10

15

20

25

30

WO 2008/ 010079 PCT/ |1 B2007/ 002067 ANTI REFLECTI VE
COATI NG COWPOSI TIONS 5 FI ELD OF | NVENTI ON The present
wionoegioon rel ates to novel antireflective coatydi9p2007/002067
conpositions and their use in inmge processing by
formng a thin [ayer of the novel antireflective
coating conposition between a reflective substrate and
a 10 photoresist coating. Such conpositions are
particularly useful in the fabrication of
sem conduct or devi ces by photolithographic techniques,
especially those requiring exposure with deep
ultraviol et radiation. BACKGROUND 15 Phot oresi st
conposi t i ANSTIREELESTIVE TOATING ICIagCEImMORsocesses for
maki ng m nraturi zed electroni ¢ conponents such as in
the fabrication of conputer chips and integrated
circuits. Generall yeih dhRPPERTRSIGSSES, a thin
coating of a f|In1o? a photoresist conposition is first
applied to a substrate 20 material, such as silicon

Suble PRSP EuRT EeBs Buolb i efed il roannd BRrbERhBH

and slF OSSR ﬁiag‘@mﬁéwmgby fafriing @ thindaydreofdhahong ont o
the substrate. The baked and coat ed surface of the

antirgflpslivesgating Grarositian ketwean @orelActvagiRsiipie:28% Bosur e
pholtoﬁeé'l c%&lhgnSu%gca_ﬁPéslﬁé‘t% atd ﬁéﬁl@&ﬁﬂ? wseruf ﬁﬂﬁ%ﬂ‘aﬁ?%atcon of

em ca ansformation in the exposed areas of
semigdeidtos gleliwes by\ihotdlitkograghic techniquas, eseecialijinoseght

ol EREHHENTy Bt s oo 21 3 oo o

processes. After this inmge-w se exposure, the coated
substrate is treated yhgﬂaa}%ﬁ@@oper solution to

di ssol ve and renove ePf radi ati on- exposed or
t he unexposed areas of the photoresist. 1 WO

2008/ 010079 PCT/ 1 B2007/ 002067 There are two types of
ph&hetaresist ceroppeitiony @r@wsaﬁeganlprﬁwIWﬂmgpmsses for

mal@@i@ﬁﬁﬁ@r%& l@:'lélgronw]c%}n@&?érﬁé YEaMaL i e BBALASGSLS!

OSI't1 Ons are expos
computer chips and ln’regrated circuits. Generally, in these processes, a thin

coating of a film of a photoresist composition is first applied to a substrate
material, such as silicon wafers used for making integrated circuits. The coated
substrate is then baked to evaporate any solvent in the photoresist composition
and to fix the coating onto the substrate. The baked and coated sutface of the

substrate is next subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used today in
microlithographic processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the photoresist.
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I mage-w se to radiation, the areas of the photoresist
conposition exposed to the radiation becone soluble in
wa eyelooper solution (e.g. a rearrangenment regd @8003/002067
occurs) while the unexposed areas of the photoresist
coating remain relatively insoluble to such a
sol ution. Thus, treatnent of an exposed
~ positive-working photoresist with a devel oper causes
renmoval of the exposed areas of the photoresist
CoghkeRga@gd tlygeé of pRdtotssig fcomppsitionsy redgativgevdrkirigend
coatin there uncovering a desired portion of the
posﬁwaéwqrgiﬂag\/\m%msm\@ ‘QJGW%&Q}HVW t camppsitipgs are exposed

lmaﬁg Wi ﬁ)sr‘a%ﬁatﬁ}hnﬂ%sértebg bt RS ﬁ’&@ﬁb%'lét%@mddéltﬁm exposed to the

egat 1 ve-wor hotore3|st the developer renoves the
radlptwm beerme I$QtUbéﬁ' )] a]devrésap@fsmiuhom@ 9-raefearesgament reaction

f
oooflsT WL S BbR s EER PELRIFINreE Y Lo Rinaif folafits)
insdluhleto amh h@w&moﬂaSTm eremttgbh’sofcén equbsati posjtivendoddrep
to the hi sticated {jlevel syst ens Bo
pholsesiEonth aideueliRt rausSieainva shin Pipostif oS of the
phoEBrB!sIQf élidti?@%\rﬂ“the"fbﬁﬁaﬁ&ﬁﬁ'dl bsltive FPhEGE wathk coating, thersby
eep ultraviolet (100-300 n positive and negative

uncpwmm gesired pettionf dhe vaderhing sulstraig sudaee AP Wiely e
phofdrbist dlinbGs g%ﬁ B ALY %q;e@aues%kﬁqb%otcmgrs@u@ e

WO naj or ravi o exposur e~technol ogl es
devtlvper ranevgs ibvei pbetiorss idpat Arecaoitexpdsatcenent in
mniaturization, and these are |lasers that emt
radi ati on at 248 nmand 193 nm Exanpl es of such

photHeriesidiowardStHl miflatunzatlon cﬁfcdén@mbmw@t @é\ﬂ@em led
i ncorporated herein by reference,

boify tythe usegot nevsgholokesistpihat aye S@'?@'IM%EO Wf@%’%‘zons
wa\}:e{}gﬁsg?ﬁ§§f r%éﬁatfo?lr ﬁ§§ 814y A Bisb P béﬁll\ L¥cfles %Lhﬁi%@éﬁ sy%fbms

ituted pol roxystyrene and its copol yners.
to avhecomendiffidutires, asspmate;d with stieh fmjniallgZationexposur e
. require non-aromatic polyners, since aronatics are
opaque at this wavelength. Generally, alicyclic

hy dHigk asduitforfichemicitig rapaplifita ddéep oltrakiolgrgl @tmsoomn)

replace the etch resistance | o sllmnatlngm ei
poSHNG ARG r@qeﬁaﬁett?%ah?ws'ﬁaﬂ%@vw@%e ofPatisiRing ages with
lesé’\@l\éﬁlﬁﬁ%P%léﬁ% dé%frﬂ\&ﬁéé thefré %‘i’@; tv‘&('i‘ %a?é@éépaéllﬁfabi%%iw

I ncreasi ngly detrinmental he |th08rap|c
exppevifedennalegies thad lm@mromded §lgn@lpansa

miniaturization, and these are lasers that emit radiation at 248 nm and 193 nm.
Examples of such photoresists are given in the following patents and
incorporated herein by reference, U.S. Pat. Nos. 4,491,628, 5,350,660, EP-A-
0794458 and GB-A-2320718. Photoresists for 248 nm have typically been based
on substituted polyhydroxystyrene and its copolymers. On the other hand,
photoresists for 193 nm exposure require non-aromatic polymers, since
aromatics are opaque at this wavelength. Generally, alicyclic hydrocarbons are
incorporated into the polymer to replace the etch resistance lost by eliminating
the aromatic functionality. Furthermore, at lower wavelengths the reflection from

the substrate becomes increasingly detrimental to the lithographic performance
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of the photoresist. Therefore, at these wavel engths
antireflective coatings becone critical. The use of
WO ghdyioapsor bi ng antireflective coatings in  pcriB2007/002067

photolithography is a 5 sinpler approach to di m nish

the problens that result from back reflection of |ight

fromhighly reflective substrates. Two maj or

di sadvant ages of back reflectivity are thin film

interference effects and reflective notching. Thin film
of tHenplestbesitcEherefore sdtdheengavelesgihsrasdivdftective cbalitgss i n

Criti line width di nensions caused by variations in
becq_:rﬂgc[rlggglr light intensity in the resist filmas the

t hi ckness of the resist 10 changes. Refl ective notching

becones severe as the photoresist is &Ztterned

subberseed highly abmrhglgt%%@fﬂe&w? captingsi phcdolitppgiaghy is a
sim@?ﬁéﬁ@bg{:hgghlrﬁlmsﬂqﬂ@ pkttﬁ%mig Eﬁ%tﬁ{agél't &b hadR relﬂéé‘l‘i’drngf fight

vari ations extrene case, orwnng

fronr bightyrreflective mhstmmse Tmmonaioasslmdvao‘@ges 0k bawle reflastivity are
. t t f
i 35 B B R DR BB i g, o
starb_mibg ?m/feﬂtresglf Itrﬁcﬂ"tan\ges Waﬁﬂlm lins \Mﬂﬁhldlmdnﬂons kaused gy
supstrate an er of or e Qan
Va”%*dfﬂ‘sdf‘ the sotahight iteasipi 10 dhe t'}ﬁa ﬁ*ﬁ@%lﬁk?%‘%ﬁgg ‘b? rpgst
haSYE0 TR IRY A¥Ichm oAt R A RPE asm@ RBloreél i8 phittémed

coating in the exposed area is then pically etched
overaﬂ:abstwéem@ntamw @pogammahfeaé,uregowmm caitghHghirtheughdhe

pho{cﬂ%%%wﬁ{ rléaéq?réq %qm&ﬁtﬁar-m%r\% E&?‘% il SRl 85880 orming

antir I've coatl1 ng
regionsiti dontplete2shatoregist fissg (a) a polynmer conprising one
or nore functional groups capable of one or nore
interactions selected fromthe group consisting of

cowweqrge &Cﬁtﬂtoﬁgantlrbﬂéétﬁ/e%éﬁhgg réVided e sie BolebA iftvdthe

and (b) a thermal acid generator Whl ch upon heati ng

eliminaiphdfoplieciyitynthe b@%@m&r@&ﬂecpw £aaiinis %pée@ é’b‘éBPe
suthfrat%naﬁ} | ngHD% l%xell K HAGELRE %ﬁll%‘&td?fjto rfhd gﬁtrl]l%"fl@gﬁ/(f

consi oval'ent bondi n 0 bon g,
coatigglr Tgephdtoneatistdgs exjpusedigwmgenise tied davelopéd.cbie artireflective

oo SRS o s T o e
thuSkdnd B8 16 B Ssirate.

