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DUAL- LAYER LI GHT- SENSI Tl VE DEVELOPER- SOLUBLE BOTTOM

ANTI - REFLECTI VE COATI NGS FOR 193- NM LI THOGRAPHY
WEBAOEEREEND OF THE | NVENTI ON Rel at ed Appl i cat i PO UIIW0%034540

application clains the priority benefit of a

pr pviAsl-pRStErRPREb e A ENI TENE IEe DRI-SOANER E BOTTOM
LI GHT- SENSI TI VE DEVELOPER- SOLUBLE BOTTOM

ANT TRERI EGRRFVE COOREI(NGSTPGES 198 NM-NMTHOGRAGHWPTSEr i al
No. 61/030,830, filed February 22, 2008. incorporated
by reference herein. Field of the Invention The

present invent QKR @EUSD OP 19ANAAENTRONEL hods  of
fabricating mcroel ectronic structures using

Reldual Aprdigetions| i ght - sensi tive devel oper sol ubl e bottom
ant hhr ef | ectlve coa y suite

I FOf oo
A ghERAPDBS I End B TBRSL A Bhr S 41@ pogyentited

DUNTL- kAWqugf BT SENKIITTY I pERagtor et S AN IoN8 DI treN | WNTI-
see to maxi m ze substrate wafer sizes and mnim/c

RIHBECEVE CAATBIGE HORIPOMEMILIT BOGERARISY i Srpiable. 61/ G030, filed

and i ncrease on-chip, conputi ower. The demand for
Feljpigh 2dendi WCBWG’@?‘FEW m?% :]’g "'ze has been

constantly pushing photolithography technology to its
limts. The delay of non-optical |ithography
Fidl®echtholiogytitkas requi red the extensi on of existing

techni ques and technol aogi es. The [ f.eature that .
may [BePpattt é}%ﬂ%&eﬁ]%@s 1B gensilite meﬂ%oﬁf gﬁ‘gk%ﬁ’;‘?g ;5?18@8@%“'0“‘0
t Rl t h n /
strg B PR R ey R gy oS ERYBLLAIE TN SR fcctve
codthgs reep@lialilyisained fethorh-Na ©6nst diritoprdphg. t he wavel engt h
of the exposure radiation, and NA is the nuneri cal
aperture of the exposure tool. Rayleigh ' s theory

t exposure tool with a short
Descrﬂvt%@ tﬁ}]e Ik}ﬁog Aﬁ"ﬂ

arge nuner i cal aperture
Inlagratud circuit manufacturers 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 small feature size has been
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):

W= k2
NA

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

will produce better pattern resolution. More recently, trends toward improving current
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wi || produce better pattern resolution. Mre recently,
trends toward inproving current193 nm phot ol ithography

WQe@eassses have included: 1) increasing the ackCEIS2009/034540
nunmeri cal aperture (NA) of the imaging lens to > 0.9,

193 Ber ﬁ@folhtﬁ@gﬁﬁlﬁ‘ PiOcEBSOhAel ifludand ) IhcrVissigNghe IA0TRI Sli@Brical
l'ithography to increase the effective NAto > 1.0,

aparer €94} agthe dwogingilor tas Wl thegdy d@q@smlr@freﬁ&@w api @) using

1mr§ﬁ§§10nﬁ_]_}lé(}%11%{¥t1$ O%ﬁegg? %16 ﬁ%fecéthvggf /g §0n>ml 11101; 8.%1,1:% & pcso@x 1811 as well

as &-pt?n of f&8isNysd LIS ALIQRG Syt tHRIGE AnlYA CERAROHE Euicﬁfnmersmn
.0) b\ thenselves or in conbination with i mmersion

hthpgrwhyjeslbh:s Ketohgdain @b(a@ﬁ)l Busing lghémgrt@éb% iik hkgh NA capabilities

3 atterns with smaller.cr i mensi
SR A L R A S S S CE
higBEr 1@5(9@1!1(9@ paﬁ@t’iﬂ QXA Bler HiER] MBELE ahd ARAEL WneiSy.

cause light to diffract at high angles I n addi ti on,

us eHofv clm:rg highAN Aénbs<a£aphe§pe ats aMinysel pf prohiersi ger c\ample high

l'ithogra res e o
e ahaprr e bl Pufel bOeh aPags ln AR a%h e iga-Na
lenk&%sg) ffnqmn?e‘?@l hG&o ?ibapﬁyh QesBS I widk Fan@Bdf angles of mudcnu
resist-substrate interfaces. |ncreased reflectance in

Thmuknkmauéﬁﬁnanﬂmmameéseekmmbsuwﬂ3$%hmﬂhgmnﬁwﬁéh%ﬁﬁBC@Tand

SW ng. oach 't | em has_been
res DR B R T UG AR Rr B ERsan o afdine
Wap&n%}g bt f@inPhasr §irsichl t%ytﬁfs Sr8bleROMEE B H RS ik@k &ottom anti-
ctance. "Top anti-reflective coatings, applled on
refteopvdoatihgaphiot or esisshstdasyhengath m«:@nmos@% e@ﬂf tosatice gubstrate
reduce reflectﬁnce at the to

f
reflonignes eqranii-ipeqiiyg LB‘éEﬁSfaBHﬁ%fF %r{%g?gﬁ hﬁg I%tO{cg%llayer have also
beglq%s!ég B ?\Sde ERELBEE hMEe ﬁ)%%ﬁh&%%l b HbRResist. It has been found that

I -reflective coatings do not provide adequate
singRflhee bamee anontffcotive eoahinghanlAop atthegleaiphiycoptings do not provide

espeC|aIIy when the substr te |nclude
adapgiede flestaneneddrol W geNarthegrP ot PeTH Brﬁqf““g*é‘fﬂug%{afﬂzac hudes
unx%g&lgg strategies that offer increased reflection
C 1 for high-NA |ithography including imersion
[ it hogreaphyhecé spaci at toy bowem etrxtipmﬁccaphyc,oaﬁlh@suamg@si iesotter
ef fective reduction in CD swing as well. as
ingssqoed tbeclian FeeedoRBhAY M va%{@v IBHE AR | fifography.
g ! Qe BRLLAM CD I
e”ﬁ%ﬁg=re??gggggﬁh%gggﬂﬁggﬁ$ﬂg?gg§eI?%?féble formmlt’gdf“c o
ungfdwb@ geaphiy lathudesadeptlr @ifomabind link bigqphogloresildtre is also anced
evel opers.
for bottom Fa)mtl reflective coatings that are suitable for high-NA lithography, but are

removable with photoresist developers.

