically amplified radiation
sensitive composition sultable for DUV (248 nm) exposure:

9.8 g of the above copolymer,
0.3 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium
nonafluorobutane sulfonate (Example 203),
30 0.02 g of triphenyl sulfonium acetate,
0.05 g of 9-anthramethyl acetate (DUV absorber),
0.004 g of Megafac R-08 (tradename), and
64.2 g of propylene glycol monomethyl ether acetate.
For comparison, positive-working chemically amplified

35 radiation sensitive composition solutions were prepared in the
same manner as described just above, except that 0.27 g (0.41
mmol) of tris-(4-t-butylphenyl)sulfonium camphor sulfonate
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20

sulfonate (Comparative Example 202) was used instead of 0.3 g
(0.41 mmol) of tris-(4-t-butylphenyl)sulfoniumnonafluorobutane
sulfonate.

The solutions were filtered, and spin-coated on three silicon
wafers, which have been precoated with an experimental
antireflective coating provided by Clariant Japan K.K. at a £ilm
thickness of 60 nm (bake temperature: 220°C). The resist films
were baked for 60 seconds on a hot plate at 90°C to yield a £11m
thickness of 0.75 + 0.02 pm.

The recording materlials were exposed as described in Example 201
(NA = 0.50, 0 = 0.50) and then baked at 105°C for 60 seconds.

Development was done as described in Example 201. The results

were as follows.

Table 201:
Comparative Comparative
Example 203 Example 201 Example 202
Dose (mJ/cm’) 22 (1) 31 (3) 22 (1)
Dense Line Resolution
(jam) 0.17 (1) 0.26 (3) 0.18 (1)
Isolated Line
Resolution (pm) 0.15 (1) 0.19 (2) 0.20 (3)
Dense Liine DOF @ 0.22 pm
(pm) 1.4 (1) 0.0 (3) 1.1 (2)
Isolated Line DOF @
0.22 pm (pm) 1.0 (1) 0.6 (3) 0.7 - 0.8 (2)
Dense/iso blas @ 0.22
am_(pm) 9 (1) Na (3) 27 (2)
Remarks:
In the table, rating was added in parenthesis (1) = best, (2)

(3)

The dose is defined as the exposure energy to delineate equal

= intermediate, = poor.

lines and spaces of 0.22 pm pattern width.

The dense line resolution is defined as the smallest equal lines
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line pattern without top f£ilm loss of the line at that dose.
The dense line DOF is defined as the depth of focus of equal lines

5 and spaces at that dose.
The isolated line DOF is defined as the depth of focus of isolated
lines at that dose.
The dense/1iso bias 1; defined as the linewidth difference between
dense lines and 1solated lines at that dose.
10 These results clearly demonstrate that the material using the

resist materilal of the present invention has the best 1ithographic
performance among these three samples.

Example 204 and Comparative Examples 203 and 204:

15 Monodisperse poly-4-hydroxystyrene (Nippon Soda Co., Ltd.,
Mw = 12,000, polydispersity=1.16) was reactedwith 2-chloroethyl
vinyl ether in the presence of p-toluenesulfonic acid as a
catalyst to prepare a copolymer of 4-hydroxystyrene and 4-
(1-(2-chloroethoxy)ethoxy)styrene. The copolymer had a

20 molecular weight of 13,700 with a polydispersity of 1.21 as
determined by GPC using polystyrene as the standard, and the
monomer ratio of 4-hydroxystyrene : 4-(1-(2-
chloroethoxy)ethoxy)styrene was 7.1 : 2.9 as measured by 'H NMR
(POLY 204).

25 The followlng ingredients were mixed together to prepare three
solutions of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:

9.8 g of the above copolymer,
0.25 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane

30 sulfonate (Example 204),

0.03 g of triphenyl sulfonium acetate,
0.004 g of Megafac R-08 (tradename), and
64.2 g of propylene glycol monomethyl ether acetate.
For comparison, positive-working chemically amplified

35 radiation sensitive composition solutions were prepared in the

same manner as described just above, except that 0.25 g of

tris-(4-t-butylphenyl)sulfonium triflate (Comparative Example
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sulfonate (Comparative Example 204) was used instead of 0.25 g
of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate.
The solutions were filtered, spin coated on two HMDS treated
5 silicon wafers each (total 6 wafers), baked for 90 seconds on
a hot plate at 110°C to yield a layer having a thickness of 0.75
t 0.02 ym. The recording material was exposed as described in
Example 201 (NA = 0.55, 0 = 0.55).
Table 202.
10 hot plate and baked for 90 seconds at 75°C (Test A), the second

wafers were stored in the clean room for 60 minutes and then baked

The dose was as indicated in
While one of each wafer was placed immediately on a

under the same conditions (Test B).

Next, these wafers were

developed as described in Example 201.
The results are compiled in Table 202.

15
Table 202
Comparative Comparative

Test A Example 204 Example 203 Example 204
Dose (mJ/cm’) 24 (2) 22 (1) 37 (3)
Dense Line Resolution
(pm) 0.17 (1) 0.17 (1) 0.21 (2)
Isolated Line
Resolution (pm) 0.15 (1) 0.15 (1) 0.19 (2)
Dense Line DOF @ 0.22 pm
(1am)

1.4 - 1.5 (1) 1.1 (2) 1.1 (2)
Isolated Line DOF @
0.22 pm (pm) 1.0 (1) 0.6 (3) 0.7 - 0.8 (2)
Dense/iso bias @ 0.22
pm (nm) 17 (1) 30 (3) 27 (2)
T-top None (1) None (1) None (1)

Table 202: continued

Test B (after one hour) Comparative Comparative

Example 204 Example 203 Example 204
Dose (mJ/cm?) 24 (1) 23 (2) 34 (3)
Dense Line Resolution
(jam) 0.17 (1) 0.18 (2) 0.22 (3)
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Isolated Line

Resolution (pm) 0.15 (1) 0.16 (2) 0.21 (3)
Dense Line DOF @ 0.22 pm

(jam) 1.4 - 1.5 (1) 0.9 (2) 0.6 (3)
Isolated Line DOF @

0.22 pm (pm) 1.0 (1) 0.4 (3) 0.6 (2)
Dense/iso bias @ 0.22

pm (nm) 15 (1) 37 (3) 32 (2)
T-top None (1) Yes, slight Yes, medium
Remarks:

The definition of the test items is the same as given in Example

203. T-top indicates formation of an insoluble phase on top of
5 the resist.

These results demonstrate superior performance of the resist

material of the present invention (Test A) and superiority in

dimensional stability upon delay time changes (Test B).