SUMMARY OF THE INVENTION

The present invention relates to an antirefiective coating composition
comprising (a) a polymer comprising one or more functional groups capable of
one or more interactions selected from the group consisting of covalent bonding,
jonic bonding, and hydrogen bonding; and (b) a thermal acid generator which
upon heating disassociates into constituent parts that are capable of one or more
interactions selected from the group consisting of covalent bonding, ionic
bonding, and hydrogen bonding. Upon heating the antireflective coating

composition to form an antireflective coating film, the constituent parts of the
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thermal acid generator beconme bound to the functiona
groups of the polyner through the interactions,
wieethagiingrout gassi ng from the antirefl ective cqoatf/iwgo07/002067
film The present invention also relates to a nethod
for reducing outgassing 5 froman antireflective
coating filmconprising applying to a substrate a
antireflective coating conposition conprising (a) a
pol ymer conprising one or nore functional groups
therﬁfw abidegyevieraior beéor]nji@ rb@unPwtrw:mmgnmai @r@mse@r the gmytrm
oup consi sting of coval ent ndi ng, i.0n ndi
thropela T AHRSBERP o RAHRIRG AHEasYiRS o Hid artireliest gf@ﬁﬂﬁgf'
whi ch upon heating di sassociates into constltuent 10

parts that are capable of one or nore interactions
sellbetpeesdant armetrﬁen @lsnurslates s @ snethgd 50 redueing mutgassmg

tonp AR RBNeRA ot PR B or PR AR BAERRIERS ¢ or

antigfieating d&@étln@(xtonvpbsﬁdmtf %mﬂgprlﬂqsmgr(al\)w polymes cbatprising oneher
constJtuent arts o the thernma Cl 4. gener at or,

morg Juasiiong! SRR EepasEr e AT SN CER OIS SIS roB) Uieer

grodd“é&#&ghrfghﬁ doVhRhRBbhEIARG; lohi%cbtﬁdﬂi_ﬁ] h'fndqw iog pendin@rand

he antireflective coatlng i nvention

(b) @tfmmaabagﬂwneoatar wbﬂw%ldmtlnatcbswﬁﬁﬁi%s ingp censtituent
partgi I rrfe{g'étcgﬁgﬁ%' Q)nterkﬁ O ln%'?a&%'srs%fléc‘f% frESF‘n ﬁ\%aérbﬂs

€ an |ref ive coat
consisting bfsc'cm@kérﬁ)boadp@ yorec bomnhpg,l andhigydmgen bondmg, and

neal§ 5 AP e SRR B o P 2 sFBl e ti i
on tA€ sabsiitebHRAEdHBLIteM? bartd on e ierraatadiy dengeomissudintioy
and (b) a thermal acid generator which upon heatin

bougg d, féanatl@@ahqawp%@fn@ﬁnobmr thepuah thedeteggclions giedbicing
outgissiyGrdéth tHE ﬁﬁtlidﬂ%@fl\?é:&d)%fg@ Jﬁﬁnl ected fromthe group

onsisting o coval ent I'ng, ionic bonding, and
hydr ogen bondi ng 25 DETAI LED DESCRI PTI ON OF THE

R TR MY IR N
subplehteITRIvirtpiierési: pe atigeflective ceafing il ofitle zgﬁmelfﬂm:tlve

capabl e of. 30 onge. or re.interactiqns sel ected f
coaiifig CRMBARieB SOMBSHY @) SN eHEOTBRNRINA gheias e funclional

ro%&e’%ﬂmer 6&%@%9&%@ hiBRREbNS selBBd(ffomané BRSUPEorRdifhg of
covalent bonding, ionic bonding, and hydrogen bonding; and (b) a thermat acid
generator which upon heating disassociates into constituent parts that are
capable of one or more interactions selected from the group consisting of

covalent bonding, ionic bonding, and hydrogen bonding.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an antireflective coating composition
comprising (a) a polymer comprising one or more functional groups capable of
one or more interactions selected from the group consisting of covalent bonding,

ionic bonding, and hydrogen bonding; and (b) a thermal acid generator which
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WO 2008/ 010079 PCT/ 1 B2007/ 002067 wupon heati ng

di sassociates into constituent parts that are capable
wobomsneoos nore interactions selected from t hecgvisem7/002067

consi sting of coval ent bondi ng, ionic bonding, and

hydr ogen bondi ng, preferably coval ent or ionic bonding.

Upon heating the antireflective coating conposition to

forman antireflective coating 5 film the constituent

parts of the thermal acid generator beconme bound to the

uporf hegtirigodishsspoiaies imb cohstitnentyparts that areybapaide of one or more
i nteractions

1 [ t < i f t h - . .
tera AR i ORLP AR DR LA SR i 5.
bondiﬁ{;,?érﬁfmv&ogeﬁ%bhemf BreféRBUCEGISH Y 3GisiE BBNdiHY. fUmon an
antireflective coating film conprising applying to a
heatingibe retiestiective cpaiing eemposition 4o _fogl 20 ﬁlﬁg@f%%\%% coating
film,gﬁ%%l:w%hggnt(gf%tsaoﬁ%¥ eeﬁ %?R{) eridigio? BecBine BB to the

ups capa e or nore interactions
funcBehsl grevbd obimetgutymer bunpugloties intdraciians, cenusirghoutgassing
bondi ng,. i oni ¢ bondj.ng, and hydrogen bondi ng; and (b)
fromdh?i?é\“?ﬁ:ﬂecg?f?ﬁoﬁmt'iggor whi ch upon heati ng
di sassoci ates into constituent 15 parts that are
capabl e of one or nore interactions selected fromthe

gr e presemt inventign @lscwlaies 2 asasiirAdor feSHERORIHERSRING

o : o _ oo ; .
fron 5 GEERS SRl Aorictig abdfid1p AReARREERE | O
antirefleotiveotodting confysdsitidrecornpising (@) & polymergampyisiig one or

moré %rtrii%bﬁ érioglpgﬁg% toéf@%é%%ﬁ&in?%%@%%%@&ed from the

grodp ¢sisting Bt sovaRrRAY Bbﬁﬁngpioﬁld lgssingGrid leydroben bonding; and
antireflective coating film The present invention. also
(b) a theamekacig @@6@1@@%&3&&%’0@%?@%@&@%'“te GResHiyeat

part §d¢ o LABRERLT R G hbrEhleabiai saatbatdr ke fouphe
antirefl’eCtrve coating conposition conprising (a) a
congistingref coaignitibsinoing, fenio bonding, &othbydiogen mding; @ns!
neafjig i SuteNSHABNO CSUHBHO YBTATAET 4 i procyly ok fim
on tA8Gub¥Fhiegfie duHattuEgt paRd of e thetrimal aitl getietatog baeomatry

whi ch upon heating di sassoci ates into constituent res
bouneZe the binctelpalisrelies OGie RAVReE Brougle N NTEASIAR cdusyio

outgls g Foimdhd dPUFABELTS poM fine gy ot Ponding. Tomie
The present invention also relates to a coated substrate comprising: a

substrate having thereon: an antireflective coating film of the antireflective
coating composition comprising (a) a polymer comptising one or more functional
groups capable of one or more interactions selected from the group consisting of
covalent bonding, ionic bonding, and hydrogen bonding; and (b) a thermal acid
generator which upon heating disassociates into constituent parts that are
capable of one or more interactions selected from the group consisting of

covalent bonding, ionic bonding, and hydrogen bonding.
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5 WD 2008/ 010079 PCT/ |1 B2007/ 002067 The pol yners that

are used in the antireflective coating conposition can
wee20oomerahi ch are known to those skilled in themhbor002067
Exanpl es of such polyners can be found in, for

exanple, U S. Pat. No. 5,294,680, U S Pat. No.

5,652,317, U S. Pat. No. 6,165,697, and U S. Pat. No.

