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COPOLYMERS HAVING NIT.lULE AND ALICYCLIC LEAVING GROUPS AND 

PHOTO'RBSIST COMPOSmONS COMPRISlNG SAlm 

:SACKGROUNP OF nm INVBNTION 

1. Field of the Invention 

The present invention relates to new polymei:s and use of such polymers as a resin 

5 binder component fur photoresist compositions, partioularly chemfoally-an:iplified 

positive-acting resists that can be effectively imaged at short wavelengths such as sub-

200 nm, particularly 193 mu. Polymers of the invention contain in specified molar ratios 

both nitrite and photoaeid labile groups that have an alicyclic moiety• particularly a 

bridged bicyclic gco'Dp or other caged group. 

10 

2. Backgronnd 

Photoresist.s are photosensitive films used fot tamsfcr of images to a Bubstratc. A 
coating layer of a photoresist is fot1D.ed on a substmte and the photoresist layer is then 

ex?osed through a photomask to a source of activating radiation. The photomask has 

15 areas that are opaque to acti'Vating mdiation and other ateas that are transparent to 
ac1ivating radiation. Exposure to activating radiation provides a photo.induced chemical 

trans.fomlation of the photoresist coating t.o tberebytransfet' the pattern of the photomask 

to the photoresist-coated substrate. Following exposure, the phototesist is developed to 
provide a relief image that pennits selective processing of a substrate. 

20 

A photoresist can be either positive-acting or negative-acting. For most negativc­

a.cting photoresists. those coating layer portions that are exposed to activating radiation 

polymerize or crosslink in a reaction between.~ photoactive compound and po1.ymerlzable 
reagents of the photoresist composition. Consequ.ently. the exposed coating portions are 

25 rendered less soluble in a developer sol'lltion than unexposed portions. .For a positi'C/e­
acting photoresist, e:r.posed portions are rendered more soluble in a developer solution 
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while areas not exposed remain comparatWely less devel<>per soluble. Photoresist 

compositions are described in Oeforest, Photoresist Materials and Processes, McGraw 

Hill aook Company, Now York, ch. 2, 1975 and by Mo~ Semiconductor 

Lithography, Principles, Practices and ~aterial.s, Plenum Prcss1 New York, oh. 2 and 4. 

More recently, chemically-amplified-type resists have been increasiugly 

em.pl~ particularly for fotmation of snb--micron images and other high perfonnance 

applications. Such photc:>resists taay be negative-acting 'or positi~acting and generally 

include many crosslinking events (m the case of a negative-acting resist) or deptotection 

10 reactions {m the case of a positive--acting resist) per \lllit of photogenerated acid. In the 

case of positive chemically-amplified resists, certain cationic photoinitiators have been 

used to induce cleavage of certain "blocldngw groups pendant from a photoresist binder. 

or cleavage of certain groups that com.prise a photote$ist binder backbone. Sec, for 

example, U.S. Patents Nos. 5,0751199; 4,968,$81; 4,883,740; 4,810.613; and 4,491 ... 628, 

15 and Canadian Patent Application 2,001t384. Upon cleavage of the blocking group 

through exposure of a coating layer of such a resist. a polar functional group is fottned, 

e.g., carboxyl or imide> which result$ in different solubility characteristics in exposed and 

unexposed areas of the resist coating layer, See also R.D. Allen et al., Proceedings of 

SPIB, 2724:334-343 (1996); and P, Trefonas et al. Proceedings of the 1 lth International 

20 Conference on PhotopolymetS (Soc. Of Plastics BngineetS), pp 44-58 (Oot. 6, 1997), 

While cuncntly available photoresists are suitable for many applications, current 

resists also can exbt1>it significant shortcomings, particu1arly in high performanoe 

applications such as fommtion ofhigbly resolved sub.:-half micron and sub-quart.er micron 
25 features. 

Consequently, interest bas increased in photoresists tbat can be photoimaged with 
short wavelength. radiation. including exposure tadiation of about 250 nm or less, or even 

about 200 nm or less~ such as wavelengths of about 248 DU\ (provided by KrF laser) or 
------··-----
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193 nm (ptovided by an ArF exposm:e tool). See European Published Application 

EP915382A2. Use of such short exposure wavelengths can enable fonuation of smaller 

features. Accordingly, a photoresist that yields well-resolved images upon 248 mn or 193 

mn exposure could enable fonnation of exttemely small (e.g. sub-0.2S m) features that 
I 

5 respond to constant industry demands for smaller dimension circuit patterns .. e.g. to 

provide greater eiteuit density and enhanced device perfo1D1ance. 

However, many cum:nt photoresists are generally designed for imaging at 

relatively higher wavelengths, such as G-linc (436 Jml) and 1 ... line (365 nm) are geneta.IJy 

lO unsuitable for imaging at short wavelengths such as $ub-200nm. Even shorter 

wavelength resists, such as those effective at 248 nm exposmes, also are generally 

unsuitable for sub-200 ~ exposures, such as 193 nm imaging. 

More specifically, cUirent photoresists can be highly opaque to extremely short 

15 exposure wavelengths such u 193 nm, thereby resulting in poorly resolved images. 

Efforts to enhance transpa:reacy for short wavelength exposure can negatively 

impact other important pcrfonnanoe properties such as substrate adhesion and resistance 

to etchants employed after developments which in tum can dramatically compromise 

20 image resolution. In particular> reducing aromatic {e.g. phenyl or substituted phenyl suoh 

as phenol) content of a resist to 1herehy inctease transparency at sub-200 nm exp0$UlCS 

can provide a resist that extu"bits quite poor resistance to plasma etchants used to ptoaess 

substrate surfaces bated upon development 

25 It thus would be desirable to have new photoresist compositions, particularly 

resist compositions that can be imaged at short wavelengths such as sub-200 nm exposure 

wavelengths, particularly 193 nm. It would be particularly desttablc t.o have such remst: 

compositions that exln"bit good transparency to sul>-200 um wavelengths. particularly 193 

DID.s as well as good resistance to plasma etcbants. 
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SUMMARY OF nm INVENTION 

We have now fuund novel polymexs and photorcsist compositions that comprise 

the polymers as a resin binder component. Polymers of the invention contain repeat units 

ofboth nitrlle groups and acid labile ~er groups with an alicyelfo moiety leaving group. 

5 The photoresist cotnposi:tio.ns of the invention can provide highly resoll'ed relief images 

upon exposure to extremely short wavelengths, particolarly sul>-200 nm wavelengths 

such as 193 nm. 

More particularly, polymer:s of the invention ·contain at least two distinct repeat 

1 O wnts: l) nittlle groups, such as may be provided u.pon polymerization of 

methacry1oni1rile or acrylonitrile; and 2) photoacid labile groups that contain a tertiary 

est.er alicyclic hydrocarbon group that has two or more fused or bridged rings. Preferred 

tertiary ester groups include optionally substituted fencyl groups, particularly ethyl 

fencyl; optionally substihlted alkyl adamantyl, particularly a methyladamantyl leaving 

15 group (whct:e the ester oxygen is li:uked to the tmtiaJy carbon of the methy1a.damantyl 

moiety); optionally substituted trlcyclo decanyl, and optionally substituted pinanyl. 

Additional alicyolio ester groups also will be suitable, including additional bicyclic, 

trieyclfo and other polycyclic moieties. 

20 Moreover, we have S1llprisingly found that significantly enhanced litho~phic 

25 

performance and plasma etch resistance can be piovided where the molar ratios of those 

units 1) and 2) are within specified 'Values, i.e. where the polymer contains from about 20 

to 50 mole percent ofnitrile units I), and from about 30 to 60 mole percent of alicyolic 

units2). 