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

formed on the surface of the substrate, and a second anti-reflective coating layer is formed

[N
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SUMVARY OF THE | NVENTI ON Broadly a nethod of formng a
m croel ectronic structure is provided. The nethod
w@vpnoses provi ding a substrate having a surfBCEUS1009/034540
first anti-reflective coating layer is fornmed on the
on S fiR¢ anlfreidigive WStk @1H AN ddasBE@Rdyathel fifse hh®6tdovi@ anti-
coating layer is formedon the first anti-reflective
refleciatei qw%gtllmga ers apdvedin plagjessusitiye ancheetdqvstopabld second
antiyeflective coating |layers are both phot nsitiwv .
e AR B R R S A

striROUELoMp &9 8 biREHAO RivinSd fubBE Uk Arst dMIBreTlebti@QbeEi I 18YYr djacent
structure conprises a substrate having a surface, a

thefsubstatamuriiace efridee s¢oped eoatre ey tivayestinadiasereasiacefethe first anti-

substrate surf an econd anti-reflective B
el g R At ALEnte CREH Feo Bty e ersin he
stnfc @Rt bRG diRYRSoshigtiabhyd whb&-kiopableand second

anti-reflective coating lalers in the structure are

bot Whphosas ervsitianascprdvidet a fiethel roghbd ef folfhiag gprasieglectronic

i nventjon als rovides a further, nethod of form .
srgF o EQe B ETBEN e Pl el o B GOk A i anti-
refREQVE géd?ﬁg@a}séﬁqgﬁ&%e% Hauiengir@cs Yr iRC Qubstatk fist a second anti-

antireflective coating layer is formed on the surface

refleftitcheasubayarat fermaheh the Beconidrednttivesbitevtiivee Sdantaggously,
layer is formed on the first anti-reflective coatin :
hel i STRapAATEGUILY S CORE T et e SRl i ove Fpective

k v'ﬁfu\@;,lw%wily 81501 LNG thA¥ehR AftiErefBtivdR¥Ek QPR @i B from the k
a\e respective k values, wherein the k value of the
valaeocdnd fasttantirrefi¢atict heatogdeyen gy kinlpast abpdtfidt>s from t he k

value of the first. anti-reflective,coating | ayer by ai

G Sen A ORI i B GE BT e B g har e Pleture
cox%bﬁ&ks) ers%\%t%ﬁ ha\%lﬂg AGuFh 8L et AR L N8E e Clodh £ Fa?@iﬂidjz&%ﬁt the

a'substrate having a surface, a first anti-reflective

suleaateisttfadeaytelra sactjndaetitre fidve ve alasing hityer ssliackaidks fitarratigeflective

second anti -reflectiye coating. |ayer_ adjacentth .
coRnEsk it IDPETTEE e B0MY e dyRr TelFFF (RART Tgfein the
strfu{tﬁl’%t réa(lv%t ﬁ&%@%b@nﬂd'l &f Ir%PEétM% ceatdndhkRAYEHS B Maltd8f the

structure are wet developabl'e and have rcspecthe k
sedtdll URS, reMgiveicoatielaken diffas odmtthe ksebend the first anti-reflective

anti-reflective coating layer differs fromthe k val ue
coginetlpeer by psleag gppute)¥ 'ect nc coating | ayer b> at | east

about 0.05. BRI hF DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates one embodiment of the inventive method and structure;

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 photoresist and dual-layer dye-attached
bottom anti-reflective coating stack from Example 12, patterned with 150-nm lines and

spaces at exposure times of 1.7 seconds, 1.8 seconds, and 1.9 seconds, respectively.
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Figure 1 illustrates one enbodi nent of the inventive

nmet hod and structure; Figs. 2(a)-2(c) are SEM
w@bevaetsaphs of the photoresi st and dual -1 ayer PCT/US2009/034540

dye-l111ed bottomanti-reflective coating stack from

Examtead crpptsermed oM O 90 PRIDFERRED BN CPRIBN Tat
exposure tines of 1.6 seconds, 1.7 seconds, and 1.8

seconds, respectlvelYheﬁaﬂﬁﬂpﬂéghQ(a) 3(c) are SEM

hot o hot
guaf %g@g E@Q’a@f éﬁ%%nﬁgggﬁ’Ogﬁﬁbvuﬁ?I%Gpmhgdcoag?%ﬁng a
miGb@EHrdnt QBT PhE cdidily sﬁ@&& &r H?/@ﬂ N\Ahﬂloéﬁghﬁ Mclidnes maidsion

spaces at exposure tines of seconds, 1.8 seconds,
lithapeplly. 9ingbe owdstwcrre@bed;tas vedwn DEITAL eEDbHRECH TN gFface

. THE PREFERRED E I\/ENT The tive

S QBEWEY, Ao SPGB OERS RS SO HS ot Rec gy TR fored

subfs{*?éitgé ﬁllgluﬂe mo% et st frORiice GbupESHdIsang Qﬁﬁﬂlﬂc&U'S@GJ: )50, Si;N,,
suited for high-NA I|thography, i ncl udi ng i mrersi on

aluhnmthmgnag;mm tungsteheilichieegliive apetidodzeragnisgho vamtdl wm:ﬁagtalum
tra e 10, hav a surface (s provi

il PO QR RPN EER T TSt Farel v oy mises of the

for?gtdixh% Z6d SL&P'&%&%Q@QI]&%Q%arn@1t s%%fabé" 6} oM 111&]9&@[0?&11 gtygeatures

he group consisting of licon, SicCe,
ﬁn&ﬁﬁ%ﬁ t&hdﬁhnunnwtmhgksenu&ﬁuhQSHGMlsubﬁﬁwé Q&IMM@nbmum

arse ger um, tantal um tantal um nit
oparaY BYSOLC AU RSB BUETBE" Bovoh- Uspgy surace
gl asx.hh lﬂ@gnmlz‘é L&@c,etsdeo@lof)ﬂ% agﬁ—qgi@écﬂge cgg‘t%]gsb'(klﬁf)cﬁs@ﬂicﬁl &Othen

can [ anar surface, or it can incl ude
a }ii@ritnrgmapmgﬁt@aamm &sm(a\ma clht){re@,t,um £ erntihe 1yeciChindbe substrate 10
hol es, rai sed f.eatur s %ﬁga d her ei

(Figy ]dﬁé)g Ténﬁwmppgp%p gar r%;yvndié)afw igp n}}thodq Wwith one
pr %thﬁi%&ﬁgd bcgng Epifd! r&ofﬁ J% %(%uﬁiﬁrzft 26&ds 6 from about 350 rpm to
q & e opa

t-sensiti e anti-reflective
ab@@abdigpne grplosibtyi fummabouth@ﬁ() appld @ut 500hems tbsitinag eeriod of

10 to forma first anti-r tive coatin
frop g og LB TF @t 1 8P UEryS “’C:i}t*&)g)‘“‘?@r*‘ﬁ@V é@%%%‘“? @h‘y Ak tBa‘g)‘““ 60
SLC%RB%) e §¥ @?%ctlﬁ%qw{n‘ﬂﬂ%u Gatd |8, NRLMRA LI WMetiRer@RACrosslinking
erred net bel ng spi n-coating the conposition at
of Bp e@dﬁosﬁ)ﬁioﬁ o Gorredhauktd 1350, ﬁ’rpfemrcti baldbouinddBOe impiwe temperatures