6, 114, 085, whi ch disclose polyners 5 which absorb at

wavel engt hs such as 436 nm 365 nm 248 nm and 193 nm

al The golyshéisthat arei wseolip dheapiireflectbiercdaying ebampmsition can

th | |. t I
be i RBich aregtub o Per< i insRERE Sxebetes B suBoymers
can®eLBlAd i) Ro émh,bné SESE Nbesl 2841680, ©.8.CP4ts No. 5,652,317,
ionall'y substituted nethacr

| I
0SB s o ey et iardhe Slpiale
whlc}tp%\@égr%:a]"[’y suEg %é&&i’ﬁé% 43 Hﬁﬁtsbﬁ%ﬁgz@ﬁrﬂaﬁﬁd hariesall

I'ona tut ed ally ¢compoun opt 1 onal
of \nd;\mjrsanetmampositgd deregin bwseﬂemme mim:ﬁw; thetpadymers wnll

|
T T e A——
estdmg(b‘pﬂoﬁbmtv ﬁﬂllssst{t@ﬁr@glnaewﬂlcl aCI(';ﬁ;é ﬁtl?haﬂsyidmtsl’uiuted methactrylic
r oxyme
ostaR IIOpPLY aﬁwguteﬁﬂnﬁwg Bl &, Spforaiusibofiiet i ¢ ut e
acry)férmdeslﬁ?y i %ub@ﬂhté?ﬂ%le*ﬁécﬁk!@uﬁdésubB@oﬁélI?)é‘ub@ﬁﬁj@éoﬁallyl

Optl Oona stituted crotonic acid i onal y
compebatls  eptietally stibstitytedcityrenes capionsfhy S'd?ﬁtltlllt?d

5O, ST B e OB O e b

subsi_ltutboahbmylﬁyﬁeaesoplﬁonwy aubstitated Wdréxymthylstwelgb an_d

oot R IS0 S A s S 6 RSB S e Vi

ethérr’@eo;ﬁlf&riéﬂ? lseb¥fitute PARTItSIES, 6&[&1@"? sapstithiceabionit Adids,
that are ~chronophores at di fferent wavel engt hs.

optipRalipsubstigited srappisiasicestarse opﬁ@m@bw stiwited Madgigeycl i c
arAHE AR S BSNBEREHI P, Gy su e
morngrlkyd oa dialiyd esters piitredeic phielharfuimayic acmptahd maixtyres thereof,

d h bst i i di ne,

as vall 5 e manp et Bt tinch e pRrreRiged bifkirepBRts @ °
referefisdd dvved The E@IB{W& willsbrhétirtges somain additshal units that are
qui nol i nyl s suc ydr oxyqui nol i nyl grou contain a

chrerBgphOTER At dﬁﬁﬁgentp\ﬁévglengim 0 am%% dhaivamobhores are

monocyclice or polycyclic hydrocarbon or heterocyclic units, such as, for
example, include optionally substituted phenyl, optionally substituted
phenanthryl, optionally substituted anthracyl, optionally substituted acridine,
optionally substituted naphthyl, optionally substituted quinolinyl and ring-
substituted quinolinyls such as hydroxyquinolinyl groups. contain a resin that has

phenyl chromophore units.

Polymers typically used in antireflective compositions of the invention will
have a weight average molecular weight (Mw) of about 1,000 to about
10,000,000 daltons, more typically about 5,000 to about 1,000,000 dalions, and a
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Pol ymers typically used in antireflective conpositions
of the invention will 30 have a wei ght average

worbezubem wei ght (Ma) of about 1,000 to about pcT/IB2007/002067

10, 000, 000 daltons, nore typically about 5,000 to about
1, 000, 000 daltons, and a 6 WD 2008/ 010079
PCT/ 1B2007/ 002067 nunber average nol ecul ar wei ght (M)
of about 500 to about 1,000,000 daltons. Molecular
wei ghts (either Mv or Mh) of the polyners of the

numbBr avérags ntsleciai wakghy (Mdpbealout 600ty apeut pOOONO daitons.

h t hy. 5 A ; f th irefl [ .
bR o A par o e S S ey
dete@ﬁ@'[?yatgﬁg&fpe?h%é%ﬁ BKidMeatBgRIphg, | ncl ude am nopl ast's

for exanple, glycoluril-formal dehyde resins,
nmel am ne-f or mal dehyde resins,

benzogua i.ne-f. . f - .

o AR AR L and EhBosiBRtS o prosginker. 1 o,
compohyhtaSethe examples of bessslinking agents ihcigtié pnpneplasisetichas,
for %(%ﬂ%?é,?gﬁ@ﬁ%ﬂ%ﬁ&plééﬁﬁ% gﬁe(é%h}nze-{cr)?rrr]\%rbse)hyldg resins,
ben{%@ﬁaﬁﬁné-ﬁrﬂﬂl@@rﬁbﬂé@e&%l 86d DPed-REAREHSES redins. The use

ynmerization less than two are useful. Mnoneric,

of meihigted ed/ay butyaied forms ohthaserpaias iw Bighly Riieterradial|

; 2 ; . :
R Y i
melanind-feenaldehyde pésin® hating tdegréaseofepalyrperdzationNess tam tve

are NERGuR, RODGRERE DL P AT e e Fepins pup yggful for
pregarfhg thBnbddtith ﬁblp@ét@?bhﬁ#&ﬂ&ﬁiﬁ|cbﬁ{ibigs)thdH carMdNubdkdNin
tetra(et hoxymet hyl) gl ycol uril,

conjunsiion with @prchﬁww\@p@wﬁ@srﬁnls-) engcsramnle is NNMNNN-
SR IBREATEL AN Nt gty
may\lhbl’uﬁ’ekl_blgetl‘dM,N;I‘H)ﬂetna(mmh@lwm@hybglﬁycgjflril|, N,N,N,N- .

\ t t i i
e BT SRR Pbi B gBLR SR
g0 POUEEH K1 rtosars et e
N NPT R ISR VTR: YNGR thoe Ry Dalycoluri
is a@éﬂa@?@kﬁd‘ér thE %g%h%k %Wg%uﬁlﬁ N f?orﬁ‘?%?é@é fdlsties (e.g.,

avall abl e from tec I'ndustries under the tradenark
POWYNERL Ibid1 74 mQibas examwpesdntlude n@shylpiopylietramethoxymethyl

gIycbm%ﬂ,gnad;ﬁg%%%h'\é%vﬁétrgﬁl%ﬂ%%/ﬁ{étﬁﬁ gﬁc%ﬂﬂﬁ.t s of other

Other aminoplast crosslinking agents are commercially available from
Cytec Industries under the trademark CYMEL and from Monsanto Chemical Co.
under the trademark RESIMENE. Condensation products of other amines and
amides can also be employed, for example, aldehyde condensates of triazines,
diazines, diazoles, guanidines, guanimines and alkyl- and aryi-substituted
derivatives of such compounds, including alkyl- and aryl-substituted melamines.
Some examples of such compounds are N,N'-dimethyl urea, benzourea,

dicyandiamide, formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-
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am des can al so be enpl oyed, for exanple, aldehyde
condensates of triazines, diazines, diazoles,
wyuAns/aiones, guani m nes and al kyl - and aryl - suk;f(tjl/ltB%@gmmm
derivatives of such conpounds, including al kyl- and
aryl -substituted nel am nes. 30 Sone exanpl es of such
conmpounds are N, N -di net hyl urea, benzourea,
di cyandi am de, fornaguananm ne, acetoguanam ne,
amrel i ne, 2-chloro-4,6- 7 WO 2008/ 010079
dianflGd4l mqaatm@z%ﬂethyhamdmmom 8:5- iralamlens 5-diaminotriazole,
di am no

tnarglngpwnéml%é imersgplo- -4 % d’S émlno pyr|m|d|rie 3,4,6-tris(ethylamino)-

1,3, srmasim&cmy{amax%%oaylanm@memﬁe ¢, M, yo- pyri ni di ne,
4,6-tris(ethylam n(h’? 1,3, 5-triazi ne,

tetrarpethoxymeiylued angitaedik®) t ri azine, N, N. N , N -
t et ramet hoxynet hyl urea and the like. 5 Ot her possible
crosslinking agents include: 2,6-bis(hydroxynethyl)-p-
cr &toér possilde cpasshioking agenty in¢ludé:R2,bdis(hydroxymethy e

cres aHg EpEpONT NELB0 T iolbining SE 0 1y N oo

(CH3OCH2) 2N N . ~N(CH20CH3)2 ~ _ JI 0 v CH3OCH2-N) ~
N-CH2OCH3 10 including their anal ogs and derivati ves,
such as thqg )2| n Japanese Lai d- C]oe Pat ent

Appl i cati on] @K&ka No. 1-293339 to Tosohjlas well as
etherifieg m no resins, for ekahP pélz hy Mt &h*z@p"'a
but yl at ed me mne resins (N net hoxymet | -