Additionally, we have found that use of a photoacid labile ester group that 

contains a fcncyl group:r particularly ethylfcncyl. provides a resist system that can be 

deprotected at relatively lower tempemtu:res (lower activation energy required}. Mote 

parl:icularly, it has been found that resists of tb.e invention that ccmtain a polymer having 
----------· -- --
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nitrlle units and photoacid labile ester units having ethylfencyl leaving groups can 

provide high resolution relief images (e.g. sub-quarter micron) with post-exposure bakes 

(ca. 60 seconds duration) of no mote tban 110°C, or even no more than about 100°C or 

90°C. 

Polymers of the invention also may contain units in addition to groups the nitrile 

and alicyolic groups 1) and 2). For example, dissolution enhancers I11aY be included in a 

polymer of the invention, such as anhydrid.es and laotones. Polymers containing at least 

nitrite groups 1), alicyclie ester acid labile groups 2) and Iactone groups 3).are 

1 O particularly prefm:red. Contrast enhancing groups al~o may be present in polymers of the 

inventi.~ such as groups provided by polymennization of methacrylic acid, acrylic acid, 

and such acid protected as photoacid labile esters, e.g. as provided by reaction of 

ethoxyethyl methacrylate, t-butoxy xnethaccylatc, i-butylmethacrylat.e and the like. 

15 For U$e in photoxesists to be imaged at 193 tml, preferably a polymer of the 

invention will be substav.tially free of any phenyl or other aromatic groups. For example, 

preferred polymers contain less than about S mole percent aromatic groups, more 

preferably less than about 1 mole percent aromatic groups, more preferably less than 

about 0.1, 0.02, 0.04 and 0.08 mole percent aromatic groups and still more preferably less 

20 than about 0.01 mole percent aromatic groups. PartiC,!21.arly pref-ened poi,inem are 

completely free of aromatic groups. Aromatfo groups cm be highly absod>ing of sub-200 

DID radiation and thus are undesirable for polymers used in photoresists imaged with such 

short wavelength radiation. 

25 The invention also pro'Yides methods for farming relief images, including 

methods for fonning a highly resolved relief image such as a pattem of lines where each 

line has essentially vertical sidewalls and a line width of about 0.40 microns or less, and 

even a width of about 0.2S. 0.20 or 0.16 microns or less. The f:nvention furthet" provides 

m:ticles of tnanufacture comprising substrates such as a. microeleatroni.c wafer substrate or 

ii1iii1iiU 
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liquid crystal display or other flat panel display substrate having coated thereon a 

polymer~ phototesist or resist telief bnage of the invention. 

1n a further aspect, the inV'entiop includes novel compounds that are useful to 

5 prepare polymers of the invention, In particular, ethylfenchol methacrylate and 

ethylfenchol acrylate are provid~ together with methods of synthesis of those 

10 

monomers. 

-
Other aspects of the invention are disclosed infra. 

DBTAILIID DESCRIPTION OF THE lNVBNTION 

As stated above, polymem of the inveution comprlse contain repeat units ofboth 

nitrlle groups and acid labile ester groups with a tertiary alicyclic hydrocarl:>on ester 

moiety, particularly a polycyclic ester such as methyladamantyl group, ethylfenayl group 

l 5 or a trlcyclo decanyl moiety, particularly a polycyclic ester such as a x:nethyladamantyl 

moiety, etb.ylfencyl moiety or a tricycto decanyl moiety. Refetenc;es herein to a "tertiary 

alicyelic ester group" or other similar temi indicate that a tertiaxy alicyclic ring carbon is 

covalently linked to the ester oxygen, i.e. -C(LQ)Q .. TR. where T is a tertiary ring carbon 

of alicyclic groUp R. l'n at least 1J1a11y oases, preferably a tertiary ring carbon of the 

20 alicyclic moiety will be covalently linked to the est.er oxygen, such as exemplified by the 

below depicted specifically preferred polymetS. However, the tertiary carbon linked to 

the cstet oxygen also can be exocyclic to the alioyclic ting, typically where the alicyclio 

rlng is one of the substituents of the exocyclic tertiary carbon (sec for instance the 

substituted cyclohexyl group below having a.niolecular volume of 161 A3). Typicslly1 

25 the tertiary carbon linked to the ester oxygen will be substituted by the alicyclic ring 

itself: and/ar one. two or three alkyl gteups having 1 to about 12 carbons. mere typically 

1 to about 8 cazbons, e'Vmt more typically 1, 2, 3 or 4 carbons. The alicyclic group also 

will not contain aromatic substitution. The alioyclic groups may be suitably monocyclic. 

or polycyclic,. particularly bicyclic or tyricyclic groups. 
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Preferably, 1he polymer contains from about 20 to SO tllole percent ofnitrile units 

1 )7 and from about 30 to 60 mole percent of acid labile groups with alicyclic (preferably 

bridged bicyolic or other cage group) wrlts 2), based Dil total units of the polymer. It is 

often preferred tbat the polyroet contains 20 to 40 mole percent of nitrite units 1), or more 

5 partieularly 20 to 981 35, 34, 32 or 30 IiiOle percent of ni1r.ile units, based on total units of 

the polymer, and from 30 to SS, SO, 45 ot 40 mole percent of alicyolic acid labile ester 

gro~ based on total \JD.its of the polymer. Particularly ptefetred are pol~ that 

contain2S,. 26, 27t 281 29,30, 31, 32. 33, 34,35, 36, 37t 38, or 39 mole percent ofnitrile 

units 1) based on total units of the polymer; and 30, 31, 3~ 33. 34, 35, 36~ 37» 38, 39 or 

1 o 40 mole percent of alicyclic acid labile groups 2) based on total units of the polymer. 

Preferred polymers mclude those of the following Formula I: 

A! 

15 t 

wherein R is a. t.ertiary alicyclio group such as optionally alkyl adam.antyl, 

optionally substituted alkyl fenchyl, optionally substituted tricyclo decanyl, or optionally 

20 s.ubstitutcd pinanyi; 

R1 and R2 are each independently hydrogen or optionally substituted alkyl such as 

C11 alkyl, and preferably R1 and R2 are each independently hydrogen or methyl; 

a is the mole petcent of the depicted alicyclic pbotoacld 1.abilc ester groups and is 

preferably 30 to 60 mole percent based on total polymer units, or other preferred value as 

25 discussed above; and b is the mole percent of the depicted nitrile groups and is preferably 

20 to SO mole percent based on total polymer units, or other preferred value as discussed 

above. 

This Sheet Htlf Been Replaced 
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& discnssed abov~ polymers of the invention may contain additional units, 

mc1uding acid groups and photoacid labile groups, such as polymers of the following 

Fonnula II: ID ~ "'' ~ 
n 

wherein~ R.1 and R2 are the same as defined above for Fonnula I; 

ll3 is the same as defined for R.1 and R2 above; 

10 Y is hydrogen (forming a. petulant acid such as by reaction of metbacrylic or 

aceylic acid); optionally snbstituted alkyl, particularlj alkyl having 3 to about 20 catbons 

and branched at the position linked to the carboxyl oxygen, such as tertwbuty~ or a:n. 
alicyolic groups such as optionally substituted adamantyl, fmchyl, isobowyl, tricyclo 

decanyl, ot pinanyl; or optiooally substitnt.ed alk:oxy, partioularly a1koxy having 3 to 

15 about 20 oat:bon ·atoms and 1. 2 or 3 a1koxy oxygen atoms, such as may be provided by 

reaction of ethoxyethyl metbacryla1.e, ethoxyethyl iwrylate, t-.bntoxy metbacrylate. t­

butylattylate and the like; 

a and b are the same as defined for Formula I above; and c is the mole percent of 

the acid or ester units that contain the Y moiety, and c will be greater than 0 and up to 

20 about SO mole pelWD.t, mme preferably from about 1, 2., 3, 4, Ol' 5 mole percent to about 

10) 151 20, 2s. 30, 35, 40,, 45, ot SO mole percent, based on total units of the polymer. 