10 Example 205:
Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda
Co., Ltd., Mw = 2,000, polydispersity = 1.16) was reacted with
dihydropyran and a minor amount of &, w -triethylene glycol
divinyl ether in the presence of p-toluenesulfonic acid to prepare
15 a copolymer of 4-hydroxystyrene and 4-
tetrahydropyranyloxystyrene partially crosslinked by &, w -
triethylene glycol divinyl ether. The copolymer had an average
molecular weight of 7,500 with an essentially trimodal molecular
welght distribution at about 2,300, 4,600 and 7,000 and a minor
20 amount of higher crosslinked parts as determined by GPC with
polystyrene as the standard, and the monomer ratio of 4-
hydroxystyrene : 4-tetrahydropyranyloxystyrene was roughly 6.9 :
3.1 as measured by 'H NMR (POLY 205).
The following ingredients were mixed together to prepare a
25 solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:
9.8 g of the above copolymer,
0.42 g of t-butyloxycarbonylphenyl diphenyl sulfonium
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nonafluorobutane sulfonate,
0.03 g of tri-n-octylamine,
0.05 g of N,N-dimethylacetamide,
0.004 g of Megafac R-08 (tradename), and
5 64.2 g of propylene glycol monomethyl ether acetate.
The solution was filtered, spin coated on a silicon wafer covered
with a phosphor-spin-on-glass layer, which has been pretreated
bake at 150°C, and baked for 90 seconds on a hot plate at 115°C
to yleld a layer having a thickness of 0.65 pm. The recording
10 material was exposed as described in Example 201 (NA = 0.55, O
= 0.71) using a mask with contact hole patterns down to 0.15 pm
at a dose of 62 mJ/cm’ and baked for 90 seconds at 120°C. Next
the material was developed as described in Example 201.
Scanning electron microscope (SEM) inspection revealed that the
15 recording material resolved 0.19 pm contact holes at a duty ratio
of 1 : 1 with a usable depth-of-focus (DOF) of about 0.7 pym. The
sidewalls of the contact holes were vertically, and virtually
no footing was observed at the resist/substrate interface.

20 Example 206:
Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda
Co., Ltd., Mw = 8,000, polydispersity = 1.09) was reacted with
ethyl vinyl ether in the presence of p-toluenesulfonic acid as
a catalyst to prepare a copolymer. The copolymer was reacted with
25 di-t-butylcarbonate in the presence of triethylamine to prepare
a terpolymer of 4-hydroxystyrene, 4-(l-ethoxyethoxystyrene) and
4-(t-butyloxycarbonyloxystyrene). The terpolymer had an
average molecular weight of 10,200 with a polydispersity of 1.13
as determined by GPC using polystyrene as the standard, and the
30 monomer ratio of 4-hydroxystyrene : 4-(l-ethoxyethoxy)styrene :
4-t-butyloxycarbonyloxystyrene was 6.5 : 3.8 : 0.7 as measured
by ‘H NMR (POLY 206).
The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
35 sensitive composition suitable for DUV (248 nm) exposure:
9.8 g of the above terpolymer,
0.35 g of bis~ (4-cyclohexylphenyl) phenyl sulfonium
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nonafluorobutane sulfonate,

0.02 g of tetrabutyl ammonium hydroxide,

0.02 g of N,N-dicyclohexylamine,

0.004 g of Megafac R-08 (tradename), and

64.2 g of ethyl lactate.

The solution thus obtained was filtered, spin-coated on a HMDS
treated silicon wafer and baked for 90 seconds on a hot plate
at 100°C to yleld a layer having a thickness of 0.55 pm. The
recording material was exposed as described in Example 201 (NA
= 0.55, 0 = 0.71) using a mask with contact hole patterns down
to 0.15 pm at a dose of 55 mJ/cm?and baked for 90 seconds at 120°C.
Next the materilal was developed as described in Example 201.
Exposure was performed as described in Example 201 using NA =
0.50 and a 0-value = 0.60 at a dose of 26 mJ/cm’. The material
was baked for 90 seconds at 105°C, and developed with the
surfactant~free developer of Example 201 for 60 seconds at 23°C
followed by water rinsing.

The material resolved dense lines and spaces patterns down to
0.18 pm and isolated lines down to 0.14 pm. The pattern shape
was rectangular and no standing waves were observed. The DOF of
the isolated patterns was larger than 1.0 pm for 0.18 ym features.

Examples 207 and 208:

Radical copolymerization of 4-acetoxystyrene with 4-t-
butylacrylate was carried out in the presence of 2,2'-
azobis-(4-dimethoxy-2,4-dimethylvaleronitrile) as a
polymerization initiator, followed by hydrolysis of the acetate
groups with an aqueous ammonium acetate solution. A part of the
hydroxy groups in the copolymer thus obtained were reacted with
ethyl vinyl ether 1n the presence of p-toluenesulfonlc acid as
a catalyst to prepare a terpolymer of 4-hydroxystyrene, 4-
(1-ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer
had an average molecular weight of 8,700 with a polydispersity
of 1.71 as determined by GPC using polystyrene as the standard,
and the molar ratio of 4-hydroxystyrene : 4-(1-
ethoxyethoxy)styrene : 4-t-butylacrylate was 7.1 : 1.8 : 1.1 as
measured by 'H NMR (POLY 207).
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The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) and e-beam
exposure:
9.8 g of the above terpolymer,
0.28 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane
sulfonate,
0.03 g of triphenyl sulfonium hydroxide,
0.004 g of Megafac R-08 (tradename), and
64.2 g of propylene glycol monomethyl ether acetate.
The solution was filtered, spin-coated on two HMDS treated silicon
wafers and baked on a hot plate for 90 seconds at 110°C to yield
a layer having a thickness of 0.53 pm. One of the recording
materials was exposed with excimer laser radiation provided by
a Nikon NSR 2005 EX 10B stepper with an NA = 0.55 and a coherence
factor 0 = 0.80 using a mask with lines and spaces patterns down
to 0.10 pm at a dose of 22 mJ/cm’. The other recording material
was pattern-wise exposed with e-beam radiation provided from a
JEOL JBXX 5DII operating at 50 keV with a spot size of 10 nm (no
proximity correction) at a dose of 16.2 pC/cm’. The exposed
wafers were placed on a hot plate and baked for 90 seconds at
120°C. The materials were then developed with AZ® MIF 300, a
surfactant free developer containing 2.38% by weilght of
tetramethyl ammonium hydroxide provided by Clariant Japan K.K.
for 60 seconds at 23°C followed by pure water rinsing.
The excimer laser exposed material resolved dense lines and spaces
patterns down to 0.18 pm and isolated lines and spaces down to
0.14 pm. The pattern shape was rectangular and only minor
standing waves were observed. The DOF of the isolated patterns
was larger than 1.0 pm for 0.16 pm features.
The e-beam exposed material resolved dense lines and spaces down
to 0.16 pym and isolated lines down to 0.11 um. The DOF of the
isolated patterns was larger than 1.0 pm for 0.15 pm features.