)ﬁrrﬂzkb,y respectively) or
(C%@ﬁ%a ed/ but yﬂg’%%gk’n'f olurils, for exarghe as can be

found i n Canadi an Pat ent

NHCH20CHs
0
(\NW CH3OCH2—N/U\N—CHQOCH3
(CHsOCHoN” S N(CH,0CHS), ko P

CHzOCH,—N~ “N—CH,OCH;

including their analogs and derivatives, such as those found in Japanese Laid-
Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified
amino resins, for example methylated or butylated melamine resins (N-
methoxymethyl- or N-butoxymethyl-melamine respectively) or
methylated/butylated glycolurils, for example as can be found in Canadian Patent
No. 1 204 547 to Ciba Specialty Chemicals. Other examples include, for
example, N,N,N,N-tetrahydroxymethylglycoluril, 2,6-dihydroxymethyi-p-cresol,
2,6-dihydroxymethylphenol, 2,2',6,6'-tetrahydroxymethyl-bisphenol A, 1,4-bis[2-
(2-hydroxypropyl)]benzene, and the like, eic. Other examples of crosslinking
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No. 1 204 547 to Ci ba Specialty Chem cals. O her
exanpl es include, for exanple,
wi,2bhgibb et r ahydr oxynet hyl gl ycol uri |, PCT/IB2007/002067

2, 6-di hydr oxymet hyl - p-cresol,

2, 6- di hydr oxynet hyl phenol ,

2,2',6,6' -tetrahydroxynet hyl - bi sphenol A, 1, 4-bis[2-

(2- hydroxypropyl )] benzene, and the |ike, etc. O her

exanpl es of crosslinking 8 WO 2008/ 010079
agerRETHCIRRODGA6 086 Thedigdi® #5882 11deS4838%8% end D Eéd36 R4US

4581321, . USA889789, . and - 4 371, .
371,46 CAEPIS O AP DTS B Ry sk o teleientgs MAiuS SR G
uread@dins & @oﬁ#ﬁér@&gz roaidigahdeaiheyNiedick #dbhewa Glamitale
Ni cal acs ( Sanwa emcal Cao.), Plast o)oal BASF AG), or
Co.)\Blsstopal (BAPEAGHor Mapupnal (Ghisahembi) ra &¥-es can
al so be used as crosslinking agent and their use,
structure and synthesis are well known to those of
or booganatek can alse hehesert as crasslimping agent archhelifce

r ossl i nki .agent s f d_d [ S
S"“‘%H'Eee?ﬂd Smﬁggs %é%"“ﬂ'f{‘% %Y\ﬁ goéﬁﬁ%e%ft é}do r\%\%ﬁ(‘:‘ﬁg giegérlftfer eby
ExainpRerdlesctyadateycrossipkieageritd cah berfoond irsUniiéd Siptag Eatent
i ncl ude a conpound of the formula R12 Rlp, R11 15 where
No. hifg3aHd FaeLCateNts-fvhink afsRerERY 1Re S BPTTrLPY geterence.
substituted Cl-10 al koxy; and R12 is hydrogen or
al kyl . This conmpound is described in United States
PaOitrar cossliekingaoess inchislecpaedpedndpf e fomblee her eby
i ncorporated herein by reference. 20 Yet another
crosslinking agent includes conpounds found in United
Stapgs Patent No. 6,319,654, the contents of which are
herdby incorporated herein by reference. Exanples of

ounds i nclude: 9 WD 2008/ 010079
02067 3 Rs 4

Rio R4

where Ry, and Ry are each independently optionally substituted Cy.1o alkoxy;
and Rz is hydrogen or alkyl. This compound is described in United States
Patent No. 6,489,432, the contents of which are hereby incorporated herein by

reference.

Yet another crosslinking agent includes compounds found in United States
Patent No. 6,319,654, the contents of which are hereby incorporated herein by
reference. Examples of these compounds include:



ab aO OH OORRRLR aaOb OH OOOCH

CH3CH3 CH3 aa O OH OOOCH2 CH2 CH2 CH2 CH3 CH3
wOHBos@HBowher ei n, R1L and R2 individually repres@iiB2007/002067

straight or branched C _io al kyl, straight or branched

Cl- 10 ester, straight or branched Cl1_10 ketone,

straight or branched 5 C7_10 carboxylic acid, straight

or branched C- 10 acetal, straight or branched Cl.10

al kyl including at |east one hydroxyl group, straight

or brgnched Cl-1o ester in@guding at |east gpnhe

hydr oxyl group, straig br anched @i- 10 Ket on
il ncl udi at | east ong - i g

C7_10 carboxy '
Q79 PCT/ 1B2007/[00206f lleast @re hydr oxy
and straight or branched .10 acet al E==x! udi ng
one hydr oxyl ts

oge q) met hyl ; R4 r@gf hydr ogen *dr' net hyl ;
ajid a andijb individually[represemt the relative anounts
oR; each &nonomer and €Bch is aRposi tive integer
greater than 0. 5 Qther exanples found in United States
Patent No. 6,319,654 include 7

a b

a 0
o o) o 0 o
(I)Hg (|3H3 C|3H3 CHs
/Ej% | O b
OH
0 o) ? ?
CHs CHa 3 3

wherein, Ry and R individually represent straight or branched C1.10 alkyl, straight
or branched C1.1o ester, straight or branched Ci.1o ketone, straight or branched
C1-10 carboxylic acid, straight or branched C1.1o acetal, straight or branched G110
alkyl including at least one hydroxyl group, straight or branched C1.10 ester
including at least one hydroxyl group, straight or branched C+.1o ketone including
at least one hydroxyl group, straight or branched C+.1o carboxylic acid including at

10
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a (O R5 R6 10 wherein, R5, R6 and R individually
represent straight or branched Cl1-10 al kyl, straight

wonoew@onehed Cl- 10 ester, straight or branched p€ira%007/002067

ketone, straight or branched Cl1_10 carboxylic acid,
straight or branched Cl1_10 acetal, straight or
branched C1_10 al kyl including at |east one hydroxyl
group, straight or branched Cl.10 ester including at
| east one hydroxyl group, straight or branched Cl-1o0 15
leasketehgdroryl grdupgarat straight ordirentiyett Gx.yd acgtalipeludingzatdeast
r branched C1.10 carboxyli.c acid ingludi st
one Byaroxradg a1 B perranamarvafoliit & mifidaeRsent
hydrdg6h ak nicieylUghd e zid b RRINIdR rbigfisexy thedretative drfounts of
represents hydrogen or nethyl; mre resegts 0 or 1; a
each§0@09@§Pfﬁ0€eﬁﬁgébépoﬁwgﬁﬁgég?%@ﬁ rt9a40n  represents
a nunber of 1 to 5. 20 The crosslinkers can be used
individually or in mxtures with each other. The
cr Offeriexkimpestyend in dniltddiiates RajentNap6.Si0iehd ingluge
proportion which provides fromabout 0.10 to about
2.00 equival ents, preferably fromabout 0.50 to about
1. 50, p; crosslinking function per reactive group on
t he po|lyner. 11 WO 2008/ 010079 PCT/ | B2007/ 002067 The
eful in this invention may be prepared by
standard pol yneri zati on met hods known in the
es of such nethods are free radical,
or cationic copolynerization techni ques. The

r gay be synt hesi zed using sol ution, enul sion,
S
y

su nsi on polymerization, or the like. The
have various structures, such as random
bl ock, aft, etc. The wei ght average nol ecul ar wei ght
of t pogynmer may range from 1500 to about 50, 000,
prefefabl y 4,000 to about 30,000 and nore preferably
5,000 to about 20,000. When the wei ght average
nol ecul ar weight is below 1,500, then 10 good film
whefreinnReRpanpd & individually represeint siraight drdiraneired Cq-10 alkyl,

stra%rﬁtt 'oF Brfaln%ﬁteéi \@1_18 28 eir,n&rés}ar?t or branched C;.1o ketone, straight or
branched Cy.1o carboxylic acid, straight or branched Cy.1 acetal, siraight or
branched Cj.1o alkyl including at least one hydroxyl group, straight or branched
C1-10 ester including at least one hydroxyl group, straight or branched C1.10
ketone including at least one hydroxyl group, straight or branched Cy.10
carboxylic acid including at least one hydroxyl group, and straight or branched
C1.10 acetal including at least one hydroxyl group; Ry represents hydrogen or
methyl; m represents 0 or 1; a is a positive integer greater than 0; and n

represents a number of 1 to 5.

The crosslinkers can be used individually or in mixtures with each other.
The crosslinking agent is added to the composition in a proportion which
provides from about 0.10 to about 2.00 equivalents, preferably from about 0.50 to

about 1.50, of crosslinking function per reactive group on the polymer.

