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The present invention relates in general to methods of fabricating microelectronic
structures using dual-layer, light-sensitive developer-soluble bottom anti-reflective
coatings, especially suited for high-NA 193-nm lithography.
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Description of the Prior Art

Integrated circuit manufacturcrs are consistently seeking to maximize substrate
wafer sizes and minimize device feature dimensions in order to improve yield and increase
on-chip computing power. The demand for high density and smali feature size has been

20 constantly pushing photolithography technology to its limits. The delay of non-optical
lithography technology has required the extension of existing techniques and technologies.

The minimum feature that may be patterned using an optical lithography process

is determined by the following equation (Rayleigh’s theory):

25 W= k2
NA

where I is the resolution, k, is the resolution factor (a constant), A is the wavelength of the
exposure radiation, and NA is the numerical aperture of the exposure tool. Rayleigh's
30 theory indicates that an exposure tool with a short wavelength and large numerical aperture

will produce betler pattern resolution. More recently, trends toward improving current
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SUMMARY OF THE INVENTION
Broadly, a method of forming a microelectronic structure is provided. The method
comprises providing a substratc having a surface. A first anti-reflective coating layer is

30 formed on the surface of the substrate, and a second anti-retlective coating layer is formed
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates one embodiment of the inventive method and structure;

25 Figs. 2(a)-2(c) are SEM photographs of the photoresist and dual-layer dye-filled
bottom anti-reflective coating stack from Example 4, patterned with 150-nm lines and
spaces at exposure times of 1.6 seconds, 1.7 seconds, and 1.8 seconds, respectively; and

Figs. 3(a)-3(c) are SEM photographs of the phatoresist and dual-layer dye-attached
bottom anti-reflective coating stack from Example 12, patterned with 150-nm lines and

30 spaces al exposure times of 1.7 seconds, 1.8 seconds, and 1.9 seconds, respectively.
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about 1.65 at the wavelength of use (e.g., 365 nm, 248 nm, 193 nm, 157 nm, or 13.5 nm,
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The amount of stripping is the difference between the initial and
final average filmthicknesses. The percent stripping is: 25 %

strippi ng wo 28emgsese of stripping X 100 \ initial avermgeusndomsisdo
t hi ckness After the first and second anti-reflective

coating | ayglfivd Loatihd 18ef 1 EUNETe ptErhNES thd RSfaRR D (GRN BN AiT-FeBEctRMt
as necessary on the resulting dual -layer anti-reflective coating

stack for coléngdayer il ¢ differs fien tiicdcvalvd ofghqpiisantisrctletive esaiinplayer BsbsHown
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about 0.12. The total thickness of both the first anti-reflective coating layer 12 and second

5 anti-reflective coating layer 14 should preferably be from about 20 nm to about 100 nm,

more preferably from about 30 nm to about 70 nm, and even more preferably from about
35 nm to about 55 nm. When the substrate includes topography, the total average thickness
of both layers is preferably less than about 70 nm, more preferably less than about 65 nm,
and even more preferably about 55 nm.

10 Advantageously, once crosslinked the anti-reflective layers 12, 14 will each be
substantially insoluble in typical erganic solvents such as ethyl lactate, propylene glycol
methyl ether acetate (PGMEA), propylene glycol methyl ether (PGME), propylene glycol
n-propyl ether (PnP), cyclohexanone, acetone, Gamma butyrolactone (GBL), and mixtures
thereof. Thus, when subjected to a stripping test, the crosslinked layers will have a percent

15 stripping of less than about 5%, preferably less than about 1%, and even more preferably
about 0%. The stripping test involves first determining the thickness (by taking the average
of measurements at five different locations) of the cured layers. This is the initial average
{ilm thickness. Next, a solvent (¢.g., ethyl lactate) is puddled onto the cured film for about
20 seconds, followed by spin drying at about 3,000 rpm for about 30 seconds to remove the

20 solvent. The thickness is measured again at five different points on the waler vsing
cllipsometry, and the average of these measurements is determined. This is the average
final film thickness.

The amount of stripping is the difference between the initial and final average film

thicknesses. The percent stripping is:

25
_ amount of stripping
% stripping = - - X 100
initial average film thickness
After the first and sccond anti-reflective coating layers 12, 14 are cured, further
30 steps can be carried out as necessary on the resulting dual-layer anti-reflective coating stack

for the particular manufacturing process. For example, as shown in Fig. 1(C) an imaging
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| ayer 16, such as a photoresist can be applied to the dual -l ayer
anti-reflective coating stack 30. The imaging layer 16 is then
post - appl i watzo@mokaked (' TAB") at a tenperature of at |mawAiS2600084540
90C, preferably from about 100C to about 140C, and nore preferably
from abOUtlachpﬁg: §1Rh 3B QUiho &3t caNde fiﬁihe&l it ehePRial- gé‘r -k Qv Oing 30
seconds to ‘about 5120 seconds. The thickness of the i magi ng |ayer 16
af ter bakistagk@0| IChe inpigtra lhyer b6 isf thempesbeprlicatinn beked ¢'BABDGG e tomwETatyg,

and nore prefer

Mmging. | dpanepered oL baRay 0o Al BT B b B g rore gt
of the apprppiicat BIREVYEAROYIID® C&Eﬂlﬁt@neﬂcﬁ@)s)offﬁoﬁi dbouesd sbgOndb to about
devel opnent of the exposed i yer. More specifica

i maging | dy8recpsds. sThadpiskesss Bgﬁ%ﬁgmégl%?ke"l]é PisPighay! ‘é(B’G%@ ti‘bfe?‘ﬁe
surface. Ofphiioh m% L#ayc?.rm L nERepRR 1 Bor 850, P P AL SRR LES N
to permt ass through tthe mask 18 and cont act
surface of inagi hagmhgaygrayaxﬁw iEhsebsequemilp ipagersol hyexposuré tm@d@flom hethwask

gl no. | ayeonte A E s Grdan) HoRE i ot o g Stted ffind
readily ungef %&@gpéchﬁial@ lﬂ% 1@5&1@%&?&&655 Rpose@edindd 10a% 18 B6kitslet dbove

portions is designed based upon 15the desired pattern to be formed in
t he li0nagi e baeee omeamagmgﬂawaﬂ @1 yhp mask e 8 dgb 8pgpgrens| degigned to penpif g
convention Lith C LE Th
radi ati on %Aégtéoél (hﬁ Qf’f‘%}ggr ci]cltlﬁafn{ a(S)lIn p%%ﬁ%yé?? Oshﬁﬁ&“:ﬁ*?m ‘QQIY%{)& 3
during expesuihBgisslidpdrtiodd Pk endslo U hry dexdgred fo prrae:npmémem frwetchmmlctmg

particularly suited to inmersij nlltho ph r. > 1.0, .
Prof er abl yhe FHlERal fTRERE VG (ol ErANR oot B i il pacty
achi eved, .gpt a?m@%ﬁi]@a@mgm&mf%ﬂ deds dﬁm&lﬁ?éhldnﬁ% @b@,y@a &lﬁampoand
even nore preferably from about 2 to about 1.

pr eflér r ed thndrouedysticrn to hefomed mrﬂnct imeging fayeni Gcﬁrmdttth@m&aﬂmarhr arbstrfa% s
during exposure_in the I i

preferably, th o Fﬁﬁﬁveﬁbgqag?glp grfg Y gr%gess Sthgg]%%[%{nﬁgh}ﬁgﬁi%ﬁ&\%lgr%dr\IQfOﬁ

optical prjesticante! edEiin {dure. to thcehﬁz)gnqj lager26 Huriryoexpapine & Systhem
with the immersion liquid contactjng at |east. a %OI"[I.

t
opti cal elré%fmslﬁdrotqdhtéePrﬁrqrblaﬁiéﬁ%rs@&@y%‘ﬁréﬁrﬁ“éfﬁ‘amé‘ B’SFSE‘?‘ “Ocs’f‘ap?‘wé‘ﬁ‘t‘-’u ve

m cr oel ecty Q 0iGo. SHLMGEHNT & (hd ; 1@61)’[1\!: H)%thb@ﬁthag)f hayet and) dualiclcayfbre
anti-reflective coating st acf< Even nore preferably, the I1quid

fillx the rﬁﬂ&l@éiybleiMﬁwermehdlm$ﬁ0 ii:put c3d, aed evgemord prefetidlysian apnuahd
t he i magi ng éoa% r..and dual -1 ayer anti-reflective coating stack 30,
such that 'PA gﬁrcal element is 30imersed in the liquid. Suitable

i mersion i qu1n@'§prére@re@relﬁbbcﬁmeﬁ:vmeaueaﬁfﬁtafdugwahicndexdcgmmtpafsci hamgl
(preferably fromabout 1 to about and nore preferggwé from about
1.3 to alsspesute i) thcmeiar@clb@d escmré@ reolsoliel g gYeGpr [y thenigragins
wat er pr rabl d t

t her eof el rglll%oﬁ %ﬁ) 0 t?araﬁﬁ 1§1§ )s"%“e%% g?%aqlﬁ@w%? né%rﬂgﬂ;tr?] génng)’ oFa

i nclagde t Nehdgihidsystem| wtuemeemm@rm&mbmmmg BilasE\poByst ditis: optical

Rochest er
( cleml\rl:\lq)t ofthe lithographic system and a portion of inventive microelectronic structure (i.e.,

the imaging layer and dual-layer anti-reflective coating stack 30). Even more preferably,
the liquid fills the space between the last optical element in the system and the imaging
layer and dual-layer anti-reflective coating stack 30, such that the optical element is
30 immersed in the liquid. Suitable immersion liquids preferably have a refractive index

greater than 1 (preferably from about 1 to about 2, and more preferably from about 1.3 to
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5Advant ageously, as the inmaging |ayer 16 is exposed to light, so are
the first and second anti-reflective coating layers 12, 14, which are
bot h |i ghtweesgiihisge (photosensitive) and wet - devel opaldorustévainsdss
upon exposure to radiation, the first and second anti-reflective
coating | cf—%ﬁﬁ‘ SShdie dr Dtet BR1& [fRdRIREESS,
t her eby r%ﬁ@jetrﬁﬁiéangé%ﬁa%? hqr%st%agdg g ggn@%—ré@fé@t@vea 5
coating | aygnk sbRentd dnd eniethep drercof Olmmakiab lithogihphyssystemrranesn ithdée dr y
etch step requi.r d by priqr ocesse to transfer.t ttern
From the. eegit 1 b A IRy e Amgan BB Es e,
"wet - devel bl e" as used herein neans the portions of the first and
second anti-reflective coati ng layers 12, 14 that have been exposed
to |iSght can bé&dsam@eamli ab rfyc imaeng darend ¢ is cxperpd i Highiato sy the Sl and
devel oper s, su J h [ MaHD ,
devel oper $° Oﬂ F‘é‘r leIﬂl the%e%;{E)] ga F‘gmﬁe"%}%—gf’%ﬁe‘gﬁﬁ(ﬁgu -r é?}ﬂtg%stc?%me)
coating staag kve8dcwidpableheTliamisg iupen E)&}}(}Gﬁrclts riptigfomr el firsisardlj ecoreldarttio a
post - exposur e bake at a tenperatu gﬁ%h%@?about 140C

Do o1 apl Yol siB0E IRBO I Ab6U dEese B SFOETSy therBh
about 105 b EntRRAk G e toafif OBy @D Qut 1 8@ ve RGBS
to about %Q%dgnﬁ%gﬁhs&?tg&ehfsgr%gd ?c;/,B] ngnr% about e4§aslegélgsr/1ds to abou?ﬁa%
secdids) . soluble. Thireelenipgeettic gordtélosiep sfiuitddebyfirios art @ﬁd%é&:@ﬁdmfer the

-refl n Whin
er ¢ made TARTRI SRR DAL i i by belt cpeechpet AT BN il o

with a de\d@t&@;ﬁmﬁlc’!‘ Qs WEADNEeih Mg aBX PRSPk O Ioff itieNBrst Ir’ﬁb%@%ﬁb&ﬁldrcﬂwivbons
of the first and second anti-refl ective coati n%FIa ers 12, 14

under neat voating lesepoed* Hist brisriseroexnors P riight 17y anfigllyremoy epifB d
by the develo i e
desired pa? ?\eegﬁglﬁgﬁﬁé]egtﬁ he de né’g‘gn%‘@%(%ée}@‘ﬂe Lgﬂ%\gﬁﬂm%?yd{rﬁ{ea% ??gt wgnd
secand antdleva@feheoftﬁmrelghmpm:ge laeymrslagd, m1t_‘14eﬂe“¢‘hee qmtmgampkm wiginthbe

via hol es, trenches, : ac etc.

transf er r d8138iBE [BK& ‘%Uﬁgﬁ%g'tsgaggfﬁﬁ’ EH??SIET’*(PHS%? gark(%ﬁ tﬁ‘b’f’%{ﬁ{&tﬁj&é{’s Biin
process. &»@Jt%@% Ypre[@i:ab Eash aBRRUO W W Sout 35 “€x pabdrenRéfetablsirah

t he i magi ne. | ayer dantl-reflectlve coating Iugéers 12, 14 will

be renmpvedbiy k(ﬁecde\ﬁéipetpbﬁ *Crrfres Pmefrsriam(of fiopm abnuea8tsesmndiifo gt
And even TS BAFLSLARLiYy ABAGIOBM L | ABoLENEthygSUl t abl €

devel opers PE BT gani ¢ of I norgani ¢ ka i ne solutions such as

t et mgmet hyl anmmane amoqhyd:rmmﬂaé tl(ffl'lM@tl-é)nd samvdd prigfefleabicycosongricse] And
aqueous sol ut| on of TMAH at a conce tion 109;{ O'ﬁ?N Qr i Quer .