(preferably from ahout 108 bout 00 r
of a leasm:bogbv%oe O RO 200 e BURES: 1S Qoo s preférably
ornd ﬂg 5( B, fﬁ(ﬁll%y Lf L 5'10?99% Qo8 ECRMSHER 3@'@&'{%(15@9 about
_f.
ti-reflective coating layer I's then
@@&%ﬂdi @n¢ Bﬁb@efrdrh aboml4sceamsal indhong9o0 %econds)

The thickness of the first anti-reflective coating layer 12 after baking is preferably
from about 10 nm to about 50 nm. more preferably from about 12 nm to about 50 nm. and
most preferably from about 15 nm to about 45 nm. If the substrate 10 surface includes
topography, the first anti-reflective coating 12 is preferably applied at a thickness sufficient
to substantially cover the substrate topography. Preferably, the first anti-reflective coating
layer 12 also has a refractive index (n value) of from about 1.4 to about 1.8, more

preferably from about 1.42 to about 1.75, and even more preferably from about 1.45 to

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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of the conposition to forma cured |ayer. Preferred

baki ng conditions in\ olve tenperatures of at |east
wW@kwatlos5dd OC, preferably from about 150 C O ab@UUSDIB034540

0C, and nore preferably from about 155 OC to about 165
witf 193nNeh beihgahd himet gﬁﬁérﬁﬂl) OfTht 1R ABaklc 30 c $060NdRYVEOL 2 also

about 120 seconds referab from about 45 seconds to
pwﬁd@j@hly hgQars @cttmdgl) cocfﬁelemrﬂl<c\w¥}@sk of §pmy ghwuf .24 about 0.65, more

efI ctlv Wy er 12 af

preg %lflg gl 01|g th 1%16%0 iFeven morcpr %Fega&%atkorﬂ%boa 0.35 to about

0.58 fd@f}@f@@e}bngﬂlwﬂ@@wg 13 KM 480mmbeBtnn® 0l STMm,and 31508h, with
r ef er abl rom about 15 nmto about 45 nm |f the

19;smrbstt€rr&ttbt 10sisure feaed). | ncI udes topogr aphy , the first

ant i tive coatin e
i evpen Pl O R oe bR PO s BPRp et osfion is
thcﬁld 1ddad BetiPpaat apietivEERtiag aRbyl Adiand fubstrate 10 to form a second
i-reflective coating |layer 12 also has a refractive

antj- mjbxtl‘(crw@*am:;ﬂ@) erdf (FigohiBabdbe sctoad angi-sghocity e]rogmgna@p@osxtlon

refe f rom abou 42 t t
PR S aistiind R S b pfpe g B S heine spin-
co&’é@!%@ sﬁfon%@ de@s 8f tro&%oﬂﬂﬂfiozzﬁ& BMo D00 Im X préferably
nm  or .5 nmw h 193 nm being the nost preferred).

frofthabofui ﬂ@QO i@nt fo aboaf 2¥Btpre fooatimagelied ef fram agpecl0 seconds o

f erabl
R SHLER D50, b BL SRR ERL o ey lecons
ant?pc%tcn@e %éaﬁr% ahout 4 Qg @henaﬁ&eévt@ﬂnﬂ@i@eth@ﬁﬁzfledréﬁhlﬂkiﬁlgCtm the
about O. to about 0.55 at the wavel ength of use
coxﬁpoggu(;n Bﬁﬁvrmm se2d8d amed 193t omthd 575t pnfi-roflecti3e Sopimge layer 12,
th 1 eing the nost preferr
Prqtpgqﬁb g%iof’ 1\,18mgx\1];%<f VO STREBYET @f ¢ ’léﬁﬁfl%t apg\ftslget(?\péefemb y from

ab&if Q?ﬁ ) NG CRBROSASE L Ofhdl fork %R%@&F}'do%%&% tiedib Kiﬁéuxam ¢, and
-reflective coating layer 12 onh the substrate 10 t

forfaaimme gers@taiftoranbout3efkcotds ve aboat 2O gecloa%@rsdamblwu thm about
i< 1( )). The s cond gntl -reflectile coating conp03|t| on
45 se B o8I EUSBY Sy known appl i cation method with

one it elgﬁkﬁ(.eag (Hﬁtthgos@uaﬁi NG SANERAL DG irdehRiyEOMPOFHek IMaRIng is
at speeds from about 350 rpmto about 4000 rpm

prfpuefy eroabhiyoul 1 @ nmab mudputﬁ@@fm mpore pelabolytirops@®ut pPrjunftoabout
sec

a tine periaod & fro ab 20 ab
50 e BHSOL PFAreP AT Fai ABBGE 150" S6EB A 6 AL eogh! -
retﬁ%ﬁgﬁ%}lgélﬂg r BEERN AR ve Rk QRLANE) GORIrh Ao @Wat() abdut 1.8,

en to 1 nduce thermal crosslinking of the

m@e pRes kbl diont dofior.A2 & Seconds.cud edenl myreprdmrablydrdn algtut 1.45

anti-reflective coating |la 12.
to about 1.65 at the wavelength otlusg (e.g y%éS nm, 248 nm, 193 nm, 157 nm, or 13.5 nm,
with 193 nm being the most preferred). The second anti-reflective coating layer 14 also
preferably has an extinction coefficient (k value) of from about 0.1 to about 0.45, more
preferably from about 0.15 to about 0.4, and even more preferably from about 0.17 to about
(.23 at the wavelength of use (e.g., 365 nm, 248 nm, 193 nm, 157 nm, or 13.5 nm, with
193 nm being the most preferred).

It is particularly preferred that the optical indices (n value, k value) of the second

anti-reflective coating layer 14 are different from the optical indices of the first anti-
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Preferred baking conditions involve tenperatures of at

| east about 145 0C, preferably from about 150 to about
waI®mssahd nore preferably from aboui 155 C t BCHOS2009/034540

165 C, and for a time period of from about 30 seconds
1<,ﬂ"c@t1\ékb@déttm%3®e$QQ0'}\(2[&0(15}61@&@[\3@1'16/1(1‘\/&1%(ﬁh@élt,ec%ﬁd%ﬁﬁ@@ﬂi&twe

to about 90 seconds The thickness of the second anti
coatingfldyecid défem&@mrﬂge k aglee of thedfrstemntiyalediiyeicgating layer 12 by at

fer from t 0
ooy Q1 Y SO TR 15 ARt o PRty o s
abcRﬁ gfier ahl wtdl Elﬁéﬁxﬁwboﬂrﬁh@ Mt Qntﬁmtm%&oﬁﬂh Ryafienadkacond
he second anlirellective coating |a\er %as a

dntr-eﬂka‘m’a aatingbigsr (“hshealdugyfeofblf bfofwlalmb@tll 3.9 Zmit@akh dP0 nm,

1.8, .nqre_.prefer fr m ut 1.42 to about
moZi ere iy froreoaponbimist SR A, dirf b FatP 8rsdny Homygpou
35 At tb %u‘f\@v ﬁlaeWQHeh lle%uHsc-i@tﬁ(lﬁclgdes tSRzrdphy, (RGN B erd@3hickness
nm 157 nm or .5 nm wth 393 nm being the nost
of tpmhefcsmneﬁprcfe‘ﬂkté} ka@mimd alant 70 nan. frloecpErdoatasndan ajyait 65 nm,

