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RADI ATl ON- SENSI TI VE RESI N COMPCSI Tl ON Techni cal Field of Invention The
present invention relates to a chemcally anplified positive-working

radi ati on:sensi'tive resin conposition that can be favorably applied for a
photoresist in the fine processing when manufacturing el ectronic parts such
as a sem conductor, a three-dinensional fine structure, etc. Background art
In the fi GHENICA®SAMRHIRACATIONGTIPEUHOST THIVEC t(RADTAT [N {SENSIEH VB RESIN
sem conductor, a three-dinensional fine structure, etc. , a

phot ol i t n6GMEPRYETIONcess is so far being applied in general. In the

phot ol i t hography process, positive- or negative-working radiation sensitive
resin conmpositions are used to forma resist pattern. Anong these radiation

sensitive, resin cqonpositions, a radiation sensitive resin conposition
conpri si n§ & n&ngrg}g&PUBEeIP@?P%lQHd a qui none di azi de conpound, which is

a photosensi ti zgh, I5.a448! ﬁll’%éﬁ'&%{ﬁg r%yaizgg yﬁafcﬁ)énﬁcéﬁygfééégﬁgér&hl y

i ntegrated and in hirgh speed tecen nrng o m-cron

m cron of pdesidRelWokihg¢hldateon tedsiRivBerBBIHf 86hHb5R81bhetHall cdd ne
el ectronic devices. In order to respond to a further fining of such design

rule, |ighke sauoceblgappliapiored itorss MdtSiihl Ehéifiie pHolde®sing when

i ght (wavel ength 400 - 300 nm), etc. are not sufficient and then there is
requi red manufacisiriinght e3ectrenideepantsr aswelol ets | iaghsemichndsckpE, exa nmer
| aser ( 248 nm) , ArF exinmer laser ( 193 nn) , etc. ( and radiation with
shorter wihaleendiimensdiongd Xingy staueduren etc.

Background art

In the fine processing when manufacturing electronic parts
such as a semiconductor, a three-dimensional fine structure, etc.,
a photolithography process is so far being applied in general. In
the photolithography process, positive- or negative-working
radiation sensitive resin compositions are used to form a resist
pattern. Among these radiation sensitive resin compositions, a
radiation sensitive resin composition comprising an alkali-soluble
resin and a quinone diazide compound, which is a photosensitizer,
is widely utilized.

By the way, as LSI is getting highly integrated and in high
speed recently, fining of half micron or quarter micron of design
rule is being required in the manufacturing fleld of £fine electronic
devices. In order to respond to a further fining of such design
rule, light sources so far applied such as visible light, ultra
violet light (wavelength 400 - 300 nm), etc. are not sufficient
and then there is required to use as light sources deep ultra violet
light such as KrF eximer laser (248 nm), ArF eximer laser (193 nm),

etc., and radiation with shorter wavelength such as X-ray, electron
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beans, etc. Lithography processes to use these |ight sources are being
proposed and are being used practically. In order to respond this fining of
the design rule a high resolution is required to a radiation sensitive
resin conposition that is used as a photoresi st upon the fine processing.
Furthernore inprovenment of performance such as sensitivity and accuracy of

i mage di nension is also being required besides the high resolution to the
radi at i onbs@msi.t eve.r dsitheprpphy processeshtosase tthiere lighthsouscegaaren,
"a chemcally anplified radiation sensitive resin conposition” is being
proposed R&iA paOROsed safspreydelad Hsednpsartiealdyth hi gh resol ution
that 1s sensitive to radiation of short M@velength. The chem cal ly ,
anpl i fied radi atPoRTEERs P TESPRRANtRAAPEINLPENOE R HES39R oFPENE Righ
generating an.aci.d (acid generator ) _upon irradiatiaqn wth.radiation and an
Scid i's gEEPAREdon i Yo ired L AP ATFR L. QOB s e P PP RRT FoOT
radi ati on [ & t i S QAR be | y a
Catal yt i o LS psRaty BURARE G o hobh AEPISL bk <, "CPREH AR BRSESY, D
anpl i fi ed jrdicdlendn tS YIS igd MO rRTIdE GUBPSAd | S8hd St I @ ACARE_hBBuFagY agf on
sensitive résin conposition so far applied to be diffusing. There are
positive dmhgecgainbneivnrid agsbype€sng deduiarerhbaksiakkytirepliigh edsoadtadhon
sensitive resin conposition in the same way as the radiation sensitive

resi n conpestheanadbatibon mepsicd veAseaiposonpos ikiingtbhesaneatiime. In
anplified radiation sensitive resin conposition, a two-conponent system
conpri si nfFhd shadEupEipn. am chemiciad 1yepapal iedmpdiathien senaidvisia reginem
conprisinggg}base_regin, an acid generator and a dji ssol ution inhibitor

havi ng an APSiddiane ghhupeine REPPORABWAS AhdradidtiRihySeagittygnresin
sensitive resin. osi.ti.ons conpri si a se resin_derived, from

oy o oA TR MO o0 P R o BARE 8> BngRtaye el 2daratn
anplified i At j five i idLon: i .
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in which theipheimgds B PXdn P Sa 3ESpe @i @ChEfe PRE1hg! hit AEikolakhy
with a protecting group which can be cleaved by an acid such as a

t - but oxycaydnend t oy )oupoh USiatiarti dowi#h4Hd A ornadd W Betidnis Yenerated
5,403,695), a t-butyl group, a trinethylsilyl group, a tetrahydropyranyl
group (US fizgmettheNgicisl Iemed@d)inga cpmpaiung yaieny Ly rgdda eQUdyPaadidiation .
5,468,589) or a mxture thereof. Further, two or three conponent copol ymer
resi ns cofyt il A¢ R{YRBEpgEPREnEhakdhighysershei ity AR %ﬂhqaé'-r&f@? fihe

b | i id f which . tiall t | t t ith
ol | A Bg e £ EuRY BESESs, PaERY OB e e Ratal A the
US Pat ent e icAEh]ll 49&m fEPg&drggig%.SHt %g%s'itiv'e 4:.8 in Ségm%m i@Eoﬁlwls

erranydr opyranyt P S oF

group or a ro anyl ~group, were dl'so reported as use ones.
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t - but oxycardaw laofmidingt 1- met hi xyet hyl group, a 1-ethoxyethyl group, etc.
are raised as an acid-labile group of acid-labile group-containing resin in
a positive-wor kiTipmshearealposinple f aed resgastiverwarticling haypesndfons the
negati ve-working chemcally anplified resin conposition, ones conprising a
base resircheileally gawdddtied sadiatienssensiki ke agsin camppeifign in the
conbi nati on of the crosslinking agent and the al kali-soluble resin is, for

exanpl e a SHMFA%IGDRNS a0 24H Bkt e TRELH AP AUHL LGP §PERT 2BBH e e

phenol re 'ndéUS Patent No.. 5. 376 504 a g US Pat ent N%'d§73§9 491) . .et.C.

Pere reporthc RRaLhErecberkiad indtigaline pnpdn ket padkatdey’ e ftybe
resin composition, a two-component system comprising a base resin
and an acid generator and a three-component system comprising a
base resin, an acid generator and a dissolution inhibitor having
an acid-labile group are well known. And then many radiation

sensitive resin compositions comprising a base resin derived from



chemcally anplified positive or negative-working photoresist, ionic onium
salts, particularly hexafluoro antinonate and trifl uoronethane sul fonate
(US Patent No. 5,569,784), aliphatic/aromatic sulfonate (US Patent No.
5,624,787), and an iodoniumsalt or sulfoniumsalt with a strong

non- nucl eophi l i ¢ ani on such as an aforenenti oned conpound ( US Patent No .
4 , 058 , 400, and US patent No. 4, 933, 377 ) , etc. were reported. And
it is al s@ podsstradystt yarensc ine gjanermat the whikd gencheing seperkeddasfa
hal ogenat ed hydrogen is effective for negative-working photoresist (US