Pref er abl yind {HEeiRg K5layeis VIgAh WEELASE &‘a’f Fpeppolphle Wit s abg s ies AR fron
anti-ref| GARLIGBEIARY B rembTt Be 26NsNRIHicHRY #hopgosdd Pottidae of hem
about 100%8%[7[}3(\'3%%0533%90 ap’gut ' n(300 rﬁ]/)g%lcszondl 1and evée}ﬁb?mrﬁe) E)re?erabl y
from 500 rintsed¢waehdntitrelabvtoatinmayans Mawameah theanpasehririensohibag,

netal | i zat.i on n anr k
70 to comenbe B 1ebTEub RS ERHEbET A¥ingihd il PRLL SRS SRS
i nprgved higf hegb@pe@ers QiR Ghe mﬁagidgezayavmnmvmmﬁnaf IﬂmdﬁnsSaltaIeietﬁfd anti-

critical dinmension control and _accordin ,. the b|||t print the
desi red f eeflagiee efasinglayps AZ.nl datT e @alsgm 336@& bel'é%l@r“ gacl Hégil’%ap%“?%e
preferabl y, w tb 'vﬂll%?}tmlxﬁaf% AR hA3GRT sub iRl Qe @b %nza?nplcﬁ]nﬂloﬁven
nore pref er ab Feast about 10% of he desired size, even
at very SI’]&Bd)dessf @adlernldg, asicae sbod 93% o6the hamscaibmdtmli@ﬁhwnaeﬁ@ﬂﬂ}ewe(ijﬂe
|f the desired feature sjze

at Ur eis
"wi t hi n attiiaglaethwgting §ys's lr’é ]%@“]tl E%rﬁ”}?\)e by Ve%ﬁéﬁ R rﬁ%fﬂ}?\h&
si zepof t hegsl LIRS HANARS cb&t WRENPRAriHI aBdid 1080 win bé%&mdsmmﬁhﬁ

.for Use in the Inventive Mthod As nentioned above, the
conposi t i cleselomesgl afeoreaiie Op NSSEALC @k%@@@glugﬁwwhﬁé tgtr@iethylanymonium
crosslinkabl e and photosensitive (i.e., photochemcal |y
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20 noi ety or compound or chronophore), a photoacid generator (PAG,
and a crosslinker (referred to interchangeably wth crosslinking
agent) di swers®tosss di ssol ved in the sol vent system wi trTTiuse0p0bmp30Er .
Preferred polynmers will conprise an acid functional group. The acid
group is b Sght glioPoratMhe@st a
bout 7o By B B b B ol 40 oy

wei ght , amdnc&m‘eammnmf €.26Nefr doady| Frdffrr@b’ry,atb@dﬁwil.lﬁa?mtr@te@bwb of #onflyst and

wei ght, based t ot al tak, y

et ohtt pRRRE R e v, Poliog i e e DEMRPL HRlopbOET 68 ThC R
of phenol 198 nmEREGRLY hbdut amociﬁméec@&o 14 even RBrdprsfetibBSirdrh 80ERf/stdohid ke
prior art conpositions, the acid group does not have to be protected

by a3prot é@@b%lwwse@ﬁ@ Canveptienet efhing ineial Brabew Serfan thende SpEied bl v
30free of [ rel €ast about 95%

pr ef er abl fgg& %82"“}/" ?%%Eﬁgé%{ ganﬁéﬁl%éj?grkgg’l%ufg out 100% of the acid
groups are freanafivpitaketit usprgrairpleciancd donsoledittedivretive mathptiobetr i ve

Becabse prolEn ERuRsgndREs P P pgEce PP TR s G stEpor ses

i nventi on, e, NOlsyiBRG: o6 81 theldedh@Y Qixt, ?r&@ra@ﬁ'xﬂttﬁ@ﬁﬂéd&;i MRut W%l of Sic
optionally, not acid-sensitive. An acid-sensitive polyner is one that
contldi ns piﬁmteécstmmdgmupsietmé@ra‘db’é’lflhémﬂ@tt aberd d By dlcdiesiend sendien se
converted |n t he i

mol ecul ar aV\b?l{]HPaF t;)urcs xzteshofl u%ﬁrg?o%tslso nm, ig&a F\‘ﬁb%m{)}}? %ﬁctg% atl(1)180
to about %he@0mobal HeRSthe &Eﬁhrdﬁ@pﬂntﬁd B;hﬁﬁﬁkmllydsf ahmm HB6UtsiE2hOmOerttioe
about 50, 000 Dal t ons. Preferred pol ymers i ncl ude th se selected from
t he group %%W’é’l%’t‘h%&leosﬂécﬁ theélﬂewaég‘@gge Héwnélt é@f‘macr ylic acids,
styrenes, vinyls, and m xtures thereof. The polyner is preferably
present in the conposition at a |level of fromabout 0.6%to about 5%

by Wi ght, preferabl y f Conpastyat /1. @%Mfﬂeémmmlf@%cby wei ght, and

f bout 1.2%t b
oo the t ot al Aadragkeest et i gpairaibs T Tnd BbsUEbRLs PERER-

100% by WQheQﬁ‘ntallvc]rés-ghﬂ(a@hé@n@ﬁ{btdé@sﬁhyﬁleC@hdt(}bhl‘imi(:el(ﬂv deﬂid%lhh&)lc) [n more
conmposi tion (referred to as_a "dye-filled" conposition) or i, t caﬁebe

bonded wi tdtaflbe w1 ppeiEPnsrEs bl comPEseRGRSingiels PUYBH FIsEHY h’édlbﬁi‘ik

or pref er a L o1y gﬁ%ﬁ‘d rf L6 & sﬁflohfﬂg#ﬁreﬂmb%f@fmﬂ?ﬁggQ?@@l)ght( fieh&nihed
to as a "dyé-at conposi t i on I nventive m croél ectroni ¢
st r ot ur esnaian obeoﬁnpwmndabr ubiongpphave), dypbotopditl @ehemort ((Brhﬁdmnd-ér @f>$5éelﬁqrve

coating caonpositions or t e-attached bottom anti ve
coati ng céhrl*% et} pirechagera VdY’M“ecé%sﬁﬁ \i& a’%g'ét?%hé%fir? gr dissd |eﬁig‘1n ED g@r%ﬂltn
t he dual -Iswgﬁ\ﬁghqggpol ternatively, one of each type of conposition
may be used in the dual -layer stack. That is, one of the bottom

anti-reflectiv@refosed prlyheyerl cemprisgeany %ﬁ%wctﬂ%hﬂqoﬁ@ dye AFif | reup is
anti-reflective coatin Iy '

onti v of 1 axttpyEy BEaH pnf OTRRELAL Al F Aled ol BELy REEHO: crably from
ant i2sr ef | epbivievcnabbig2eobpesight, anl exESWmetnpmh&tb@yﬁomab@hysk%dalabqut
m xed into the conposition with the rtofor t he

Conposi {1 0% brBeaye Prsdpier il “éflﬁb?f%rpfvbm&& b B GUP Ry Weidh
functionalg fye. Sk & r{ﬁa&%’e%@f@& FrEmy mfp%ngﬁ%gbﬂpﬂcﬁ@héﬂ%@rﬁo@lﬁ(.e.ﬁlds

anti-reflective coatings are sel ected fromthe group consisting of
pol y(hydr q@@@ylb,emésﬁlxmmhha@fb ll.b.lhlschfmbrmm Op(n@oﬁy@frbobby geig gegyp)does not

pol y(vi ny ! }gsgzo %Fig%ltedﬁ%' @ pﬂ)&é‘ééﬂ ﬁé}o%heaﬁaﬂ ndn d‘?tcrnatl 'C e%ni%é%nm i S)E/%If?l%{é]’?t he

pol ymeri c d6hpogitiona
f r ompabout Q¥ toRecB OS2 Widy pUeic@hily, at least about 95%, prefer ably at least about



preferably from about 65%to about 90% by wei ght, and nore preferably
from about 75% WD 2009/ 105556PCT/ US2009/ 034540 to about 85% by

wei ght, bagedowmosss¢ he total weight of the pol yneric dyeriE@k@oas4o
100% by wei ght In this enbodinment, is also preferred that the main
pol ymer | Loa8) b BIRKAe &?ka&%%@%d € ol o URRLOB Blolb¥in (WT ©
preferably, the In polynmer used in 3y d anti-reflective
coating c @rmnoehrnano ns prcsemwag@parseargroumamtpmuha rtlheyactﬁ @tbre beiad reaolivener s
5 for use int | | ed con&osu{tlons E fz ? S‘t‘ tvme

sel ected from %?%rﬁ OISR URE ﬁﬁoélf:ceé%tyy‘flg’t %Pre?% HEA Y-t de ymer
acrylic a%@%otﬁ&%ﬁ@ﬂ@&td VenRiYik8, an@ RGpaORHLY Nt A Serkiive.cah acza'-bﬁts%Erbght
ratio of polyneric dye to main polyner in this enbodinent is

pr ef ér abl wotwmﬁbab@tbﬂt conipEs profestinesoepstharare remaygd desamposed, erdryiser om
about 0.5: Lin l'inking of the dye-filled

conpositi c():ﬂm Dﬁgl%tr%gé@?ém’ 8%%%‘3&5 with both the 10 acidic function
on the pol ynerifte d/ylghtaiﬂékaﬁd’rﬁoleaﬂhme)@htM‘abufdne(ml\diﬂmmp&l!gmtﬂvlrnmsahd)lttl ng
in a crosslinked

t bak
regener at é°00h altc;uaﬂe Gf)gm%‘ﬁioéih %‘rﬁletr?(?ton pF"%‘éuldif/e&a‘ﬁd‘ g‘t?te “p@‘ﬁgsur lt}\natﬁ

the for ”atS'O%O@athﬁ{s R OEMEd lyﬂagt&nﬁmlﬁké Ye Qhedt S tHIREHSSndifing of
depicted in the reaction schene bel ow. Reaction Schene A I'n an

al t élnat i erybdsodethumylates, heryligasidssstueneactrods, didmaigturgs ﬂmeqfh“éhqmimﬁér
and prefer abI ner backhone. i f o he
dye- at t achel™ eé?'t’g’ogteffingﬂl SPEPRT T aablleiqsotél%gjc Eég%f‘é 6/0{0 a%& H] b§

consi st i NGyeddht ShryfeRMB ﬁmn@m 8. 9Wtorbtbbhxeh2}(alb§2 mgmtsmd angh 1ﬁmmptdfa*aﬁ>lgans
t hereof. The dye shc(')ul d. be present in the caonp #tl ond)%ta a leyel .of
from aboJ’tOﬂl@%Ut b2%de abous 4 tyyvaaghigped "@P%fl“é‘rtatﬁ yeightohpll Bstrdiepsoi o

about 45% R0, B eliggabl y from about 18% to about 35%
by wei ght ,tp%(a) 891@%%}]&[ Cés totcaWwegght of the polyner taken as 100%

by wei ght. The Tﬁxotlytman be ph}tsh'aﬁymhdadﬂitmntzorpm@ft@ma@fa}reﬁatsa&- S Aahifed”
acidic functionality .(-OH, .- . efl.c. Part cul arl

pol yners GFPEERB: ‘%/rrt 48P RPE E%W%hﬁé) %yg}?’b&eé 19 h%‘ti%fjglegmurpv%nn Ion
are sel ectdnfor ANpERQ Y, QRO QEESEE L6 the @b lyaeF yéo&b@&%(tﬁ&hh@waglaatiﬁs
acrylic acids, styrenes, vinyls, and conbinations thereof The wei ght

ratio of djteched’ qootpprEen) fhe IHV@ltléWéfdtqt%ﬁP“MmM‘érﬁ%;@abt {rmpivingiwt
0.2:1 to ac‘ibg %13&9 §t§dn}a?tﬁ%(§le&We§.09t€ h@gglyoésr&%ghgﬁtm«ghéi QotloBJ£ﬂtpg

t her mal 0gsl n i nu e- at conposition, e crosslinker
reactns w trtﬂfh,h@e aratlﬁlg cﬂmfmaubnsonnmr etahlea:peieﬁm&ive tonting $ayktt in g dual- Iaver
crosslinked (i.