4 al so ab s an extinction coefficient (k
an‘%‘é‘feﬂé‘)‘o‘bﬁmf ?f&ﬁ# ﬁ‘bﬂgiﬁh%dmi to about 0.45, nore

pr eff\%(/%!lgleom 9MI§J%%$SSQHQ€@ the 2RO ecOvéHay@R0 22V 8 Ryillaeh be

preferably fromabout 0 .17 to about O. 2% at the of

suha;smtlélﬁy gispluBBSNn mjmlcalé&dnm solv@8tsrsngh dGhylductage. prgpBenmglycol

h 193 n e
e
n-ptah Y @vhihp}éﬁi bRkt iR, ReeRdAh bﬁtexfdld%th@gw%a Rfxtures
layer 14 aré different fromthe optical indices of the
thebdof SThantvherefubgetdaduea muapung gest aiyﬂelrcwwtmd\tb&‘»@w will have a pereent
pr ef er abl the k alue ant -reflective
St“é’@é’t&lor‘née"f’ ﬁ?@rﬁbi‘ﬁ} 5&P*f1[fl%lre§‘ %V Ib?‘h ngﬁw gi/ u@q C‘fcnfrhoée pre¥erab ’
ab(t\lb()%t. l%@%ﬂ zp[wf?xf ltces?ﬂl'v}fﬁfcﬁ@@f de'ﬂﬁgmlnﬁ}{@{mll%c@egs @y tak ﬁr@@ﬁc average
about 0. é more preferably b y at |east about O.
of mRgkun@sEntpatafve rd&]ﬁiryntkbogmuani) of dastiredlbguts. 0. hlﬂs th‘Eheltlal average
total thickness o bot ef rs ti-reflect
i ek | e T AT toctuh i neR FREPIoves Gt | Fyor b
| [ AT BB (2 QB d reove th
20 B R P A a Py Y R AT RO R Sl seove the
solabaut THe thidkmessandnessarcdnmpag gr @fedidfolont oom allmbnwt w3le using
n mt o about 5 5 nm_ Wen the substrate. incl
c t%@r@@%@ﬁg} thg %é‘l”%étoéltheé%’/é}eéﬁ%“fl?ﬂt%l?r?gﬁmﬂmp d ShlS the average
Jpreferablv less than about 7 0 nm nore
hndﬁ ?nﬁ ‘{)khél [ess than about 6 5 nm and even nore
pr eflae abloyn@beutppmeSs madifference between the initial and final average film

thicknesses. The percent stripping 1s:

amount of stripping
% stripping = : X 100
initial average film thickness

After the first and second anti-reflective coating layers 12, 14 are cured, further
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

6



10

15

o

S
(9]

30

Advant ageously, once crosslinked the anti-re flective
| ayers 12, 14 will each b e substantially insoluble in

W@ yppaedssor gani ¢ sol vents such a s ethyl | act ae@&l/US2009/034540
propyl ene gl ycol nethyl ether acetate (PGVEA),

lay8 PR Yuenes al plﬁ)‘t:&esﬂﬁtdab('beaipFﬁéd (PEYRual-R Pyt ERE celiweCating
| ?-prop) 1lether (PnP) ohexanone, acetone, Ganma
sta@uiq; r bhcamtagm LIl is thed pnﬁtxqpmh@aglomb@k@b&”PAﬂmgt a t\m@ﬁrdture

or G PR gyt BBl Bl Ao Fufl 337, U B oy

roi?lra%t)@(r 1@@(’(? té 8ot 1R, aRokk tlﬂflé‘)pcﬁ!?&is YR M%O Secondb to about
preferably about 0% 1h e stripping test involves

12¢ sacsnde etherthickingrg of e intrigtienless 10ter Akling vl & pdgadly dgdrom

R SR NIRRT TN

thi gkpnes by 1@iSQIVEMknt e palierm @ Bl éxdodgt ab @ddiktich of th
puddl ed %gﬁ?%lﬁi&h% Cll,ll‘ ed ﬁﬂl Irlnfgr cgllaouﬂt)wzxﬂg secondsﬁ o oL

apriropiaevedvdengtis peaFigr Wity fellawaldouevdopoentop thefesposgl dmeging

secon enove the lvent '"1h e th
lay e GTE SRl (B TS 1T ToPEREo oI PEe o T IE Fighgfabove
theUikA8e 6f tHPRRTRI Myeratd TREnAYEN 898s Opén hiRESBesigned to permit
measurenents i s deternmined. This i s the average

radidtioal(46)i th pugshhokple g, madel Samdunttact furfate dhipiagmei laxer t1 he The
e hetween the initial and final

differen '
renfq;'plgk ﬁ%lgﬁggumm U’ﬁe(i,l% ‘n]tg g ?(Isﬁ%’leﬂ&) E)réwnéﬁsglﬂﬂ%{o greofm COﬂtdCtln(’

the &1?1*&9@ bPEndeidd $ikt PRIRGelain aeadX 30 kinlitd &l (RVET AL rcadily
hi ckne sSSS After the first and second coating

undaytendsthaChe Mua_nmcowre@en fatrt hed snstue:;:asuwans Peseeredbrieddipon

out. a s necessar n.the reslt| | aye
et B g ST B S oR e | P Rl s substate 10.
ACbNnNgn A" RS2 Sh Bce@(élﬂgpln%muﬁl SrSNAWIhICR tid Bidiation
(C§qa ngwlérmg?ngﬁayer i]ég such as a phot(?)%ggmst can be
pagpp hivedtheaadigodualred ay ére anging bfvd:xel:& dveng osppasprg is air.  As
stack 30. The imag l.ayer. 16 is
proyeyelyappic baprestnt e i P4BAgH YT i g ipppilbogpply where
N/‘{legsd &’?blgnua 1&991 e iREREEY P&]M«% fir‘fﬁ@&@?l‘é&st%@&ﬁ@ﬁ KhdRedtmore
40 0C, ‘nore preferably tromabout 105 C to about
prel3QQy ted Afiofroini aupieniabost 10FS, indencamout p@@clsﬁg trdsattost 1.2
about 120 seconds. The thickness of the inmaging |ayer
to at@uaf ér baking will typically be from