Examples 209 and 210:
A terpolymer of a 4-hydroxystyrene derivative, 4-(t-
butoxystyrene) and 4-t-butylcarbonylmethyloxy styrene was
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100
prepared by acid hydrolysis of monodisperse poly-4-t-
butoxystyrene to leave 15% of the butoxy groups intact. A part
of the hydroxy groups in the copolymer were reacted with t-butyl
bromoacetate in the presence of triethylamine as a catalyst. The
5 terpolymer had an average molecular welght of 8,700 with a
polydispersity of 1.06 as determined by GPC using polystyrene
as the standard, and the molar ratio of 4-hydroxystyrene
4-(t-butoxystyrene : 4-t-butylcarbonyloxystrene was 7.1 : 1.4 :
1.5 as measured by 'H NMR (POLY 208).

10 The following ingredients were mixed together to prepare a
solutlon of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) and x-ray
exposure:

9.8 g of the above terpolymer,

15 0.2 g of Dbis-(t-butylcarbonylmethyloxyphenyl) iodonium
nonafluorobutane sulfonate,

0.15 g of tris-(t-butylcarbonylmethyloxyphenyl) sulfonium
nonafluorobutane sulfonate,
0.03 g of tributylammonium pyrovate,

20 0.004 g of Megafac R-08 (tradename), and
64.2 g of methyl amyl ketone.

The solution was filtered, spin-coated on two HMDS treated silicon
wafers and baked on a hot plate (90 sec/100°C) to yield a layer
having a thickness of 0.72 pnm. One of the recording materilals

25 was exposed with excimer laser radiation provided by a Nikon NSR
2005 EX 10B stepper (NA = 0.55, 0 = 0.55) using a mask with lines
and spaces patterns down to 0.10 pm at a dose of 25 mJ/cm’. The
other recording material was patternwise exposed with x-ray
radlation provided by a 0.6 GeV superconducting beam storage ring

30 withapeak wavelength of 7.5 Ausing aKarl Suss XRS-200/3 stepper
with a proximity gap of 30 pm at a dose of 70 mJ/cm?’. The x-
ray mask had lines and spaces pattern down to 100 nm and was
composed of 0.5 mm thick W-Ti absorber on a 2.0 pm thick SiC
membrane. The exposed wafers were baked for 90 seconds at 110°C

35 and developed as described in Example 201.

The excimer laser exposed material resolved dense lines and spaces

patterns down to 0.16 pm but the isolated lines were somewhat
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unstable and collapsed at geometries below 0.18 pnm. The pattern
shape was rectangular and only minor standing waves were observed.
The DOF of the isolated patterns was larger than 1.0 pm for 0.16
pm features.

5 The x-ray exposed material resolved dense lines and spaces down
to 0.14 pm and isolated lines down to 0.14 pm. At smaller
geometries the patterns tended to collapse. The DOF of the
isolated patterns was larger than 1.0 pym for 0.15 pm features.

10 Example 211:

The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure:

9.8 g of the terpolymer described in Example 207 (POLY 207),

15 0.8gof 4,4'-(1-methylethylidene) bis-[4,1-phenyleneoxy acetic
acid] di(1,1-dimethylethyl) ester,

0.2 g of bis- (4-cyclohexylphenyl) phenyl sulfonium
nonafluorobutane sulfonate,
0.03 g of triphenyl sulfonium hydroxilde,

20 0.05 g of a condensation product of 2 moles 9-anthrylmethanol
reacted with 1 mole toluene-1,3-diisocyanate (DUV absorber),
0.004 g of Megafac R-08 (tradename), and
64.2 g propylene glycol monomethyl ether acetate.

The solution was filtered, spin-coated on a HMDS treated silicon

25 wafer and baked on a hot plate (90 sec/100°C) to yield a layer
having a thickness of 0.55 pm, exposed as described previously
(NA = 0.55) at a dose of 35 mJ/cm’, baked for 90 seconds at 120°C
and developed.

The material resolved dense lines and spaces patterns down to

30 0.16 pm and isolated lines down to 0.14 pym. The pattern shape
was rectangular and only minor standing waves were observed. The
DOF of the isolated patterns was about 0.6 ym for 0.16 nm features.

Examples 212 and 213:

35 4-Hydroxystyrene, tetracyclododecyl methacrylate, t-butyl
methacrylate and methacrylic acid 2-tetrahydropyranyl ester was
radically polymerized in the presence of 2,2'-
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azobis(isobutyronitrile) as a polymerization initiator to
prepare a dquaterpolymer. The quaterpolymer had an average
molecular weight of 13,200 with a polydispersity of 2.4 as
determined by GPC using polystyrene as the standard, and the
monomer ratio of the components was 1.5 : 3.5 : 2.5 : 2.5 as
measured by ‘H NMR (POLY 209).