Additional prefemd polyniers of the invention include those that contain 

dissolution enhancer 'U:Dits, such as anhydride or !act.one :repeat uni.ta. More partieulatly. 

25 polymers of the following Formula.mare pxefeued: 

·m 

---------------

iiiiirf 
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wherein R, R1, R2
, R3, Y, a and b are the same as defined above for Fonnula Il; 

X is an anhydride ot lactone, such as ma.y be provide by reaction of itaconic 

anhydride, alpha-butyrolactone methacrylate, tetrahydro~2-oxcr2-H-fman4yl 

metbacrylate and the like; :R.4 is the same as defined for R 1 and R.2 above; 

5 c is from 0 (where the ester with Y moiety is not presexit} to abou.t 49 mole 

percent, more preferably from 0, I~ 2. 31 4, or S mole percent to about 10. 15, 20, 251 30, 

35, 40, 4S, or 50 mole percen~ based on total units of the polymer; 

dis the molo percent of the anhychj.de or lactone units X, and d wi11 be greater 

than 0 and up to about SO mole percent, lllOre preferably from. about 1, 2, 3, 4, or 5 mole 

10 percent to about 10. 15, 20, 25, 30, 3S, 40, 45, or SO mole percent. based on total units of 

the polymer. 

15 

20 

25 

Partirolarly prefmred polymei:s of Formula m are those that contain lactone units, 

such as polyineta of the following Formula DIA: 

DIA 

wherein R, R.1, R2
, R.4, a, b and d axe the same as defined above for Po:rmulae ll 

aodm; 

Xis a lactone group such as may be provided by reaction of alpbawbutyrolactone 

metham:ylate, tetrahydro-2-oxo-2 ... H-turan-4-yl methacrylate and the like. 

Preferred alicyclic moieties of photoacid labile ester groups ofpolymeIS of the 

invention have rather large volume. It bas been found th.at such bulky alicyclic groups 

can provide enhanced resolution when used in copolymers of the invention. 

This Sheet Has Been Replaced 
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More particularly, prefetted alicyolic groups of photoacid labile ester groups will 

have a molecular volume of at leQSt about 125 or about 130 A.3, more pref ex-ably a 

molecular volume of at least about 135, 140> 150, 155, 160. 165~ 170, 175, 1801 185~ 190, 

195, ot 200 A3 • .AlicycUc groups larger than about 220 or 250 A3 may be less preferred, 

5 in at lea.st satne applications. References herein to l!Jolecular volumes deSignatc 

volumetric size as determined by standard computer modeling, which provides optimized 

chemical bond lengths and angles. A preferred computer program for dctmni:ning 

molecular volume as referred to herein is Alchemy 2000i available :from Tripos. For a 

fux1ber disoussion of computerMbased determination of molecular size, see T Omotc et al, 

10 Polymers for Advanced Technologies, volume 4, pp. 277-287. 

SOUle specifically pteferred ali.cyclic groups of acid labile esters of the invention 

are shown immediately b~low together with the ester oxygen linkage, and with 

volumetric size value1 (A.3 ) lisied to the right of the alicyclic groUp. 

127 
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144 
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197 

134 

196 

16& 

172. 

175 

l 0 Specific:ally preferred polym.em of the invention in.elude the following 

terpolymers and tetra.polymers. 

15 

20 

Polymen of the invention can be prepared by a variety of methods. One suitable 

25 method is an addition reaction which may include free radical polymerizlti~ e.g., by 

reaction of selected monolllel'S to provide the varlo~ units ~ discussed above in the 

presence of a radical initiator under an inert atmospb«e (e~g.. N1 or argon) and at 

elevated temperatures such as about 70°C or greater,, although reaetion temperatures may 

vary depending on the reactivity of the particular reagents employed and the boiling point 
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of the reaction solvent. (if a solvent is employed.). Suitable reaction solvents include e.g. 

tetrahydro~ ethyl l~tate and the like. Suitable reaction temperatures for any 

particular system can be readily detemrlned empirically by those skilled in the art based 

on the present disclosure. A variety o.f free radical initiators may be employed. For 

5 example, azo compounds inay be employed such as ~bis-2,4-dimethylpent.anenitrilc. 

Peroxides, peresters, peracids 11nd persulfates also could be employed. 

As discussed above, the invention also include noYel compounds that are useful to 

prepare polymers of the invention, particularly ethylfenchol metha.crylate and 

10 etbylfenchol acrylate of the following stm:;turc: 

15 

1."hose above feDChyl cmnpounds can be synthesfaed by reaction of ethylfmchol 

20 under basic conditions, prefeiably in the presence of a strong base such as BuLi or other 

alkyllithium reagent, with a reactive acroyl or metha.croyl compo~ prefe.mbly the acid 

halide thereof snch as methacryolyl chloride (to proVide cthylfenchol methacrylate) or 

aciyolyl chloride (to provide ethylfenchol aciylate). The reaction is preferably conducted 

in a suitable non-protfo solvent such as tetrahydroftmm. See &ample 1 which follows 

25 for exemplary prefeJ:red conditions. 

Other monomers that can be reacted 1o provide a polymer of the invention can be 

identified by those skilled in the art. For exampleJ to provide units of Formula I, suitable 

monomers inclndc e.g. metbacrylate or aci:ylate that contains the appropriate R group 

----·- -------
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substitution on the carboxy oxygen of the ester group. Itaconic auhydride is another 

prefem:d reagent, pteferably purified such as by extraction with cbl0toform. Vinyl 

lactones are also preferred reagents. such as alpha-butyrolactone.. See the exmnples 

which follow for disclosure of suitable.,syntheses of monomers useful in preparation of 

5 polymers of the invention. 

As discussed, various moieties may be optionally substituted, including groups 0£ 

Formulae ~ II, m and IDA • A ''substituted" substitu~ may be substitnted at one or 

more ~ailable positions, typically l, 2, or 3 positions by one or more suitable groups 

10 such as e.g. halogen (particularly F. Cl or Br); C1..a alkyl; Ct.a alkoxy; C'.U alken.yl; C2..a 

aJkynyI; hydroxyl; alkanoyl such as a Ci.& slkanoyl e.g. acyl and the like; etc 

Preferably a polymer of the invention will have a weight a'7erage molecular 

weight (Mw) of about 800 or 1:.000 to about 100,0001 more prefetably about 2,000 to 

15 about 30,000J still 1110re preferably fiom about 2,000 to lS,000 or 20.000, with a 

molecular weight distribution (Mw/Mn) of about 3 or less, more preferably a molecular 

weight distn"bution of about 2 or less. Molecularweights (either Mw or Mn) of the 

polymers of the invention are suitably determined by gel penneafion chromatogl'J!phy. 

20 Polyme:s of the invention used in photoresist fonnulations should contain a 

sufficient amount ofphotogenemted acid labile ester groups to enable formation of resist 

relief images as desired. For instance, suitable amount of such a.cld labile ester groups 

will be at least 1 mole percent of total units of the polyxner, more preferably about 2 to 50 

mole percent, still mcn-e typically about 3 to 30 or 40 mole percent of total polymer units. 