In a preferred embodiment, the medium through which the radiation passes during
exposure in the present method is preferably a liquid. Morc preferably, the imaging
layer 16 is exposed to radiation via an optical projection element (i.c., lens) of a
lithographic system, with the immersion liquid contacting at least a portion of the optical
element of the 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
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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about 120 nmto about 250 nm and nore preferably from
about 130 nmto about 225 nm The imaging layer 16 is
W@ aivsaofsent | y patterned by exposure to radi atiRPCI/0820091¢34540
appropriate wavel ength (see Fig. 1(D)), followed by
aboifY.S } %@?tﬁ%@%tﬁ% Eﬁwg“’%%ﬁé’ célrrﬁs:agg g % gtgg@reﬁgrggg pgﬂﬁgdl water),
or gir&p @Slh titeraad nakove théreofs Unmmaaomﬁthbgﬁphyragtarrgs dralerwilfh the

sk 18 has o en areas desi
art @la%rrrsftlr rihg HVFPHBiap tﬁrf’EfﬁFHEFéSf %fwge ’g“egrﬁae%ﬂi%ér*tef
Y§urface of imaging |layer 16. The remaining solid
portions of the mask 18 are designed to prevent
r adidtamapehudm asaht asddimglaytrel sisrckpeed of lipghtagd ag thajiest and
16 in c rtarn are | hgs |l ed the art. wll o
sccppIti-ip sﬁ&értget axqﬁ%&lfﬁéharfr%rﬁB%tﬁé'ﬁFt-%?rﬂb‘l&b*grhar“é%@mv@
ancP0gd;- &&chhgpaggrt RS | @(ﬂe IE)QQEQ t@@iﬁgldﬁp% Ehs@ dg@%k(fo%g anti-
pattern orned in the i maging layer 16 and
mlutmermahg/ ldyarst Fie 14 ubstachtlecraGlinkal y therwporurop@tess, thereby

l.ithography, process, the nedi nrthrou ich t
renrifarargaﬂcarpfége §& apd shsdentizg| %&t}VGrFOé‘%% 153%8 ot% Hg developer-

%01{1@?9 gﬂgs %ﬁ%lﬁrtc;ﬁre%ﬁﬁog?ﬁggﬁﬁfeﬁ Hyépufﬂr art rﬁt?rceﬁ’{e@\f(') QHI%fé’r the

esent s parti suited t
pattcffrEfoh Qe hlhﬁgiﬂgﬂ@r&hyo winderdyilNA 1dyets. Pr‘Bﬁ‘ﬁﬂ@ﬁlr)solubld”hm "wet-
i nventive nethod an NA of at Ieast ahout is

devgktiablgeds usest Berpiemednaphy PPREONNAT e fifsh ﬁr%ﬂd@t‘d ppyreflective
uoaargiggéycrlls %’14%‘& he¥ae9 e[per‘»c o&rd n‘{))%r ﬁ‘rb&infl{e QQI?[ dLy]ru%o%& with

a pre err odi ment,
corhRAGHEN awldceb dehgopadisath @sntepaﬁﬁt?st dmmamgmkpmum (TIMAH)
t he present method is preferably a |iquid. Mor
de\pl}(mté,r abﬂtcy 1g1hh@<g0ﬁﬁ§, tﬁg dpéyléygr f,etqrgﬂeé%b%g%l%élauk 30 with the

i
1mzrgerr11%?w erqg %r\é C%tﬂ}rogr crodl S@ %lc%‘f)ghﬁghﬁlc%% B m_;%'rat&re’ol less than

em wt rsio
abdut quUbdC Cpﬁﬁiembﬂy f‘rgnﬁibobea@ﬂ (atopahiotii 036 “@f, ahdh encﬂpq;mfahbly from
el ement of the I|thogra phi c systenrand a portion 3
abqavielt {vie cr’ﬁoeir def ot opri Emstetied of drqup abgut 3¢ preonds to about

12(@ ?e%%&cﬁ‘%(@ ¢ erév ‘YEImdn %jo%t 4k yc%%g?{e)t({bﬂ[lp‘?( &:%I)rg}éfl coating

nore pre era I qui ll's the

spagge Q%(W@@ oﬁtlbﬁ‘c bagt (eftang a&coﬁﬂ angmtfidenve beuisy sdvem 12, 14
and t he |nag|ng | ayer and dual -l ayer anti-reflective
and; aatsing! Glagerkw oh veie aglp dev ei(ner-aﬁrrlé anthdhepRgie sfegs. are then

COIB?E?(.LV&S[E la dc Ll() er to Il cgw t? UJ: é)%?éaﬁpo'mr Sflhg%xbesg&' lpgﬁlons of the

first and second anti- ICﬂCLlI‘v ¢ coatmg layers 12, 14 underncath the exposed portions of the
imaging layer 16 are removed by the developer as the imaging layer 16 is removed to form
the desired pattern 20 in the imaging layer 16 and both of the first and second anti-
reflective coating layers 12, 14. The pattern 20 can be via holes, trenches, lines, spaces,
etc.. that will ultimately be transferred to the substrate using an ctch or ion implantation
process. Preferably, at least about 95% of the exposed portions of the imaging layer 16 and
anti-reflective coating layers 12, 14 will be removed by the developer, more preferably at
lcast about 99%, and cven more preferably about 100% will be removed. Suitable

developers are organic or inorganic alkaline solutions such as tetramethylammonium
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greater than 1 (preferably fromabout 1 to about 2,
and nore preferably fromabout 3.3 toabout 1.4), and
wae@Isedsect ed fromthe group consisting of watBET/US2009/034540
(preferably purified water), organic solvents and
hvcmnzaew @MANGT &R prel( RIS rlsbtethoga@any SSUSLRNGT FREAH at a
known in the art and i hcl ude the Anphi bi an
conlcamtetioe rod PRy orf lowen. Atrpferdbilaniie dipsBysmerts (fRedhesthefirst and

. Advant.ageousl| as the.j ing l.ayer 16 . .
secBich g T GRE M BYER bR | PURTL i Tinsb el e from abou
10(?ﬂ\”%e&%fdltgﬁlgdu\(?O@(pﬁwsg&nlda’mr@eﬁg)oré cfodHl ﬂoﬁrﬁ)ot}ﬁ;ﬁ/&cond

i ght-sensitive (photosensitive) wet - devel opabl e.
to aboat 1008, nrupervndx fosveriona atcddianiedal]izdtivn, §ir san dpebe carried

secrnd antlrefletlvec tlll}gla ers 12, 14 are each

outidpe UG tﬂéo@Q% Gt deHFoRatwactifer ey

rendgr, u%tga%@t@fmb%e& Hfﬁhaﬁé%o%ﬁ@ﬁﬁ%@ﬁi e file@fddiiy Better
coating layers 12 devel opersol ubl e. This

critgdal dinnatses dohgodand maﬂdnghephtr ebjlity wdprbyt the donrediftature sizes