: Unli ke the 05|t|
The” dye preetr ABigeGebsonst Hitreal papeed b e Be e oy SRR el
dye- at t achgg; ¢ QR @B int bhilom EXRASHES: e@aﬁtlr@@ers&&ﬂg@ﬂme@ﬁm theafenakat es
the acidic function on the polynmer, with the formation of by-products

fromthe @nnsstﬂqutewallﬂm@lmaﬂpstaﬁ?U@fmltehb@tom Yo Joqliye geaping faver GoR
the reacti OrILOI mela% Rngld\e hﬁa%‘léJ]%?%ﬂéC%%L gé’a?mlg %mﬂl%suﬁ) .Own 15

25 When the dye is physically mixed into the composition with the polymer to form
the dye-filled composition, the dye is preferably a polymeric dye with acid functionality.
Suitable polymeric dyes for use in the dye-filled anti-reflective coatings are selected from
the group consisting of poly(hydroxystyrenes) such as branched poly(4-hydroxystyrene),
poly{vinylbenzoic acids), and mixtures thereof. The dye moiety of the polymeric dye
30 should be present in the composition at a level of from about 30% to about 92% by weight,

prelerably from about 65% to about 90% by weight, and more preferably from about 75%
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Pol yner 20Crosslinker 3-1 1) iv+ N+ 2) heat 25Li CBy-products
Decrossl i nked Pol yner Reaction Schene B Preferred PAGs for
use in eitwenovhesdye-filled or dye-attached anti -ref | eatvos2009/034540
30conpositions are selected fromthe group consisting of: oniumsalts

(e. 9., trigphenyksesul @k BaRanbbytkessl danabese polgheas dyeitkeananabiat e,
IPS triflate, and substituted fornse WO 2009/ 105556PCT/ US2009/ 034540

t hereof , Swoteighd. f this(embodinenbs ylsppiskyicy shat the maimPYEmen it somprises

- but anesul f K
DUt el ol el Bl SRR MR TSR A bleadal i ©
name Cd ( rﬁ)]lebynt(:ihﬂ&uvetcbht&@ dagpofigorg.is trandgtO8( Pirtiadady @biceed papmers

M dori Kagaku Co );..and conbi nati ons .t hereof Th shoul d be
presént i Aok hE B 6 erdilled GREmPERItioNs| \A¢ ’%‘F“??‘bﬁﬁca% fedg % 6" °4Bout

0. 1% by | 14C ‘ A c 1018
o0 g ST O 051 e oS

\Q/el ght balsmebfupﬁte thightt mt:alofvaelygmrlcobetlhenmmpbmet irothiy akbediEent1io0%
y wei ght Preferr 0 | gy
e 11 1 edrsfirobly SORARTEt Chepaodnt rodmrrat ) BpBsbigh it During
conposi ti QRsmal Goseheag edterafilke c&hp(unmpnﬁlcsdssmgeﬂfeam il tethee
10 acidic function on the polymeric dye and the carboxylic acid on the polymer resulting in
a crosslinked (i.e., cured) layer. Exposure and post-exposure bake regencrates the acidic

function on both the dye and the polymer, with the formation of by-products. The

chemistry of this process is depicted in the reaction scheme below.

15 Acidic

DYE — m\"'%

20 R 0

1. Photoresist application

7 PAR ; Ay > Development
3. Exposure % (Me),N* OH~
25 4.PEB 7
Reaction Scheme A
In an alternative embodiment, the dye is attached directly to the polymer, and
preferably to the polymer backbone. Suitable dyes for use inthe dye-attached composition
30 are preferably selected {from the group consisting of styrene monomers, vinylbenzoic acids,

and combinations thereof. The dyc should be present in the composition at a level of from
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10 crosslinkers, epoxies, and m xtures thereof An exanple of
commerci al l y-avail abl e vinyl ethers include those sold under the
trade nanewgbhomogsssdm (Al drich; St. Louis, MD. An examyTeusies/o34540
sui t abl e epoxi es include those avail abl e under the nanme Araldite(r)

(e.g9., M YEe& 109 toabbursold lﬁﬂ@élcrlﬁpﬁksﬁéraﬂag&idﬁ aBdu0 M %lunitress A8y ariphd
Materials. Tt is particularly eferred that the cross] inkers he

mul ti - f unenil swag prefgrably fram ahoug Hiye taabpal 3P Hniat e basedmpan g total WClghf

erosslinkef £ S i
P om about rb TS B8 O Stk Tl RO B oy BB
t o about b%;&hyltmlghmpn@mmy@@m -mmi,moe)f @taahblyulf pmfﬂrab(putynﬁrszf% LES
5 D
? gﬁg% 237:@3&%\3 ! &@i@qﬁ?&%ﬁ%ﬂ% S of tiut,] 1env'£3Ot al[éir%?(%:% pgmﬁlggngggﬁos'tfnkon

ether cro & RO 1 S ahPdtBn iAo ROhOeHT! Iy
R- ( X- O- CHZ% érgllé%%&wcr}”ﬁ% Fés?yﬁs%%:acg?g frsc}rlnl%t hebgyroup 08n5| stin Sf

aryls (pr eifaegmwgo of 26= 1Cp4lymenih this kytbgda(npnm Eﬁ&rﬁ fgam @rout 3¢l twpeut

fer abl |
Const sti ng-51 - artyiees Braty fpry bl I, DhAEHERISLIBRIS T R 8,

al koxys 2Qttﬁ@fc@fc@?gbélﬁmﬂth@&%sshaﬂ& lmﬁwﬁlhﬁﬁceéﬁblbyfuﬁﬂtmﬁlﬁb the pol)mer
carbonyl s, and conbi nations of two or nore of the_faoregoi n‘% q@t nis
O ¢

at 18ast 2Zesulibg iprcresskmied (re-anrel layerTHentfks dhe dicaflisH F@’&}P Her s
i ncl ude th(Pe%gra&?ldSEirﬁgp QP [ﬁ%r&'él%‘d@noclﬁﬂﬁ' &t aRgned Ld%ﬁﬂb! u%ﬂebﬂicﬁéﬁlgl

vinyl eth ropane trivinyl éther, 1,4-cyclohexane
di met hanoland ptvsmy;bosmtet’wakq regandratris ftearidis figion of the polytrion withitlest feyrpatign

N Do e e R bk SRS T AREREy U5 AP pRRAR S bl tn B2

reaction scheme below, although the dye is not shown.

15
Polymer ]
20 Crosslinker
1 b i
2) heat

25 é\,\,\,\: :WV By-products

Decrosslinked Polymer

Reaction Scheme B

Preferred PAGs for use in either the dye-filled or dye-attached anti-reflective
30 compositions are selected from the group consisting of: onium salts (c.g., triphenyl

suifonium perfluorosulfonates such as TPS nonaflate, TPS triflate, and substituted forms
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Preferred solvent systens include a solvent selected fromthe group
consi sting of 30PUMEA, PGVE, PnP, ethyl |actate, and m xtures thereof

Pr ef er abl ywolXa@/meedsyent system has a boiling point of fapcargsaieabisio
118-160C, and nore preferably from about 118-146C. The sol vent

system s hcf]lilullgotbs(?lcﬁ' z!' 11'5%161‘9:{%53?&#%% lf&{lmfnr gmugrbopgut%%%ﬁltf(ﬂm%ttgl'ﬂglk?lg 1%

by wei ght, preferab roma Yot o abou wel ght,
even nor e sposifeedBPy nbnaﬂ’mtea,bﬂl.lzlvaﬂﬁlld.%hDS@thAldﬁ&)B%lmy swepgpkets, (elgas ed

ant - rof | Gl Gl Bt n e G aas Wihe: B ore kb s a1
sol i ds COQ&%E‘EU @fompﬁlﬁm ARDHEmBIn@fént Ahakgut T l%p/(PhlG Weulthbe pedsthlSin the

preferably from about 1% to about 2% by wei ght solids, and even
nor e Spr ef @palbbsytlfmsolhﬁ #b@h@f from ebaus Oe{)d&’uto abouof- K brercight. ekl ignsed

upon the tot I L9 Sk )| Any
addi ti onal® gi ﬁgrdqgfentag&ép tg@%@%@p@ a‘ﬁd%& < agﬁﬁbgrgeggll@ﬁl@ ?ﬁ‘g‘?s}g%%uﬁt
system al @nady weiglh, Habel ypoh thaestal \«Eﬁ)ght eﬁthdm@osmhletakmm@@@%bpwswht o)
preferably conprlse reaction stop inclu phot odec osabl e
bases and quenéHderged %(%h%‘leﬁsf%‘fsc élh?lf ’ébihé dbfhg %55%&3&&5 gﬁ‘%&ﬁ’&%‘&“"

i ncl ude S%fﬁe‘eﬂ{/@%iﬁﬁg folbgﬁﬁon(secng seledtdd RBSNKE %&UuﬁaQ‘&hHmn@’(ﬁT \Q%}HQ@Q&L‘

i odoni um hydr oxi des (e. I phenyl i odoni um hydr oxi de) and

conjllgat edrslirtksrst d:wme,fapd B‘LPCIhl eaithcteof. pheenpinpld of owmumcmélétaa@@ble vinyl

tri phenyl syl f oni,um at.e and 15 tr n sy e.
When pr eséﬂlcrs LE’ﬁleea‘Elf ?'Lpﬁogcﬁmg,{ ¥ AT gpgg?rp%rm |0H§}yr§lc@@4ﬂ%6}
pref er abl yA:COIRMHSE LR ahaith 11Q0 ke haniRbeuhd& . IHAdne ARldh® (e.q.
phot odeconposabl e base, preferably from about 0.002%1to about,K O 08%

by wei ght MY teaiimerional cpperesaniop Fymsmanidiend domaso tiaticully 70,
by wei ght, L € {9 difal QRcAKEN 188
100% by m@fﬁqﬁﬁ&% erc}rog “‘Eﬁré?i’éﬁ‘\éyﬁ{éggﬁcé‘%sgt@c tg ”iHér?qu t1 he Igrolﬁp
congisst i ngrcﬁﬁlnﬂ&r eph&mmﬁlamemx intthe tem’ﬁp,oblamn At 1o e thstlhalmll Bifaie: abﬂlﬂ

B e S e AT R e

di et hanol gpdmaplydiogt ML REe abbuTelMaBplvaizhn) Based up®t thytoaanmegm of the
di i sopropanol am ne, dii soopropyl arni ne, di-t-butanol am ne,

di-t- butyltampn%fiold‘@kw%dpgﬁ@a’fﬁigﬁ di -n-butyl anine, ethanol anine,
ethyl am ne, @9@%{&%&}%, vu?ysl C{E%I gésﬂg}é?setm 'u&zqml RAMN omﬁ@ﬂsﬁﬁve the

i sopropyl am ne, I'am ine, am nc, ut anol am ne, and
n- bugoy | amBequléand conbi nati ons thereof When present t he

anti-reflective coating conposi ‘Z:t Jué%g;,ef erably conprise from
about 0.002% to about 0.05% by }%\E(SQ &] preferably from about
0.003% t 0 Ak Qs@l%c/fé@ym\eﬂhg%oup%qb@@noffm@ (RERFAIA0LY § bamiapleut
0.004%to a out 0. 02% by wei ght, "based upon the total 30wei ght of the

conposi t i dprefeadenC ag,glﬂﬂ%tby pm@ﬂy C,-C o), each X is individually selected from the

group consisting of alkyls (preferably C,-C,s, and more preferably C,-C,y), alkoxys

(preferably C,-C,. and more preferably C,-C,o), carbonyls, and combinations of two or

b
W

more of the [oregoing, and n is at least 2, and preferably from 2-6. The most preferred
vinyl ethers include those selected from the group consisting of ethylene glycol vinyl ether,
trimethylolpropane trivinyl ether, 1,4-cyclohexane dimethanol diviny! ether, and mixtures

thercof. Another preterred vinyl ether has a formula selected from the group consisting of