Pat ent No.CT?a“Q%lg@)a.mPﬁd{ﬁm AR gt ong sansdd ivge Xasille §OMPOSittion. As
Publ ication No. Hei 11-1259Q7, it _is also propgosed to use an aci d, generator
consi sti nFUH PRFLFEIPBHNA6F1vedc EF8BURd B G sheene r 5ok ‘I(‘Ji cfaEi g,

boiling paiy of which is 150 _C or. higher. u irradiatio ith radiations”
and "o coRRINE et EHLBENS R ePaEraeanap tPRARE BRBRE) i Pchidacky T SEPURS e
Vi ew poi Nty Qf .p'zmre%\{:'e'agPBE:QEQELE.W?r%o%Qflgrk?ﬂl‘faal 'p\foacr@%ifn'ﬁe%rfo%g' Ahien
sensitive resin conposition, a fot of Inprovenents - concernimng~a resin, an
aci d genelcdiobe Aldaved By R 481 ARERN2AS al PO EHGHT St InPIBIrobbedyd adrahton
sensitive resin conposition is being practically used. wever degree of

i ntegrati oo .of4 i4gierd echnd IUSUIPa teh ts &1 .c 8ndoat, 89 5J6Vviac & -batgat giréaphi gher
year by year and with this higher integration, higher resolution is being
required. tAsimethasldilyla giiddper emceetofahydndpyramyl i greoup d{US Batesdl Hoed
and densesgatterns formed (a difference between an isolated pattern and a
dense pat t2r3P0. 660 gerx 2ndapkoprefhyild groupc(Ve Ratenk tNan SuidBei5$9) or

i sol ated and dense patterns exist in a mxture. The difference of

resol uti ot IMELSF St RBEBEOF 50l REGNERd F¥I0s Tt ETHsCPBPARENE s CORPIEMER a
chem cal | | if] ositive-working resist.so far. proposed, and _the
oGues ron wsHd R A0 KEaMBoRYrERR ShatSal PP AP S pRtPakdvasc

i nport ant aPl e o] f L e in f | H r esi

b o SRR, CERE O HELBRYLEE S o SYhpBhD ! PRICIANNP Brf BRkeALL

as a net hgghdtedshiioa the peoeeatiag QEOQFQ!&ﬁﬁéEr@&Q%V&%@H isolaktiad
pattern and a dense pattern, OPC has a ditficult point upon preparation of

a mask as saedH amsat bebutgl epasiup (U5 PAtentrNg adt, Wwoilng 280ahdans Mettent No.
processing volunme. It neans that as OPC so far applied requires the
correcti orb B diah @amienyilecgpenp eom & Hetvabyloappaanyilndronp a wersk alisker e
is adfficult point that this mnute pattern is recogni zed as a nmask

def ect or T9RPRYSRE 3f HABLHLN@NESpat FAIGFNSEEORSS TR ot amele edB| WEPSRESEN t

i 11 12380 od Ypindiis RBRTERAFTRR R SR A5 agBRBn i N ek SRS
el 11 | GesEH BED . ef cEith
al kal| - sor bt e PEeRRear BoRRE sl dR00F, 2R RnodRdihnyPt Shol X

aci d generpind+100sd 8y D9 fup, &ML d¥ald:ar iyl PO Wt WH K e EES
carboxylic acid, boil i*\gg%oi%lfl of which }lgéb 1%C€§or higher, by irradiation

of radi atifmsdcandl AR Lo P othi Ll Qe e grafigh c¥neli die) ey iac
acid". However there is no description in the publication that a selection
of resin iposhinieteadrkindpashenidallye anplifiednresiesigy (DE) to make an
acid-labile protecting group cleaved and that a difference of resolution
line wi dths of tPrtheRtthexiband. dehaaqeatisiaryagkinmeberirallyami¥ifdeghce
bet ween an isol ated pattern and a dense ﬁ_?étern‘)E is inproved by a

conbi nat i GFPRAN (RFRSA AR PREFFAMRELE LR PRES £5 % e A 26HF IIRRAAThe

or ovi do. a LA Foaenor RrRGS Hemtcoy REERRRR FhubiFabl S, b TRl

conposi ti opyd At 3 H@St 00 Ra1i-soluble resin is for example a combination
of hexamethoxymethyl melamine and an alkali-soluble phenol resin
(US Patent No. 5,376,504 and US Patent No. 5,389,491), etc. were
reported.

And moreover as an acid generator which is used for a



sensitivity and high resolution besides a small difference of resolution
line widths of isolated and dense patterns ( difference between an isol ated
pattern and a dense pattern) when used as a chemically anplified

phot oresi st in‘manufacturing a sem conductor etc. Disclosure of the
Invention As a result of eager study and exam nation, the present inventors
found that the above-descri bed object can be attained by limting

acti vat i ochemdropd 10 Bmp lol fiiedde posidcive | ebi hegpt brecvorkigg ophobbraaist,

al kali-insoluble or slightly alkali-soluble resin protected with an

aci d- | abi Fengcot exdivy §Fadds .cl parédcudariy db@@ﬁ#&nemr afptimanakbg uanfg a
m xture of g npound eneratin% a carboxylic acid and a conpoun

d
gener at i nd:r&fé&qr(m}et; & bSHIERGES rr A¥Sat i BAt&PEN rHAiat i 8ne®8s784) aci d

generator _.n Qsi tive-warkin hem ¢ lified radiati ensitive
resin conﬁ:}gﬁ%la% C \ﬁrﬁoé'}‘?\qﬁsc lf’s"glf nay fdﬁdéél pﬁag?%ﬂ%sl}?%t gcéﬁ% a?ﬂ? ig ﬁﬂ& an

al kali-in ; Mo Syl 4! I I-S | £; f£SLN C i :

aci d-1 abi ?’gd&?{plt%ggtsiarsllgﬂ gér.%u%u%é(}?ia#lm a%%%pg‘ghglﬁa oﬁpgﬁésréggﬁﬁg&? Sgpﬁélic
present i A4 8lch! ds @AREoLEAENE 16N B8 CSSHBoudl §OE! PR ESE A5 4L 058, 400,
positive-working chemcally anplified radiation sensitive resin conposition
which is il ISt patead N6, tHad33 [3TONPrEtRES welle 2Bpakkalll - i sdliblie also
slightly alkali-soluble resin protected with an acid-labile protecting
group and pmgesdd&athasohonblasildy gdreesmatper ovhiahd ganedaltalsi |sone ckind i off
group, activation energy (DE) of the cleavage being 25 Kcal /nol e or higher,
(B) a conpwdmgaiai@bhydgogerdispekiestive fonpeeativerienkng phokoresist
radi ation,, _and (é%la conmpound generating a sulfonic acid upon irradiation
with 6 A RGPt P ei naf?r24he preckiermonentiR ofeRPRESEe UnesaMiREE
further i r etail. 1.n the ppese ' iop, as an alkali-i | ubl e or
slightly %%rﬁ; g’é’ltbaﬁc@‘trl@&i E‘oprg?zc?iai%gﬁsanfscjr%-q fi Ipé'oﬁocﬁ giz,?cionase
group whi L j.- | 2Yele) sai deack ds i .
protecti nghgrh%&g?ggnéﬁé?#ic?nu%?ﬁﬁﬁgi %ﬁc_yact |l{\%{eﬁlﬁ%1nggneégcy4@5ra ghrlfgl?e
sai d aci d-dealtidasr &t ehepbkyli8ui ChbERY Eflgiphidrr K€ W1 £5 A5 0RICOHEhigher

t hose kinds of resin, one which neets the abovedescri bed condition may be
sel ect ed ampbrudedadiatd onhwiahkeddiastdnd! and "al cghpdbynadlwalch gehnethtes
resins so far used in a positive-working chemcally anplified resist, in
whi ch a grasiisl psherkehamearboixyldicka¢idSol Fhtam theprictveprdd tpef tinpirioyibg a
protecting group being able to be cleaved by an acid. The al kali-insol uble
or slight IBroneghiesgfughe chsmisalhywamehlifled adiat knik sanfl g gesin

al kali-soluble is protected partially by a protectin roup which can he
ol eaved byP PR HIOR AR bEO by ehmt FPFEUSHPRE (EPRECFRARY| BnEBSdhuc Ahbdtiden

Sther monaRIRt o REHel Tt RELRE afhePand Tine” comupL SR it 218
di al kyl d'fﬁibék?féx‘? dSTARAR 1 ¥HERE eag.begé@&lsx' 19"04h 5%&&&1][9 useld.2 )

a honopol yner of a reaction product of hydroxystyrene Wth a vinyl" ether
conpound or a digdwererli aagbeaalor (ikeedeatiomber ofntdratdd/| ciiteupti ol
to 5. ) or a copolyner of the reaction product and the other nononer, or
(3) one weameicordyx obeadavigeglisugethihyaskghenpmEary ingr yaad an@gobiftterthis
having a group protected by a protecting group is partially cleaved, if
necessary,highen hetegraptenxybigheresegoddtion &anbeddgumegpiteste As a

polyners are preferably exenplified with 4-hydroxystyrene, 3-hydroxystyrene
7 result, a difference of resolution line widths of isolated and'dernse

patterns formed (a difference between an isolated pattern and a
dense pattern) is getting problematic in a circuit pattern wherein
isolated and dense patterns exist in a mixture. The difference of
resolution line widths of isolated and dense patterns formed is
large in a chemically amplified positive-working resist so far

proposed, and the reduction of the difference of resolution line



and 2- hydroxystyrene. The 4-, 3- or 2-hydroxystyrene is made

pol y(4- hydr oxystyrene), poly(3 hydr oxystyrene) and pol y(2hydr oxystyrene) by
honopol yneri zati on as descri bed above or ismade a two or three conmponent
copol ynmer 'by copol ynerization with the other nononer followed by

i ntroduction of a protecting group to produce an al kali-insoluble resin; or
4-, 3- or 2-hydroxystyrene protected by the protecting group is

copol yner widdhwi tis getdatihgr anohmperteantnpnobien to be sateednfrom a view

al kali-insoluble resin. Furthernore an al kali-insoluble resin may be
produced Pgistegfi ehtainingnaaredigtpaptternaagr deedgnag-group of an

al kali-insoluble_resin having a protectin rou roduced. as descri bed
above. QO her noﬁ&ﬁBngﬁhpgﬁ gpgtgﬁﬁﬁlyﬁﬁFng mﬁ?grﬁQHFBQ}s?§rEﬂ%§ni%Sd?der
to produce o] e des rs cap b e ified for example wth
styrene, e%g g? iop 093"i %&%¥§n§flﬁgxt§/%1f FEhEn ofatta

a- et hyl S%rti%%y d4and (Hen%e ﬁéé&yﬂ en§PC3zﬂa}<sy |5 dtﬂ?gﬁg{ﬁ%t Bi{ogﬂlet upon