The following ingredients were mixed together to prepare a
solution of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure and VDUV
(193 nm) exposure:

7.8 g of the quaterpolymer described above,

2.8 g of 4,4'-(1-methylethylidene) bis-[4,1l-cyclohexyleneoxy
acetic acid] di(1,1-dimethylethyl) ester,

0.2 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane
sulfonate,

0.03 g of triethanolamine,

0.004 g of Megafac R-08 (tradename), and

64.2 g of propylene glycol monomethyl ether acetate.

The solution was filtered, spin-coated on two slilicon wafers
pretreated with AZ* KrF-2, a commercially available
antireflective coating avallable from Clariant Japan K.K, baked
for 90 seconds at 120°C to yleld a layer having a thickness of
0.55 £ 0.02 pm, and one wafer was exposed as described in Example
201 (NA = 0.55, 0 = 0.80) at a dose of 26 mJ/cm’, while the other
wafer was exposed with an ISI ArF stepper with a NA = 0.60 and
a0 =0.75 at adose of 12.5 mJ/cm’. The exposed wafers were baked
for 90 seconds at 125°C and developed.

The KrF excimer laser exposed material resolved dense lines and
spaces patterns below 0.16 um, isolated lines down to 0.14 pm,
but both with a slight tendency to form T-tops. The ArF excimer
laser exposed material showed the same resolution and pattern
characteristics as the KrF excimer laser exposed material,
however, the DOF of 0.18 ym lines exceeded that of the KrF exposed
material by 25%.

Examples 214-237:

The following radiation sensitive compositions were prepared and
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processed according to the steps indicated in Table 203, where
"Polymer"” denotes the polymer used,
"PAG" denotes the PAG (photoacid generator) used,
"DissInh" denotes the dissolution inhibitor used,
5 "Base" denotes the basic additive used,
"Solv" denotes the solvent used,
"Ratio" denotes the component ratio in parts by weight used,
"Substrate" denotes the substrate to be coated with the radiation
sensitive composition used,

10 "PB" denotes the applied prebake conditions (temperature/time),
"FT" denotes the film thickness of the radiation sensitive
composition used,

"Exposure Type" denotes the radiation wavelength employed (ArF
= 193 nm excimer laser, KrF = 248 nm excimer laser, i-line = 365

15 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1.3 nm),
"Dose" denotes the applied exposure dose (in mJ/cm’ for ArF. KrF,
I-line and x-rays and in pC/cm’ for e-beam),

PEB denotes the applied post exposure bake conditions
(temperature/time),

20 "Dev" denotes conditions for development (temperature/time) with
an aqueous 2.38% tetramethyl ammonium hydroxide solution,
"Res" denotes the resolution capability of dense 1:1 lines and
spaces,

"Delay Stability" denotes the linewidth change < 10% upon delay

25 Dbetween exposure and post exposure bake,

"Profile Angle" denotes the angle between the substrate and the
sidewall of 0.25 pm line patterns, and
"DOF" denotes the depth of focus of 0.25 pm lines.
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The following abbreviations were used for the ingredients shown

in the table.
POLY 201 to POLY 209 = see the above examples

POLY 210 = poly- (4-hydroxystyrene-co-4-(1-
5 ethoxyethoxy)styrene), 6.7 : 3.3; Mw = 8,700; D = 1.12;
POLY 211 = poly-(4-hydroxystryene-co-t-butylmethacrylate);
7.2 : 2.8; Mw = 11,400; D = 1.86;
POLY 212 = poly-(4-hydroxystyrene-co-4-(1-
ethoxyisopropoxy)styrene; 6.9 : 3.1; Mw = 8,200; D = 1.14;
10 POLY 213 = poly-(3-hydroxystyrene-co-4-t-butyl
vinylphenoxyacetate); 6.8 : 3.2; Mw = 15,200, D = 2.21;
POLY 214 = poly-(4-hydroxystyrene-co-4-(1-

ethoxyethoxy)styrene-co-4-methylstyrene); 6.0 : 3.2
0.8; Mw = 14,000; D = 1.84;

15 POLY 215 = poly-(4-hydroxystyrene-co-8-methyl-8-t-
butoxycarbonyltetracyclo[4.4.0.1%°,1""]dodec-3-ene-co-maleic
anhydride); 1 : 4 : 5; Mw = 4,800; D = 2.45;

POLY 216 = poly-(4-hydroxystyrene-co-4-(1-
ethoxyethoxy)styrene-co-4-tetrahydropyranyloxystyrene); 6.5 :

20 2.5 : 1.0; Mw = 9,400; D = 1.18;

POLY 217 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl
vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw = 12,300; D = 1.72;
POLY 218 = poly-(4-hydroxystyrene-co-4-t-

butyloxycarbonyloxystyrene-co-t-butylmethacrylate); 6.8 : 2.1 :
25 1.1; Mw = 7,200, D = 1.65;
POLY 219 = poly-(-4-hydroxystyrene-co-4-butoxystyrene-co-4-
(1-ethoxyethoxy)styrene-co-4-vinylbenoic acid t-butylester):
7.0 : 1.2 : 1.3 : 0.5; Mw = 11,300, D = 2.25;
POLY 220 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8;
30 Mw = 9,200, D = 1.85;
POLY 221 = poly- (2-hydroxystyrene-co-2-methyl-adamantyl
methacrylate-co-mevalonyl methacrylate); 1 : 6 : 3; Mw = 7,700,
D= 2.17;
PAG 201 to PAG 216 = see the above syntheslis examples
35 PAG 217 = bis-(4-butoxyphenyl diphenyl sulfonium
nonafluorobutane sulfonate,
PAG 218 = bis-(4-methylphenyl) phenyl sulfonium nonafluorobutane
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DISS 204 = ethylidene-tris-4, l1-phenylene-tris-(1,1-
dimethylethyl)carbonic acid ester,
25 BASE 201 tetramethyl ammonium hydroxide,
BASE 202 = tetra-n-butyl ammonlium hydroxide,
BASE 203 = tetra-n-butyl ammonium lactate,
BASE 204 = methyldicyclohexylamine,
BASE 205 = tri-n-octylamine,
30 BASE 206 = triethanolamine,
BASE 207 = triphenyl sulfonium acetate,
SOLV 201 = propylene glycol monomethyl ether acetate,
SOLV 202 = ethyl lactate,
SOLV 203 = methyl amyl ketone,
35 BARC 201 = DUV BARC AZ’KrF-3B®’ (available from Clariant Japan
K.K.),
BARC 202 = DUV BARC CD-9° (available from Brewer Science),
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sensitive composition suitable for DUV (248 nm) exposure
9.8 g of the terpolymer (POLY 203) of Example 203,

0.5 g of @, @-bis(cyclohexylsulfonyl)diazomethane,
0.52 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane

sulfonate (Example 239),

0.03 g of triphenyl sulfonium acetate,
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Surface After
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Popcorn (2)
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The test items were the same as those in Table 203.