30 I Y NG aa N N N
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WO 2009/ 105556PCTI US2009/ 034540 Addi ti onal ingredients that may
be optionally included in the conposition include surfactants,
adhesi on pwortiAnssss ant | oxi dants, photoinitiators, and egandszagisBas
of the foregoing. Q her suitabl e wet-devel opabl e
conpositions for use in the |nvent|quE§%Qgg\‘ 5di scl osed in
publ i shed U.S. Patent Applicati on®Rub 00% 5410, incorporated
by reference herein. EXAMPLES The foll ow ng exanples set forth
preferred nmethods in accordance witih~the 10 invention. It is to be
under st ood, however, that these e es are provi ded by way of
illTustration andaﬂGT@(hg/é{gg' S z limtation upon
the overall scope of the inventijon. Al 'LE 1 15Synt hesi s of
"Trafsparent” Terpolyner with P@ndant Carboxylic Acid Function for
Dye-Filled, Bottom Anti-Reflective Coatings In this procedure,
a 500-m, three-necked flask was charged with 18.40 grans (213.7
mnol) o Inmethocrylie acid, 25.06 grans (149.0 nmmol ) of cycl ohexyl
nmet hacryl ate, 19.1 grans (134 nmol I\t Bt y crylate, and 156. 41
grans of PQVE. The flask was 20 eqU|-p§E\ﬁ%?ﬁg/h%hgnetic stirring
bar, dropping funnel with nitrogen inlet, condenser with nitrogen
outlet and thernoneter. Next, the -pin% time( was charged with a
sol upi on cont ai ni ng_&~88 a o i ARE, per oxi de, and
67.14 grans of PGNE?Q?ﬁE/g§§?§n1‘ jhed w th #ltrogen for about
15 mnutes, and the flask was thgn imersed in an oil bath at 122C.
Wth the reaction solution tenperature at 119C and stifling under
25ni trogen, the dicunyl peroxide solution was slowy added to the
flask over 2.8 mnutes. The resulting solution was stirred under

n|trogen at about 118&=123 for 24 ho [s. The sod ution was then
cooled in the air to abot 1%en i oS, xt,~73 ng of
4- mgshoxyphenol were added to t solution, followed by
stirring to honogeneit .&ﬂﬁ%gﬂ prodyct was 289.6 grans, with
t heory being 292.3 gr 0
—#\__0
=,
0
20 NN N
0
O\/\/\
o X , and
0
O\/
25 o
/\/ \/
ANONF
Preferred solvent systems include a solvent selected from the group consisting of
30 PGMEA, PGME, PP, ethyl lactate, and mixtures thereof. Preferably, the solvent system

has a boiling point of from about 118-160°C, and more preferably from about 118-146°C.
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30(99. 1% recovery). Percent polymer solids (theory) was 23.49% The
wei ght - aver age nol ecul ar weight (Md) of the resulting polynmer was

36, 700 Dal wonsoviassselet ermi ned by gel WD 2009/ 105556 PCiH#ARQs003¢540640
perneati on chromat ography (GPC). The % by wei ght of free nonomer for

t he reagenihs,soWas: stb@lshome be nalifvdck yliével atirek Q%ow ook ofheakylt 99.1% by
nmet hacryl at e: 0. 22% 5t - butyl net hacryl at e: 0. 02% EXAVMPLE 2 For mul a}t)i on
of Dye- Fi Ieghtiprghtabhelram fboped861e diouinnt P orarrcasiiapd crsmpif greteradly

Qpt i i zed f;(%g%mq d}ge,ﬁjl@g[@t%og Qgﬁ% p%fue g(hblecé)secm S At 9,8

k-val ue of 1 (1;1 ottomanti-reflective
coat i ng hawimpgsiorkiakel ae 1@ Gy Svaigs. [JhepatiecllaBingpating cpopgsitisms fwibm

Examl e 1. 250-m anbe I bot.t | i t.h .
aan. 5 5 mgenhetont e HeaORBR I sonvieney ST SRS 378 bl sghdive
of PGME, ap&terdBly@tbar s3uBr P96 flois2Bhy R Wl defids, Ei@evinxidié freRably ol ed
at anbient 15 conditions for 2.0 hours. Next, 0.502 grans

(quant i t ataboe|\2%atdbent |§% buaweizht splissstesstupgn thedotel wajght af thegomposition
crosslinker, (pr L escribed in Exanple 13) and 3.094 grans of
t he po!yrrg‘%k_eéélfﬁ{?(?ﬁﬁ} f“’%%gExarrpl e 1 were added to the bottle. The
resul ting m xt W aldigodalingicdtnghreaith pefifratd pdidpearscd irsthé il vehBySemnalong .
To this mxture were added, 0.1470 gransg . of . : :
tri si04- t ertithoteynoptesty | hos s eBpfey SRIPPTIGS- 0. psfesthbe GPPBRg gPction
(Si gma- Al @prg?’s?)r%%}uﬁ%% PiRdtidReonMakabld Bhde@WRE A¥nchthdbl Exnghpids embiiat

condi tions odr's. Next, 0.0205 grans of aqueous .
tri phenyl shbfodeionmobabliy dxbed eint MPS- @Honipm. dydwpxides deki dephemylsphfaignki t

e ee - AR oSBT S P PSR I B T
resul ting shid ieRvLARLEL EehipaalylvFotioat dcageyaiphbhduifoniueecdmphbesneg dind
through a 0.1-pmendpoint filter into 60-m anber 25Nal gene(r) . .
bot t1%es. triphenylsulfonium camphorate. When present, the an’rl-reﬁecnve coaling compgmnons
will preferably comprise from about 0.0015% to about 0.1% by weight photodecomposable
base, preferably from about 0.002% to about 0.08% by weight, and even more preferably
from about 0.003% to about 0.07% by weight, based upon the total weight of the
composition taken as 100% by weight. Preferred quenchers are selected from the group
20 consisting of triethanolamine, triethylamine, trimethanolamine, trimethylamine,
triisopropanolamine, triisopropylamine, tri-t-butanolamine, tri-t-butylamine,
tri-n-butanolamine, tri-n-butylamine, diethanolamine, diethylamine, dimethanolamine,
dimethylamine, diisopropanolamine, diisopropylamine, di-t-butanolamine, di-t-butylamine,
di-n-butanolamine, di-n-butylamine, cthanolamine, ethylamine, methanolamine,

methylamine, isopropanolamine, isopropylamine, t-butanolamine, t-butylamine,

2
Lh

n-butanolamine, and n-butylamine, and combinations thereof. When present, the anti-
reflective coating compositions will preferably comprise from about 0.002% to about
0.05% by weight quencher, preferably from about 0.003% to about 0.04% by weight, and
cven more preferably from about 0.004% to about 0.02% by weight, based upon the total

30 weight of the composition taken as 100% by weight.
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The filmproperties of the anti-reflective coating fornulation were
then tested. The bottomanti-reflective coating fornulation was spin

coat ed ontwoa®ibsxson substrate, at 1,500 rpm for 60 sagan@3¢09/034540

fﬁl I owedI by ba]Ic<i ng at 160C for 60 seconds. The initial thickness of

the resulting fa %gﬁé ﬁ@qu i GRGIoLBH i

el lipsoneter. §€$E%H§3T entHiggistaﬁggﬁ@%ﬂ?ﬂguﬁg£g¥ﬁaas fﬁgﬁﬁ?gngd.
A sol vent s{udtdmnls, hdletsimherometsrspardoi sldntothotoinitiatpys| andf eambigrtionc ohidis

fol | oned gg iPi n drying at about 3,000 rpm for about 30 seconds to
renmove t he®$8{¥ent. The thickness was measured again using the

el li psoneter, amekr kiiG:b¥ WdtldePROMBIQOrpWEHidrisTer WA Sn Bialiwih@deadethod are
Next, the solubility of the |layer i hot or esi st devel oper before and

: . . n p el op
aft e expdiglosediagupbshed .S Magaspt Appliratiom By S0Py et 1{cacypwagd Y
130C for : A photoresist 5 developer (0.26 N TMAH) was then
puddl ed 02%8‘%§?i°§&?]§?‘mfor 60 seconds, followed by a 5-second
dei oni zed water rinse while spinning at 300 rpm and then spin drying
at about 3,000 rpm for about 30 SM?' g renove t he devel oper. The
t hi ckness of the layer was neasur et h% the ellipsoneter and the %

devel oprment  wagyeghigdihial %Qam&i@@%et fohB Pré¥@dd WREo8X RO S8brdinee YvithEhe N2
w th broadband |1 ght on an i el TM DUV br oadband exposure 10 unit.

The 18xpos énvehagrer [t isas bsubjlestoed howererpbeitthess soanples 3areovidogBy vy f30C
for 90 seconds. A photorcsi st devel r%O-. U _ .
pudd ed oﬁ@‘bﬁgﬁ%"é‘%u |“r?1h’f”b"%‘§’ ‘“5538‘82132?&?% ?%ﬁ}g’guboﬁ W@S‘tﬁg%’pe of
dei oni zed in@Eih@dntibhnse while spinning at 300 rpm and then spin drying
at about 3,000 rpm for about 30 seconds to renove the devel oper. The
t hi ckness of the | ayer was nmeasured again, and the % devel opnment was
cal cul ated. The 15n and k val ues gfxAerfiyl m were nmeasured using a
J.A Wollam Co., Inc. VASE(r). The film properties are listed in
Tablle | . Tab!?,eatdzesisl%jfl"ﬁlapxjmp@ﬂ Tegolphieranith Penditidorbepelic deitlifmgeider e k
0.5 FilmThickness ( nﬁr Dye-Filled, Bottom Anti-Reflective Coatings
Tn this procedure, a 500-ml, three-necked flask was charged with 18.40 grams
(213.7 mmol) of methacrylic acid, 25.06 grams (149.0 mmol) of cyclohexyl methacrylate,
19.1 grams (134 mmol) t-butyl methacrylate, and 156,41 grams of PGME. The flask was
20 equipped with a magnetic stirring bar, dropping funnel with nitrogen inlet, condenser with
nitrogen outlet, and thermometer. Next, the dropping funnel was charged with a solution
containing 6.88 grams (25.4 mmo!) of dicumy! peroxide, and 67.14 grams of PGME. The
system was flushed with nitrogen for about 15 minutes, and the flask was then immersed
inan oil bath at 122°C. With the reaction solution temperature at 119°C and stirring under
25 nitrogen, the dicumyl peroxide solution was slowly added to the tlask over 2.8 minutes.
The resulting solution was stirred under nitrogen at about 118°C-123°C for 24 hours.
The solution was then cooled in the air to about ambient conditions. Next, 73 mg
of 4-methoxyphenol werc added to the cooled solution, followed by stirring to
homogeneity. The yield of product was 289.6 grams, with theory being 292.3 grams
30 (99.1% recovery). Percent polymer solids (theory) was 23.49%. The weight-average

molecular weight (Mw) of the resulting polymer was 36,700 Daltons, as determined by ge!
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EL Stripping or Swell Unexposed film Devel opnent Exposed film

Devel opnent

-100% 1. 47w0 2009/105556 PCT/US2009/034540

10

15

25

permeation chromatography (GPC). The % by weight of free monomer for the reagents,

was a follows:

methacrylic acid: , 0%

cyclohexyl methacrylate: 0.22%

t-butyl methacrylate: 0.02%
EXAMPLE 2

Formulation of Dye-Filled Light-Sensitive Bottom Anti-Reflective Coating Optimized

Using Design of Experiment (DOE) Software and Having a k-value of 0.5

Tn this Example, a bottom anti-reflective coating having a k value of 0.5 was
prepared using the polymer from Lxample 1. A 250-ml amber Nalgene® bottle was
charged with 1.541-1.542 grams of branched poly(4-hydroxystyrene), 133.084 grams of
PGME, and 33.842-33.843 grams of PGMEA. The mixture was tumbled at ambient
conditions for 2.0 hours. Next, 0.502 grams {quantitatively added) ol an in-housc prepared
vinyl ether crosslinker (preparation described in Example 13) and 3.094 grams of the
polymer solution from Example 1 were added to the bottle. The resulting mixture was
tumbled at ambient conditions for 15.6 hours. T'o this mixture were added, 0.1470 grams
of tris(4-ters-butylphenyl)sulfonium perfluoro-1-butancsulfonate (Sigma-Aldrich; St.
Louis, MO), fullowed by tumbling at ambicnt conditions for 3.2 hours. Next, 0.0205
grams of aqueous triphenylsulfonium hydroxide (TPS-OH; 21.9 wt. % solids; from Charkit
Chemical: Norwalk, CT) were quantitatively added to the bottle. The resulting mixture
was tumbled at ambicnt conditions for 45 hours. The resulting botiom anti-rcflective
coating was then twice filtered through a 0.1-um endpoint filter into 60-ml amber
Nalgene® bottles.