3, 5-dial k roxys yrene, chl'6rost yrene

3-chl oro- 4 Eg@&%ﬂ%&%f '&emaék wsdel %rsotﬁgﬂq{c@géﬁstﬂfgeBF the manufacturing
3- br ono- 4-'hydr oxystyrene, 3, 5-di br ono- 4hydr oxystyrene, vinyl benzyl

chlori de, cds'ti aiyd dapal pescees ing Ppllanklr acemeans tha ekl 0FEso\EdyhPpDLedc
acid, vinylbenzoic acid esters, N vinylpyrrolidone, 1-vinylimdazol, 4- or
2vi nyl pyr réiqud reb- whey lcdkrypotricn doneadding ny | thimt ten p&tteyh cfdbagoation
acrylic acid, acrylic ester and their derivatives, nmethacrylic acid,
nethacrylm@té§F@H ond a maisk . ddhersgt Lges, dﬂﬁfiékéﬁppélﬁﬁtﬁ?ﬂﬁethéér?#&?@eand
its derivatives, methacrylam de and its derivatives, acrylonitril

net hacryl (Pﬁtttﬁrln 12 YPROODAEROX§S aR IR RR aﬂﬁ%e%%d"f fthey &liaga Oofy he’ phpute

| 4 h t id t d d t
- yir oxy PRI EERTSamTes Dapen Fhe Fosebrten d My 4 de il BRCCERE A or
fumaric acid ang ttﬁle:rtil d&aphakls \ée%negc%l%ﬁéﬁ”'@!a%en‘EH!PﬁBEL?LcQ‘i:1BH”R6' CHe?:l

esters, V|nyltr|ne ane, vinyltrimet I"ane, ~vi nyl ' norbor nen an
its deri vahi-es9et,Cit Ry aasw%édqm&r a RYEYS FeafakeoR el iR ¥ausing
exenplified with |sopropenylphenol propenyl phenol , (4-hydroxyphenyl)

acryl at e orFiliettae Walghndsy"hydr @omhm)d byaurs)ih@t anoalkallhasobyubdie, or
(2- hydroxyphenyl ) acrylate or -nethacrylate, N(4-hydroxyphenyl) acryl am de
or -nethaehilgntilde, alka@@dhy-dradupdleenydlesiacr pirartiegded by an acid-labile
or - net hacryl am de, N- (2- hydr oxyphenyl ) acryl am de or -nethacryl am de)

N- ( 4- hydr ®BAFEeAANg S@PVPaW@@%PClﬁlﬁmlFaﬁ%ﬁnc@@slﬂt(lf‘}gh?ﬁr%WB‘@ﬁi‘?lt)wn
o - et hacif S GEMPSURS. HpAPBGSRERAFF B SETShYE L9) 21 o erfipi1ing point of
- (2- hydrmﬁ/ Gxafd UpL@RE OBy £ 2USLYT e ﬁégglgwxh 8kN2atamRaads Al o)
forma pré% c;tlng group c eave mnth nodifying a group providi

al kal i -solébbr} dug b ' Rldr Ay Qéfé%&%%'rytﬁ?‘]&%kb()k‘i‘v‘il\@'éé‘lcﬁ* butigagivay

ether, t VI ny etc. These vinyl ether conpdunds can be used
singly or fHere eg_rms Elé%'c;@ﬂ.ﬁftflth\.’Eh he M1 kédEifon Phaltky lseq@ctaoat 66 r@sdn
preferably exenplified with di-tbutyl dicarbonate. Anmong the

above- descid heshdest &, o0NBas £Pr 6sethedabyivheibdnl bavrng JARYr alo frakaulan (

| ) is raised as an exanple of a preferable resin. 9
acid-labile protecting group cleaved and that a difference of

ng

resolution line widths of the isolated and dense patterns of
photoresist (a difference between an isolated pattern and a dense
pattern) is improved by a combination of the selected resin and
a specific acid generator.

Under the circumstances described above, the purpose of the
present invention is to provide a positive-working chemically

amplified radiation sensitive resin composition that has good



RLCH2 CXOHR -~- CHZ- G~ | yCOIl Ol ¢(CHB)3 H-f -CH2 CZ R3

Wherein R1L and RZ represent a hydrogen atom or a nethyl group, each

i ndividually, R3 represents a hydrogen atom a t-butoxy group or -0-C ( R4

) Z-O0C(R5)'3( R4 and RS may be the sane or dif f erent from each other

and represent a hydrogen atom a nethyl group or a ethyl group.), x, y and

z each represents a nunber in recurring unit, x and y are integers of 1 or

nore and mensitiorityn amd elgiegh otedobuthonebesd delse a esmmal Y ept Eerdrece bygft he

above general formula (1), a terpolyner of p-hydroxystyrene, t-butyl

met hacr yl ategoduttianudljyhe widths of isolated and dense patterns (difference
between an isolated pattern and a dense pattern) when used as a
chemically amplified photoresist in manufacturing a semiconductor

etc.

Disclosure of the Invention

As a result of eager study and examination, the present
inventors found that the above-described object can be attained
by limiting activation energy (AE) to make an acid-labile
protecting group of an alkali-insoluble or slightly alkali-soluble
resin protected with an acid-labile protecting group cleaved in
the determined range and by using a mixture of a compound generating
a carboxylic acid and a compound generating a sulfonic acid both
upon irradiation with radiations as an acid generator in a
positive-working chemically amplified radiation sensitive resin
composition, which is useful as the photoresist, containing an
alkali-insoluble or slightly alkali-soluble resin protected with
an acid-labile protecting group and an acid generator and reached
to the present invention.

It means that the present invention relates to a
positive-working chemically amplified radiation sensitive resin
composition which is characterized in that it comprises (A) an
alkali-insoluble or slightly alkali-soluble resin protected with
an acid-labile protecting group and made alkali-soluble by cleavage
of said acid-labile protecting group, activation energy (AE) of
the cleavage being 25 Kcal/mole or higher, (B) a compound generating
a carboxylic acid upon irradiation with radiation, and (C) a

compound generating a sulfonic acid wupon irradiation with



acrylate, and styrene or t-butoxystyrene is preferable. As the
above-described resin which is nmade al kali-insoluble or slightly

al kal i -sol uble, a polymer, the basic structure of which is hydroxystyrene
is preferable, 'however its structure is not particularly limted and a
resin, of which the activation energy (OE) to cleave said acid-labile
protecting group is not less than 25 Kcal/nole may be sel ected considering
t he usi ng yadiedsi®n.a | i ght-exposure wavel ength, a manufacturing condition
of a resin or a_conposition, and a constitution of the conposition. Hereby
when a resin of Hifiedmafiterycthe pnesiendnipyontben wigl lebefeasamidgst Susthpag
group is not |less than 25 Kcal/nole is classified with a protecting group
or a conordhdCTe A/~ dr oxyst yrene) having a protecting group of t-buty

group, t-butoxyal k [.ou t .10 but oxycar bonyl - gr ou Q .