25 See the examples which fullow for cxemplaty prefetred polymers. 

As discussed abovea the polymers of the invention are highly useiUI as a resin 

bindet component in photoresist compositions, particularly ohemically-amplified positive 



resists. Photoresists of the in"4>ention in general comprise a 1Jhotoactive component and a 

resin binder component that comprises a polymer as described above. 

The resin binder component~ be used in an amount sufficient to render a 

5 coating layer of the resist develapable with an aqueous alkaline developer. 

The resist compositions of the invention also comprise a photoacid generator (i.o. 

''P AG") that js suitably employed in an amount sufticient to generate a latent im.age in a. 

coating layer of the resist npon exposure to activating radiation. Prefeued PAGs for 

10 imaging at 193 nm and 248 nm imaging include im.idosulfonatcs such as compounds of 

the following formula: 

15 0 

wherein Ris camphor, adamantane, alley! (e.g. Ci-12 alkyl) and pertluoroalkyl such as 

perfluoro(C1.12a1kyl), particularly pedluorooctanesulfonate, perlluorononanesulfonate 

and the like. A specifically prefeIIed PAG is N-[(perfluorooctanesulfouyl)oxy]-S~ 

20 norboDJen.e--2,3-dicarboximidc. 

Sulfonate com.pounds ate also suitable PAGs. particularly sulfonate salts. Two 

suitable agents for 193 nm and 248 nm imaging ue the following PAOS 1 and 2: 

1 
2 

25 

+-0-1~ 

~~·-·----·····-
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Such sulfonate compounds can be prepared as disclosed in European Patent 

Application 96118111.2 (publication number 0783136), which details the synthesis of 

above PAO!. 

. ,. 

5 Also suitable are the above two iodonium comp0un.ds complexed with anions 

10 

15 

other than the abcwe-depicted camphorsulfonate groups. In particular, preferred anions 

include those of the formula RSOJ- where R is adamaD.tane, alkyl (e.g. C1.12 alkyl) and 

perfluoroalkyl such as pcr.fluoro (C1-i2alk:yl), particularly per.fluorooctanesulfonate) 

perfluorobutanesulfonate and 1he like. 

Other known PAGS also may be employed in the resists of the invention, 

Particularly for 193 mn imaging. generally preferred arc PAGS that do not contain 

aromatic groups,. ·such as the above-mentioned imidosulfonates, in order to provide 

enhanced transparency. 

A preferred optional additive of resists of the invention is an added base, 

particularly tetrabutylammonium hydroxide (!'BAH). or tetrabutylammonimn lactate~ 

which can enhance resolution of a developed resist relief image. For resists imaged at 

193 nm, a preferred added base is a hindered amine such as diazabicyclo wdeccne or 

20 diazabicyclononenc. The added base is suitably used in ielatively small amounts, e.g. 

about 0.03 to S percent by weight relative to the t.otal solids. 

Pbotoresists of the invention also may contain other optional materials, For 

example, other optional additives include anti-striation agents, plasticizers, speed 

25 enhancers, etc. Such optional additives typically will be present in minor concentrations 

in a photoresist composition except for fillcn and dyes which may be present in relatively 

lmge concentrations, e.g., in amounts of ftom about S to 30 percent by weight of1he total 

weight of a resists dry components. 

---
TI1is Sheet Has Been Replaced 

:1 II~~\ II\~ \U Ill \RI 



. __ ,.,,.,..._. . ..... 

The resists of the invention can be readily prepared by those skilled in the art. For 

exampleJ a. photorcsist composi1ion of the invention can be prep3.l'cd by dissolving the 

components of the photoresist in a suitable solvent such as, for example) ethyl lactate, 

ethylene glycol monomethyl ether, ethylene glycol monomethyl ether acetate, propylene 

5 glycol monomethyl ether; propylene glycol monomethyl ether acetate and 3-ethoxyethyl 

propionate. Typically. the solids content of the composition varies between about S and 

35 percent by weight oftb.etotal weight ofthephotoresist composition. The resin binder 

and photoactive components should be present in amounts sufficient to provide a film 

coating layer and fonnation of good quality 1atent and relief images. See the examples 

1 O which fbllow for exemplary prefem:d amounts of resist components. 

The compositions of the invention are used in accordance with generally known 

procedures. The liquid coating compositions of the invention arc applied to a substrate 

such as by spinnin~ dippin& roller coating or ¢'.her conventional coating technique. 

15 When spin coating, the solids content of the coating solution can be adjusted to provide a 

desired film thickness based upon the specific spinning equipment u~ the viscosity 

of the soluti~ the speed of the spinner and the amol!Ut of time allowed for spinning. 

The resist compositions of the invention are suitably applied to substrates 

20 conventionally used in processes involving coating with photoresi&ts. For example; the 

composition may be applied over silicon wafets or silic::oJl wders coated with silicon 

dioxide for the production of microprocessors and other integrated citouit components . 

25 

. 
Aluminum-aluminum oxide~ gallium arse.ni.de, ceramic. quarlz. copper, glass mbstrates 

and the like are also suitably employed. 

Following coating of the photoresist onto a surface, it is dried by heating to 

remove the solvent until preferably the photoresist coating is ta.ck free. Thereafter, it is 

imaged through a :mask in conventional manner. The exposure is sufficient to effectively 

actiwte the photoaotive component of the photorcsist system to produce a patterned 
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image in the resist coating layer an~ more specifically, the exlJOS'Ure energy typically 

ranges from about 1to100 r.nJlcm.", dependent upon the exposure tool and the 

components of the photoresist composition. 

5 As discussed above, coating layers of the resist compositions oftbe inventiou are 

preferably photoactivated by a short exposure wavelength. particularly a. sub-300 and 

sub-200 nm exposure wavelength. As discussed above, 193 nm is a. particularly preferred 
exposure wavelength. HoweV'el', the resist compositions of the invention also may be 

' suitably imaged at higher wavelengths. For cxaznplc, a resin of the invention can be 
10 formulated with an appropriate PAO and used as a chemically-amplified positive I-line 

xesist. i.e. a resist Una.ged at about 248 nm or 365 nm. 

Following exposure, the film layer of the COin.position is preferably baked at 
temperatures ranging from about 70°C to about 160°C •. Thereafter, the film is developed. 

15 The exposed resist film is rendered positive worldng by employing a polar developer, 

preferably an aqueous based developer such as quaternary ammonium hydn:JMe 
solutions such as a tctra~alkyl ammonium hydroxide solution; various amine solutions 
preferably a 0.26 N tetramethylammOJlimn hydroxide, such as ethyl amine, n-pr()pyl 

amine, diethyl amine) di-n-propyl amine, methyl amine, or mcthyldiethyl amine; alcohol 
20 amines such as diethanol mnine or methanol amine; cyclic amines suoh as pyrrolet 

pyridine, etc. In general, development is in accordance with procedures tecognized in the 
art. 

Following development of the pbotoresist coating over the substrate, the 

~S developed substrate may be selectively processed _on those area$ bared of re$ist, for 

example by chemically ctcliiug ot plating substrate areas bared of resist in accoi:dance 

with procedures known in the art. For the manufacture of microelectronic substrates, 
e.g., the manufaoture of silicon dioxide wafers, suitable et.chants include a gas etchant, 
e.g. a halogen plasma etchant such as a. chlorine or fluorine-based etchant such a Clz or 

------------
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CF JCHF:a etchant applied as a plasma stream. After such processing, resist ma.y be 

retnoved from the processed substrate using known stripping procedures. 