The film properties of the anti-reflective coating formulation were then tested. The
bottom anti-reflective coating formulation was spin coated onto a silicon substrate, at
1,300 rpm for 60 seconds, followed by baking at 160°C for 60 seconds. The initial
thickness of the resulting fitm was measured and recorded using a Gaertner ellipsometer.
The solvent resistance of the layer was then tested. A solvent (ethyl lactate) was puddled

onto the film for 20 seconds, followed by spin drying at about 3,000 rpm for about

17
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0.49 25EXAMPLE 3 Fornul ation of DOE-Optim zed Dye-Fill ed,

Li ght-Sensitive. Bottom Anti-Refl ective Coatings Having a k-val ue of
0.2 In thiwoExewms®s a bottomanti-reflective coating haviusgo®/okisio
val ue of 0.2 was prepared using the polynmer from Exanple 1. A

250-m ,  anpesechHaiso8NRGTove R kbiGemas TRO GRS vk titallird® dg8h ARngOfhe
br anched pol y(4-hydroxystyrenc), 130.3616 grans of PGVE, and 33. 853

grams of Iﬂmﬂe%éndﬁhﬁf/mﬂépmotii)’f?ﬂill‘édhﬂattalﬁ%ieént conditions for

16.9 VD 2009/ 10855070, SROOOIATAD NBHE Sy RN QAT AITRPB RLuer

i n-house prepare ker and rans o
pol ynmer saGlddtidsasd. Frrﬁtthmmpb&dlaywewes latteeat 180°C fe 9b9¢cbhc&> ATftetaresittur e

was tunbled at anbient dit h
0,085 gr afEvgPeE K& H-RE) bt @F%@ﬁ@ﬁéﬁ} @ﬁf[ﬁ’hf%éﬁﬁ%%h?%%l wed By
- but anesul s QR EINRIRA %%E?%ﬁﬂﬂléd@ﬁmﬁagra%%@ %drrggncmh)éﬁ Wi diRss drupdlied

at anbient conditions for 1.0 hour. Next, 021 grans of
aqueous TRS0OEpHZdr owit30 S%Q;ld'& todsnoviethe dqwénppx tﬁ@ltmb%ﬁdwaﬁah’@st he

m xture was_tu d| ons_for

resul ting nb%’ﬂrg%"sé?ﬁ {ﬁe F@"P?Oer%‘{?er f (15 a%’ldﬁve g Wa%%aﬂ@gl%%e 53€ t%erléﬁﬁerh a
0. 1- um endpRicRpostd lxtt’)@rnulfd'iﬁﬂmﬁ{)orﬁildbaﬁﬁ)ﬁ‘ghtbhblgenel(”}‘l DUobiohdimnd &)Q)'blsmre
filmproperties of the anti-reflective coating fornulation tLBen
testld. ThBithdte spased [averarasaupicvied Efb%?%@kﬂ%vrmk’m )%éﬂiﬁﬁ ?

coat ed 0Nt Aqs! h AARSHPSLIAE: @och SAIANIPULL Gkn BRUASEONIShe MiNRA DY

baki ng at for second initial thickness of the resulting
filmwas rédaswmdg fdh:d»edegalﬁdsechndﬁhensmﬂ welat rizse sihdlt spieingét S0Rep Apdr

was then tested. K A sol t ddl th |
v L 1en Leste & so et (i Lo gl v il omg et m
about 30 ﬁﬁgl&!&gﬁnﬂtﬁc [QHDVA rhdaurBPhosel) ind (EBE H@eﬁi@ﬂﬁﬁﬁwmlculmcd. The

5 n and k values of the film were measured using a J.A. Woollam Co., Inc. VASE®. The

film propertics are listed in Tabie [,

Table 1. Film properties of anti-reflective coating where k = 0.5

Film EL Stripping Unexposed Exposed n value k value
20 Thickness or Swell film film at 193 nm at 193 nin

{nm) Development | Development

54.6 -0.92% -1.25% -100% 1.47 0.49
25 EXAMPLE 3

Formmdation of DOE-Optimized Dye-Filled, Light-Sensitive.

Bottom Anti-Reflective Coatings Having a k-value of 0.2
In this Example, a bottom anti-reflcctive coating having a k value of 0.2 was
prepared using the polymer from Example 1. A 250-ml, amber Nalgene® bottle was
30 charged with 0.467 grams of branched poly(4-hydroxystyrenc), 130.3616 grams of PGMLE,

and 33.853 grams of PGMEA. The mixture was tumbled at ambient conditions for 16.9
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measured again and the % stripping or swelling was cal cul at ed.

Next, the solubility of the layer in photoresist devel oper before and
after expoworneiwmssst ested. First, the unexposed | ayer was/Usabwas&to
130C for 90 seconds. A photoresist devel oper (0.26 N TmAn) was then

puddl ed onpest Rewl o h49 Q}Qﬁs Sn$ReaRd EPEpichll ’lf}ﬁyﬁ%epyroil idkkrand® 6 S PNElams

dei oni zed water rinse | e spinning at 0'rpm and then spin drying
at about 3f ﬂ&o}aqumrfsoiutlabdumn E@dmldcdn‘dSCtaddchdehe botle. deheehvpae waThe

t hi ckness of asured and th % evel
cal cul at ed™™Rg E [dt“ﬁjéeqtaﬁfgfm 1 g Yopk-li ?hgggago hahd

l'i ght on am(Qrdr ﬁbut?%ﬁ@ﬁ,@ﬁiﬂﬁﬂﬂhﬁ peTﬂl@)r@-XﬂﬂEa@qulfaﬂeﬁé \was auilaa e@h@dtheo a
PEB at 130C for 90 seconds. A photoresist devel oper was
d

t hen525p gd@:ﬁu&f@ gonixbie fes Rinbindi pmbns edHigss fordt bﬁﬁéd NW & 0%0658@%
el oni ze
§% f Féﬂ}%ﬁﬁ T a—g%ﬁ(gfggﬂ”%@&h gwgogue;rﬁ) NG| Qd&egeﬂ-lﬁ&' rﬂm@&é" ng

at about secon renove evel oper.
t hi ckness vaf tithided ayenbieesondidsnsrfed4 Adaurs, Emde@ﬂtmg%odeme@ﬂpnﬁmlvms

cal cul ated. The n and k val ues  of '
Co.; |nc. COABEMYS M*Fﬁé”lltmeaﬁbrﬁv%bae?§.+@% C#P@lwm%fféam ‘g%v%ef ‘gen
2009/ 1055%@fd 1 US2009/ 034540 TabI e 11 - Filmproperties of

anti-reflective coating where k 0.2 FilmThickness (urn) EL
Strilfpi ng or St film properties of the antl reflective coating formulation were then tested. The

bottom anti-reflective coating formulation was spin coated onto a silicon substratc at 1 ,500
rpm for 60 seconds, followed by baking at 160°C for 60 scconds. The initial thickness of
the resulting fihm was measured and recorded. The solvent resistance of the layer was then
tested. A solvent{ethyl Jactate) was puddled onto the film for 20 seconds, followed by spin

15 drying at about 3,000 rpm for about 30 seconds to remove the solvent. The thickness was
measured again and the % stripping or swelling was calculated.

Next, the solubility of the layer in photoresist developer before and after exposure
was tested. First, the unexposed layer was baked at 130°C for 90 seconds. A photoresist
developer (0.26 N TMAH) was then puddled onto the lilm for 60 seconds, followed by a

20 5-second deionized water rinse while spinning at 300 rpm, and then spin drying at about
3,000 rpm for about 30 seconds to remove the developer. The thickness of the layer was
measured and the % development was calculated. Nexti, the layer was exposed at 40
mJ/em? with broadband light on an Oriel exposure unit. The exposed layer was subjected
to a PEB at 130°C for 90 seconds. A photoresist developer (0.26 N TMAH) was then

25 puddlcd onto the film for 60 seconds, followed by a 5-sccond deionized water rinse while
spinning at 300 rpni, and then spin drying at about 3,000 rpm for about 30 scconds to
remove the developer. The thickness of the layer was measured again, and the %
development was calculated. The n and k values of the film were measured on a J.A.

Woollam Co., Inc, VASE®. The film properties are listed in Table I1.
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Unexposed fil m Devel opment Exposed fil m Devel opnent n
k value at 193 nm54.8 -0.64%-1.05% -100% 1.55 0. 20

nm

WO 2009/105556

Table I - Film propertics of anti-reflective coating where k = 0.2

val ue at 193

PCT/US2009/034540

Film
Thickness
(nmy)

EL Siripping

or Swell

Unexposed
film

Development

Exposed
film

Development

n vahic

at 193 nm

k value

at 193 nm

54.8

-0.64%

-1.05%

-100%

1.55

0.20

EXAMPLE 4
10 193-nm Lithography with Dual-Layer Bottom Anti-Reflective Coatings
and Photoresist
In this Example, the anti-reflective coating [ormulations prepared in Examples 2
(k value = 0.5) and 3 (k value = 0.2) were used to form a dual-layer bottom anti-reflective
coating stack for 193 nm lithography, Firsi, the 0.5 k-valuc bottom anti-reflective coating
15 was spin-coated onto a silicon wafer at 1,350 rpm for 60 seconds, followed by baking at
160°C for 60 seconds. The layer had a thickness of 28 nm. Next, the 0.2 k value bottom
anti-reflective coating was spin-coated onto the 0.5 k valuce anti-reflective coating layer at
2,000 rpm for 60 seconds, followed by baking at 160°C for 60 seconds. The second layer
had a thickness of 20 nm. Next, a layer of a photoresist composition (AR 1682J; from JSR
20 Micro, Inc.)} was spin-coated onto the dual-layer bottom anti-reflective coating at 3,200 rpm
for 30 seconds. The photoresist was then subjected to a post-application bake (PAB} at
110°C for 60 seconds. The photoresist layer had a thickness of 130 nm.
The resulting stack was then exposed using an Amphibian interferometer from
Amphibian™ Systems (Rochester, NY), followed by PEB at 110°C for 60 seconds. The
25 wafer stack was then developed by immersimg in 0.26 N TMAH developer for 45 seconds,
followed by a deionized water rinse and spin drying. SEM photographs were then taken
of cross-sectioned wafers on a LEO 1560 from Carl Zeiss SMT Inc. Figure 3 shows SEM
photographs of the photoresist and dual-layer anti-reflective coatings patterned with 150
nm lines and spaces (1:1), at exposure times of 1.6 seconds (Fig. 3(a)), 1.7 seconds (Fig.

30 3(b)), and 1.8 seconds (Fig. 3(c)).
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EXAMPLE 4 10193-ntn Lithography wi th Dual - Layer Bottom

Anti-Refl ective Coatings and Phot oresi st In this Exanple, the
anti-refl ewbize®/10858k i ng fornul ati ons prepared i n Exanpleexn:2qkovskue
= 0.5) and 3 (k value = 0.2) were used to forma dual -layer bottom
anti-reflective coating stack for gk93dspng ki t hography. First, the 0.5
k-val ue bottom anti-reflective coating 15 was spi n-coat ed onto a
silicon wafer at 1, 35‘0’nrfpmﬁﬁﬂl)ﬁ@4§@tb©dldslyn¢foﬁ?l Ovedabg baki ng at 160C

for 60 seconds. The | ayer 8 mm Next, the 0.2k
val ue bottom anti-reflectiv Oé@g'ﬁ”ﬁlgk%%”%gl[oﬁ?%at ed onto the 0.5 k
val ue anti -ref hegisitkempRad 300gn] thitehedkd BadkQRQuibped it a BEpnSEECRINGSs bar
fol |l owed by bakl ng at 160C for 60 seconds., The secaond |ayer had_a

t hi cRness aaql thpgmemeter Wak eharged| wijef. O3 Erans§8e gpmeh) ”@H%BQF £FnS 6 A
R1682J; f 0 (?F Jxmol Gf & yleﬁéwf’?l) 1s\"gr%gsgfﬁbﬁﬁa&‘?&'l%@m&?%o%ﬁhol)%er

bott om antgl -re coatin m for 30 'seconds. Th

phot or esi StethydL- ztdhmamsum}eémtmthte ¢AR- El‘d;tt "ﬁlp:phmntatq oias réiked (aPAlB)bltatt
110C for 60 econds Qt or esi st had ,a .t hi ckn nm
The r eoul EPHYTERALROUEE XHENO LD ER SRS K ARTT AT ind droPbing

i nt erfer ongiRl with AifoAIRIcOWaR thehShaRrE 1d RO EaSs MNkt, tINropied fubie thaby
PEB at 110C for 60 seconds. The 25 wafer stack was then devel oped by

i mEPsi ng charedl wish asofwiy prepaves) fpped 9§ g (46 mEebd 3.2 -328psisolayTpyitiie
d d . .
oy ont 26 (STl 38 GBI SPCAEY M0 BEYMAR ORLARIS NS LG