.processes to gya sfe attern .the imagi o
PRI oM Tt A5 eay el P prsTo@P by ol b BBo i 2% of the
dcsﬁé’ggggvﬁld%’?@lph% @'gtc%%dw hﬁl’h%'t RaEBANS [0S PAE HEARE sOE, even

rst and second arti-reflective coating |ayers
at vk2y sl fehatcshance obbmhelxm&edﬁ(t om| i ghttxauepﬂﬁ bisk desired feature

substantjally renmoved wit nventione
St Q0 BTSSR LD TG SHShr G Ry B3 hefpntive
me)h()ue% %? PSS Sz Y thelinds 1 @es %5@\%%{% 08 nnf iR Aualn | ayer
i-reflective coating stack 30 with the imging
Iayer is preferably subjected to a post-exposure bake
at a tenperature of |ess than about 140 preferably
from about 16@W@€”ﬁ6ﬂh®66@€T@@é”ﬂéﬁH“wHP§ odr ef er abl y
fro
fr o abgninh ke AR b A 50 o B R R raRer Shiye
thebh QI @baubk A% Sdpbndsentiaval @uphrﬁ&mﬁmmhﬂ g9croskhiekable). Inmore
exposed portions of the first and sec , e
waﬁt he qoatiosgionyrc EEbl fRiN Iy 8 FYsq pikably palha% Hegivag “&%“PCFSC‘J
h e 0 ;
D S O R S AR RO B B S bR e
nuﬁ@ﬂQNeoﬁ@@mﬁM@OSEan@ﬁﬁ@om$1mﬁmﬁa@xmﬂ&ﬁd(m®miumdstmms&umer
the first and second anti -reflectjve coatjng |ayers
IVF&HHF’E éolvcnt

(refipred taintgielengest hwith sTospaepay Hisperectr digie

nmoved by the devel oper as the inaging
QV?%X\mﬁﬁg O§?%ﬁnved to formthe desired pattern 20 in

t he Préta@id gollymysr willbcanshideainhucdd finagofdl resdupanthesacdrebup is
plcaflgrgl{)lr\/%f“elsagltnll Yh% polymer at a level of at lcast about 7% by weight, preferably from
about 10% to about 22% by weight, and even more preferably from about 11% to about
17% by weight, based upon the total weight of the polymer taken as 100% by weight.
Preferred acid groups are selected from the group consisting of phenolics, carboxylic acids
(-COOH), and mixtures thereof. Unlike prior art compositions, the acid group does not
have to be protected by a protective group, and in an alternative embodiment is preferably

free of protective groups. More particularly, at least about 95%, preferably at least about

9



W

10

I
LN

30

coating layers 12. 14. The pattern 20 can be via
hol es, trenches, lines spaces, etc.. that wl|
Wa@kaop/retsed y be transferred to the substrate usPEyUS2009/034540
etch or ion inplantation process. Prefcrabl} , at
08%.eaRE praRemly IRV ahodhe tl@‘é(&(i@ efbup@hlel RS fProtblif el n@%mg this
ia> er 16 and anti -reflective coating |ayers 1?
embwdimebe A pro¢etive lgyouphiea @mltbq:i@rcwms ehcpzrcedl goabongteactive.
Iea about 99% and even nore pr. abou it 1
PR hisvan o Saen Gevarayar B¢ &Ruhs P S B potymer
dode"h%f %@'t& b@!ﬁ@s&rﬁ»ﬁn@%ﬂ&trk Qf)‘t%)n% T‘K/Rm‘?&w -sensitive. An acid-sensitive
t et ramet hyl ammoni unhydr oxi d , and preferably
polgmepis psethanoa@usqm@c@odcmowﬂ that ar&fmmrbv&tl decomposed, or otherwise
concentration of 26N or lower. Preferably, the
conyiede } P BIFSTEee G?dEQch of the first and second anti
-ref
" lrhggafgrr@%s%%&o r&q%g;cheye n?’;ﬂé%@d‘%?{g pgg@t%mdﬁyekﬂmarommut
8,000 tsedwnd. 7 58d @ubmnnmnéxpnefemmbhwyfﬁ@nrﬁﬁ@tdﬂﬂ@écmn@xmt
to about 1000 nni second. ent| nal , et chi ng, .y
50.06¢ Qa}tp%satprBtﬁrre%pelvme&saxﬁc u fe 0BGRS %ﬁirrq gﬁméhn? grng £psisting of
acr%l%{ets gﬁ&ﬁ&@l‘é@@ kacl%@ictcl&dg Q n%g e/lﬁvlTSe dﬂ%lx@@femgﬂét@cﬁh% bBlymer
vant age of the I nproved refleéctance control
is firbferdbihyw presént én ohet d’mdadsmobe{l tadeva raf tiiozahbdit PES it@ about 5% by
control and acc rdin e ahility.to print the
el kD o Goe A At ¢ Rl ‘ot P BBk g8 9% prefsbly
frog’hﬁﬂo a@ [edos %b()lp(r4e/f By @Ql\;ﬁ’rl W, Ly L{f‘)eﬁﬁhcj t@%ﬂw%@@wallll%%egfcms n
esi re si ze and en nmore preferably wt
thel @aglbosiaiboutked @%d of o tyevaiesi red size, even at very
smal | features sizes of |ess than about 150 nm Fp .,
exaEbr dye an be ey dediy meged Bk tF eormpoaliqndr geemar i g filled
t
col R F P b E BURpRE (HERE I PRBRTprY floup on the
polyiresr hasigeblybataskendifQinm dngolhdr backbGoeostrtddanss a "dyc-
for Use in (he Inventive Method As nentione bove
attached CORPOSTON bride HSERITRITIReHPBE SHECI B 68 Tempsiging two

p—ﬁ % {%@}r laX %t?e%gté 05%% @gflg?&t @ﬁ%sdvtc d@td&ﬂcd%ottom anti-

enrca ecr oss nore det ai l

re fﬁ@ﬂﬁ@@ddﬁh@&ﬁnpﬁ&fcﬁr@ abkyorcaoipirits e f raumcazssdmg‘ikabhrethe duar -layer
pol>ner di ssol ved or dispersed.in a solvent syste
staple ety 6nS O kyash bipe of efrramsyl%rdﬁﬁrkresteﬂé*Wedrr 1@1% stack.

rg er»@rlél% &qe%oﬂ% 151}1 19{ ﬁ%@%‘?&lﬂ% rsc&gl%nq&]ﬂgdq%om € d\c érlled

ot oaci genera a crosslinker (referre
anﬂi@cﬂd'}fled‘ ehangeanpysitr, hmtlfh@&ﬁﬂel bliong aagentcrtidi speng kder can

or dissolved in the sol vent
be formed from the dye-attached anti-reflective coating composition.