P buboxycarbony i Epr reen b ihdepsihyras Ay Sikerd pEPay gy pLiontly

nmet hacryl X e i (0] =AVZ-1 i c t y
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Principles, Process and Materials, Society of Plastics Engineering,

M d- HudsorpreaddtOihd 3%, 14- 2ds id Ot Ridle dOb£RIRL 8R A ¥iBFa 5L IR 1YY (AE)

Technol ogy, Volume 12, No. 4 (1999) 607-620, Journal of Photopol yner

Sci ence Pard makePshyd @hidr Lan0D8)pR_RAEOLLiNYg grouPPtEeaned Bo25 Qohl/Hode

(1999) 3678, 608-616 and OE val ues for sone groups and conpounds are
descri bed 9% highar | | Asr &heses kinds ofe rgsd8entnenvldchomepdssr thev abeEe-can

be distingyui shed referr] to the values desc¢ribed in_these literatures. On
Che ot her QESRFLRAY CORLHELTITONNS aF5 HEC Lot aRBOnYPPE UPBOUSHR alkall-
irradiati 14 R, radiati ( GO d ti.ng sulfoni¢c acid
upon irra?i"{ha%%lo%lvﬁat {%gr ésglgg?&gﬁ aaﬁég aclontszﬁq}rg%g'%as]g%%ﬁ ggﬁeraroruss? n fc'ﬂe%
present i L Qs - - ( Ak b ' Cl

Present | LR AR 0BTy GRAPTALLAG S0 £8E DONY b cACACLAD co
whi ch geneistess theCcarB8xi! | 1041 4- $PDibid r Y aE'r@"EeWtUa r pat i 40Ny caly be
used including the conmpounds which are so far known as an acid generat or
gener at i ngpwotossthimy | grrowe i e Lipprab Xe ah die arlemtdd ragizad iaxidn a
chemcally anplified resist. These conpounds generating a carboxylic acid
upon i rradi at i orfhe tehl kaaldi alrismisilplen dye sddaidilyf iaddkadiii+soluble resins in

di phenyl -2, 4, 6-tri nmet hyl phenyl sul f oni um pent adecaf | uorohept an car boxyl at e,
di phenyl - Whih r EntafHhEAY Make (the yEL§ABt ARy eTRIWRID 0§ Rrotected
triphenyl sul foni trifluorqnethane carboxyl ate, trjphepyl sulfonium .

bent af | uor S L 4t R FEARECTRY SEPRBnERy CLuFrBrParrLeaved 1Y i acia,
pent adecaf rohe I e, i ph | sul fon H;a

tricosafld%#guﬁ e%%%@$%§?6%§§¥§?%f {%fpﬁegg%fﬁﬁf%hﬂ%n1l&ﬂfaﬁ%t%%?%oigpaf%,
di pheny! - HereEs [y eR B hedkbegby-aRBEadR RiJo1ATRIICBEARPaFFRPOKYLGhE arfd C-
As a conpound (C)” generating a sulfonic acid upon irradiation wth

radi ati onsoter MOrvMRHAN! drMpBBhbANresNY HNE () OFRAYNAstHBE Chofithei@ias a
sul fonic acid upon irradiation with radiation can be used including the
conpounds ahitdlkyk &bcdmbokaven(Gsrizon auinbeye el athoe ajckpel sgrowp aisul ftani c
acid upon irradiation with radiation in a chemcally anplified resist.
These conpduhdd ZgdeddiomanlEnedyPEchreagtianupeednet £f BYAsaxyFtHreadivlton

can be exenplified with sul foni.um salt, conpounds such as triphenyl sul fonium

met hane suf 6Tt e & HST REMPPLAT BRi 2kl GL6REDRERE o (FRERGRENUMDET of
Sul Fonar e the AR BgR S5k £ B0 PhoS SIRROMAT, oo HPct eact 188 FREARANS

sul fonate

triphenyls i Y, n , i i h%qy

sul f onat e,gljtu?i p %nn%/ﬁgﬁf%%?%% %]feh(oi{/p en%%%@%tﬁ%éﬁéﬁiiy su"lll? oinrl1 um
p- chl or ophegRyse SHbMBPBL fmek! IaRlie Epuilyined HAEAIPAT geblipOpHoRected by a
4- met hyl phenyl di phenyl sul fonium trifl uoronethane sul fonate,

bi s- (4net hytpbeaying piesyp sid fpnttimliy dleavedst iEnaesekbangt, eby an acid.
tris-4-nmethyl phenyl sul foniumtrifl uoronet hane sul fonate,

4-t but yl phenyl - diypfeexystyfenesnised f foormanufeeeusing otlagee polymers are
4met hoxyphenyl - di phenyl sul foni um trifl uoronet hane sul f onat e,

nesi t yl di pPERYEEaPIBNPERMPLALLGE: Width Ardydnoifiiygene, 3-hydroxystyrene
4chl or ophenyl - di phenyl sul fonium trifl uoronmet hane sul f onat e,

bi s- (4-chl orophenyl ) - phenyl sul fonium trifl uoronet hane sul f onat e,
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12 tris-(4-chlorophenyl)-sul foniumtrifluoronmethane sul fonate,

4met hyl phenyl - di phenyl sul f oni um hexaf | uor opr opane sul f onat e,

bi s(4- et hyl phenyl ) phenyl sul f oni um hexaf | uor opr opane sul f onat e,
tris-4-nmethyl phenyl sul f oni um hexaf | uor opr opane sul f onat e,

4-t but yl phenyl - di phenyl sul f oni um hexaf | uor opr opane sul f onat e,

4met hoxyphenyl - di phenyl sul f oni um hexaf | uor opr opane sul f onat e,

nmesi t yl - diaplde rRHsd faryahyrtenef | Uheopt opaBe ool foiatdroxystyrene is made
4chl or ophenyl - di phenyl sul f oni um hexaf | uor opr opane sul f onat e,

bi s- (4- chPeddiHe operyIremeoni upe Hek3f ydr oy sbarene il f @ik e, poly(2-
tris-(4-chl orophen k)-sulfoniunlhexafluoropropane sul f onat e .
triphenyl ;l:{}ﬂdfr&gﬁyﬁr\‘g’ £PEnRY beaopelyBszisatigndti Gﬁﬁgaﬁpe&ﬁ-?%fb‘(m% 1A mades
diphenyliod%niun1tr'fluoronethan sulfgnate, digheﬁ%liodoni§n1 .
hexaf | uor Spr&FatE $OEPSn SORPOFERRe SOPPSEBRE URY pCIPREYRGE pRENTP s i FBNEPE,

bis-(p-t- I i i i sulf an .
o (bt AR R A 5, SRR " el B Brecting arou to
bi s- (p- cy grerred BReAYkAh 9d9REHILbIE LIRS Nane Ul benatBydroxystyrene
bi s- (p-cycl ohexyl phenyl )i odoni um hexaf | uor opr opane sul fonate,

di phenyl i gd@tedted bgneheuptobateingi ghewmy i dwpdiyniasiemd hatiead other
sul fonate; etc. These acid generators are used in a mxture of two kinds or
nore of amdnessir onr knomiomérs compbendméd8 )angemdikstliing.nescdariexykesinci d
upon irradiation with radi ati on and at | east one kind of a conpound (C)
gener at i nd ur themeyiec aacatkapbninse hdbbe inns i mayr heiprodwecedhy gleaving
required to be the cqonbination of a conpound generating a_weak acid

Show ng poSith 78 P5RAeAPaRkaOF 7 AFGERY TIPS GHRAU O%RPa iR L1 -psR ubLe

[ di ati it dj at | d d t] t i.d h
negati ve VRS AARE 4 T i o e o e e ) e ™ "
occurrence of SGUGOHBHE U d LYETBbb Oy Al 7585k Sin BYbeYstReRss

restrai ned, furthernore orenent i erence o ofuti1on

l'ine widt hs, beheeeto a%ré&%@ta%v@tde%rdhm dofeNgRepat &&h bd axdmbllareeqe
of isolated and dense) can be controlled. Herewith the aforenenti oned
conpound gnNereddanigea weiaith tyinehes,Cidd ,UEBeN o Radicaitioy stiyienegdidat,i G bx a
conmpound generating a weak acid show ng positive pKa and the aforenentioned
conpound dgereikaisystyarend f omi-me&bydstipoaner, r 4di, aBi-oprwi2i-la lkydiskiyrenei, s 3a
conpound generating a strong acid show ng negative pKa. And then the
conmpound gederlat4 My CHDHERDL: abi T Nl rdrdivaln sy shxrenedi4n i &1 i°oF

d h f 1.0 10 | e- % f bly 3.0 0 | e- %
socd ot IE R, 0 50 10 AO0mLe Vo PGR8BI I
oC1 3 UPO EAAAAL 2L ekbD. Ryhbergh LRI, | SAND-.:

generatin acid upon ration's usual y used
at the amupdrQlysxy:md0 URPRfthedd el o Al orlild 0 190 iR} 1§ldbHtdatlenes 10
an al kali-1"nsol u%l e or slightTy alkali-soluble resin protected by an

aci d- | abi |1 py0dregist 4@t OUPinPNLAAS1 £né PNPLHRUbeazpl el alcdld,y vingamrzatied
in the positive-working chemically anplified radiation sensitive resin
conpositi cacid tdsteausese-viimydplyirawlddoae ,add-vinglimhdakasdi,c ¢eonpmund -
controls a diffusion phenonenon in a resist filmof an acid generated from
an aci d geWerBtRNr igbre expoduvd nyd -12-@iycrodddoagn i rrpNoVénthaﬁéé’@L uti &t or
can inprove the latitude of exposure to llig,g etc. These basjc conpounds

can be exeftYI¢¥PIFh AT agddorREy ’gﬁt’ ashan and ERebh AT R ITES -

ar oup. an MORaGrREES SGHE. Mo BRRER Lt ShET e RaT ke BB e

group ., et&yadh & R tRYAFRYhadP(AUtelhha 3R s U b4t 1504 Ut nBlryhafibank!
its derivatives, acrylonitril, methacrylonitril, 4-vinylphenoxy
acetic acid and its derivatives, for example, 4-vinylphenoxy acetic
acid esters, maleimide and its derivatives, N-hydroxymaleimide and