These results indicate the material of the present invention are

superior in performance also in use as contact hole resist.

Example 240 and Comparative Example 209:
Monodisperse poly-(4-hydroxystyrene) (provided from Nippon Soda
Corp. ) was reacted with ethyl vinyl ether to prepare a copolymer.
The copolymer had a molecular weight of 6,800 with 32% of the
phenolic hydroxy groups protected.

The following ingredients were mixed together to prepare two
solutions of a positive-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) exposure.

9.8 g of the above resin,

1.2 g of a divinyl ether derivative prepared by the Williamson
ether reaction of 1 mol bisphenol A with 2 moles 2-chloroethyl

vinyl ether,
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and spaces down to 0.20 ym with vertical sidewalls profiles. The
materlal of the Comparative Example 209 showed a resolution limit
25 at 0.28 pm and strong foot formation. A dissolution rate analysis
revealed that the contrast of the comparative material was
significantly degraded probably due to a crosslinking reaction
of the divinyl ether derivative at the selected post exposure
bake temperature.
30
Example 241:
The following ingredients were mixed together to prepare two
positive-working chemically amplified radlation sensitive
composition solutions suitable for i-line (365 nm) exposure:
35 8.6 g of a copolymer (molecular weight 12,200) of 3-methyl-
4-hydroxystyrene and 4-hydroxystyrene (2 : 1),
2.8 g of the poly-N,0-acetal described in Example 238,



1610%49& ()-; ?GOW gdDF5W$! (U/ 6 ! 610%49& ()- !610%49& ()- !610%49& () -
1610%49&' () - !6109%49& ()- !610%19& () -gopxzmvt FS5 ! 610%419&' () - ! 610%49& () -
1 6109%49& ()- !6109%9& ()-5Wk$! (U6 ! 610%19& ()-i M F5 ! 610%498 2 MAY 2002

1 610949& () -5W$! (U/ 6 !610%19& ()- !610%49& ()- !610%49& ()-_) F5WS! (U/ 6

1 610949& ()- !610%19& ()- !610%49& () 113 610%49& () -

1610%49& () - dDF5WS$! (U/ 6 ! 610%49& ()- !610%49& ()- !610%9& () -

1 610%49& () - !'GHM49& 0F- 2-6u0dwyd (irkens)5 sudfondom’ (nonafduoyabetine
1610%49& () -  sulfonate,

0.04 g of triphenyl sulfonium hydroxide,
0.004 g of Megafac R-08 (tradename), and
5 88.5 g of ethyl lactate.
The solution thus obtained was filtered and spin coated on a wafer
precoated with a 160 nm thick film of AZ Barli (tradename), a
commercial antireflective coating available from Clariant Japan
K.K., which has been baked at 200°C for 60 seconds. The
10 photoresist was baked at 110°C for 60 seconds to give a f£ilm
thickness of 850 nm. The coated wafer was exposed through a mask
with line and space patterns down to 0.20 mm using a Nikon SNR17051
stepper (NA = 0.50) at a dose of 56 mJ/cm’. After the exposure,
the wafer was baked at 90°C for 60 seconds and developed as
15 described 1n Example 201. After pure water rinsing, the wafer
was dried and observed under SEM. The material resolved 0.26 pm

lines and space patterns free of scum and T-top formation.

Example 242:

20 Two solutions of a positive-working chemically amplified
radiation sensitive composition suiltable for VDUV (193 nm)
exposure were prepared by mixing the following ingredients
together:

11.14 g of poly(2-hydroxystyrene-co-2-methyl-2-adamantyl

25 methacrylate-co-mevalonic lactone methacrylate) with a
molecular weight of 8,000 and a polydisersity of 1.82,

0.31 g of bils-4-cyclohexylphenyl iodonium nonafluorobutane
sulfonate,
0.04 g of methyl diethanolamine,

30 0.004 g of Megafac R-08 (tradename), and
88.5 g of ethyl lactate.

The solution thus obtained was filtered and spin coated on a wafer
precoated with a 60 nm thick £ilm of an experimental methacrylate
based antireflective coating provided by Clariant Japan K.K.,

35 which has been baked at 200°C for 60 seconds. The photoresist

was baked at 90°C for 60 seconds to give a £ilm thickness of 450

nm and exposed through a mask with line and space patterns down



16109%#19&' () -5W$! (U 6 ! 610%49& () -$. 8=CGQV_?F5 !610% ! 610%49&' () -
16109%49&' () - !6109%49& ()- !610%19& ()- !610%19& ()- !'610%19& ()-V_inx_?F5
1610%,! 610949& ()- !610%19& ()- !610%19& ()- !'610%49& ()- ! Ql@m%m -
1610%49& ()-1-F5 !1610%9& ()-5W$! (U/ 6 ! 610%49& ()- !610%49& () -
16109%9& () - !6109%19& ()-_?F5 !610%491hﬁ10%49&f()- 1610%19& () -
16109%49&' ()- !610949& ()- !610%19& ()- 1610%19& ()-nN. F5 610%9& () -

1 6109%49&' () - !qub/m'p(n) using AASI AYF excimer laser with a NA = 0.60 at a

dose of 14.5 mJ/cm’. After the exposure, the wafer was baked at
110°C for 60 seconds and developed with an aqueous developer AZ
MIF 300 (tradename: available from Clariant Japan K.K.)
5 containing 2.38% tetramethyl ammonium hydroxide for 60 seconds
at 23°C. The material resolved 0.14 pm lines and space pattern
without any T-top formation. The interface between the

antireflective coating and the photoresist was free of scum.