AB discussed above, polymers iltld resists of the invention are highly resistant to 

5 plasma etchan~ nothwitbstanding the substantial or complete absence of aromatic 

content in the polymen. 

Mote specificallyJ preferred polymers of the invention will exhibit good 

resistance to plasma etchants in the following plasma etch assay: 1) a solution of the test 

10 polymer is coated onto a silicon wafer and 1he solvent removed by heating to provide a 

polymer coating layer; 2) the thickness of the polymer coating measured; 3) the polymer 

coating layer exposed to a. plasma chloride halide etchant under the following conditions: 

1 SO seem HBr. SO SOClll Cb. 6~C chuck for 60 seeo~ of exposure to etchant; and 4) 

thickness of the polymer coating layer measured again after the etchant treatrocmt. 

15 References herein to a ••standard plasma etch assay" designate that protocol of steps l) 

through 4). See also the Examples whieh follow. which also disclose that assay. 

Particulady piefeaed polymers of the invention will exhibit an etch rate in such a 

standard plasma etch assay of no more than about 30 angstroms per second e'Xposure to 

20 the plasma etchant, more preferably an etch ram of no men than about 25 angstroms per 

second exposure to the plasma etch~ and still more preferably an etch rate of no more 

than about 24, 23, 22, 21 or 20 angstroms per second exposure to the plasma etchant in 

such a standard plasma etch assay. Especlally preferred polymers of the invention exhibit 

an etch rate of no more than about 20> 19, 18, 17J 16; lS or even 14 angstroms per second 

25 exposure to the plasma etchant in such a st.andard plasma etch assay. 

All documents mentioned herein are incorpotated herein by reference. The 

following non-limiting examples are illustrative of the invention. 

---------------
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Examples 1~: Syntheses of Cage and Lactone Monomers 

Ih:ample 1: Synthesis ofEthyl Fe.nchol Methacrylate 

Materials used.: 

Amount Charged moles 
Bthvl fenchol 182.31 g 1.00 
n-l3uLi (2.5 M in 440mL 1.10 
hex311es) 

Methacryloyl chloride 112.4mL 1.15 

THF anhydrous 600mL 
-

Procedure: 

Source 
Aldrich 
Aldrich 

Aldrich. distilled before 
use 

Aldrich, degassed before 
USO 

All re~tion glasswsre and needles were dried and flushed with dry N2 before use and the 

10 reaction was caxrled out under nitrogen atmosphere. 

1) Into a 2 L 3-neck RBF equipped with an addition !Unnel and a magnetic $threr 

were added 182.31 g of2-Bthyl fenchol and 600 mL of anhydrous TiiF. The 

resulting eolorless solution was cooled with an ice-water bath. 

15 2) A n-BuLi solution ( 440 mL) was transferred to the addition funnel via a double­

tipped needle and then added to the cooled TRF solution ovei; 30min. When 

3) 

20 

added, the resulting yellowish solution was kept in the ice-water bath and stirred 

for2h. 

Methacryloyl cblorlde (112.4 mL1 104.54 g) was added dropwisely over 20 min. 

The iesulting yellow suspension was allowed to warm to room temperature and 

stirred overnight 



5 

- 20 .. 

4) The LiCl salts were filtered off. The filtl'ate was cooled in an icc·water bath while 
200 mL of pre-cooled DI water was added. The feSUlting solution was stitred for 
l .5 hand the organic phase was isolated (some other or THF xnay be added to 
assist extraction),. washed with DI water (2 x 2.00 mL)~ then saturated NaiCO:J : . 

S) 

solution (2 x 200 mL), then DI water (3 x 200 mL) again, and dried ov-er 
anhydrous MgS04. 

The slightly yellow solution was concentrated on a rotary evaporator (bath 
temperallu'e kept below 3SQ) to yield a clear slightly yellow liquid product. ·Yield 

>90%. 

10 6) The crude BFMA may be purified to remove the yellow color plus tnethac.tylic 
anhydride impurity via flash filtration through pre-conditioned silica (using 

hexanes) in Bucbnei:. The monomer is eluted with hexanes only and comes 
through in the early eluting fractions as a colorless liquid when rotovappcd. The 
product was judged pure by NMR.. 

15 

MclJ K 

20 ·u·. · • • 1teed! 

Amount 1-
. moles Source 

2-Adamant.anone 150..22Jt 1.00 Lancaster 
MeLi (I .4M in Bther) 786mL . 1.10 Aldrich 
Metbactyloyl chloride 112.4m.L 1.15 Aldrlcht distilled before 

use 
THF anhydrous 600mL Aldrich, degassed before 

use 

----------
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Procedure: 

All reaction glassware and needles Wete dried and fl'1Shed with dry N2 before use and the 

reaction was catrled out under nitrogen abnosphcrc. 

5 1) A Methyllithium solution (786 mL) was transi'eued via a double-tipped needle to 

a 2 L 3-neck RBF equipped with an addition funnel and a lllagnetic stitrer. and 

cooled with an ice-water bath. 

2) 

10 

3) 

15 

4) 

20 

5) 

25 

6) 

2~Adamantanone (lS0.22 g) was dissolved (over 0.5 h) in anhydrous THF (600 

mL) and the resulting colorless solution was transferred to the addition funnel via 

a double-tipped needle and then added 1o the cooled MeLi solution over 30min, 

When added, the resulting white suspension was allowed to warm to room 

temperature and stitred for 2 h. 

The white suspension then was cooled using m>. ice-water bath and rnethaciyloyl 

chloride (112.4 mL, 104.54 g) was added dtopwiscly over 20 min. Tbe white 

solid faded out and a new white {LiCl) suspension fottned. The resulting white 

suspension was allowed to warm to .t00tt1 temperature and stirred overnight 

The LiCl salts were filtered off. The filtrate was cooled in au ice-water bath while 

200 mL of pre-cooled DI water was added. The resulting solution was sfured for 

1.5 hand the organic phase was isolated (some etb.e( ot THF may be added to 

assist extx'action), washed with DI water (2 x 200 mL). 1hen saturated Na1C03 

solution (2 x 200 m.L). then DI wat.et (3 x 200 mL) again, and drled over 

anhydrous MgS04. 

The slightly yellow solution was concentrate<! on a rotaty evaporatOr (ha.th 

temperature kept below 35°) to yield a clear slightly yellow liquid product. Yield 

>90%. 

The OIUde MAMA may be purified to rer;nove the yellow color plus mctbaccylic 

anhydride impurity via flash filttation through pre-conditioned silioa (using 

hexanes) in Buchner. The monomer is eluted with hexanes o.oly and comes 
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through in the early eluting ftactlons as a oolodess liquid when rotovapped. The 

product was judged pure by NMR. 

Example 3: Synthesis of g .. methyltrlcyclodecan:yl metb.aetylat.e: 

1. Mell 

0 
I o=c 

HaC 
~CH2 

A solution of 125 ml of 1.4 M methyl lithium (in ethyl etber)in 100 ml of hexane 

was decanted into a three neck round"bottom t1a&k at an ice-water bath. To i~ a. solution 

of 24.00 g of tricyclo[S.2.1.0]dccan-8-one in hexane was added dropwise. After addition, 

10 the reaction mixture was stiired for 4 hours at C>°C. Then~ a solution of 16 ·ml of 

methacroyl chloride in 100 Dll of hexane was added dropwise at 0°C. After addition, the 

teaetion mixture was stllred at the same bath for overnight (16 hours). After filtering the 

white sall1ii3 the organic layet was washed with water three times (3 x 300 ml). Then, the 

washed organic layer WU dried ()Ver anhydrous MgS04. The organic solvent was 

15 removed by a rotary pUDlp to give the cmde title monomer (23.S g). The monomer was 
purified by a flash column chxomat:ography (purity >98%, silica. gel with hexane). 1H 

NMR: 6.05 (lH),. 5.50 (lJI), 1.95 (3H), 1.65 (3H). 2.25-0.85 (14H). 