11
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when the wei ght average nol ecul ar weight is too high,

then properties such as solubility, storage stability
wathog/mote ke may be conprom sed. Exanpl es of qhgyﬁa&nmoﬂm7

acid generators include, but are not Iimted to,

ni trobenzyl esters, benzoin tosylate, 2- nltrobenzyl

tosyl at e, tris(2,3-

di bronopropyl )-1, 3,5-triazine-2,4,6-trione, the alkyl

esters of organic sulfonic acids, p-toluenesulfonic

aci d, dodecyl benzenesul fonic acid, oxalic acid,

2 e RS BPAP R SRparR )

stantdbkd @9&@2&{@@%%@%0% ih@Ré @rta@xﬁnples of such methods
5-nitro-o-toluene sulfonic acid, 5 20 sulfosallcy i C

are fee dadicalsadionistanwalieneaepolymertzatien deghaiquesnThe M9

ma%ggrﬂhé elz&? hg’mg %Pftfglloﬂr 8&%%&9 %uﬁ%‘ L8P siGe bgl'ymerlzatlon or

nzene ni t acl
the likeydheqayménmph hase eatogs) Bfrmture&asud) ag wmmb@a@le@aﬂ

| fonic acid, 1-naphthol -sul fo MoaCloy
eto. Fgotelofi Aeragersi i asion o e politerinY kane frem 500 t
aboansb bb@l preferabllys, 060 4bot BOCDC Al ARke p@fbﬂbl)@BJﬂ)ﬁO&b
abOexan‘gges of thernmal acid generators 25 1 ncl ude

P pdihgeribe weidhi pyetrgedmelecetan yyeight i belem 1,500, then
good % ?frﬁ %3 nlﬂﬁ Wlééjétfeor%t(bb@ﬁhg%?éﬂ tk %kl%ﬁeeﬁvé %ét:ng and

onat such as carbocyclic aryl (e.g.
thmHBBWnghlt&EmeI%Q maleckitaroreight, is éoe high, thengpronesies (seich as

ol oS A G LI oo

substi tuted benzenesul fonate salts, -etc. The
car bocyclic aré{1 sul fonat e salt
al

Ales,pihetpalanid opperplals iye U??%%Ug%mw'm%%f
mtréBHrf%g ﬁt?bédbg oin t&mé’t@n@-'nlityob%lh%lttb&ylh@ (-

y su stltuteda ;/ pti onal ysubstltuted
dlermOMDMMBBCﬁcU@ZmGFﬁ;Wﬂ-Bm? WbﬂEST%I’SIQB%a%ﬁPm‘PI y

b
R AT ———
acid) phiospladricyacidastmphdrediianic beiale EMeG-MTdemlykbehzeee sulfonlc
oA BB LA o e B e
sulf@@éllc@f@hbm émmeﬁhﬁﬂ@&i&b@ﬁ@hwﬁﬁd @-fifrobenzene sulfonic

hetefoal i cyc] oups referably having 1 to 3
acid, ﬁq@hiorcbenéerm wl%g"%wﬂe%)r@mba@%ﬁnﬁ sifonicPdidotn 1 to 3

fluo%a?iﬁﬁéﬂfﬁg@ﬁ? %u@?/ﬁllﬁ%#@%a&% H oe%?\‘é' éJ%htc é’éffl | finbphthol-
5-stllfurda atig] 2-noethaxy-gihydroryeabehyodyl belmdehg Bulfdria aoidu andyheir
salts, and mixtures thereof. Other general examples of thermal acid generators
include dodecylbenzenesulfonic acid triethylamine salf,
dodecylbenzenedisulfonic acid triethylamine salt, sulfonate salts, such as
carbocyclic aryl (e.g. phenyl, napthyl, anthracenyl, etc.), heteroaryl (e.g. thienyl)
or aliphatic sulfonate salts, preferably carbocyclic aryl sulfonate salts, optionally
substituted benzenesulfonate salts, etc. The carbocyclic aryl sulfonate salts can
be unsubstituted or substituted by, for example, one or more of hydroxy;

optionally substituted alkyl; optionally substituted alkenyl; optionally substituted

12
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benzot hi azol, tetrahydrofuranyl, tetrahydropyranyl,
pi perdi nyl, norpholino, and pyrrolindinyl; etc. 10
wexawpbmerof cations which can be used to for mgdi@2007/002067

thermal acid generator salts fromthe above acids

i ncl ude 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene (DBU),

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene (DBN),

1, 4-di azabi cycl o[ 2. 2. 2] oct ane ( DABCO),

tetranet hyl guani di ne (TM5, N-di net hyl am nopropyl et hyl
a|ko§l_$«;(fjt#ﬂ|onélﬂ)8élmbshﬁljtéﬂ gatdogyeiv amrg]rbdla.lgy bptieidily|sabstieted phenyl,

[ benzyl am ne, t - .

optiQnaseHpPUEART I otz sUbsgeci aptvaeane enfldne lie:
optlcﬁ%W%ﬁBgﬁtut@i’élﬁ&yf S&ch 559&?3"@@ e[gﬁ Bbh()ﬁ’gl))( énﬁﬂs&ilhﬂte“d behgy e

e I ndependent

and #p# lilkes anpyoptionally suhséigted Iaﬂerognomamm%@Iwakwchc groups
e R, 730 R B PSR AabIF T o
heteirm‘tbmstsmdsaskmdumnw ropiirfalingt, vpgmayl pybyingt, pyriogs, fend,

:
py“’@&ﬂ tﬂélﬁr(‘)\ré] iéxaf%g}y émb‘# [Y&'B?@¥‘ E’Fg f)aar]ty cl ude for
ben?diﬁﬁﬁble té‘i%ﬂ%l%fura?ﬁll &éﬁéh)@ﬁo@ﬁﬁhylnplpefﬁiﬁﬁyhoﬁﬁﬁwlho and

ket one, et hyl |sobutyl ket one, cycl ohexanone,
pyrrolslimbreiie, met hyl isoanyl ketone, 2-heptanone
4-hydroxy, and 4-nethyl 2- pentanone; Cl to CI10
al i phatic al cohols such as nethanol, ethanol, and
pr Bpamplgs ofarativas whigly caxpbe uaedztmfmtgm thedbeional asisbgenasator

con DB e AR S SRS et B 1880

1,5- aragm‘t:y@lopps bynes-anbeDBN)f Dp- maﬁdmt)mlo[ﬂs@sﬂbmaanm)
ne, etc and the || ke c

tetr%mﬂamyaawet &M@hMWﬁ*aﬁﬁwﬁ%ﬁ )j'l %ﬂﬂ%" ;i SBNO pyl ene
dlm&{h){/%?r?moetﬁgl)mgt@%ﬁ{n PQ?Q\eWIAé /n@oﬂ%gthyhﬁlxw ene

nonoal k thers such as
ohmemwwmneetgwomgrazuned&mthylmrhbolmeetchmp@nadg hariog the

rormi g s P s WS T e 04 P i ey B o
an c@f{flﬁb?ﬂ tféfl@%‘%ﬁ% yl gir}‘qcﬁéteﬁééikﬁ}’élﬁb#sg ?1%0 grﬁyg)gas

diethylether et hyl ene gl ycol nethylethylether

di %g)fler?rrl] ?ntg}a%ﬁgh innc%]é)e%l thglfgnlnlpaetro% of covalent bonds, as well as

atiractive ionic bonds between the functional polymer groups and the

constituents of the thermal acid generator.

Suitable solvents for such photoresists may include for example ketones
such as acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
isophorone, methyl isoamyl ketone, 2-heptanone 4-hydroxy, and 4-methyi 2-
pentanone; C; to Cyg aliphatic alcohols such as methanol, ethanol, and propanol;
aromatic group containing-alcohols such as benzyl alcohol; cyclic carbonates
such as ethylene carbonate and propylene carbonate; aliphatic or aromatic
hydrocarbons (for example, hexane, toluene, xylene, etc and the like); cyclic

ethers, such as dioxane and tetrahydrofuran; ethylene glycol; propylene glycol;

13
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such as di ethyl ene gl ycol nononethyl ether, diethylene
gl ycol nonoet hyl ether, and diethylene glyco

wib es/mobet her; propyl ene gl ycol nonoal kyl et herge 15867882067
propyl ene glycol nethylether, propylene glyco
et hyl et her, propylene glycol propylether, and
propyl ene gl ycol butyl ether; propylene glyco
al kyl et heracetates 10 such as propyl ene glyco
net hyl et her acetate, propylene glycol ethylether

hexyleat afyeol; @tiopsrnegycal mondalkyleineres e as etitykene, glpeal
oty B E e S S8he S SR RSB LA TRy R bikeP!