10 Example 243:

Two solutions of negative-working chemically amplified
radiation sensitive composition suitable for DUV (248 nm)
exposure were prepared by mixing the following ingredients
together:

15 7.9 g of a copolymer of 4-hydroxystyrene and styrene prepared
by radical polymerization in the presence of 2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile) as a polymerization
initiator, the copolymer having a molecular weight of 9,200 and
a polydispersity of 2.14 as determined by GPC using polystyrene

20 as the standard and a monomer ratio of 8 : 2 as determined by
'H-NMR,

2.0 g of distilled hexamethoxymethyl melamine,
0.3 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane
sulfonate,

25 0.02 g of tetrabutyl ammonium lactate,

0.004 g of Megafac R-08 (tradename), and

62.4 g of propylene glycol monomethyl ether acetate.

The solution thus obtained was f£iltered, spin coated onto a HMDS
treated silicon wafer at 3,000 rpm, and baked on a hot plate at

30 115°C for 60 seconds. The resulting £ilm thickness was 0.72 pm.
An exposure as described in Example 201 followed at a dose of
32 mJ/cm’. The exposed material was then subjected to a post
exposure bake on a hot plate at 125° C for 90 seconds and developed.
The fine lines and spaces were resolved down to 0.20 pm. Isolated

35 lines were resolved down to 0.16 pm when a dose of 38 mJ/cm® was

applied. The depth-of-focus of the 0.16 pm lines was about 0.80
am.
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A solution of negative-working chemically amplified radiation
sensitive composition suitable for DUV (248 nm) and e-beam
exposure was prepared by mixing the following ingredients
together:

7.9 g of a copolymer of 4-hydroxystyrene and 4-methoxystyrene
prepared by radical polymerization in the presence of 2,2'-
azobis(isobutyronitrile) as a polymerization initiator, the
copoylmer having a molecular weight of 9,600 and a polydispersity
of 2.21 as determined by GPC using polystyrene as the standard
and a monomer ratio of 7.8 : 2.2 as determined by ‘H-NMR,

2.0 g of recrystallized tetramethoxymethyl glucoril,

0.5 g of tetrabutoxymethyl glucoril,

0.3 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane
sulfonate,

0.02 g of tetramethyl ammonium hydroxide,

0.004 g of Megafac R-08 (tradename), and

62.4 g of propylene glycol monomethyl ether acetate.

The solution thus obtalned was filtered and spin coated onto two
silicon wafers treated with an adhesion promoter (hexamethyl
disilazane) at 3,000 rpm. After baklng on a hot plate at 95°C
for 60 seconds, a £ilm thickness of 0.74 + 0.2 pm was obtained.
One wafer was subjected to an exposure through a mask with fine
lines and space patterns down to 0.10 pm using a Nikon NSR 2005
EX 10B KrF excimer laser stepper (NA = 0.55, 0 = 0.80) at a dose
of 24 mJ/cm’. The other wafer was exposed with e-beam using the
e-beam writer described in Example 208 at a dose of 14.3 pC/cm?.
The exposed materlals then were subjected to a post exposure bake
on a hot plate at 95°C for 90 seconds and developed.

The excimer laser exposed material resolved fine lines and spaces
down to 0.20 pym. Isolated lines were resolved down to 0.15 pm
when a dose of 31 mJ/cm’ was applied. The depth-of-focus of the
0.15 pm lines was about 0.90 pm.

The e-beam exposed material ylelded isolated lines with a
linewidth below 0.10 pmm.
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Two solutions of a negative-working chemically amplified
radiation sensitive composition suitable for DUV (248 nm) and
X-ray exposure were prepared by mixing the following ingredients
5 together:
5.9 g of a terpolymer of 4-hydroxystyrene, styrene and N-
hydroxymethyl methacrylamide with a molecular weight of 11,500,
a polydispersity of 1.69, and a monomer ratio of 8 : 1.8 : 0.2,
1.5 g of recrystallized tetramethoxymethyl glucoril,
10 0.5 g of 4,4'-(1-methylethylidene)-bis-[2,6-bis-
(hydroxymethyl)-phenol]
0.3 g of bis-(t-butylphenyl) iodonium nonafluorobutane
sulfonate,
0.02 g of tetramethyl ammonium hydroxide,
15 0.004 g of Megafac R-08 (tradename), and
62.4 g of propylene glycol monomethyl ether acetate.
The solution thus obtained was filtered and spin coated onto two
silicon wafers treated with an adhesion promoter (hexamethyl
disilazane) at 3,000 rpm. After baking on a hot plate at 95°C
20 for 60 seconds, a £ilm thickness of 0.67 £ 0.02 pm was obtained.
One of the wafers was subjected to an exposure through a mask
with fine lines and space patterns down to 0.10 pm using a Nikon
NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, 0 = 0.55)
at a dose of 18 mJ/cm’. The other wafer was exposed with x-rays
25 as described in Example 210 at a dose of 52 mJ/cm’. The exposed
materials were then subjected to a post exposure bake on a hot
plate at 95°C for 90 seconds and developed.
The fine lines and spaces of the excimer laser exposed material
were resolved down to 0.22 pym. Isolated lines were resolved down
30 to 0.18 ymwhen a dose of 25 mJ/cm® was applied. The depth-of-focus
of the 0.18 pm lines was about 1.25 pm.
The x-ray exposed material resolved dense lines and spaces down
to 0.16 ym while isolated lines were resolved down below 0.16
pm.
35
Example 248 and Comparative Example 210:
Two negative-working chemically amplified radiation sensitive
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7.2 g of a copolymer (molecular weilght 15,000, glass transition

temperature 145°C) of 3,5-dimethyl-4-hydroxystyrene and 4-

5 hydroxystyrene (3 : 7),

2.0 g of distilled hexamethoxymethyl melamine,

0.02 g of tetramethyl ammonium hydroxide,

0.004 g of Megafac R-08 (tradename), and

42 .4 g of propylene glycol monomethyl ether acetate.