its derivatives, maleic anhydride, maleic acid or fumaric acid and



al kali -soluble resin protected by an acid-labile protecting group, an acid
generator, etc. are dissolved in a solvent/solvents and the sol ution
obtained is used as a positive-working chemcally anplified radiation
sensitive resin conposition. As solvents in which those conponents of the
positive-working chemcally anplified radiation sensitive resin conposition
are di ssolved, there can be preferably exenplified ethylene glycol

nmonoal kyl idtsherdemivgtiaze st hyf@ene ekgnple nonoakehy| erhefumerhyl emetgrycol
monoet hyl ether etc.; ethylene glycol nnnoalki _ether acetates such as

et hyl ene Jird wmlrﬁzrlaét%erﬂayétcawetbpw shbappycoinyigmidarriencandr
acetate, etc. HE$§QP | .ene gI coI nonoal kyl ethers such as propyl ene gl ycol
nnnonethyﬁqﬁ 5¥ ycol nonoet hyl et her, etc propylene gl yco

nonoal kyl etherFa tes sucqﬂés pr o Iene Ixcoé nnn B E et her g et

ene gl ycol SrTBETRe REE ool b BREFEERDY, By iETed
R P I i e O
xyl ene, etc.; keto f% Laps tlhyl Z)t ?gkﬁlpone 2- heg SM

cycl ohexangigs Al oxarrLﬁle%haeeﬁua%eN Nﬂlﬁ%b&fﬁﬁémﬂemr late or -
Nmet hyl pyrrolidone, etc.; |actones such as y- but'yrol actone, €etc.; and the

li ke . Themeti@vanite mayz beyasegyphengl pr achytatei it i ofebhatyplote TONE
thereof . In the radiation sensitive resin conposition of the present

i nvent i on,(4tierdraryphenyIncor poeey banidd necessaryethesylamhdeLon d-ds-,
surfactants etc . npl es of the dyes include Meth Violet , Crystal

Vi ol et |whx§ﬁ9%x9h9ux#9aerzlaméﬁaﬁpre@ebha@ﬁﬁleﬂh@erﬁh(ér@ydmwew@aenyl)

hexanethyld|5|la e, chIorgneth¥IS|lanes etc., and exangles of the

Zurfact ant3ETa 95ni BRiEBaSHY SE‘fllgﬁtst(.r‘l‘:?P%%r?)’Sf‘}%‘l"ﬁ §‘5T¥jlat“ﬁ‘;§13 °r|
cther o 1] ohetEaianade, DONRORIAEISBHREE1O) PREBIURLAY St ey
pr oduct Ofmeilﬂgé%n%.MecoN- ht ﬁyhro%ggfr%létarﬁ%qa%@ae oPr Yk &lﬂg\ ﬁe,

Dai - Ni ppon | nk Chem cal s, Sur rade nane; product o

G ass Conmanya-Hstdkoxy a{&:ﬁ &gﬂ@ Aalent s such ag KR4k arbkgde
name; product g#;Shln Et su Chem cal i . A formation ofKa réels?gd
patternlﬁhexpﬂIUDnnprdpy&+m&nﬁyrqpejm&mma]Iy anplified radiation sensitive
resin conposition of the present invention may foll ow the nethods so far
known i n publ i citinyloedhexanpimpoinndshehicm faryubspratechhng gfoup ldleawved
havi ng thereon a silicon oxide film a filmof netal such as al um num

nol ybdenuf{iidh@hiagid Byt l“PﬁF-@Ylﬁﬁt al 95%1121@9%9}6#113&59 IaliéfaJét'cSﬂ‘#?l]ri'etdeé:@ar y
or further_aon ich acircuit attern g aenlggndu t ﬁ%& eﬁ£§

addi t i onal? y*$ et t RECHBERP £y ceHomR; 61‘8 eMit-ER| Py bR YLl Xt dn
sensitive I 0 n ap e er Q far licly
known suchl;"?@i;’ls n esceolgélohe%ﬁo IGFerller% %ny}l &5’[%%0 Orﬁg) St %% a
f1ow spreag 9B dEtHpdy c?orﬁ’tba?n&@f&n”@f hagh t&r fdFR a Ph@d pr esist thin film
and the photoresist filmis prebaked (for exanple) baking tenperature at 70
- 150C for 1 m mis£dkyl | ¢afie6£&6@s Yard hphetBeaph9t ekempit fhileldmwiiahned -its-
usual ly pattern wi se exposed to light through a mask for exposure to |ight
such as a bwtykl|@&lcdilsomxposure to |ight of photoresist filmis generally

conduct ed by de;g*ultra-violet |l i ght such as KrF excinmer |aser or ArF
exci ner |aser Qﬁ& Ehecabovepdaasribed. raging, e?ﬁ@sﬁﬁ@nﬁ§QQRﬁﬂ by gdsx

exposure Qthgé H) i S conduct ed g for exanﬁ baki n erature at. 50
- 1500), G OgneRplOLIAR bfdehR TaESeRES R E OF BIRR LGRS t o
l'i ght, baqug%ffter devel opnment is conducted, if necessary (for exanple,
baki ng teﬁ% ure at 60 - 120 C) to forma resist pattern. A devel oper
used at this nmonment nay be any one of devel opers which can devel op 16 a
positive-working chemcally anplified radiation sensitive resin conposition
and there are exenplified a devel oper conprising an al kali aqueous sol ution
as the devel oper. Furthernore as a devel opi ng nethod, a nethod so far
applied for devel oping a photoresi st such as a paddl e devel opnment may be
applied. Etching is conducted using the resist pattern forned in this way
as a mask and a fine processing of a substrate is made thereby.



Best node for practicing the Invention The present invention will now be
descri bed nore specifically by reference to Exanpl es which, however, are
not to be construed to limt the present invention in any way. The

eval uation nmethod for isolated and dense patterns, an al kali-insoluble or
slightly alkali-soluble resin (A) protected wwth an acid-1labile protecting
group, a conpound (B) generating a carboxylic acid upon irradiation with
radi ation, and a congpund (C) generating a sulfonic acid upon irradiation
with radiation in th¢ Exanples and the %beloware shown

npar ati ve Exanpl e
as foll OWS.—(E(CH uatign_%et hod chsal d d ttepns ?A radi ati on
sensitive re inzcorrpsitixon was \appfi ed by spi n ogﬁ%ng ted on a
6-inch silicon wafe and the coated fid=s0Owas prebaked at 0 Cfor 90
to obtain a resilst filmof 0.4 u hi ckness. The

seconds on a hot p
filmthi ckness waslxedqsured by the filmthickness neasur qui prment

(Lanbda Ace) produced @Eai - Ni ppon ScreH;)ompany. Next rgsist film
was exposed to |ight by angi ng an exposure quantity stepwis®wth a

st epper, FPA3000EX5 (wavel ength 248 nm produced by Canon conpany using a
hal f tone phase shift mask of a contact hole with 0. 23 dam di aneter/a
space with 0. 72 umwi dth for a isolated pattern and a contact hote(l)7
with 0. 23 umdianeter/a space with 0 . 27 umwidth for a dense pattern.
Then the vsrginf Rl ek pd sepresdntght hydsogeraitath by Aawd iyl @rouphotaphat e
at 120 C for 90 seconds. After the heating treatnent, the resist filmwas
paddl e devigidipddiual LY3CR orenresente adiydreddamlatabyé dpdutoxy ITONPFor
Devel oper (0;2 38 4Wei(ght tetramnet hgl gmmoni um hydr oxi de agueous sol uti on)
("AZ" is a3Edifst e (R daeifar 232 gt CBBERE ByieCFamPaRF FHkerevisam each
obtain a p 'tivedresist atter nd then the hole dianeters of iso

e
. d
and dense 08%} Tertly aﬁ?pﬁesgedﬁ n%!rh}r BTeRP Py q’ﬂﬁm‘}’?ygﬁ@PB ﬂﬁagu?ggg’gy a
scanni ng e#rfog%ﬁrﬁﬂ' & M rg&&ogee%%ia%%%%&q{tg1%l ?‘gﬁ%ﬁg} g.'nlg-e%@r(}%:ﬁﬁgggl,' ne

wi dt h and e di fference, erence o utiron 1T né W

i sol ated andufieRs amatintidierSe? oL aord ahddz (4) oAbraldnalintieyee! vl ¢ or
slightly alkali-soluble resin protected with an acid-|abile y~rotecting~

group A- l:ompatoxrep- hydr oxystyrene-co-styrene-co-t-butyl nethacrylate) DE -

35 kcal /nol e A-2: pol y(p-hydroxystyrene-co-t-butoxystyrene-co-t-butyl

met hacryl ate) DRs>the keslihnokpresented by the above general formula (I),
a terpolymer of p-hydroxystyrene, t-butyl methacrylate or t-butyl
acrylate, and styrene or t-butoxystyrene is preferable.