Exaiuple 4: Synthesis oftetrahydro--2-oxo-2-H-mran-4-yl methacrylate 

20 The ~late monomer, teb:"ahydro-2-oxo-2-H-filran-4-yl :methacrylate was 

synthesized in one step csterification ttoUl commmc1a11y available compound. A mixture 

of(S)-{-)-JJ-hydroxy .. y-butytolactone (41.77 g, 0.419 mole) and triethylamine (45.32 g, 

0.449 mole) in 100 mL of dry TBF was placed in a thtee-neck: round·bottom flask under 

a dry nitrogen. atmosphere at an ice.water bath. To it, a solution of distilled metharcyloyl 
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cbloride·(4S mL. 0.461 mole) in 200 ML of dry THF was added $lowly (about lhour). 

During the addition, white precipitation (trlethylamine salt) was observed in the reaction 

mixture. The reamion. mixture was stirred over night (about 18 hour). The resultant 

nrlxturc was filt~d, and the filtrate w~ concentrated by a rotaiy pump. The 

concentrated mixture was added SOO inL of ethyl acetate and washed with water (2 x 500 

mL) twice. The organic la.yet was dried with anhydrous MgS04 and concentrated by a 

rotary pump. The purification of the exude monomer by column cllrcnnatography (ueutral 

aluminum oxide, 300 & hexane, then hexane/BtoAc = 111). The purity of the wonomer is 

about 95% (by NMR.) and 52% yield. 1H NMR. (CDCI3~ ppm): 6.20 (lH), 5.70 (lli), 5.55 

10 &4.9S (1H),4.55 (dd, lH), 4.4 (d, lH), 2.90 (dd. lH), 2.70 (d, lH), 1.95 (3H). 13C 

NMR (CDCh
1
ppm): 174.1~ 166.S, 135.5, 126.8, 72.9, 70.0, 34.5, 17.9. 

Example 5: alpha - Butyrolactone Methaaylate Synthesis 

To a 250ml 3N-RB flask fitted with a gas inlet, theanometer, overhead stitrer and 

15 a 125ml pressure equalizing dropping furmel was added 26.Sg trlethylamin.e. The 

trlcthylam.ine was cooled to S°C using a water/ice bath. Once the triethylantlne was at 
5°C the methacrylio acid was added dropwise oYer a 20-25 min period. The mixture 

exothermed. -1 OC. After the addition was complete tho water/ice bath was removed. 

While the solution was sfu:ring (20min) tho dropping funnel was removed and replaced 

20 with a clean 12Sml pressure equalizing dropping funnel. The bromolactone 

{ 41.25g)IIHF (62.Sml) was added dropwise over a 30min. The mixture wanned from 

-18°C to -30°C with a precipitate Conning. The reaction was heated to SS°C and held at 

55°C for I 6hrs using an oil bath/hot plate. After heating fOt 16brs the mixture was 

cooled to 20°C using a. water/ice bath. The solid (44.Sg) was removed by vacuum 

25 filtration, The filtrates were reduced under partial pressure at 33-34°C. The resulting 

datk ambet/btown oil was diluted with 90g of methylene chloride. This solu.tion was 

slowly poured onto a plug of silica gel (l80g, Baker 40um flash chromatography 

packing) which had been pre-conditioned with methylene chloride. The crude mixture 

was allowed to pass into the silica gel plug by gravity. Once the crude mixture had 
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p~ the surface of the silica gel plug a ftesh portion of methylene chloride was slowly 

poured onto the plug. The methylene chloride was pulled through the silica gel plug using 

reduced pressure. Once the methylene chloride had passed the sur&ce of the silica gel 

plug the vacuum was removed then~ next portion of methylene chloride was slowly 

5 poured onto the plug. This procedure was followed until all the product was extmctcd. 

The total filtrate was SSOml, [The product was detected by spotting an aliquot on a TLC 

plate then illuminating with short UV.] To the orange filtrate was added 36g of activated 

charcoal. The mixture was sthrcd for 1.5brs then filtered through a Celite plug (pre­

conditioned with methylene ohloride). The charooaVCclite was washed with {2 x 1 OOml, 

10 1 x SODll methylene chloride). The filtrate was th.en washed with 2 x 200ml D.I. water. 

15 

20 

The Jay~"l"S were separated and the organic layer was dried oves; l OOg of sodium 1mlfate. 

The mixture was stirred for 15-30min. The sodium sulfate was removed and washed 

with 2 x SOtnl methylene chloride. The pale yellow filtrate (l,2L) was stripped under 

reduced pressure at 33~34°C leaving 36.4,g of a pale oiange oil, Yield 85.6%. 

Example 6: Synthesis of pinanyl methacrylate 

+>-{ 
cis-¥inao-2-oJ 

Amount Chare:ed Moles ~e 
cis-Pinan·2-ol 15.43 2 0,10 Flu1ca 
Bt3N 12.14 g 0.12 Aldrich, distilled before 

use 
Mothaeryloyl chloride 13.07 g ·0.125 Aldrich, distilled bc£oro 

use 
C&Ch 230mL Aldric~ citied and 

distilled 
---------
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Procedure: 

All reaction glassware and needles were dried and flushed with dty Na before use 

and the reaction was cmied out under ni1rogen atmosphere . 
.. 

5 1) Into a 500 mL 3-neck round-bottorii-flask equipped with an addition fiumel and a 

magnetic stirrer were added lS.43 g of cis--pinan-2-ol and 200 mL of dty CH:zCb 

(Stirred over CaH2 overnight then distilled and stored over activated molecular 

sieves). The resulting colorless solution was cooled with an ioe--water bath. 

2) Trietb.ylamine (12.14 g) was added thtongb the addition funnel to the cooled CfiiCh 

1 O solution over 10 min. After added, the resulting solution was kt.-pt in a dty-ice/acctone 

bath (-67 °C), 

3) A CH2Cb (30 mL) solution of methaczyloyl chloride (13.07 g) was added dropwisely 

over 20 min. The resulting orangish suspension was allowed to warm to roont 

temperature and stitred fol' 2 h. 

15 4) The chloride salts were filtered aff. The filtrate was washed with saturated NaaCO) 

solution (2 x 200 mL), then DI water {3 x 200 mL) • and dried over anhydrous 

MgS04< 

5) The slightly yellow CH2Ch solution was concentrated on a rotary evapomtot (bath 

temperature kept below 35°) tQ yield a cleat slightly yellow liquid product. Yield= 

20 79%. The product was judged pure by NMR. 