10 To one of the base formulations, a solution of 0.35 g of (4-
phenyl-thiophenyl) diphenyl sulfonium nonafluorobutane
sulfonate dissolved in 20 g of propylene glycol monomethyl ether
acetate was added (Example 248),
while to the other base formulation,

15 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium
trifluoromethane sulfonate dissolved in 20 g of propylene glycol
monomethyl ether acetate was added (Comparative Example 210).
The solutions thus obtalned were filtered and spin coated onto
HMDS treated silicon wafers at 2,400 rpm. After baking on a hot

20 plate at 90° C‘ for 60 seconds, both materials yielded a film
thickness of 1.06 + 0.03 pm.

The wafers were subjected to an exposure through a mask with fine
lines and space patterns down to 0.20 pm using a Nikon NSR 17551
7a i-line stepper at a dose of 82 mJ/cm’. The exposed materials

25 were then baked on a hot plate at 105°C for 90 seconds and
developed.

The material of the Example 248 resolved 0.28 pm lines and spaces
patterns and the profile of the resist patterns were ideally
rectangular. No whisker-like raised portions or scum were

30 observed. The dose to print isolated lines with a width of 0.28
pm was found to be 91 mJ/cm’.

The material of the Comparative Example 210 also resolved 0.28
pm lines and spaces patterns. However, the top of the line
patterns was rounded, and the bottom of the line patterns had

35 an undercut structure combined with severe scum. The dose to
print isolated lines with a width of 0.28 pm was found to be 95
mJ/cm® and therefore this formulation (Comparative Example 210)
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Example 249 and Comparative Example 211:
From Example 204, it is evident that the replacement of triflate
5 based PAGs with the nonaflate based PAGs of the present invention
yilelds radiation sensitive compositions with identical
sensitivity and resolution capability.
A first quartz wafer was coated with a solution containing a
mixture of
10 5.0 g of poly-(4-hydroxystyrene), and
0.3 g of tris-(4-t-butylphenyl)sulfonium nonafluorobutane
sulfonate dissolved in 50 g of propylene glycol monomethyl ether
actetate and baked at 120°C for 60 seconds(Example 249, wafer
201).
15 A second quartz wafer was coated with a solution containing a
mixture of
5.1 g poly-(4-hydroxystyrene), and
0.3 g tris-(4-t-butylphenyl)sulfonium triflate dissolved in 50
g propylene glycol monomethyl ether acetate and baked at 120°C
20 for 60 seconds (Comparative Example 211, wafer 202).
In addition, two other quartz wafers were coated with a solution
of
5.0 g poly-(4-t-butyloxycarbonyloxystyrene) dissolved in 50 g
propylene glycol monomethyl ether acetate
25 and baked at 90°C for 90 seconds (wafer 203 and wafer 204).
Wafers 203 and 204 were subjected to a quantitative FIR spectrum
analysis with respect to the absorption intensity of the carbonyl
bond. Then the £ilmon wafer 203 was brought into intimate contact
with the film on wafer 201 and the film on wafer 204 with the
30 film on wafer 202 each at a pressure of about 0.05kg/cm’. Both
wafer palrs were subjected to a flood irradiation with DUV KrF
excimer laser irradiation at a dose of 80 mJ/cm’ and baked at 90°C
for 90 seconds with wafers 203 and 204 on the upper side. The
wafers 203 and 204 were separated from wafers 201 and 202 and
35 thelr FIR spectra were again recorded. After substraction of the
two spectra (before and after exposure/bake), it became evident
that 47% of the t-butyloxycarbonyloxy groups of the polymer on
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diffusing into the polymer during the post exposure bake, while
only 14% of the t-butyloxycarbonyloxy groups of the polymer on

5 wafer 203 had been cleaved, indicating that the trifluoromethane
sulfonic acid produced from wafer 202 was much more volatile than
the nonafluorobutane sulfonic acid produced from wafer 201. From
this experiment, it can be concluded that the amount of acidic,
corrosive and volatile products which might cause destruction

10 of the irradiation equipment and pose hazards to the health of
the workers is significantly reduced, when triflate generating
PAGs were replaced with the PAGs of the present invention.

Example 250:

15 The radiation sensitive composition of Example 241 was coated
on a mechanically surface grained aluminum foil and dried to a
welght of about 1.2 g/m’. After imagewise exposure through a
positive-working original with a 5 kW metal halide l1ight source
for 23 seconds, the foll was heated at 100°C for 8 minutes in

20 a convection oven. The printed image was developed with a
developer solution containing the following ingredients by a
splush paddle method:

5.0 g of sodium lauryl sulfate,
1.5 g of sodium metasilicate pentahydrate,

25 1.6 g of trisodium phosphate dodecahydrate, and
92.5 g of ion-exchanged water.

The plate was then rinsed with pure water and dried.
Step 6 of a silver-film contlnuous-tone step having a density
range from 0.05 to 3.05 and density increments of 0.15 was

30 completely reproduced on the copy. Even the finest screens and
lines of the original were clearly visible. The printing plate
obtained in the manner described gave 32,000 high quality
impressions on a sheetfed offset printing machine.
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1. A chemically amplified radiation sensitive composition
which is positively working comprising;

an onium salt precursor which generates a fluorinated
alkanesulfonic acid having 3 to 4 carbon atoms as a photoacid
generator and

a film forming hydroxystyrene based resin.

2. A chemically amplified radiation sensitive
composition which is negatively working comprising;

an onium salt precursor which generates a fluorinated
alkanesulfonic acid having 3 to 4 carbon atoms as a photoacid
generator;

a film forming hydroxystyrene based resin and

an acid—-sensitive crosslinking agent, wherein said
crosslinking agent is at least one member selected from the group
of a melamine/formaldehyde condensate, a
urea/formaldehyde condensate with at least two acid-
crosslinkable groups, resols, di- or trifunctional carbonyl
aldehydes and ketones, enolethers, vinylethers, vinylesters,
acrylates, methacrylates, epoxides and divinylstyrene.

3. The composition according to claim 1 or 2 wherein the
onium salt precursor which generates a fluorinated alkanesulfonic
acid 1is a sulfonium or iodonium salt of 3,3,3,2,1, 1-
hexafluoropropane sulfonate or nonafluorobutane sulfonate.