ace@é@&’uéﬁ ASHiANESNOBbRe d@bﬁtﬂé bﬁﬂ%tlwwémisolve acetate; ethylene
t hyl et her propi onat e, propy

olycpl dyiatiep sk @@reamaengsfvcsf Syterietgr. aylene glyco
h
dietf{bHie BRSER PRIy fth Pl AEHBICHE gl Hionoaliglcthers
suclrraseiletbyslene lgdmohmomemwmeﬂmat aliethyleat lutyop! maneetiylether,
th | ;
anciifietiyieha bl amatpfibfhel aBgyienB sRBa) fonoBRyFlferd fien 23
pro éb(% eg@@I&h@ﬂ@ldlﬁéﬂt‘lWoﬁywtnﬁv?y@I eﬁﬁ)g&‘lhemﬁrdwﬁé@e gBfcbly|
roxy propionate, e ro
prow@%eamdoproeﬁﬁpe abcRl bty iﬁnepsy ¥ %ﬁg?% erRepiRles
sucﬁ%grbfg &Xe g@&%@m{yﬁtﬁéﬂ acf@fé“eoﬁbbpg%%t hyaél ol Ritiéther

roxy ace | act at e actate pr opyl
acetaae,tmvpylebagwcol ampateawermta,te, achpenyleneglvgnl biether

h
o B RO B, s D, g
metﬂylleﬂﬁhfrpvqpici}quatraie,t ;j‘ryt)yllqlbué @tya:bb?mqlemerpmmyrhawﬁ:bpylpne glycol
acetate, et oxy aceta 0 met ho
prog e aRIOPBDA ARBORY S SoEPEoYBHTTORHIS e et at e,
metﬁ@xﬁéthM'etﬁérh@@{ ﬁé?%@t&nt@l’fﬁ%hv@bb%héﬁ&ﬁ@h?droRWm’dletles

et hoxy™ acet propoxy acetate pr opoxy
SUCB@@t@Eﬂé\OXY) bufgol, ;ﬁ*b@@b@utae@& BeshOPLRIPPaRAR oﬁ@é@tbﬁ%{t ate,
pro;g%cno%éstg%é eﬁcﬁ%ﬁyf a%&%@/ letlﬂgtggé%ttégcp?héil clepagg pé(rH]butyl
acepate I@;nnethyltwrumtbyéthgl- Wumye’qblyb&wdacbé prpplopgte Prethyl 2-
t i anat e, | 2- net hyl
nydB A SR SRR E: o8y EwGios- Saig mroniRE: meTH oy
h d?c»@/t ALDEAB! SPlyPRGIrExy ayémte %uqn IRQUXy GRletdia] mmhyﬁl%’tctaté

but oxyp I onat e, - but obi_gropl onat e, %I
ethyd st POD ASHE oLy A RlS. 200y GADIXY propiondte. Sihyl 3

hydg&}/eérﬁég% S tsem}ﬂﬁ'%y .ﬁrogtar&w R RSy PRIgate,

Xypropi ona
methyl 2-hydroxy 3- methyl butanoic aC|d methyl methoxy acetate, ethyl methoxy

acetate, propyl methoxy acetate, butyl methoxy acetate, methyl ethoxy acetate,
ethyl ethoxy acetate, propyl ethoxy acetate, butyl ethoxy acetate, methyl propoxy
acetate, ethyl propoxy acetate, propyl propoxy acetate, butyl propoxy acetate,
methyl butoxy acetate, ethyl butoxy acetate, propyl butoxy acetate, butyl butoxy
acetate, methyl 2-methoxy propionate, ethyl 2-methoxy propionate, propyl 2-
methoxy propionate, butyl 2-methoxy propionate, methyl 2-ethoxypropionate,
ethyl 2-ethoxypropionate, propyl 2-ethoxypropionate, butyl 2-ethoxypropionate,
methyl 2-butoxypropionate, ethyl 2-butoxypropionate, propyl 2-butoxypropionate,
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nmet hoxypr opi onat e, propyl 3-nethoxypropionate, butyl
3- met hoxypropi onate, nethyl 3-ethoxypropionate, ethyl

WD Bloorypr opi onate, propyl 3- ethoxyproplonateqxnmggmhmoﬂm7
3- et hoxypropi onate, nethyl 3-propoxypropionate, ethyl 3
5 propoxypropi onate, propyl 3-propoxypropionate, butyl
3- propoxypropi onate, mnethyl 3-butoxypropionate, ethyl
3- but oxypr opi onat e, propyl 3-butoxypropionate, and
butyl 3-butoxypropi onate; oxyisobutyric acid esters,

butyfl Qﬁbmﬁwmbplogam methy -3- Mﬁmmpimmumg,r%hﬁ ,3-net hyl o
- met hoxyi sobu t t t
metRo BB et PO B bEkyoaBeft Bihd Sone iy SroridlEtg
methy Cﬂ-@tH&gB@{aYdr%@@ Wiy @—&hoﬁyﬁmblmﬁm ypesh So&hbxypﬁbplonate
met hK et hoxyi sobut‘%@at €,

butyl 3-ef ﬁwp@l@batey matiayl Pﬁ?KYH’@pi%‘@Eﬁ GH¥ P sobut yr at e,
pro;?t%&?ﬁ 10 Oag%i@%?gﬁﬁ?ydlpg)?gﬁltoéﬁﬁﬁe,_&ﬁﬁ% -BR)oxypropionate,

methygldpboloaypicpidnate,reiby 3-buokyprop®nbis, gxgpys &dmtyxmrepionate

anc Ful SR s AR H bGP B ATaR P AR -

hydm@rs@wtw@ﬂ@umétml e-mefhRRyiebilLitytatBy ethgkyegixyispbeatyeatepand
but y hydr oxyil sobut yrate;  sol vents that have both

metevlrfépﬂmwsepawéaay By EG-eHhoxyisoRuREatRe M8 Bout anol |
e BERFE SRS oy TEEOBLI AR, 20 PR BISRER.

ethyd ﬁneihobwsquym dnethyl lérisoar@wm(yadbeltyra@e ethyhBi ve such
. ' ! | cohol
isorSp P ARRY NSt Rl Rk opBifiSchuha G 2 o
isoﬂrepdrw])mmdlﬁyrafeh &hlsethwaoﬂo&y‘soleWreﬂe aﬁymbuﬁméllsmautwme,
C as I .me ace 0 m de,

butg] B PRy SV e Lo TERRyRobahiAE: BB Bbmposi t i on
hyd?cﬁ(yféb%hﬁﬁafén isopPory alHyRIrGHRoUAl B2 BRdibRLI -t her 25

| ected to dry etchi'ng, it is envisioned that the
hydwwm@utw@w iSQIVQﬂ’fS%Wh@leebﬂ'th)ﬁtm@vﬁnd“r@tdipxy BpigtipaauchRs

f

ety biiahBE o IARARAL iefitnd erbBenal- h BHHE bpalf &

other sml)\lrerﬁs suclans |dltm‘sloemtense and gaimrga- banrrpIrastdneqra kéionea gither
ration, .and extr

an.ion xch e, col fil
derfiyCSudiss Afols ASl Bty iast RefRhrkaioh: i etiye
sucRBsdcetd o ditdidrie AleshsIElaRBHesHueh -asHutyrblactone; an amide
derivative such as dimethylacetamide or dimethylformamide, anisole, and

mixtures thereof.

Since the composition is coated on top of the substrate and is further
subjected to dry etching, it is envisioned that the composition is of sufficiently low
metal ion level and purity that the properties of the semiconductor device are not
adversely affected. Treaitments such as passing a solution antireflective coating
composition through an ion exchange column, filtration, and exiraction processes

can be used to reduce the concentration of metal ions and to reduce particles.
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WO 2008/ 010079 PCT/ 1B2007/ 002067 The coati ng
conposition can be coated on the substrate using

woeobsmigares wel | known to those skilled in the piB26eRe7

as di ppi ng, spincoating or spraying. The film

t hi ckness of the anti-reflective coating ranges from
about 0.01 mto about 1 m The coating can be heated
on a hot plate or convection oven or 5 other well known
heati ng nmethods to renove any residual solvent and

i ntlbe eoatinde@npasition cRA b@émai/esupn theisubgimie bsingAeabniewes

fi L . ; ; . il .
woll bhRARHAEE Wifec b 2Rt sieh A5 Qo soiicHeing P Spraving
The filvnttititlasdsstof thé ehﬁ-r_aﬂa:ﬂvml?_aﬁp@sarggeq%mhcab@sﬂ 6101 um to
- t - I Ng, a .
aboyioL ki e, GhaLire STV REREg 11 3 BOLBPIS AboamisPPR OveD o
othet WG WrORSatiMgEn 8BRS 86 rerhBRE AnrESdhiAl JoRintbindindudee
areas of the résist conposition exHosed to the
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photdresist @atpositiaf waspleposited | nage i n the phot or esi st
coating. Again, a desired portion of the underlying
surface is uncovered. Negative working photoresist and
PO ihecother Kaimdg) vitar positiestvorldig photorssisi aorspasitibrisharier
use are well known to those ski I# d in. the, ?rt. 1.?
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. a
rearrangement reaction occurs) while those areas not exposed remain relatively
insoluble to the developer solution. Thus, treatment of an exposed positive-
working photoresist with the developer causes removal of the exposed areas of
the coating and the creation of a positive image in the photoresist coating. Again,

a desired portion of the underlying surface is uncovered.