Example 7-8: Syntheses of polymers of the invention 

E"Xample 7~ Tettapolymer methyladamantylmethacrylate/methylacrtic 

25 acid/methacrylonitrile/itaconic anhydride in respective molar amounts of 3817134/21 
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2·Methyladamantany1 methacrylat.e (31.89 g, 0.134mol)~ methacrylic acid (2.13 

& 0,025 mol), metbacrylonitrlle (8.06g, 0.120 inol), and itaconio anhydride (8.32 g, 
-

5 0.074 mol) were dissolved in 30mL of tetrahydrofor.m. The resulting colorless solution 

was deoxygenated by gently bubbling a st-ream ofN2 through the stirring solution for lS 

minutes, placed under Ni, and heated to 90°C (oil bath temperature). V AZ067 (1.36 & 

0.0071 tnol) dissolved in 7 ml of tetrahydrofbran. was then added to the refluxing mixture 

over 10 minutes. The polymerization was then rc.tluxed. with stining fur 4 hours, then 

1 O diluted with an additional 94 mL of tetrahydrofuran (brlnging the reaction mixture to 

30% of solids) and cooled to roODl tempera.tare. The polymer was isolated by 

precipitation into 1300 mL ofhexanes, filtered, dried, re-dissolved in 130 mL of 

tetrahydm~ precipitated into 1300 mL ofhexanes, filtered .. washed well with 

hexanes, and dried in a \'acaum oveQ at 40°C for 24 hours. Yield 35 g (70% of theory). 

15 Composition of the title tetrapolymer was determined by quantitative C-1.3 NMR and was 

found to be within experimenW error of the inonomet feed ratio. Mw = 13J89, Mn~ 

7799 and polydispemty c;t 1.69. Glass transition temperature~ l S7°C. 

Example 8: Synthesis ofterpolymer of2-methyladamantanyl 

20 methacrylatc/methacrylom"tn1e/atpha .. butyrolactono metbacrylate in respective molar 

amounts of 40/30130 

~ 
Qt° o-0 

o Composition 40/30/30 
-·-·-------------
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2-Methyladamaritanyl mctbacry~ (14.21 & 0.061 mol), methac:;rylODitrlle (3.0S 

g, 0.045 mol), and alpha - butyrolactone methaorylate (7. 74 g, 0.045 tnol) were dissolved 

in 66mL of tetrahydrofurau. The resulting colorless solution was deoxygenated by gently 

bubbling a stream. ofN2 through the stiping solution fat lS minut~ placed under N7.) and 

5 heated to 90 °C (oil bath temperature). V AZ067 (0.58 & 0.0030 mol) dissolved in 7 tnl 

of tetrahyd:ro:furan, was then added to the refluxing mixture over l 0 minutes. The 

polymerization was then refluxed with stining for 20 hours and cooled to room 

temperature. The polymer was isolated by precipitation into 800 mL ofhexanes, filtcredt 

dried, ~ssolved in 70 mL of tetrahydtof:inan, precipitated into 800 mL ofhexanes, 

l O filtered, washed well with hexanes, and dried in a vacuum oven at 40°C for 24 hours. 

Yicld 19.8 g (79% of theoty). Composition. of the title terpolymer was determined by 

quantitative C-13 NMR. and was found to be within experimental etror of the monomer 

feed ratio. 

15 Example 9: Etch resistance of polymors of the invention 

Additional polymers of the invention were prepared by the general procedures of 

Bxamples 7 aud 8 above and tested for resistance to plasma etchant. The polymer 

structures and etch resistance value& are set forth immediately balow. A comparative 

phenolic polymer (last depicted polymer) was also tested. lleferences to "Composition" 

20 below with subsequent values designate the molar percent of depicted copolymer units, 

from left to right in the structural depiction. Hence, the immediately following 

Composition (1) is a polymer that has'35 mole p~ent of the photoacid-Iabile adamantyl 

ester groups; 14 mole percent of the add groups; 28 JnOle percent of the nitrile groups; 

and 23 mole percent ofth.e anhydride groups. 

25 

The etch resistance test process was as fullows. 150 seem HBr, SO seem Cl2, 

fi5°C chuck, 300W. The experitnent was carried out on a LAM TCP etcher at 

Intemational. SEMATBCH. Two wafen of each sample (polymer in ethyl lactate solvent) 

were coated on silicon wafers followed by heating at 130°C to remo"Ve :;olven~ the 
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thickness of each wafer was measured after coating and then again after being etehed for 

60 seconds. The thickness change was then calculated to ghre an etch rate tabulated as 

Af s. 

Composition 
35/14/28/23 (1) 

Composition 
3S/14fl8/23 (2} 
36n/3S/22 (3) 

Composition 
25128/10/14123 (4) 

IT 
OH O'f'O 

°It-
Composition 
80/20($) 

. .. 

Etch (Alsec) 
14.S 

Etch (A/sec) 
13.1 

13.9 

Etch (Alsec) 
20.5 

Etch (Alsec) 
14.8 
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As can be seen from the above data, compositions Gontaining a cage monomer 

content of 30 t.o 60 mo1% in conjuction with 20 to 60 mo1% nitrile monomer, sttuctutes 

(1), (2) and (3), exhibit approximately 25% better etch resistance (15 Al•ec) than 

methac.rylate compositions out with thts range of cage monomer and nitrite content. For 

5 examp~ comparative structure (4) which contains a molar ratio or cage monomer below 

30 mo1% in combination with nitrile content below 20 mo1%, results in an etch rate of 

20.S A /sec. It &bould also be noted that the etch resistance of these high cage and nitrile 

containing methaa:ylate polymers (1 ), (2) and (3) is equivalent to typical phenolic based 

polymer compositions used fa 248 nm resists:s structure (5), 

10 

15 

Example 10: Preparation ofphotoresists of the invention and lithograpbic testing of 

same. 

Examples ofFcmn~lations fOr Etch Testing 

:Polymer Monomers Monomer Ratios Fmmula. 
Tvne 

(1) 35:14:28:23 MAMA:MAA:MAN:lTA 1 
(1) 35:14:28:23 MAMA.:MAA:MAN:lTA 2 
(2) 35:14:28:23 MAMA:BBMA:MAN:ITA 1 
(3) 36:7:3S:22 MAMA!BEMA:MAN:ITA 1 

Formulation type 

1. This type of formulation comprised of 16.S % solids dissolved in a 2:1 blend of 2-

Heptanone:Propylene glycol methyl ether acetate. The solids in the fotmulation we.re 
90.2% of the polymer noted above, 0.1% ofasur.fiwe leveling agent, 0.063% ofa. base 

20 additlve and two photo acid geneiating species one at level of 9.0% the other at a le-vel of 

0,6%. 

2. This type of formulation comprised of 16.5 % solids dissolved in a 2:1 blend of 2-

Heptanone:Propylene glycol methyl ether acetate. The solids in the formulation were 

96. 7% of the polymer noted above, 0.1 % of a surface leveling agent, 0,063% of a base 
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additive and twa photo acid generating species ot1e at level of 2.5% the other at a level of 

0.6%. 

A series of polymers having tb.C! composition given in the table above (formulated 

S as noted) were tested for etch resistance. The etch process was as follows, 150 seem llBr, 

5~ seem. Ch. 6S°C chuck, 300W. The experiment was carried out on a. LAM TCP etcher 

at International SEMATECH. Two wafers of each sample were coated on silicon wafers 

at 130°C. the thickness of each wafer was measured after coating and 1hen again after 

being etched for 60 seconds. The thickness change was then calculated to give an etch 

10 rate tabulated as A.ls. The data is given in the Table above. Also given are the etch rates 

of a standard 248 nm resist (S) and another expe.ri~ental 193mn resist system ( 4). 

Relative to these resists the new polymers show improved etch resistance if one considers 

the relative ohnishi parametet of the samples. The new samples etch at slower rates than 

what would be ~eoted using this parametel'. 

15 

20 

Polyniers (1), {2) and (3) as well u exlnOiting good etch resistance, equivalent to 

typical 248 nm resists, also lilhowed excellent resolution capability using 193 nm 

exposure, 140 nm features were resolved by each of the resists that contained. the three 

polymen. 