4. The composition according to claim 1 or 2, wherein the
photoacid generator 1is a sulfonium or iodonium salt of a
fluorinated alkane sulfonic acid, represented by formula (I)

Y'ASO;” (h

wherein A represents CF;CHFCF; or CFiCF,CF,CF;; and Y represents
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8. The composition according to claim 1, wherein

said resin has a molecular weight of 2,000 to 200,000 and a
polydispersity of 1.01 to 2.80.

9. The composition according to claim 1, which
further comprises adissolution inhibitor with at least one acid
cleavable C-0-C or C-0-Si bond.

10, The composition according to claim 9,
wherein said dissolution inhibitor is a phenolic and/or
carboxylic acid type compound with at least one acid cleavable
C-0-C or C-0-Si bond and having a molecular weight of
approximately 100 to 20,000,

11. The composition according to claim 1, which
further comprises other performance improving additives.

12 . The composition according to claim 11, which
comprises:
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additives.

13. The composition according to claim 2, wherein

said film forming hydroxystyrene based resin is an alkali

soluble and acid- sensitive self-crosslinkable resin.

14, The composition according to claim 13, wherein
said resin has a molecular weight of 2,000 to 200,000 and a
polydispersity of 1.01 to 2.80.

15. The composition according to claim 14, which
further comprises performance improving additives.

16. The composition according to claim 15, which
comprises:

(1) 0.1 to 30 parts by weight of a sulfonium or iodonium
salt of a fluorinated alkane sulfonic acid, represented by
formula (I);

(2) 100 parts by weight of said hydroxyl styrene based
resin;
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(3) 3 to 70 parts by weight of said acid-sensitive
crosslinking agent; and

(4) 0.01 to 5.0 parts by weight of performance improving
additives.

17. The composition according to claim 4, wherein
sald radiation sensitive photoacid generator is a compound of
formula (I), where R!', R?}, R’ R', and R’ each independently
represent
a C,,, alkyl group,

a C,,, monocyclic or bicyclic alkyl group,

a C,,, cyclic alkylcarbonyl group,

a phenyl group,

a naphtyl group,

an anthryl group,

a peryl group,

a pyryl group,

a thienyl group,

an aralkyl group, or

an arylcarbonylmethylene group with up to 15 carbon atoms, or
any two of R}, R?, and R’, or R' and R® together represent an
alkylene or an oxyalkylene which forms a five- or six-membered
ring together with the interposing sulfur or iodine atom, said
ring being optionally condensed with aryl groups.

18. The composition according to claim 17,

wherein said radiation sensitive photoacid generator is a
compound of formula (I},

wherein one or more hydrogen atoms of R!, R?, R’, R', and R®are
optionally substituted by at least one group selected from the
group consistin¢ of a halogen atom, a C, alkyl group, a C,.
¢ cyclic alkyl group, a C,., alkoxy group, a C,, cyclic alkoxy
group, a di-C,; alkylamino group, a cyclic di-Cg.,, alkylamino
group, a hydroxyl group, a cyano group, a nitro group, an aryl
group, an aryloxy group, an arylthio group, and groups
represented by formulae (II), (III), (IV), (V), and (VI),
wherein R® and R’ each independently represent a hydrogen atom,
a C,¢alkyl group, whichmaybe substituted by one or more halogen
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atoms, or a C,, cyclic alkyl group, which may be substituted
by one or more halogen atoms, or R® and R’ together represent
an alkylene group to form a five-membered or six-membered ring,

R’ represents a C,., alkyl group, a C, cyclic alkyl group,
or a C,,, aralkyl group, or R® and R® together represent an
alkylene group which forms a five- or six-membered ring together
with the interposing -C-O~ group, the carbon atom in the ring
being optionally substituted by an oxygen atom,

R’ represents a C,.; alkyl group or a C, s cyclic alkyl group,
one or two carbon atoms in the alkyl group or the cyclic alkyl
group being optionally substituted by an oxygen atom, a C,,,
aryl group, or a C,,, aralkyl group,

R and R each independently represent a hydrogen atom,
a C,¢ alkyl group, or a C;4 cyclic alkyl group,

R'? represents a C,¢ alkyl group, a C,¢ cyclic alkyl group,
a Ce.,, aryl group, or a C,,, aralkyl group, and

R represents a C, ¢ alkyl group, a C, cyclic alkyl group,
a Ce,, aryl group, a C,,, aralkyl group, group -Si (R'),R'®, or
group -0-Si (R!?),R*.

19. The composition according to claim 4, wherein,
in the compound of formula (I),
R}, R?, R}, R', and R’ each independently represent a C,, alkyl
group, a C,. monocyclic alkyl group, C,,.,, bicyclic alkyl group,
a C, cyclic alkylcarbonyl group, a phenyl group, or a naphthyl
group, or any two of R', R’ and R?, or R' and R® together represent
an alkylene group to form a five- or six-membered alkylene ring,
one or more hydrogen atoms of R!, R?}, R}, R, and R® optionally
substituted by at least one group selected from the group
consisting of a hydrogen atom, a halogen atom, a C,.salkyl group,
a C;¢ cyclic alkyl group, a C,. alkoxyl group, a C,, cyclic
alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group,
an arylthio group, and groups of formulae (II), (III), (IV),
(V), and (VI),
wherein R® and R’ each independently represent either a hydrogen
atom or' a methyl group, provided that R®* and R’ do not
simultaneously represent hydrogen, R® represents either a C,,
alkyl group or R® and R® together represent an alkylene group
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which forms a ring together with the interposing -C-0- group,
R’ represents a C,, alkyl group, R' and R! represent a hydrogen
atom, R represents a methyl group, and

R represents a methyl group.

20, The composition according to claim 4, wherein
said compound of formula (I) is a tris~(4-t-
butylphenyl)sulfonium salt of a fluorinated alkane sulfonate.

21, An iodonium salt of formula (I) as defined in
claim 4.

22, A sulfonium salt of formula (I) as defined in
claim 4, wherein at least one hydrogen atom on group represented
by R}, R?}, or R’is substituted by a substituent defined in claim
4 L]

23. Tris-(4-t-butylphenyl)sulfonium 3,3,3,2,1,1-
hexafluoropropane sulfonate.

24. Tris- (4-t~butylphenyl)sulfonium

nonafluorobutane sulfonate.