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 moicty of the polymeric dye
should be present in the composition at a level of from about 50% 1o about 92% by weight,

preferably from about 65% to about 90% by weight, and more preferably from about 75%
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systemw th the polynmer. Preferred polyners wll
conprise an acid functional group. The acid group is
WQe@baossht y present in the polynmer at a | evel BET/HS2009/034540
| east about 7% by meight preferably fromabout 10%to
to %@MS‘VZ%? cht Wab@ahi onarrwtoe\r QRigObEhPhelyafeabldye fakemmas 100%
about 11%to about 796b wei ght based upon the total
by weighht Irnthlsterlrzéquu‘nwerHtalasmmcfaeeqmwwn% pghmer itself comprises

Preferred aci. u ar, romth
Tty Sr e PR S Mo B SEHRS L ARy in the dye-
é’d‘ﬂnméﬂ%ﬂx%scobﬂg ERfposidiaht karapkpa@ént aPirtie @AY sieldrdDolymers
he aci d group does not have to be protected bﬁ@
forprsotlecthc \decgﬁﬂ@d pongeditions ah tad irecnden v saidsirdl et thesgroup

refer free of tective grou —
coBippg e el Rt fout odus Brardrabry 4 sopigetions
theRBP Utﬁi%%ve %ﬂﬁrd@rbe(ffeﬁ(ﬁ%h‘rr@l@.@él o HQ8Ypefynichen akik dngloaupsnt is
are free o rotective groups in this enbodinment. A

prefuralle ﬁbm/aeogtr(bﬁlqol lesabauiglt. & pandhiadre preésrebly ortpbonicd. 3 1. During
from bej cti ecause rot ctive.groups, ar

thcl:]rg%lecggsai t}fon%\ epﬁlgeéiecmmgr)ﬁ 19+ § %ﬁﬁrostslﬁrg eb 6‘? 'wf%h Eotth the

aciBRL AR otn%@ﬁo @&%gc aﬁ‘é‘@ddt th¥ Garbadicl: a%lcpcﬂ{ ihe %@Mﬂéf rd¥Qlting in
aci d-sensitive. acid-sensitive polyner is one that

a coositricd . cp,rcwxr@bﬂdwe Igrroups ané aostaxposuenbakedsgencrates the acidic

econposed or .otherw se converte ence
RO RGT O et gt T B ST et o B e e RO G T
: preheiabhYhd omakesmtm8pd0Q. to about
ch%@@%%@ %ﬂﬁ&gﬁ%g 5%£ nor e prgferab yr?ronrabout 12, 000
to about 50.000 Daltons. Preferred pol yners include
those sel ected fromthg,;group consisting of

met hacryl at es, agry c acrds styrenes, vin f5
m xt ur es ther;oj p Y e

of from abput 0. ;ﬁﬁ
:,,K-rably fronrabou

aigéi 7St M
conposrtrgig referredifo astfa "dye-fid{1ég: ’
conp05|t|02%ﬂ$or it can be bondedpwit h the pal ymer
(either to gnctional grou t he pol yne
preferably, attached di

pol ymer baékbone)

cctly 10/t he,

1. Photoresist application =

7 PAR > £ Development
3. BExposure & (Me),N* OH"
4. PEB

Reaction Scheme A

In an alternative embodiment, the dye is attached directly 1o the polymer. and
preferably to the polymer backbone. Suitable dyes for use in the dye-attached composition
are preferably selected from the group consisting of styrene monomers, vinylbenzoic acids,

and combinations thereof. The dye should be present in the composition at a level of from
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conposition). The inventive mcroelectronic structures
can be forned using two dye-l Iled bottom
W@Rni0vAe584 ect i ve coating conpositions or two PCT/US2009/034540
dye-attached bottom antirefl ective coating
abdu@ PR ibensvonewtight, patdratsn tiont éfduetitove acaatib oy weight,
| ayer in the duaI-Ia er stack. Alternatively, e of |
andgnpls mgfs@bbfﬁ% ARBE il $70dm abryy 3B Wé’@dgﬁtrpdﬁ%uldﬂéﬁ? fokay) gyeight
of t%g g{ﬁyme {lgéne irlszl Oc(:)a \géllgotr' ?gg%%bgﬁrgr ?ﬂ{hﬁs dJ t?gdfdﬁ?i%ﬂ%?efembly has

pelﬁlﬁhﬂ ac[cﬁé fLﬁh@tldmaﬁt}C(OGHI AGOOBINPRYI Phvikulard ptdilﬁ"r@it}fwj*mers for use
bottom anti-reflective coating |ayer can be formned
in the dri¢-eirchey ecrapesiete ot hevinveniPn @t seles eddsm Hig group consisting

of %&%t%g’ 1tct19acr3<Mat{e;n 9{){“ ag%@ ng?crlng?%ﬁsal {1&% d‘\[}&%ﬁ&%drﬁ@ﬁ%‘aé&e The

weBNRES of HRNo poiend YiethiiSenpcrlirgéald yreforgbdd ﬁfrﬁr"dbﬁutdykl to about
with acid functionality. Suitable polymeric dyes far

0.38ge dnchlmhfemﬁtéakﬂ} fogtiakrit -7 ef Peting teTedlayrpyslakige of the dye-
attarggizqe/%hglg?% thc CrRLOHR, ?%@E@I vsvi%h Mg géiaic function on the polymer

StYF ehes) suc
resR@InY (A aRYSHs RXYSL(Y.E Cogrd 1d3eh y(Uﬁliltwt}l&edibl@ﬁl&daﬁlm%)axtmandw dye
m xtures thereof. The dye noiety of the polyneric dye
pr€§¢1r@h>llvdo%elopp@fﬁemﬂte|11hul()h°élllét§1r$p@§1€tdb’©1°}“&theﬁUPTQD%‘PU(B? Exposure

rom about oto aho 92% f
ancL}Boosg]{:x%g% bép Pgur%oxﬁa%'“}%%y‘l%\(e ? ng Qm e Rrr%r x%lythfe (ﬁ{ﬂdl]()n
of Efr ?F@cﬁ@@tﬁorﬁi% Orcafloiker. 83%e *@Merﬂ@trg |’d>1f &h@@&&ﬁsﬂﬁoﬂsptcm in the
al weight of the polynerlc dye taken as 100% by

lewmwghmﬂﬂb@ebhieh@ﬁﬁ@dhmemﬁbﬂﬁeﬁﬁh§o preferred that the
mai n polyner itself conprises pendant carboxylic aC|d
functionality. Mre preferably, the main | ymer
|n t he quLLLLﬁd_antl-reFWﬁ tive coatlfﬁgv nposi t i §“

tyan: ePeitivcul a y preferredpolynmers for 4
use n the e-filled co sitipns of th nventigo |
are el ect romt ke consisti.n e I

ryla acr aC| s, styrene vinyls, and

inations thereof. Thesyei ght rati o of ggol yneri <
dye to nalF’@‘yFﬁm"yner in thi¥ enbodi ment ”l”s“ﬁr ef er aij\jwé
from about 0.05 : 1l o aloedsiiBkér: 1, and nore preferably
from about 0.5:1. Duri ng thernal crosslinking of the
dye-filled composition, jE sslinker reacts with
both the acidic funct?OH‘ ﬁdlynerlc dye and the
carboxylic acid on the polyner resultlng in a
crosslinked (1). cu red | ay posur.e_and
post - exposuee—bake'reg 1) ategivﬁelacfdlc fif ncﬁ1onﬁon
both the dye:andemhe,polyner with the formation of

by- products. The Wm: :mé By-products

Decrosslinked Polymer

Reaction Scheme B

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

sulfonium perfluorosulfonates such as TPS nonallate, TPS triflate, and substituted forms

12



10

20

2
(9]

Lo
<

chem stry of this process is depicted in the reaction
schene bel ow. Reaction Schene A In an alternative

weerwodissent , the dye is attached directly to tPET/US2009/034540
pol ymer and preferably to the pol ynmer backbone.

therabF, k5881 c% iy Stef'erut)"lﬁl?cn'stJlfb% Y gedlubRChedlaG@nPeRb (LMlkyl-
are preferably sel'ected fromthe group consisting of

bubsmtyateelnEPSmnmf’atﬁs,, all avajlabenzon Sigokdsidasty: ovimsi-sdionatas (e.g..