The foregoing description of the invention is merely illustrative thereo~ and it is 

understood that variations aud modification can be made without departing from the spirl.t 

or scope of tho invention as set forth in the following claims. 
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What is elahned is; 

1. A photoresi&t cotnposition comprlsllig a photoactive component and a 

resin binder comprising a polymer that. comprises repeat units of 1) a photo-acid labile 

5 ester group that has an alicyclic moiety, the ester group present in an amount of from 

about 30 to 60 xnole percent, based on total units of the polymer. and 2) a nitrite group 

present in an amount of from about 20 to SO mole percent) based on total units of the 

polymers and the polymer being at least substantially :free of aromatic groups. 

10 

15 

20 

25 

2. The photoresist of claim 1 wherein the alicyclfo moiety is a bicyclic group. 

3. The photoresist of claim 1 wherein the alicyclic moiety is a trloyclic 

group. 

4. The photoresist of claim 1 wherein t1w alicyclie moiety is a xnonooyclio 

group. 

S. The photoresist of claim l wherein the alicyclic moiety is fenchyl, 

adamantyl, isobomyl, trlcyclodecanyl, or pinanyl. 

6. The photoresist of claim 1 wherein the alicyolic moiety is provided by 

reaction of 2-methyladamantyl methaorylate, 2pmethyladamantyl acrylate, ethylfunchol 

methacey1~ ethylfenchol acrylate, 8-methyltricyc;odecanyl methacrylate, or 8· 

methyltrlcyclodecanyl 8Cl)'late. 

7. The phototesist of claim 1 wherein the nitrlle group is provided by 

reaction of methacxylonitrlle or acrylonitrlle. 
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8. The pbotoresist of claim 1, wherein the alicyclic group corresponds to one 
of the following structures: 

Q 
0 

eFa 

0 

cO. 
6 

I 
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9. The pbotoresist of claim 1 wherein the alioyclic group has a molecular 

volume of at least about 125 Al, 

10. The photoresist of cl~ 1 wherein the polymer further comprises one or 

5 more lactono units. 

11. The photoresist of claim 1 wherein the polymer further comprises one or 

more units selected from the group consisting of an acid; an anhydride; a lactone; or a 

photoacid labile group that contains a leaving group that has other than an alicyclic 

10 moiety. 

12. 1.1le photoresist of claim 1 wherein the eater group with alicyclic moiety is 

present in an amount of from 30 to SO n10Jepercen~ based on total units of the polymer, 

15 13. The pbotoresist of claim 1 wherein the nitrite gr:oup is present in an 

20 

25 

amount of from 20 to SO mole percent1 based on tot~ units of the Polymer. 

14, The photoresist of claim I wherein the nitrile group is present in an 

amount of from 20 t.o 40 mole percent, based on total units of the polymer. 

'" 

15. The photorcsist of claim l wherein the polymer comprises units of the 

following Formula I{ R! ~ t.. 
l 

I 

wherein 'R is ati alicyclic group; 

R.1 and R1 are each independently hydrogen or optionally substituted alkyl; 

a ts from about 30 to about 60 mole percent based on total polymer units, and b is 

front about 20 to about 50 mole percent based 011 total polymer units. 

llifiili~f 
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16. The photoresist of claim 14 where R is a bridged bicyclio group. 

17. The photoresist of cl~ 14 wherein R is optionally substituted 

5 ethylfencylJ optionally substituted adamantyl, optionally snbstituted isobomyl, optionally 

substitu.ted 1ricyclodecanyl. or optionally substituted pinanyl. 

18. The photoresist of claim 1 wherein the polymer comprises units of tho 

following Fonnula ll: 

10 
II 

l S wherein R is an alfoyclia group; 

R 1, R.1 and R3 are each independently hydrogen or Ci"' alkyl; 

Y is hydrogen, optionally .substituted alkyl, or optionally substituted alkoxy; 

a is frotn about 30 to about 60 mole percent based on total polymer units, b from 

about 20 t.o about 50 mole percent bll.sed on total polymer \Jnits, and o is greater than 0 to 

20 about SO ~le percent based on total polymer units. 

19. The photorcsist of "laim 1 wherein the polymer comprises units of the 

following Formula ID: 

25 m 

wherein R. is an alicyclic group; 
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R 1 
:r R2

, R3 and R4 are each independently hydrogen or C1.o alkyl; 

Y is hydrogen, optionally substituted alkyl, or optionally substituted alkoxy; 

X is a lactone or anhydride group; 

a is from about 30 t.o about 60 JµOle percent based on total polymer units, b is 

5 · from about 20 to about SO mole percent based on total polymer UTiits. and c is fi:om 0 to 

about 49 mole percent based on. total polymer units; and d is from about l to about SO 

mole percent based on total polymer UJJits. 

· 20. The pbotoresist of claim 1 wherein the polymer comprises units of the 

10 following Formula IIlA: 

15 

p...' 

b d 
wherein R is an ali.cyclic group; 

R.1, R.2 
t and R4 are each independently hydrogen or C1.o alkyl; 

Xis a lactone gtoUp; 

IllA 

a is from about 30 to about 60 mole percent based on total polymer unitsJ b is 

20 from about 20 to about 50 mole percent based on total polymer units; and d is greater 

than.zero. 

25 

21. The photoresist of claim 1 wherein the polymer is c:;ompJetely free of 

aromatic groups. 

22.. The photoresist of claim 1 wherein the photoactive component is a 

photoacid generator compound that is activated by r¢iation ha\l'ing a wavelength of less 

than200nm.. 

i11i1iiil1r 
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23. A method of funning a positive photoresist relief image. comprising: 

(a) applying a coating layer of a photoresist of claim 1 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief image • 

.. 
5 24. The method of claim 23 wherein the photoresist layer is exposed with 

radiation having a wavelength ofless than about 200 mn. 

25. The method of claim 23 wherein the photoresist layer is exposed with 

radiation having a wavelength of a~out 193 nm. 

10 

26. An article of manufacture COlllJJrlsing a roicroelectronic wafer substrate 

having coated thereon a layer of the pbotoresist compoition of claim 1. 

27. A polymer that comprises a polymer that comprises repeat units of 1) a 

15 photo-acid labile ester group having an alicyolic moiety, the ester group present in an 

amount of ftom about 30 to 60 mole pereent, based on total units of the polymer. and 2) a 

nitrile group present in an amount of fiom about 20· to SO mole pexcent, based on total 

unit$ of the polym.et7 and the polymer being at least substantially free of arotnatic groups. 

20 28. The polymer of claim 27 wherein the polymer c0tnprises from 30 to 60 

.mole percent nf ester groups with an alicyelic moiety, from 20 to SO mole percent of 

nitrile groups, and is completely free of aromatic gxnu.ps. 

29. The polyuier of clabn 27 wherein the polymer comprises from 30 to SO 

25 mole percent of ester groups with an aiicycllc :moiety, from 20 lo 40 xnole percent of 

nitrile groups, and is completely free of aromatic groups, 

This Sheet Has Been Replaced 
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30. A polymer of claim 27 that comprises units of the following Fonnula I: 

wherein R is an alicyclie group; 

R.' and R 1 are ea.ch independently hydrogen or optionally substituted allcyl; 
10 a is from 30 to 60 mole percent based on total polymer units, and b is from 20 to 

50 mole percent based on total pOl'yJDer units. 

31. A compound selected from the group consisting of etb.ylfenchol 

met:b.acxylate and etbylfencho 1 acrylate, 
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