As the above-described resin which is made alkali-insoluble
or slightly alkali-soluble, a polymer, the basic structure of which
is hydroxystyrene is preferable, however its structure is not
particularly limited and a resin, of which the activation energy
(AE) to cleave said acid-labile protecting group is not less than
25 Kcal/mole may be selected considering the using purpose, a
light-exposure wavelength, a manufacturing condition of a resin
or a composition, and a constitution of the composition. Hereby
when a resin of which the activation energy (AE) to cleave the
protecting group is not less than 25 Kcal/mole 1s classified with

a protecting group or a comonomer, poly(p-hydroxystyrene) having

a protecting group of t-butyl group, t-butoxyalkyl group, t-
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A- 3. pol y(p-hydroxystyrene-co-t-butoxystyrene) DE > 29 kcal/nole A-4:

pol y( p- hydr oxyst yrene-co-t - but oxycar bonyl styrene) DE = 29 kcal /nol e A-5:
pol y[ p- hydr oxyst yrene- co- p- ( 1- et hoxyet hoxy) styrene] DE - 22 kcal/nole B-1:
tri phenyl sul f oni um pent adecaf | uor ohept ane carboxyl ate 18 B- 2:

triphenyl sul foniumtrifluoronethane carboxylate (C) Conpound generating a
sulfonic acid upon irradiation wwth G 1: triphenyl sul foni um

nonaf | uor butioxyeazilohgilat group:;, t prpherphsvkioarbonylalkiytdr ogedbtipneor a
sul fonate Exanple 1 After 50.0 pnole/g of C1 relative to A-1 and 20.0
nmol e- % of c@pdbliygleat preducel@- ushrget nbueyll netiletdrriciteamsna gomenbmercare
subst ance and a surface active agent were added thereto. The m xture was
di ssol ved Hed-sgdopy | Mdhevalye ol snenarmtdydatadhevalicet bye BM3 g@péMelecular
posi tive-working .chenjcal Ig amplified radiation sensitive resin

conposi ti &FP eBaEhPAyusingiMOEAGH e dhisedd IRTITNLNGhe FRTICHEMBLe in
I sol at ed d d tt ., B d di to the." ti
et hod 1 o HoSo1 Ad T TaRRSonah CoPteTeacs. oo LhoRRBaaTuRY o FLailPLEF . "
Tabl e 1 vwag. Rl D&Y 'Ma%;&%q}%\ll% 25308590 PROBEL c¥ahdiilt 8%y F28PhGadon

except meki ng the anoun
Section (1994) 11-17, Journal of Photopolymer Science and

Technology, Volume 12, No. 4 (1999) 607-620, Journal of
Photopolymer Science Part A: Poly. Chem. (1998) 36(7), Proc.
SPIE-Int. Soc. Opt. Eng. (1999) 3678, 608-616 and AE values for
some groups and compounds are described in these literatures. 1In
the present invention AE values can be distinguished referring to
the values described in these literatures.

On the other hand, (B) a compound generating a carboxylic
acid upon irradiation with radiation and (C) a compound generating
a sulfonic acid upon irradiation with radiation are contained as
acid generators in the present invention. As a compound (B)
generating a carboxylic acid upon irradiation with radiation of
the present invention, any one of compounds which generates a
carboxylic acid upon irradiation with radiation can be used
including the compounds which are so far known as an acid generator
generating a carboxylic aclid upon irradiation with radiation in
a chemically amplified resist. These compounds generating a

carboxylic acld upon irradiation with radiations can be exemplified

with diphenyl-2,4,6-trimethylphenylsulfonium
pentadecafluoroheptan carboxylate, diphenyl-2.,4,6-
trimethylphenyl-4-trifluoromethylbenzene carboxylate,
triphenylsulfonium trifluoromethane carboxylate,
triphenylsulfonium pentafluoroethane carboxylate,

11



of B-1 10.0 nole-%relative to CG1 to prepare a positive-working chemcally
anplified radiation sensitive resin conposition. Then a difference of
resolution line widths of isolated and dense patterns, OCD was neasured
according to the "evaluation nethod for isolated and dense patterns” and a
result of Table 1 was obtained. Exanple 3 The same nmanner was taken as
Exanpl e 1 except nmaking the amount of G2 50.0 unpble/g of G 1 relative to
A-1 and t heiphemytl sofl fénd uB0. 0 nglen tadedaff iwerdleg®éhd 0 pr eparbozaylate,
positive-working 19 chemcally anplified radiation sensitive resin
conposi t i dxirheaylsudifiondience of trdcosafilyeroundeghtehs of Fatbakpdabed
dense patterns, OCD was neasured_according to the "eval uation _method_for

i sol at ed dd ARENYe sYAEORI  andDEPteRd t of CRABPEYIaRAs obt afhBRENY1-4-

trimethylphenylsulfonium pentadecafluoroheptane carboxylate,
etc.

As a compound (C) generating a sulfonic acid upon irradiation
with radiations of the present invention, any one of compounds which
generates a sulfonic acid upon irradiation with radiation can be
used including the compounds which are so far known as an acid
generator generating a sulfonic acid upon irradiation with
radiation in a chemically amplified resist. These compounds
generating a sulfonic acid upon irradiation with radiation can be
exemplified with sulfonium salt compounds such as
triphenylsulfonium methane sulfonate, triphenylsulfonium
trifluoromethane sulfonate, triphenylsulfonium propane sulfonate,
triphenylsulfonium hexafluoropropane sulfonate,
triphenylsulfonium nonafluorobutane sulfonate,
triphenylsulfonium phenyl sulfonate, triphenylsulfonium 4-

methylphenyl sulfonate, triphenylsulfonium 4-methoxyphenyl

sulfonate, triphenylsulfonium p-chlorophenyl sulfonate,
triphenylsulfonium camphor sulfonate, 4 -methylphenyl-
diphenylsulfonium trifluoromethane sulfonate, bis-(4-

methylphenyl)-phenylsulfonium trifluoromethane sulfonate,
tris-4-methylphenylsulfonium trifluoromethane sulfonate, 4-t-
butylphenyl-diphenylsulfonium trifluoromethane sulfonate, 4-
methoxyphenyl~diphenylsulfonium trifluoromethane sulfonate,
mesityldiphenylsulfonium trifluoromethane sulfonate, 4-
chlorophenyl-diphenylsulfonium trifluoromethane sulfonate,

bis-(4-chlorophenyl)-phenylsulfonium trifluoromethane sulfonate,

12



Exanpl e 4 The sane manner was taken as Exanple 1 except replacing A1 with
A-2 to prepare a positive-working chemcally anplified radiation sensitive
resin conmposition. Then a difference of resolution line w dths of isolated
and dense '‘patterns, BCD was neasured according to the "eval uati on nmet hod
for isolated and dense patterns” and a result of Table 1 was obtained.
Exanpl e 5 The sanme manner was taken as Exanple 1 except replacing A1 with
A-3 to prdFdise (4 -shdiomophenydi-sy Lleadusa | Y 5 fHlysitomeddanedi sulfonakesi 4+ ve
resin conposition. Then a difference of resolution |ine widths of isolated
and dense Ydphenydosiphenyd sulfoa iam: or BE¥§ELYOrARTORARLUAL FBATARE BB

Exanpl o 6 BT A TREYRHALY Eﬁé%feg@ﬁ%ﬁ@i”mpFl&%fl}eegﬁpﬂ'%ﬁsggﬁS%anitw th
A-4

esi n combar oy E RS IR e R fhd FUE QR8RS T R b g
and dense 19y 1BER pias, phEhy TR guﬂpCﬁéﬁ PQu%P%g%ﬁ% agyal Hatd fy et hd

for isolated™an énse patteérns” a resu 1 was o talned 20
Conpar at | mt@@d@r@nylﬂmmlmrf@nlw { rpdedE BSo oo &nd €xGERbnAGE,

mxing B-:ll-nesityl-diphenylsulfonium hexafluoropropane sulfonate, 4-
chlorophenyl-diphenylsulfonium hexafluoropropane sulfonate,
bis-(4-chlorophenyl)-phenylsulfonium hexafluoropropane
sulfonate, tris-(4-chlorophenyl)-sulfonium hexafluoropropane
sulfonate, triphenylsulfonium naphthalene sulfonate; iodonium
salt compounds such as diphenyliodonium trifluoromethane sulfonate,
diphenyliodonium hexafluoropropane sulfonate, diphenyliodonium
p-4-methylphenyl sulfonate, bis-(p-t-butylphenyl)iodonium
trifluoromethane sulfonate, bis-(p-t-butylphenyl)iodonium
hexafluoropropane sulfonate, bis-(p-cyclohexylphenyl)iodonium
trifluoromethane sulfonate, bis-(p-cyclohexylphenyl)iodonium
hexafluoropropane sulfonate, diphenyliodonium pyrene sulfonate,
diphenyliodonium dodecylbenzene sulfonate; etc.