I nc. Fi gumgindes hawsheSEMkphotthgr aphasdf intaheilplot or KHOPST Vamldt}ﬂuadc{ibayer

anti-reflective coatings atter ed with, 150 nm | i ace
(1:1), at S@lﬂebestam@erﬁsuﬁeeel AU e(wr@gmsﬂla?ﬁﬁNf&vﬂ bRy

(Fig. 303GAddwto ﬁﬂchagk &é?@%ﬂ@teé Fll%rcs%ﬁtﬁ)g)mml@%ﬁf##reé R h@skistopf a
Dye- Att ached Pol yner .4 k value Bottom Anti-Reflective Coating

I n tlhi s Exadmpims at %9°5€)Ul5ﬁ¢ three necked flask equi pped with a nmagnetic

stirring bar 5.and.t er ongt er w.th,6.

ol ) of et hadPymee SOl e st i FR AR It lfend oS (8%, 806
grams of ReMy ofantetlcdypBergl a8 a(da 1o Ulﬂ’lff&’nl}d eixtZeaini yleixagdawsntiyled
nmet hacrylate (AD-EM. The m xture was stirred_at anbie g ndi ti ons
to producdo AOWEIFIHN T@bl‘f&ﬁhﬁ 6h POIXTER AR Pagi2p ] rﬁr%’?sog)é)r? BRPEFYAnd

dr oppi ng f'ltcljl\g&@ ica E‘er \‘Bgzer‘!olﬁdglx% Wele TheNcfht #had hledn® Jdi@sk.
Next, the droppln
20 (Mw) was 11,000 Daltons as measuled using GPC,
Percentage of monomers that did not enter polymer:
methacrylic acid: 30.73%
styrene: 9.22%

AD-EM: 9.535%

25
EXAMPLE 6
Precipitation of the Polymer from Example 5 for
Dye-Antached, 0.4 k value Bottom Anti-Reflective Coalings
In this procedure, a 4-liter beaker equipped with an overhead stirrer and dropping
30 funnel was charged with 1,500 ml of hexanes. Next, 149.8 grams of the polymer solution

from Example 5 were added to the dropping funnel. With the hexanes stirring under
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10 charged with a solution prepared from498 ng (3.03 nunol) of

2, 2-azobi si sobutyronitrile (AIBN) and 56.11 grans of PGVE. The system
was gent | ywbl2omlesksai t h ni trogen for 15 m nutes, and theThtsashonas
then inmersed in an oil bath at 100C. Wth the reaction solution

t enper at urgg tadnt 20RkR s ARG pdlyvirck k816Gt MNEEH FiahipRIS Ryas @ dAlrBNiSOtdhe On
was slowly added to the flask over 1.2 minutes. The resulti ngchm xture

was stirrdgdalendeer Al thipgen floe regdunchmiftereavasoticn spsed for an a Héna]
m Xt ur g3 d]% rﬁﬁt@s z(ftoaﬁlb?glt ﬁ&ldtit sacht Qg%ﬁ‘t %Egépd&tlcf(ﬂ? 'tﬁc p%ﬂ%ﬁcr

0.06 grams enot Wer'e a coo m Xxt'ure,
t he m Xt uraevadasn Eﬁlﬂraﬁfoﬁd Am)uhgnmmra:elﬁfeyh heKagesywet dheaf added yoree ;sammtu on
was 251.1 granms (99. 2% recover ercent | yner sol i ds

y eoret. cal
was 0. 20preiritaige inghibe a%wg‘éasr%q %%F?r ar Havght hfdewt‘% g%&l%m}'ed

Dal tons, ag I VREAHS ﬁﬁ’raHéﬁ Nend o*?@nel R GBALROS dBf at TRRRIREShdlat il afoiot
enter poI yirer: acrylic acid: 30.73% styrene: 9.22% AD-EM 9. 55%

25 EXAVPLE cBlmeebhm gratndon aofhitelpewRel iy pwrorfar o™ Eﬁt’lﬁrpTl@ Blyfegr was then

D0 o diies dridd 5 Rty PSR 06 heRt T P R groms 573 "

and dr opplwﬁ%umpdiymaan&hang@d,)wth 1,500 mM of hexanes. Next,
149. 8 grans of the polynmer solution from Exanple 5 were added to the

dropfing funnel. Wth the hexanes stirring under
EXAMPLE 7

Formulation of Precursor for Dye-Attached Bottom Anti-Reflective Coating

A 250-ml, amber Nalgene® bottlc was charged with 1.8654 grams of the polymer

from Example 6, 120.4998 grams of PGME, 30.1249 grams of PGMEA, 0.5413 grams of

15 an in-house vinyl ether crosslinker, 0.0262 grams TPS nonatlate (a triphenylsulfonium salt
PAG from Sigma-Aldrich), 0.0278 grams of tris(4-fers-butylphenyl)sulfonium
perfluoro-1-butanesulfonate, and 0.1376 grams of triethanolamine (10 wt. % in PGME).

The mixture was tumbled for 2 hours at ambient conditions to homogeneity. The product

was then filtered twice through a 0.1-um endpoint filter into three, 60 ml, amber Nalgene'®

20 bottles.

EXAMPLE 8
Formulation of Dye-Artached Bottom Anti-Reflective Coaling
In this procedure, 15.003 grams of the precursor prepared in Example 7 were added
25 to an amber Nalgene® bottle, along with 9.902 grams of 80.0/20.0 PGME/PGMEA. The
mixture was tumbled at room temperature for 32 minutes. The resulting solution was then
twice filtered through a 0.1-um endpoint filter into a 60-ml, amber Nalgene® bottle.
The bottom anti-reflective coating formulation was spin coated onto a silicon wafer,
followed by baking at 160°C for 60 seconds. The film had a n value of 1.63 and a k value
30 of 0.39 at 193 nm, as measured on a J.A. Woollam Co., Inc. VASE®.

o
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WO 2009/ 105556PCMJ S2009/ 034540 anbi ent conditions, the pol yner
solution from Exanple 5 was added dropw se to the beaker over 21

m nut es. Twe 2@gwss6 ng m xture was then stirred for an rddis2emnads4d3
m nutes at anbient conditions. Next, the solvent was separated from
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. er
pestle. The polfgmerthesizs adysrptipehed melymeriac @Ot e neeked fpgleamstregcd 24

hours. The,.Lo el : i | r
motndr 11 syt e EReTnd) {pdhRhicaie, oYL EHE 1 ST SOLAT
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paVE) ThdrRP RS ket Gated TP B LB BT skt b "

honogenei tyinutdd) @nP tiRdtek WiRshdmigiindriddti@raachit wiicet 1aPOUGHita ti. attion

endpoint filter into three, 60 ni, anber Nal gene(r) 20bottles.

EXAVPLE 8 SEgHAIcBprihirat |8 & Crndabnimg Bt prinesh e BN LHipy Watsiat i ng

In this pr agp%czlgﬁ%naé?so@tggn% 5) Qlnul IS TR RGIMEHA6LRLE R Geh il AR €
t er Na 9. 902

7 were adde 0 an a gene(r) bottle, along with
grans of 8@k e IB. PGVERBAVER 24 TlharsnNeruf S wasf tmmdhaxdplenok woppdded

tenpgrature for 32 mnutes, . The resulting solution was,t M
1 TG od ChES R O aRBar e p T B Hra R . e
Nal gene(r yidk@ihd B7.7 grams (9BWR% RREY@W. dNkdretical peecint My a@ablidigwas 10.2%.
formul ati on was spin coated onto a silicon wafer, followed by \b):?‘lﬁj,ng
at 160C f diceGigheavs moteralar peiabh@dwaras k. 33d Tons. esdeprmineddnia e
30o0f 0.39 at 193 M, as neasured on a J. AL Wollam Co., Inc. VASE(r).
EXAMPLLE 10
20 Precipitation of Polymer from Example 9 Mother Liguor
In this procedure, a 4-liter beaker equipped with an overhead stirrer and dropping
funnel was charped with 1,500 ml of hexanes. Next, 137.9 grams of the polymer mother
liquor from Example 9 were added to the dropping funnel. With the hexanes stirring under

ambient conditions, the polymer solution was added dropwise over 20 minutes. The

resulting mixture was then stirred at ambient conditions for an additional 10 minutes.

[
LN

Next, the solvent was removed from the polymer precipitate by a vacuum filtration. About
150 ml of fresh hexanes were then added to the polymer, and the mixture was stirred at
room temperature for 5 minutes. The solvent was again removed by a vacuum filiration.
The polymer was stirred with an additional 85 ml of hexanes for 5 minutes, followed by
30 removing the solvent by a vacuum filtration. Next, the polymer in the beaker was dried in

a 50°C vacuum oven for 51 minutes and then ground to a powder in a mortar and pestle.



WD 2009/ 105556PCT/ US2009/ 0345. 10 EXAMPLE 9 Synt hesi s of Dye-Attached
Pol ymer for Bottom Anti-Reflective Coating Having a k value of 0.2
and Pr eparwizomw/o$sshbt her Li quor To synt hesize a dye- atd@awim®eho/034540
pol ymer, a 500-m three-necked flask was charged 5 with 6.91 grans
(80.3 mmllh)t.%ﬁ)\\ﬁﬁ'“%%ﬁéﬁl drfédqgl'tlg:r 1r}t11eg§ (?(zﬁ:%n(ozzn Rf ZS]TBLQQ Qe gélg%yl
met hacryl at e, 00 grans (19.2 nrnol styrene, 134. 71 grans of
PG\E. They[ellcakrkm\msmeﬁ}m Immed\m 1Hea rragnetl c stirring bar, a

t hernoneter, a condenser with nitrogen outlet, and a dropping funnel
with nitrogen inlet. A separate solution was prepared fromO0. 4714
grans (2.87 nunol) of AIBN and 44ggAngriaE of PGVE. This sol ution was
added to the 10 dropping funnel. The reaction system flask was
flusied with nitrof@mdgionssPeetifarhed Gorom dpedelegite Cheiing ask was

t hen i nmersed

temper atar o at LT SEr R bBherkl Snop b e EE EREhE OB SRR Tt o
was sl owl w pactdesdr tvas inhéde By a@mtgigod 230-mh aober Na;:aqem it e sith Theefollowing
resul ting . sol utl on s t he ir under _nitr n at 9 . 5C- 108. SC
for 24 hodpgedipgsn ¢ 9°‘§e‘rr€‘;5t‘6£r g%étﬂﬁ‘f?i/ﬁﬁé?\d‘il hOReF ool RFT RSP
pol ymer Sqtﬂ?‘tﬂ]'p@nm%bfc&hﬂaﬁcﬁlféeﬁ Al IrfiRe 0RDHoWAQE LERRRF Rl talcOfrom
honogeneity. Thé yield was 197.7 granms (98.9% recovery). Theoretical

per dént p(ﬁxwmlcsol@,dsom%%wlo 229 sThel wdiight-taviebayd phonrldsildpnnen ght

| d b i ;i
2P e pi PRTaH- o HBr PR P FEL AR 4TS e s, He gy o

procedure;,urabmdlulrb@mt@ﬁ;ﬁs:ﬁﬁreemlspmd, vmth an overhead stirrer and
droppi ng funnel_ was charged with 1,500 of hexanes., Next, 137.9

grams of the pdieyet lﬁotgﬁé?q pf d%PaDPPBWE(é%}“e % ePEMIdawere addede
dr oppi ng néil]mlﬂﬁ ’HWCW ﬂ&hs%cli]l%d)gg 'Bgﬁles &l th@gldﬂf&qgf th@'m’&%ﬂ&laﬁg@(%ibl{lhﬁps

the poly ut1ron was rop se over m nut es.
r esulst i ng amirecipire fnased inehe stivtureed hamizgis emt lumbh:d iat ltmnstef!mpraamt for
addi ti onal

nut t he solv enmoved fromthe
ot eci it kg S ERH AP ARBROT ROBR TRoRrTr g Al "
wer e t hen st @t H@ 1 D&l diuBbint NG iith ehrtd, $0 -1l CarkBes Natgehd @ Howdts. r oom
t enperature for 5 m nutes. The sol vent was again renoved g}/ a vacuum

filtration. 'Iil&e QQFW‘“W&%C%W FRBMZ\GOTROEROT AEF thegnirrase! Ry miying
hexanes f uum
filtrati o%b Dﬁle%%ﬂmr%ﬁs cg}) ; 1&8‘??0&91%{%113%%1’2 E;mes (o1 eﬁﬂl ¥t ﬁyﬁlﬁ&ﬁ{@&

ymer er’was driéd in a 50C vacuum
overeof or Mlgﬁhe@ﬂsesleaerhetshlanomnumdlmhj)echatpomeq:mpmatarerfmr’t’hmlralrtmt The
pestle. solution was then twice filtered through a 0.1-um endpoint filter into a 60-ml, amber
Nalgenc® bottie.
The resulting bottom anti-reflective coating formulation was spin coated onto a
silicon wafer, at 1400 rpm for 60 seconds, followed by baking at 160°C for 60 seconds.
25 The film had an n value of 1.60 and a k valuc of 0.19 at 193 nm measured using a J.A.