Negative working photoresist and positive working photoresist

compositions and their use are well known to those skilled in the art.
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WO 2008/ 010079 PCT/ 1 B2007/ 002067 A process of the

i nstant invention conprises coating a substrate with a
wopabs/mgoponposi tion of the present invention ae/1B2007/002067
heating the substrate on a hotplate or convection oven

or other well known. heating nethods at a sufficient
tenperature for sufficient length of tine to renove the
coating solvent, and 5 crosslink the polyner if

necessary, to a sufficient extent so that the coating

i s Anrbcesoblitblednstant ineentiset ¢amgprissisudating @f substrate with a
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e scope Invention In any wa
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in SRR G5 Rembr HERorkdV o PeiiPosSd ndhisatdthe ptiasioctie
filmUiitAdBe edrnainingshatorsist iaeting aglah giet tnasand per cents are

by wei ght. Preparation of Thermal Acid Generators 30

The following examples provide illustrations of the methods of producing

and utilizing the present invention. These examples are not intended, however,
to limit or restrict the scope of the invention in any way and should not be
construed as providing conditions, parameters or values which must be utilized
exclusively in order to practice the present invention. Unless otherwise specified,

all parts and percents are by weight.
Preparation of Thermal Acid Generators

Example A ~ Triethyl ammonium dodecylbenzene sulfonate
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Exanple A - Triethyl ammoni um dodecyl benzene sul fonate

17 WO 2008/ 010079 PCT/1B2007/002067 In a 200 niL round
wantobemobtsask was added dodecyl benzenesul fonic ﬁq'/fil}2007/002067
(6.52 g, .020 noles), triethyl amne (2.2 g,

nol es) and ether (40 nL). The ether was stri pped off
using a Rotovap and the remai ning solids were vacuum
dried. Structure was confirned by NMR 5 Exanple B -

N, N, N, N- Tet r anmet hyl - di am nonmet hane anmmoni um
paimat200uaheousd bbitoratfiask was @iz drdodeayibenbendsutfohicaadid

(655G S, I pEIRERES & Prosi BOless sty aF atta- (s
etherQuas stﬁpée@@lﬁQﬁ‘)ng?\Q Robng ar(chPle'Fe)nalﬂ' H? sBidisivepn vaRfum

m xed for hour and then_allowed to stand overni ght at
drleﬂoSW‘t"t@Fﬁ)Wﬁémﬂérm%by@{“ﬁ%r sol vent was then stripped
of f using a Rotovap and the remaining solid was vacuum
dried overnight at 50C. Structure was confirmed by
ExahiiyfRe B1-GN sk it Teet@methylddidininoohethgne afrindniginoparareluene
a nium 2-nesityl enesul fonate In a 200 nL round
sulf g%?’om fl ask was added 1, 4-di azobi cycl o[ 2, 2, 2] oct ane

( 2 1182a2000n020un®betdm fhskegst addéaﬁSLNl Nomitetramithy(-5. 95
0. 025 mpl es) and et her The sol uti gn was

dlawnp@rafﬂaw R §h1048tm‘?'8§)mpﬁ %%%@fom%c@trwro veigte dihe
g, O“ﬁfnogéé‘? %nﬂtéth&p?é) rﬁf_):j Y5 BSluflorR @‘fﬁﬂeérﬁ& 1 RBuf SRR HRINNY

20 va ried overnight at C. Structure
allowad te stefric oreainight avRom tgtmqrawre The ezth@ﬁ %&\tﬂﬂt@aﬂ tbpn

stné{%il chfh@gg @daﬁggc{\]/'?g %nﬂ tﬁg &grﬂg{sﬁﬁidd%%,ge\ﬂgg‘ Phe ARl "SvBrnight

at 50°@: $Stactlrecyad efrifirded)matipie 25 (1.4 g, 0.0125
nol es), 2-nesitylenesulfonic acid (5.95 g, 0.025 nol es)
and tetrahydrofuran (40 nL). The solution was m xed

Exa%/ﬁé i ght4@.ai&ﬁ¢pcld[§,mbabklé mrmbRiuAt Q%eéi@léf@%blf&me
then strip édf?al:otova and t remai ni n

sollna a%)smhar@unmb@ttp askavas tidechi %@omey@@[?& 2l
(2.8Cg9,r5.b§§ﬁgoles ), 2-mesitylenesulfonic acid (5.95 g, 0.025 moles) and ether

(40 mL). The solution was mixed overnight at room temperature. The ether
solvent was then stripped off using a Rotovap and the remaining solid was
vacuum dried overnight at 50°C. Structure was confirmed by NMR.

Example D — 1,4-Diazobicyclo[2 2,2]octane ammonium bis (2-
mesitylenesulfonate

In a 200 mL round bottom flask was added 1,4-diazobicyclo(2,2,2)octane
(1.4 g, 0.0125 moles), 2-mesitylenesulfonic acid (5.95 g, 0.025 moles) and
tetrahydrofuran (40 mL). The solution was mixed overnight at room
temperature. The ether solvent was then stripped off using a Rotovap and the
remaining solid was vacuum dried overnight at 50°C. Structure was confirmed
by NMR.

Example E - Bis triethylammonium 1,5-dinaphthalenesulfonate
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by NVMR. 30 Exanple E - Bis triethylammonium 1, 5-di
napht hal enes ul fonate 18 WO 2008/ 010079
WeCHos/Ba0B7/ 002067 I n a 200 nmL round bottom f | qSkee5/002067
added triethyl am ne (5, 0.05 noles)
1, 5-di napht hal enesul fonic acid tetrahydrate (9.0 g,
0.025 noles) and THE (100 nl). The solution was m xed
overni ght at roomtenperature. The ether solvent was
then stripped off using a Rotovap and the remaining
soin &20@s$nly pundrbatione flasibwes edded lirietayl amiom (5, 0.05 moles)

1,5-0ingb N BAREHIRIC B5H P BBENe( ek fey. 08 Mmoles) and T (fob
mL).}?'l‘ﬁ%%oMﬂoﬁﬂ@%ééhﬁ)@H Svethight ANrodn?Pnplratipt NI nBih&MBolvent

l'ask was added 4, 5-di net hox¥- 2-ni trobenzyl al cohol |
was (than strigped offosinga Eftovap ard theyreataiing fseHg washyastupedried

I 100 ).
overfighy At BorBelTipertugl et SRR 10 0
nmol es). The solution was allowed to react for 2 hours
Exaple £ b RIB o8 200 T RBoB G S caPee el ks
t h§a Dob et RSLIRNSbiME fIESKWaB idtided o, 5-Afm¥PbRY-PaGItIBBENZY!
ried overnight at 50 C rie rial was

d C The d d mte t hen
alcohelc@} <t el 9.1192 halesng-mesitenesuond chipsidedpd 9. 0-890as
mole%)gﬁﬂ.r tgﬁ@?ﬂ&@%@& (tﬁrjgb%e)(lf)gyﬁ this solution was added triethyl amine
(10.?9@165& mblm)uzd ghgssollﬁionivwasaaIIQWed o reaglior Rlhqussiatirdawa t om

ask was ed 4, 5-di methoxy-2-njt I
tempardie SR8 Hagone] bV FOAREY Mo erehBE s ROBRYGP1 B
Watél'rlq;%’ mi)dlﬁ)rle%@st . %nﬁﬂﬂe@%% agﬂ ?hé ﬂ?{rﬂ?}ﬂfimf@ﬁws &naéé %ﬁumrigédried

o this solution was added trje ani ne .
overighe &f 50The Ea diiedMajpiial yyasofhien r%m@@@%m@ HE e
hex&e. 'SRBLLSIREEG TR 0ANANMEEN quenched by adding to the

reaction mxture 500 ml of DI water. The mixture was
then filtered. The renmaining solids were recrystallized

Exa\é%)iqh @%5@&%@33&&%@%&@%&{ é)feﬂacéglfbléﬁ%ﬁgs%%ic acid
In a 200 mL round bottom flask was added 4,5-dimethoxy-2-nitrobenzyl
alcohol (10.9 g, 0.051 moles), 4-acetylbenzenesulfonyl chioride (10.7 g, 0.049
moles) and tetrahydropyran (150 mL). To this solution was added triethyl amine
(6 g, 0.06 moles). The solution was allowed to react for 2 hours at room
temperature and then quenched by adding to the reaction mixture 500 mL of DI
water. The mixture was then filtered. The remaining solids were recrystallized

with acetone/ether and vacuum dried. Structure was confirmed by NMR.
Example 1

Samples of various thermal acid generators (TAG) were evaluated on a
Perkin Elmer thermogravimetric analyzer (TGA) to determine percent weight loss

of the thermal acid generators on heating from room temperature (about 25°C) to
200°C at a rate of 10°C/minute. The data are shown in Table 1.
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Sanpl es of various thermal acid generators (TAG were
eval uated on a Perkin El ner thernogravinetric anal yzer

wO 2688)01d4009 det er m ne percent wei ght | oss 30 of PdraB2007/002067

thermal acid generators on heating fromroom
tenperature (about 25C) to 200C at a rate of

10C/ mi nute. The data are shown in Table 1. 19 WD

2008/ 010079 PCT/1B2007/ 002067 Table 1- Percent Wi ght
Loss from Heating to 200C as Determ ned by TGA TAG from
Exarrple %W Loss A93.5 B92 C99.9 D99.9 E99.1

Table s Pl o oo B 4P B AP cA R Rk P TR

sone is left as an am ne. I:j ree
| i ber at ed_afGefresn Exa mple o HIY‘_’ej”\Lpﬁsf undt i onal

groups on| the polyAer. maki t he9Brer mal 4ci d
generator| even |l esB volatild. An ad82tional |benefit is
seen in the conparCson of TAG B wi B8.9TAGs C land D. The
di fference betweenplO TAGs i|s the @gdne used. TAG C
and D useg a _Very gtrong base versgg g weakler base
used in TAGB—This suggests a benefit of uSing strong
bases in the TAGs. Exanple 2 15 An antireflective
coAs tvegecthepnal adid genertarsrire geated, some of the thermal acid

ydr oxyst ene/ nmet
gendsigt PP oSG an vome s plaming reddhtaty
free Aberfaf SRIROSHA bBA W’ﬁé&@dﬁﬁdfmﬁﬂoﬁ'&@oﬁﬁ.@% e ﬂolyerrer
percent solution of TAG in solvent, base&@ t q{ﬂ”&ﬂg
makingj tgntth@rnazl @GibIgnerA VBT YRRl HyY addifinad
seerfih 'Pd}lﬁ-gﬂ%fel',dé BRI FACRRERIRED. qfhetchﬁer-éﬁge between
con ts were spin coated on a silicon
TAGsES elne abmk@dsédxr TaGs C and D uses a very strong base versus a
weaker base used in TAG B. This suggests a benefit of using strong bases in

the TAGs.