These acid generators are used in a mixture of two kinds or
more of at least one kind of a compound (B) generating a carboxylic
acid upon irradiation with radiation and at least one kind of a
compound (C) generating a sulfonic acid upon irradiation with
radiation, and are required to be the combination of a compound
generating a weak acid, showing positive value of pKa (ionization
constant of acid), upon irradiation with radiation and a compound
generating a strong acid, showing negative value of pKa, upon
irradiationwith radiation. Thereby an occurrence of standingwave

upon a formation of a resist pattern can be restrained, furthermore
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t'o prepare a positive-working chemcally anplified radiation sensitive
resin conposition. Then a difference of resolution |line widths of isolated
and dense patterns , OCD was neasured according to the "eval uati on net hod
for isolated and dense patterns” and a result of Table 1 was obtained.
Conpar ative Exanple 2 The same manner was taken as Exanple 1 except
replacing A1 wwth A-5 to prepare a positive-wrking chemcally anplified
radi at i on thensiffoinemenddionesodiidsierence oOlieresodiuttiiencehineowidebsl betweaehi ne
wi dt hs of isolated and dense patterns, BCD was nmeasured according to the
"eval uat i &t ABcRededoPatseratanf andensaspapherar i dififernenass oft isplabtede 1

was obtained. _.Difference of isolated and depnse patterns, OCD (nm Exanpl e
B e aplE LA OR) Ko e S9m6ERATpRe AP SEALT Do Tl Aned bonpotng

619'4CDnp%ﬂﬁ&éfgif@gmgﬂé%fg§§f¥9%n%%ﬁ%th%%nEigg%hga%%ghGW%%h radiation is
a compound generating a weak acid showing positive pKa and the
aforementioned compound generating a sulfonic acid upon
irradiation with radiation is a compound generating a strong acid
showing negative pKa. And then the compound generating a
carboxylic acid upon irradiation with radiation is used at the
amount of 1.0 to 100 mole-%, preferably 3.0 to 50 mole-%, more
preferably 6.0 to 25 mole-% relative to the compound generating
a sulfonic acid upon irradiation with radiation. On the other hand,
the compound generating a sulfonic acid upon irradiation with
radiation is usually used at the amount of 5 to 300 pmole/g,
preferably 10 to 150 pmole/g relative to an alkali-insoluble or
slightly alkali-soluble resin protected by an acid-labile
protecting group.

A Dbasic compound is preferably incorporated in the
positive-working chemically amplified radiation sensitive resin
composition of the present invention as an additive. The basic
compound controls a diffusion phenomenon in a resist film of an
acld generated from an acid generator upon exposure to light, and
can improve the resolution or can improve the latitude of exposure
to light, etc. These basic compounds can be exemplified with
primary, secondary or tertiary aliphatic amines, aromatic amines,
heterocyclic amines, nitrogen compounds having an alkyl group, an
aryl group, etc., compounds having an amide group or an imide group,
etc.

In the present invention, an alkali-insoluble or slightly

14



As obviated by Table 1, the positive-working chemcally anplified radiation
sensitive resin conposition of the present invention is able to restrain a
difference of resolution |ine widths caused by a difference of isolated and
dense patterns upon exposure with sane exposure energy. Effectiveness of
the Invention As nentioned above in detail, the positive-working chemcally
anplified radiation sensitive resin conposition having high sensitivity,

hi gh resokhdkidi-gadublengsiniprbsectied by ancaelditlajpile p@owe@ttﬁggcﬁroup.

I sol ated and dense patterns can be offered by the present invention.

result, tA8 EPé€e§§Pﬁ§a§§rde§t§ﬂeéreaﬂ1§§°ﬁﬁﬂ€ ip % ﬁ?bﬁe%Eé%ﬁ%NﬁnEﬁuPQﬂ

Such as. 25&8%#5%&38?10%”%9 ! °C§$sné+%s' R 4”?&”%5&# Rt ST o
Appl i cabi Ly ThgaPLeaent v f&&g%@&ﬁ% {08 T hBeSRIQERES! 1Y

when manu uring e I’OﬂIC par S Su as a s mcon uct or,

thr ee- di mpsianaknblae sbndehihes ebe- 2R 81 150 @i KRN Sondmida1ly
I:ny ra latT o ¥I on

posi tive-worki ng chem cal |f|e n sensitive resin conpos

whi ch conBip38FiedA radl aalilod Isémqﬂlw &reyirs| dathidd il dedl Ar&OhLHE 616G N
protected wth an acid-labile protecting group and nade al kal i -sol ubl e by

cl eavage ahetxal dacile | phbeferpbdyecekengldfded, etdiyileaid ayilerel guolO&)kpl

which is 25 Kcal /ol e or higher,
ethers such as ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, etc.; ethylene glycol monoalkyl ether acetates
such as ethylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate, etc.; propylene glycol monoalkyl ethers
such as propylene glycol monomethyl ether, propylene glycol
monoethyl ether, etc.; propylene glycol monoalkyl ether acetates
such as propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate, etc.; lactic esters such as methyl lactate,
ethyl lactate, etc.; aromatic hydrocarbons such as toluene, xylene,
etc.; ketones such as methyl ethyl ketone, 2-heptanone,
cyclohexanone, etc.; amides such as N,N-dimethylacetamide, N-
methylpyrrolidone, etc.; lactones such as y -butyrolactone, etc.;
and the like. These solvents may be used alone or in combination
of two or more thereof.

In the radiation sensitive resin composition of the present
invention, there may be incorporated, if necessary, dyes, adhesion
aids, surfactants, etc. Examples of the dyes include Methyl Violet,
Crystal Violet, Malachite Green, etc., examples of the adhesion
aids include hexamethyldisilazane, chloromethylsilanes, etc., and
examples of the surfactants include nonionic surfactants such as
polyglycols and the derivatives thereof, i.e., polypropylene

glycol or polyoxyethylene lauryl ether; fluorine-containing
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(B) a conpound generating a carboxylic acid upon irradiation with
radi ation, and (C) a conpound generating a sulfonic acid upon irradiation
with radiation. 2. The positive-working chemcally anplified radiation
sensitive resin conposition according to claim1, wherein the
al kali-insoluble or slightly alkali-soluble resin protected with an
acid-labile protecting group and nade al kal i -sol ubl e upon cl eavage of said
aci d-| abi berfiactentisngughoas, Faubiradt ( bnadeengmé bEprofiuvhi ch $emhbomsd el
than 25 Kcal /nol e conprises a t-butoxycarbonyl styrene, t-butoxystyrene or
t but yl ( me€R)raciithtle ulnegafec ThEagesinameg- viredwet cAgnPedi- N}PQ@BI |Ifnked&
radi ati on _sensitive reS| osjtion accordlng to claim1 or

y

thehconéeﬁpeﬁﬂcﬁﬁ oR | hirade aFes IPEQQHQ&[ﬂﬁNﬁ??W%d@%??%n

t t ' h d
SIS ke b §5bErds Rl Eomme
positive- % |n&roﬁggkc%gl§.anpl|f|egh%%ﬁé%g %nthe t|ve reS|n conposition

accordlng ference OCD bet ween

a di amet er Of aACEBE:ﬁ\S‘i:lBﬁ| 8£ W 1F i AP G nY @h@ BbsfPtifes: \%H@lﬁ&

I sol ated pattern and 23 that in a dense pattern upon exposure in the
opti num expefdicaldgsempy i FRa8Ur £aEt 1 o1 Gehn sd ti@NPe 5 Yn &b @ & Nt LoriToEr ERE0PE

is 20 nmor less. 24 _.AA . ALLALLA9 A9 AL ALA. .AFLL A9 AL.Ar.ALA _ A
9. A . AL. AprasensSinvént doA(ri¢hEeillpw the methods so far known in publicity.