Woollam Co., Inc. VASE®.
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The powder was then dried further in the 50C vacuum oven for 24
hours. The percent yield fromthe nother |iquor was 75% EXAMPLE 1.1
SFor nul at i wo 20d9/10%586 At t ached Bottom Anti - Reflective Coatdrng2009/03454d n
this Exanple, a dye-attached bottom anti-reflective coating was
prepared. First, a precursor was g@geppy gharging a 250-m, anber

Nal genet bottle with the following ingredients in the order listed:
0.5349 granms of an i n- hol®kenwilitydgrephyvdrsing Bpshiatker , 147. 472 grans of

ethyl lactate, 1.814 grans of reci itate from 10
Exanpl e 10, 0.0279 gr aPALBAME @ﬁf(j%“’f gf’?”’l«syrﬂ’r%rp& é’ﬁ%ﬂé? sul f oni um
perfluoro-1- buflﬁﬂﬁ%&hﬁ@l@a{%@d}@ﬁﬁcﬁbd%ﬁ 83 %e QatiddRrAoRad st paRAtn
The m xture was tunbled at roomtenperature for 16 hours.

Next
0.138 gr aﬁsamplerw@ﬂhm& Borpme! I((koalue = 09 welp@r@)to {peme dygfdaxer bottom
(quantrtatrve trans rr U h
triet hanolaghlr ct Ve T, m% sﬁgigcgr 19%?121&9@ (4] l’% Q%@t ﬁeleg%tgﬁéeHrln&U):bﬁtogﬁ e
The m xt uaﬂr-vm&crﬁwﬂahm Wds dpﬁﬂdﬁatedmﬁ&j’zairbmﬁ \irzdntr @B O rph mw@ sccwhdsch

r oduced t Th
Fi [orod fellomghy Boonaes 00 emdsaDARcon e 1Rt B isgness st PH Niber

Nal gene(r ), kpfdy @ﬁ’ue bottom antld Ii‘ﬁlelaﬁ)\;et QI Ws shRd Akl bYe tlﬁkﬁﬁw K‘@alue anti-
conposition was then prepared by m xi ng 22.504 grans of h&Eecursor

E ol u}()r on a&“ﬂﬂ:ct?srmu@ bever abf1289 pyoh foraft @p@dsnroggwgdmjé |ba]Nag gehedO) for
ottle. | d
(BB s (e R b AP PP R B B Bl AR e

The sol ut
filter intgs @prﬁ-@ol’f&d odaRduNabhge Bekdn a@t@t‘dﬂe&we coating sfdeR at P,Sﬁ)ﬂ ﬁplnn@r
bottom anti-refl ective coating formul ati on was spin _coated, ont A
silicon waPerconds. followed bind ABratdd0de farfifssceprds oﬁiédﬂmf’fﬁéﬁh‘fﬁ@f E? i60C
for 60 segonds.. 2831k, filmhad an n value of 1.60 and a k val ue of
0.19 at 1 nm rreasured using. a LA WollamCo., Inc. VASE(r). WO
2009/5105556 PCTTd b20Ifia¢ 63415 wh theX Akfrised mﬁng.%*mmhﬂlmhm@rﬁph@el@sﬁ%
e-Attached
Dy Amphibian™ Systems (Rochester, NY), followed by PEB at 110°C for 60 seconds. The
wafer stack was then developed by immersing in 0.26 N TMAH developer for 43 seconds.
Figure 4 shows SEM photographs of the photoresist and dual-layer anti-reflective coatings
patterned with 150 nm lincs and spaces (1:1), at exposure times of 1.7 seconds (Fig. 4(a)),
20 1.8 scconds (Fig. 4(b)), and 1.9 seconds (Fig. 4(c)).
Next, the same photoresist and dual-layer bottom anti-reflective coating stack was

patterned with 90 nm lines and spaces (1:1), but the pattern did not clear before lift-off.

EXAMPLE 13
25 Vinyl Ether Crosslinker Formulation
In this Example, the in-house vinyl ether crosslinker nsed in Examples 2, 3, 7, and
1 1 was prepared by adding 25.15 grams of tetramethylene glycol monovinyl ether (Aldrich,
St Louis, MO), 22.91 grams of triethylamine (Aldrich, St Louis, MO), and 250 ml
tetrahydrofuran ("THF"; Aldrich, St. Louis, MO) to a 500-ml, 2-neck flask. The flask was
30 equipped with a stir bar, addition funnel. condenser, and nitrogen inlet and outlet. The

flask was immersed in an ice water bath and the solution was stirred under a flow of
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Bottom Anti-Refl ective Coating and Photoresist In this Exanple, the
dye-attached anti-reflective coating fornulations prepared in 5

Exanpl es 8wplkowabssss = 0. 39) and 11 (k value = 0.19) wereTuse@hvnss§or m
a dual -l ayer bottom anti-reflective coating stack for 193-nm

l'i t hogr aphijtrogenr st, the 0.39 k-value bottom anti-rellective coating
was spi n-coated onao a silicaon wafer at 3750 .r ongds

fol | oned by bakichy?&hP0ganolf opd B@Z%@E&“}H’é’m'l‘ltﬁ%lﬁ?% E\‘]‘ﬁgassécltoﬁlsctklﬁ)éss
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seconds (Fi g 4§ C) Next, the sane photoresist and dual -1 ayer

bot t om ant i - r efl hisdiahigevasshssplver 1t 198 kﬂl\@ééwﬁ&i@cﬂ@ faldrigh-tSh [onisnMPiands
d
A oPaceS kg %@y e D 24 pBRLL MR SR ARMRE A Rordth by @bliae

EXAMPLE 13" Eptehs 1At on
Exarrpl e, tinelAH-AdikdheSy Lok, mhémqemheslsjrm pkeexttsied using ESC@HI'pfOEijuﬁ),‘lel&

, and 11 was prepared by addi 25. 15 of, tetrapeth /col
m)no]\ﬁl nyl 28¢ Hsh aahe Pate usge i(g%il Sortippy © of ’;‘20‘9‘} dgvalf ettﬁ‘?rgf i ne

(Al drich, aﬁ’Bw&pH)' s%lﬂc'\é@ an@&qleg’t@@ 'ﬂle thiﬁlr l@iwq’&agfd't’i'é@'ﬂv ik V\;]lhpg thldf h

St. Louis, M) -m, 2-neck | ask™ was 30equi pped
with a st |aptnmmd baaddlunmmnTh@lmméurc V\@@ﬁtdequfelrl lmn@cmrwtaéérnredn%@ clemid

a;ts | :\E ir ;rggl]%h ﬁgt'ud w‘a]s F%%N"‘i’)‘f a%eddin tdrr%ld\ ap tg %wv(\:@\tv%{] 0\9% kc.m?‘r]ﬁll tl"E'tQI }$ 91'(1 l&‘a'q on

approximately 29.28 grams (77% yield).
20
EXAMPLE 14
Additional Crosslinker Formulation
In this Example, the preparation ot another crosslinker is described. The crosslinker
can be prepared by adding 24.70 grams of 2-(vinyloxy)cthanol, 27.44 grams of
25 triethylamine, and 300 m! THF to a 500-ml, 2-neck flask. The solution can be immersed
in an ice water bath and stirred under a flow of nifrogen.
Next, 24.01 grams of 1,3,5-benzenetricarbonyl trichloride can be dissolved in 100
m! THF in a 250-ml Erlenmeyer flask. This solution will then be added dropwise to the
2-{vinyloxy)ethanol/triethylamine/THL solution until the addition is complete. The slurry
30 can then be brought to room temperature and then heated to reflux for about 4 hours. The

slurry can be cooled to room temperature and then filtered using a suction filtration setup.
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Next, 20.00 grans of 1, 3,5-benzenetricarbonyl trichloride (A drich,
St. Louis, M) were dissolved in 50 m TI-1F in a 250-nl1l1 Erl ennmeyer
fl ask. Thiwozotwmissn was transferred to the addition faralS2ae/0ide
500-m 2-neck flask and added dropwi se to the stirring tetranethyl ene
gl ycol nonRqyiditoeliianéd td @hbuntrarl Dehd HotapbitpbRibri®fivaheltoulFellow

m nutes, until the addition was conpleted. A white precipitate forned
on contacquﬁhe flask was then renpoved fromthe |ce bath and the
slurry was all t.

t ook approxinaﬁmg:&%gqﬁgnﬁnkgéaggsdﬂsgﬂﬁ%ﬂg Pﬁlhﬂk g%uﬁ%¥?”¢$U

4 hours. pbgiohd aslustas THANTOVET ctieolaydrioan therdlbe axndcted ixﬂmdhddawmemkmt o

roomtenperature. 10The slu then filtered s a suc
o &hHiSE. ol Bl %8

f|Itﬁatloﬁo§@ﬂﬁﬁmméﬁéd€8Wé US ﬂdmﬁrﬁﬁ dhgp ﬁﬁ?b?lv'“ﬂFve
a viscous %gﬁé Qb b1 cimalIy the solfin$ cdnl B%Lfbx?lom%ngérﬁﬁ%l\ﬁ@d in 100 m of
dlethyletﬁc fAldrlc Louis, MO and washed tw ce with 25-n
portions of aqueous, 12.5@6tetranethy|annnn|un1hydrOX|de ( TMAH;
Aldrich, Sc. Louis, MJ). The ether |ayer was extracted using a
separatory funnel 15 and then washed tw ce using 50-m portions of
dei oni zed water. The ether layer was allowed to settle out and

coll ected. The ether layer was dried by mxing with 5.0 g of
activated basic alumna. The m xture was stirred for | hour and
gravity filtered. The clear yellow liquid was concentrated in a

rotavap to give a yellow viscous oil. Total yield was approxi mately
29.28 grams (77%vyield). 20 EXAMPLE 14 Additional Crosslinker
Formul ati on In this Exanple, the preparation of another

crosslinker is described. The crosslinker can be prepared by addi ng
24.70 grans of 2-(vinyloxy)ethanol, 27.44 grans of 25triethyl am ne,
and 300 Ml TI-IF to a 500-m, 2-neck flask. The solution can be
imrersed in an ice water bath and stirred under a flow of nitrogen.
Next, 24.01 grams of 1, 3,5-benzenetricarbonyl trichloride can be
dissolved in 100 mM THF in a 250-m Erl enneyer flask. This solution
w ll then be added dropw se to the

2- (vinyl oxy)ethanol /triethylam ne/ THF solution until the addition is
conplete. The slurry 30can then be brought to roomtenperature and
then heated to reflux for about 4 hours. The slurry can be cooled to
roomtenperature and then filtered using a suction filtration setup.
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WD 2009/ 105556PCTTUS2009/ 034540 The solution will then be
concentrated using a rotary evaporator to give a viscous yell ow
l'iquid. Next, the liquid wll be dissolved in 100 m of ether
-and washed twice with 50-m portions of aqueous TMAH. The ether | ayer
can then be extracted and washed tw ce using 550-m portions of
dei oni zed water. The ether layer will then be dried over anhydrous
magnesi um sul fate. Finally, the solvent can be renoved under
pressure. 1. A nethod of form ng am croelectronic structure
conprising: (a) providing a substrate having a surface; (b) formng
a first anti-reflective coating |ayer on said surface; (c)
crosslinking said firgilaagmti-reflective coating layer: (d) formng a
second anti-reflective coat coating layer on said first anti-reflective
coating | ayer, said first and second anti-reflective coating
| ayers bei ngt phcmtabse.hsftfpmeir@ndmmetoedeveiompabrteucmd CO(neyisinm
crosslinking said se ond aﬂgl flectlve cgg%%gg | ayer. 2. The net hod
S

. r0v1 in e Havin 5
of claiml1, e BT SEP f 8% |nk|ng yi e a flrst

anti-refl ectdbvefﬁxmﬂmbng ﬂuayéranﬂiarefkectxmaobuﬁﬁx@glhaxﬁmopmraaéﬁst

sol vent s. ge met hod of claim1, wherein said crosslinking (e)
yields a seéﬁﬁ SHHti-reflective coating layer that is insoluble in
or gani ¢ sol viemt 8rosslinking said first anti-reflective coating layer:

(d) forming a second anti~reflective coating layer on said first
anti-reflective coating layer,

. ) said first and second anti-reflective coating layers
being photosensitive and wet-developable: and

(e) crosslinking said second anti-reflective coating layer.