Example 2

An antireflective coating composition containing
poly(hydroxystyrene/methyl methacrylate), glycoluril crosslinker, and solvent was
prepared and to aliquots of the composition were added the TAGs (10% of aten
percent solution of TAG in solvent, based on the solid weight of
poly(hydroxystyrene/methyl methacrylate) as shown in Table li below. Samples
of the TAG containing aliquots were spin coated on a silicon wafer, baked for 60
seconds at either 130°C or 200°C, and then soaked in PGMEA for 60 seconds.
Wafers were rated pass or fail, depending on whether coating was removed after
PGMEA soaking.
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seconds at either
PQVEA for 60 seconds.

130C or 200C, and then soaked in

Wafers were rated pass or fail,

woepesngiory on whet her coating was renoved aft erpcTAGM0A002067
soaki ng. 25 20 WD 2008/ 010079 PCT/ 1B2007/ 002067 Tabl e
Il - Crosslinking Studies of Various TAGs at 130C and
200C TAG from Exanpl e 130C 200C A FAIL PASS B FAIL
PASS C FAIL PASS D FAIL PASS E FAIL PASS These data
i ndicate that these TAGs re

Tabls 120C&IsBiNking Studibe of Vagous nik&s atEhddipl and2¥ECght | oss

of a sanple of pol y(hydroxystyrene/ nethyl

uire a mni mum soft bake of

net hacryl at e)

10 (" PHS/

AGrom Bxabpl

s 1802C uat200°Csiing

t her nograviimetric amal ysi s

(healll n§ PASE0Q at

10C/ i n).

e resulgs are sh

OVRA[LN

aphegl 1|l . Table I11

- % TGA W
200C LGSS

o0k,

Ss % Vi COSSCQ

T 200

I ED[ VBAS!

DLIC/ AAAA

BATER AL AT

31 TAG F ¢
al one 31 *

ZUUUC FT 197 VIV
1)

E

1
.J.R Ao

Al 1 TAG G

PHS/ MVA 17

These data indicate that these TAGs require a minimum soft bake of
200°C/60 sec to be crosslinked.

Example 3

Weight loss of a sample of poly(hydroxystyrene/methyl methacrylate)

("PHS/MMA") with a TAG was evaluated using thermogravimetric analysis
(heating to 200° at 10°C/min). The results are shown in Table il

Table Il - % TGA Wt Loss

o% WT LOSS CORRECTED WT
MATERIAL AT 200°C LOSS AT 200°C*
PHS/MMA 1.5
TAG F with
PHS/MMA 17 39
TAG F alone 42%*
TAG G with
PHS/MMA 7 11
TAG G alone 31**

*The correction is both for the dilution as well as the weight loss coming from

the PHS/MMA

** This value was for undiluted TAG F or G
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15 *The correction is both for the dilution as well as
the weight | oss comng from the PHS MVA ** This val ue
weeos/oroowndi | uted TAG F or G 21 WO 2008/ 0100 4%1/1B2007/002067
PCT/ 1 B2007/ 002067 Looking at Table IIl, it is readily
suggested that significant decrease in weight |oss
occurs fromthe PHS/ MVA pol yner providing a source for
either part of the TAGto bind to the polyner. 5
Exanpl e 4 Crosslinking studies followi ng the protocol
i nLeotdnglad Pablerld, itosereadily $aggested ritlaiGsignificantdecrease in

, i tional bake, t re.at 120C. .130C, and. 2006
weidh doss.GE ks B0 i MoV B0 He? BvidiRg 8 JayfEe df dfier part
of tHe' PARGItb Birid'® thbWwdyeserof TAGs F and G at 130C and 200C

TAG from Exanpl e I20C 130C 200C G PASS PASS F PASS
PASS A FAIL PASS TAGs F and G not only crosslink well
Exaﬁ%ﬂezgop but also crosslink as low as 15 120C. In
conparison, a classical TAGA will not crosslink the
resin until 200C. 22 WD 2008/010079 PCT/1B2007/ 002067

Cajns: 1. ntireflective atin i

cofstrinkipe( SyaEs fofowEs (nbnpfididl Jf SRERGE' 33fe done on
TAJsRGht @ akitiy ba dRisitioaRAbAle einperatues atmi2E G, NiBer@cand280°C.

sel ect ed from_5 the group consisting of coval ent
Thegiaiiprshewmint TaRlRdY ng, and hydrogen bonding; and (b)

a thermal acid generator which upon heating

di sassociates into constituent parts that are capable

Tablef IVon@rosslinking Studies at TAGsS 8rdl EcaictBG°Cornd 2@0°C

TAG from Example 120°C 130C 200°C
G PASS PASS
F PASS PASS
A FAIL PASS

TAGs F and G not only crosslink well at 200°C but also crosslink as low as

120°C. In comparison, a classical TAG A will not crosslink the resin until 200°C.
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group consi sting of coval ent bondi ng, ionic bonding,
and hydrogen bonding. 10 2. The antireflective coating
woemsmsenry on of claim1l, wherein upon heating PdTaB2007/002067
antireflective coating conposition to form an
antireflective coating film the constituent parts of
the thermal acid generator becone bound to the
functional groups of the polyner through the
i nteractions, reducing outgassing fromthe
CIa&!ﬂﬁlreflectlve coating film 15 3. The antireflective
coating. conposition of claim1 or 2, wherein the
functional group of the polymer is hydroxyl 4. The
. antArr atirettective enading mgmpesiiiosi aanaprising fmya polymst compirising

onejofind iR e bR bS B HlprB R Fasonh BBlostpd from

the grcmnocorm‘ sttrigeofwdvnlﬁht bbhdiaggionab@eing| arer hydrbgén bonding;
The antiref| ectiye coatin osition of

mat i on.
an% adhermsl afgloég%erftqrdech HRep &eating ﬁig: 5??%5 I8t ai ns
condliiueRBSANL ML %P@EQEéblb%f Rk & hestef |ﬁ%&%b%‘éﬁidté{d #em the

substituted acrylic esters, tionally substituted
groge consisting: dtievatgtibonsling, ionie Egmdmgt and hydiegenydangling.
esters, optionally substituted nethacrylic acids,
opti onal ly substituted acrylam des, optionally
2. subi¥ei amh’eﬂbcrmehmtmg aoimpesitionfictiml 1 wha*ebsmpdmheaiing
ounds, t| qnal | y. substi t ut gd styrene

the 3titeSREING CoRiTek e hap oM W cBRAR Stk sce daagifim, the
congtiiehi patiL et Mﬁ@wa% QBN &N t%b%m@@o@rm tPth! fulictional

substituted nethyl styrene, optionally substituted

grougaiebikemalymesthyeeglethediptaraeiionsy redusing eutgessing from the
antili]é‘fpércﬂ?fé(k:baﬁtlné)hﬂ‘\.' met hyl styrene, 23

3. The antireflective coating.composition of claim 1 or 2, wherein the

functional group of the polymer is hydroxyl.

4. The antireflective coating composition of any one of claims 1 to 3, wherein
the constituent paris of the thermal acid generator become bound to the function

groups of the polymer through an acetal or ketal formation.

5. The antireflective coating composition of any one of claims 1 to 4, wherein
the polymer contains at least one monomer is selected from optionally
substituted acrylic esters, optionally substituted acrylic acids, optionally
substituted methacrylic esters, optionally substituted methacrylic acids, optionally
substituted acrylamides, optionally substituted methacrylamides, optionally
substituted allyl compounds, optionally substituted styrenes, optionally
substituted hydroxystyrene, optionally substituted hydroxyisopropylstyrene,
optionally substituted methylstyrene, optionally substituted
hydroxymethylstyrene, optionally substituted hydroxyl-.alpha.-methylstyrene,
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