One example is that on a substrate made of silicon having thereon

a silicon oxide £ilm, a £ilm of metal such as aluminum, molybdenum,

chromium, a £ilm of metal oxide such as ITO, etc., if necessary
or further on which a circuit pattern or a semiconductor device
is additionally formed, the positive-working chemically amplified
radilation sensitive resin composition is applied by the proper
method so far publicly known such as a spin coat method, a roll
coat method, a land coat method, a flow-spread coat method, a dip
coat method to form a photoresist thin film and the photoresist
film is prebaked (for example, baking temperature at 70 - 150°C
for 1 minute), if necessary. Then the photoresist film formed is
usually pattern wise exposed to light through a mask for exposure
to light such as a reticle. The exposure to light of photoresist
film is generally conducted by deep ultra-violet light such as KrF
excimer laser or ArF excimer laser, X-ray, electron beams, etc.
After exposure to light, post exposure bake (PEB) is conducted (for
example, baking temperature at 50 - 150°C), if necessary. After
development of the photoresist f£ilm exposed to light, baking after
development is conducted, if necessary (for example, baking

temperature at 60 - 120°C) to form a resist pattern. A developer

used at this moment may be any one of developers which can develop
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f109%& ()-109%<& ()-"' 109%& ()-#10%& ()-rxnbC 910%& g#10%& ()- % 10< 10<
10<<L109%&1Kal i--fspld® fesin+(BDYespdbect@il @d&R 4n-acid-labile protecting

group, a compound (B) generating a carboxylic acid upon irradiation
with radiation, and a compound (C) generating a sulfonic acid upon
irradiation with radiation in the Examples and the Comparative
Examples below are shown as follows.
Evaluati thod for isolated and d £1

A radiation sensitive resin composition was applied by a spin
coating method on a 6-inch silicon wafer, and the coated film was
prebaked at 100°C for 90 seconds on a hot plate to obtain a resist
film of 0.4 pm in thickness. The film thickness was measured by
the £ilm thickness measuring equipment (Lambda Ace) produced by
Dai-Nippon Screen Company. Next the resist f£film was exposed to
light by changing an exposure quantity stepwise with a stepper,
FPA3000EX5 (wavelength 248 nm) produced by Canon company using a
half tone phase shift mask of a contact hole with 0.23 pym diameter/a

space with 0.72 um width for a isolated pattern and a contact hole
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r Rirg\=l 910%g#10%& ()-M 100 100 100="10%%& ()- s-y#10%& () -
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910% n f#10%b& ()- f#10%& ()- 10< 10<

with 0.23 nym diameter/a space with 0.27 pmwidth for a dense pattern.
Then the resist film exposed to light was treated by heating on
a hot plate at 120°C for 90 seconds. After the heating treatment,
the resist film was paddle developed at 23°C for 1 minute using
alkali-developer, AZ 300MIF Developer (2.38 weight %
tetramethylammonium hydroxide aqueous solution) ("AZ" is a
registered trademark) produced by Clariant Japan company to obtain
a positive resist pattern. And then the hole diameters of isolated
and dense patterns at an optimal light exposure quantity were
measured by a scanning electronic microscope in a contact hole with
0.18 pm designed line width and from the difference, a difference
of resolution line widths of isolated and dense patterns, ACD was
calculated.
(A) 2 1kali-i Lubl light] 1kali-solub] . tected
Lt} {d-labil tect]

A-1: poly(p-hydroxystyrene-co-styrene-co-t-butyl methacrylate)

AE = 35 kcal/mole
A-2: poly(p-hydroxystyrene-co-t-butoxystyrene-co-t-butyl
methacrylate)

AE > 29 kcal/mole
A-3: poly(p-hydroxystyrene-co-t-butoxystyrene)

AE > 29 kcal/mole
A-4: poly(p-hydroxystyrene-co-t-butoxycarbonylstyrene)

AE = 29 kcal/mole
A-5: polylp-hydroxystyrene-co-p-(l-ethoxyethoxy)styrene]

AE = 22 kcal/mole
radiation

B-1: triphenylsulfonium pentadecafluoroheptane carboxylate
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(C)_C 3 ] 1foni id . iiati ]

jiati
C-1: triphenylsulfonium nonafluorobutane sulfonate

C-2: triphenylsulfonium trifluoromethane sulfonate

Example 1

After 50.0 pmole/g of C-1 relative to A-1 and 20.0 mole-% of
B-1relative toC-1weremixed, triethanol amine as a basic substance
and a surface active agent were added thereto. The mixture was
dissolved in propylene glycol monomethyl ether acetate to prepare
a positive-working chemically amplified radiation sensitive resin
composition. Subsequently, a difference of resolution line widths
of isolated and dense patterns, ACD was measured according to the
“"evaluation method for isolated and dense patterns” described above

and a result of Table 1 was obtained.

Example 2

The same manner was taken as Example 1 except making the amount
of B-1 10.0 mole-% relative to C-1 to prepare a positive-working
chemically amplified radiation sensitive resin composition. Then
a difference of resolution line widths of isolated and dense

patterns, ACD was measured according to the "evaluation method for

isolated and dense patterns” and a result of Table 1 was obtained.

Example 3

The same manner was taken as Example 1 except making the amount
of C-2 50.0 pmole/g of C-1 relative to A-1 and the amount of B-2

20.0 mole-% relative to C-2 to prepare a positive-working
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a difference of resolution line widths of isolated and dense

patterns, ACD was measured according to the “"evaluation method for

isolated and dense patterns” and a result of Table 1 was obtained.

Example 4

The same manner was taken as Example 1 except replacing A-
1 with A-2 to prepare a positive-working chemically amplified
radiation sensitive resin composition. Then a difference of
resolution line widths of isolated and dense patterns, ACD was
measured according to the “"evaluation method for isolated and dense

patterns” and a result of Table 1 was obtained.

Example 5

The same manner was taken as Example 1 except replacing A-
1 with A-3 to prepare a positive-working chemically amplified
radiation sensitive resin composition. Then a difference of
resolution line widths of isolated and dense patterns, ACD was
measured according to the “evaluation method for isolated and dense

patterns” and a result of Table 1 was obtained.

Example 6

The same manner was taken as Example 1 except replacing A-
1l with A-4 to prepare a positive-working chemically amplified
radiation sensitive resin composition. Then a difference of

resolution line widths of isolated and dense patterns, ACD was
measured according to the “"evaluation method for isolated and dense

patterns” and a result of Table 1 was obtained.

20



10< #10%<& ()- 100 100 100=10%& () -FY: #109%% ()-!'L S#109%00% ()-g
@109 () - (LQRRARFVOVX~\ = 10<3+f #109%<& () -s! #10%<& () - ##109%& () -# 10<
10< 10<=10%& ()-! Yg#L10U=<& () - * XXXXX\ B_| ~ @ 10<=10%& () -
F:109%<& ()-!1z#109%<& ()-2z#10%& ()-2 10< 10< 10<=109%& () - ddf ffffj _TI
10<
Comparative Example 1
The same manner was taken as Example 1 except not mixing B-1
to prepare a positive-working chemically amplified radiation
sensitive resin composition. Then a difference of resolution line
widths of isolated and dense patterns, ACD was measured according

to the “evaluation method for isolated and dense patterns” and a

result of Table 1 was obtained.

Comparative Example 2

The same manner was taken as Example 1 except replacing A-
1 with A-5 to prepare a positive-working chemically amplified
radiation sensitive resin composition. Then a difference of
resolution line widths of isolated and dense patterns, ACD was
measured according to the “*evaluation method for isolated and dense

patterns” and a result of Table 1 was obtained.

Table-1 Evaluati ¢ isolated and d 1

Difference of isolated and
dense patterns, ACD

(nm)

Example 1 8.1
Example 2 17.0
Example 3 7.9
Example 4 8.5
Example 5 18.3
Example 6 19.4
Comparative Example 1 25.0
Comparative Example 2 26.6
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As obviated by Table 1, the positive-working chemically
amplified radiation sensitive resin composition of the present
invention is able to restrain a difference of resolution line widths

caused by a difference of isolated and dense patterns upon exposure

with same exposure energy.

Effectiveness of the Invention

As mentioned above in detail, the positive-working
chemically amplified radiation sensitive resin composition having
high sensitivity., high resolution and a small difference of
resolution line widths of isolated and dense patterns can be offered
by the present invention. As a result, the processing as designed
can be made at a high accuracy and a high through-put in a fine
processing when manufacturing electronic parts such as a

semiconductor, three-dimensional fine structure, etc.

Industrial Applicability
The present invention can be applied for a fine processing
when manufacturing electronic parts such as a semiconductor,

three-dimensional fine structure, etc.
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(A) an alkali-insoluble or slightly alkali-soluble resin protected
with an acid-labile protecting group and made alkali-soluble by
cleavage of said acid-labile protecting group, activation energy
(AE) of which is 25 Kcal/mole or higher,
(B) a compound generating a carboxylic acid upon irradiation with

radiation, and

(C) a compound generating a sulfonic acid upon irradiation with
radiation.

2. The positive-working chemically amplified radiation
sensitive resin composition according to claim 1, wherein the
alkali-insoluble or slightly alkali-soluble resin protected with
an acid-labile protecting group and made alkali-soluble upon
cleavage of said acid-labile protecting group, activation
energy(AE) of which is not less than 25 Kcal/mole comprises a
t-butoxycarbonyl styrene, t-butoxystyrene or t-
butyl(meth)acrylate unit.

3. The positive-working chemically amplified radiation
sensitive resin composition according to claim 1 or 2, wherein the
content of the compound generating a carboxylic acid upon
irradiation with radiation is 1.0 to 100 mole-% relative to the
content of the compound generating a sulfonic acid upon irradiation
with radiation.

4. The positive-working chemically amplified radiation
sensitive resin composition according to any one of claims 1 to
3, wherein the difference, ACD between a diameter of a contact hole

with a designed line width of 0.18 um in an isolated pattern and
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