2. The method of claim 1, wherein said crosslinking (¢} yields
a first anti-reflective coating layer that is insoluble in

photoresist solvents.

3. The method of claim 1, wherein said crosslinking (e) yields
a second anti-reflective coating layer that is insoluble in

organic solvents.

4. The method of claim 1, said method further comprising

(f) exposing said first and second anti-reflective coating
layers to radiation to yield exposed portions of said first and

second anti-reflective coating layers.

5. The method of claim 4, said method further comprising:

(g) contacting said first and second anti-reflective coating

layers with a developer so as to remove said exposed portions
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4. The method of claim1,said nethod further conprising (f) exposing
said first and second anti-reflective coating layers to radiation to
yi el d exposed portions of said first and second anti-refl ective
coating layers. 5. The nmethod of claim4,said nethod further
conprising: (g) contacting said first and second anti-reflective
coating layers with a devel oper so as to renove said exposed portions
fromsaid surface. 6. The nethod of claim4 said first
anti-reflective coating layer in (b) and said second anti-reflective
coating in (d) having respective initial solubilities in a base

devel oper, wherein after said exposing (f), said exposed portions of
said first aftdn paid &¥f¥* coating | ayer and said second
anti-reflective coating |ayer have respective final solubilities in
base devel oper, said final solubilities being greater than said
initial sol upl kkhtiEhod br dheinmet Radd afiret ainmidre et viencsaiidyg
exposing (f) conprises exposing said first and second antj-reflective
coating | ayekaveroln aéi a@chﬁa;qi Srerard @ﬁf:ilt:@lflﬁ?‘a]"éc‘t’?a(’}ﬁnél Tt
wherein an imersion liquid is in caontact with at | east ortion of

said el errenthaé’ﬁﬂg a"EeS{P@&%’tvea Wﬂoﬁowléﬁﬁl&saﬂl -]P%Sﬁ SETFY&%¢0at i ng
layers. 8. Jlhe.metRod: Qéléééﬁc{yﬂg ¢ damRthodk ddResn s oL Sl Ng

applyltfcrarptlotore3|st tcs-ai d-second-antireflective- chating | ayer
to form an i ftegF raptiayefleshivmicgabEohayenend reeffletaiope ¥B4ri ng

layer. Ljé%%gggl%%o%ﬁuﬁé @és?@rlha s%b@tﬁ:@' Anbl siuntiks&Leihective

coati ng Iayer as a val ue fromabout 0.20 to about 0.65 and the
k val ue is desedevelerera spad inanplinbet itesdeposprrpteadiarisand 10.
The met hod q& Elgtgbiubﬂﬁgiégn sai d second anti-reflective coating
| ayer has a k value of fromabout 0.1 to about 0.45 and the k val ue
is detected at a wave | ength of an exposing radiation.

7. The method of claim 4, wherein said exposing (f) comprises
exposing said first and second anti-reflective coating layers
to radiation from an optical projection element

wherein an immersion liguid is in contact with at least a portion

of said element and at least a portion of said anti-reflective

coating layers.

8. The method of claim 1, said method further comprising
- applying @ photoresist to said second-anti-reflective coating
layer to form an imaging layer on said second anti-reflective

coating layer.

9. The method of claim 1, wherein said first anti-reflective
coating layer has a k value of from about 0.20 to about 0.65
and the k value is detected at a wave length of an exposing

radiation.

10. The method of claim 1, wherein said second anti-reflective
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11. The method of claim1l, wherein said first and second
anti--reflective coating |ayers have respective k val ues, said second
anti-reflective coating |layer having a k value that is different from
the k value of said first anti-reflective coating |layer and the .k
value is detected at a wave |l ength of an exposing radiation. 12. The
met hod of claim1, wherein said first anti-reflective coating |ayer
is formed froma conposition conprising a polyner dispersed or

di ssolved in a solvent system said polynmer conprising an acid group.
13. The method of claim 12, said conposition further conprising a dye
physically m xed into said conpqgsition wth saj ol yner 14. The
met hod of = cl &PRYINE, Lapsaidis? &1 p Sty reR B(P(S’H'B?qge{o ﬁyo & B3isy to
sai d pol yner ¢ne £9a19d16s a8t0dq 9f 2 Ghaé Mdgdkh oFaintkxbbislg Akt 1@f.l ective
coating conposition further conprising an ingredient selected from
the group consisting of crosslinking agents, photoacid generators,

and mi xtures;ihepeabtHbSPEr386h Al WHess Ol Y8 itnrithend aby®it a)ist em
with the polyner. 16. The method of claim1, wherein said substrate

surface conpFeBEStEvHFRAtAPE LPYeFs RISOFCRERY EdaT TEs . SaHys g

formng (b) gomLLsas+aPPLYiNGgaalEr hivsly AviTuerehtactiveerepgat i ng
| ayer to substantially cover said togggraphy features of said

substrate. 17comagis Hodabie PHSRAGHIESH Titder Ederbhic cRaiagt tAve™

conprising: LfAknhPrOV%adhd g sagastRsth ate ahanidNgeRyBUbE ateexpddihgf or ni ng
a first anti-reflective coating |layer on said surface; and (c)
form ng a sexwiidtit-i -reflective coating |layer on said first
anti-reflective coating layer, said first and second anti-reflective
coating |l ayers being photosensitive and wet devel opabl e_and havi ng
respective ku%aT®%§?tMﬁ%P%FﬁaPﬁé'R”WﬁFHéSdeéﬁFﬂt§gEﬁﬁ8f sctive
anti-reflectidtg;£9akydid ayakeddidfohes Sorfgonim idhecdipyad g Oposmied fir st
ant-reflective coating | ayer by at |east about 0.05 and . the k val ue
is detected‘ﬁﬁpérvﬁbérl%ﬁﬁ?ﬁvﬁ¥lﬁnaé%ﬁﬁ?ﬁhijHﬂWaf? POLYEET The
met hod of cl@BridingSahhdibrglovanti-reflective coating layer having a
k value of fromabout 0.2 to about 0.65 and the k value is detected
at a wave length of an exposing radiation. 19. The nmethod of claim
17, said secondranidthbebleqtive2ceaid ngndcdyefohamithgr ackpnaling of
fromabout 0.1 to about. 0.45 and the k valu%.is dgﬁecgfd:pt a wave
poslitio poly

length of arf SHBYISIG2HREFHIGIte satd con nwith sal Mer .

14. The method of claim 12, wherein said polymer comprises a

dye bonded to said polymer.

15. The method of claim 12, said first anti-reflective coating
composition further comprising an ingredient selected from the
group consisting of crosslinking agents, photoacid generators,
and mixtures thereof dispersed or dissolved in the solvent

system with the polymer.
16. The method of claim 1, wherein said substrate surface

" comprises a plurality of topography features; and

said forming {b) comprises applying said first anti- reflective
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20. The nmethod of claim 17, said method further conprising
crosslinking said first anti-reflective coating |ayer after said
formng (b). 21. The nmethod of claim 17, said nethod further
conprising crosslinking said second anti-reflective coating |ayer
after said formng (c). 22. The nethod of claim 17, said nethod
further conprising (d) exposing said first and second
anti-reflective coating layers to radiation to yield exposed portions
of said first and second anti-reflective coating |ayers. 23. The

met hod of claim 22, said nethod further conprising: (e) contacting
said first and second anti-reflective coating |ayers with a devel oper
so as to remS9RLEY ST aWPFEPtI0E FWEM AR FOBRFIRRE feauEesT e

met hod of cl aikmAd swhareth, sai d exposing (d) conprises exposing said
first and second anti-reflective coating |ayers to radiation from an
optical projection elenment wherein an imrersion liquid is in contact
with at Ieastn.aAa@Eﬁ-waf@&rmF@ @lc@ B M- 2Bk Ad+ e 8Ste ®mpoLdingn Of
said anti-reflective coati n% ayers. 25. The nethod of claim 17,
wher ei n sai d (#] PEPYHHAY R eTUPEEFIPe BB AgSH 4TS/ is forned froma
conposi tion ¢oMcksiy adr Py IRI1-dLENRY 36 Qatdipalvedni ki@ sol vent
system said polyner conprising an acid group. 26. The nethod of

cl ai m 25, saP¥FiE6APAAI%ion further conprising a dye physically nixed
into said coppositiiAg aWek-BnPald -POFWIRE ve cdatindNEydEEhOd 4ofi rgl ai m 25,
wherein said polynmer conprises a _dye bonded to said pol ymner. 28.
The met hod o¥ntdi-aefherEivenrerbing dayer s6priedirsysmdnisnetudes a

sol vent sel eglgd {£ Qe e QROURY EONSIsSHENGy Bhofddklididet Mevet

propyl ene glycol nethyl ether acetate, propylene glycol nethyl ether,
propyl ene gl%e(}'ﬁll"?ﬂb&reoﬂj% hagipR resRATE IR it"@llé%‘grt Wersgsh the 5galype

met hod of clad BaRbsc RN £l -88F1dc8 Ob @Bt SYSILM- Nekudesran 80d vent
selected fromthe group consisting of ethyl |actate, propylene glycol

met hyl et herk SeBteate Sapf Gpytie AB: GIoy LOTt ivE1IRFE 1R RaYST B BpyPafie gl ycol
n-propyl eth&outandsmnd Uiek $heeedf detected at a wave length of an

exposing radiation.

18. The method of claim 17, said first anti-reflective coating
layer having a k value of from about 0.2 to about 0.65 and the

k value is detected at a wave length of an exposing radiation.

19. The method of claim 17, said second anti-reflective coating
layer having a k value of from about 0.1 to about 0.45 and the

k value is detected at a wave length of an exposing radiation,.
20. The method of claim 17, said method further comprising
crosslinking said first anti-reflective coating layer after

said forming (b).

21. The method of claim 17, said method further comprising

crosslinking ssid second anti-reflective coating layer after
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30. The nethod of claim 12, wherein said polynmer is selected fromthe
group consisting of acrylates, nmethacrylates, acrylic acids,

styrenes, vinyls, and mxtures thereof. , 31. The nmethod of claim 25,
wherein said polyner is selected fromthe group consisting of
acrylate methacrylates, acrylic acids, styrenes, vinyls, and m xtures

t her eof .

said forming (c).

22. The metheod of claim 17, said method further comprising
(d} exposing said first and second anti-reflective coating
layers to radiation to yield exposed portions of said first and

second anti-reflective coating layers.

23. The method of claim 22, said method further comprising:
{e) contacting said first and second anti-reflective coating
lavers with a developer so as to remove said exposed portions

from salid surface.

24, The method of claim 22, wherein said exposing (d)
comprises exposing said first and second anti-reflective

coating layers to radiation from an optical projection element
wherein an immersien liquid is in contact with at least a pertion

of said element and at least a portion of said anti-reflective

coating layers.

25. The method of claim 17, wherein said first anti-reflective

coating layer is formed from a composition comprising a polymer

dispersed or dissolved in a solvent system, said polymer

comprising an acid group.

26. The method of ¢laim 25, sald composition further comprising

a dye physically mixed into said composition with said polymer.

27. The method of claim 25, wherein said polymer comprises a

dye bonded to said polymer.
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28, The method of claim 12, wherein said solvent system includes
a solvent selected from the group consisting of ethyl lactate,
propylene glycol methyl ether acetate, propylene glycol methyl

ether, propylene glycol n-propyl ether, and mixtures thereof.

29, The method of claim 25, wherein said solvent system includes

a solvent selected from the group consisting of ethyl lactate,
propylene glycol methyl ether acetate, propylene glycol methyl

ether, propylene glycol n-propyl ether, and mixtures thereof.

30. The method of claim 12, wherein said polymer is selected
from the group consisting of acrylates, methacrylates, acrylic

acids, styrenes, vinyls, and mixtures thereof.
31. The method of claim 25, wherein said polymer is selected

from the group consisting of acrylate methacrylates, acrylic

acids, styrenes, vinyls, and mixtures thereof.
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