TR e Y IR e BLSSET Y DRCCOTERRE P
Ka%}lgﬁ{)mpﬁ{ﬁf ehARLMbiaam 2RI 15PA PA@@Mulfffbéo sent in the

and nore preferably from about 18%to out
cord@fatms wei ghel obasmchbapoh 0t Haotabowl 0. Wei ghwciglit, pteéerably from

oo BB b e B GRS B Yo Rl bR B e Paneb e fy gpout
0, O$ 7oEhhw elgmgscc%&n)the Al Ll%Hﬂ (ﬁﬁlllc%oﬁ{p%gl‘{%ﬁ ?zﬂielﬁ)QJ Wl% weight.

"use i n the dye-attached conpositions of
i nvémﬁarmd carsliserett ek hreghert thedgr-6Upd @tohfs'r@ttw‘mg boftom anti-

acryl ates, nethacryl ate I d
G i EOROTHAT i1 Brelm Uhhar R e CDER b Vi cther

(,rog%“:ﬁ kbR, &gkﬁég‘?ﬁld i fulilsSh&pHOo ‘zi\ﬂ'@(ﬁﬁlpleso @[)ﬁf&?égll\yaxfaﬁlgﬂlb vinyl

to about 0.33:1 , and nore preferdbly from
cthadadndludl: hoselsoldunden ghet trelemaimecy 66 $bmmk M g ldofcht e Loms MO).

dyeattached conposition t cross| i nk eact s
Angchamale; oSSRl ERTOF BRUERE Oa%m#é{ww@ i ?Hgmmf%ld“e@ (e.g-

M‘?fﬁ‘cﬁg‘tlé ﬂh&gmg\f LP}D%X} reSihh £ lLﬂ%@srrﬁdn Adnlh&g Nieridy ar b!ixjngﬁjlarly

mposi t1 ye preferably does not participate
ﬂrdﬁcrz\rf@rfﬁsrsflhb r(lkdsnlgﬂdf 13 M}ﬁ;udyamtmm lidid ciengrdstictra- Omctmna The

Exp
o RRR e, S0 PO upgR € Bake, LEBESrates NS 2% Sou
by r.pr t l}is . e Yan@f )
S e g o
pre@driblo lﬂ@lm et dyes iosaboat 0.8Mobynweilbl, paerd uGpo i tbrak eright of the

Decruossfllinked Pol ymer Reaction Scheme B Preferred PLGs
comppsiiigieiaken 48 kOREr O Welghye-fill ed or dye-attached

ant M({rg Hc?&%%,ethe vinyl cther crosslinkers for use in the compositions have the

formula
R« X-O-CH=CH,),,

where R’ is selected from the group consisting of aryls (preferably C,-C,,) and alkyls
(preferably C,-C,,, and more preferably C,-C, ). each X is individually selected from the
group consisting of alkyls (preferably C,-C,,, and more preferably C,-C,,), alkoxys
(preferably C,-C,. and more preferably C,-C,,). carbonyls, and combinations of two or
more of the foregoing, 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,
trimethylolpropanc trivinyl ether, 1.4-cyclohexane dimethanol divinyl ether, and mixtures

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

/\O/\/ O\/\O/\
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conpositions are selected fromthe group consisting

of: oniumsalts (e.g.. triphenyl sulfonium
w@erbiessosul f onates such as TPS nonal | at e, TPSCT/US2009/034540

triflate, and substituted fornsthereof such as

tris(4-/el 7-butyl phenyl) sul,f onpum

pcr f 1l uor o- 1- but anesul f kg e\téh\érk@rgﬁbstituted TPS
nonafl ate), all avail abl e from Si gma- Al drich);

oxi me-sul fonates (e.g., #hqase sold under the nane CG3 *
by CIBA); triazines (e. 08(r)avail able from

M dor | any ) Nape\cominatjong thereof . The
PAG shoul d be preésent{jin thellconpositions at a |evel
of from about 0.01% t about 0.1% by wei ght,
preferably from about 0.015%to about 0.08% by wei ght,
and nore preferably fromabout 0.02%to about 0.06% by
wei ght based upon the total weight of the conposition
taken as 100% by wei ght © Prebg;iggécr sslinkers for
use in either the dye-filNed or~dyesattached bottom
antireflective coating coppositions are selected from
the group consisting of #| et her crosslinkers.
epoxi es, apnd m xturgs t . Ap_exanpl e of

comer ci 271 Vo averT ab et hers” i nol ude t hose
sol d under the trade oncr(tm (Al drich; St.
Louis, MD). An exanpl & of suit@ble epoxies include

t hose avail abl e under the nane Araldite(c) (e.g.,
MY720 tetra functional epoxy resin) from Huntsnman
Advanced Materi als Tt is particularly preferred that
t he crossl?ﬁ?@g e _pul ti-fanctian di 0. £Fi-. and
tetra-functional). Thé-er nker®°is preferably
present in the conpositig a_| evel of from about
0.1%to abqu.l/QQ@by ei ght’, preferably from about O
.15%to abgﬂt(ﬁ96by wei ght, and eYemnore preferably
from about 0.2%to about 0.7% by wei ght© based upon
the total weight of the conposition takeh:as,loogbby
wei ght. More preferably, the vinyl ether crosslinkers
for use in the conppsitions have the fornmula R
(X-O-CHCH )n, wherF R is selected fromthe group

consi sting of aryl pg@t@ggpky?gpxxg%jand al k>l s
(preferably C -Cf, an® nore prefeérably Cl-Cl0 ) each X

is individually elec%ed fromthe

ST T , and

0
O/\\/O\/
£Ezo//\\\//o\\5§?
O/\/O\/

Preferred solvent systems include a solvent selected from the group consisting of
PGMEA, PGME, PnP, 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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group consisting of alkyls (preferably Cl-C18. and
nore preferably C1-Cl ), al kox\s (preferably Ci1-C18 ,
wW@rwenses preferably Cl-C 0). carbonyls, and PCT/US2009/034540
conbi nations of two or nore of the foregoing, and n is
Thatolv@aststdn shoddpreeftdizabhya faveino2k@n abbw 9786 to about 99.1% by
preferred vinyl ethers include those selected fromt

We@hbwfer@hbuféqm B S By PaH g1y S5 i Ryirdat s v prertrably
r 0 " sed-4in

ol WA PATECRRDE AL LBt s ein o

corAp@ither talaélefaﬁﬂf)@’d byi wyillghet iee ahi@sefiectior nmdtmgmln&mtmdns will

fromthe group consisting of Preferred solvent s ste
pr c;fmﬂplu FEMATSOR GRS OBicak pEAOM ABY &P spucon é)iygw%m g Solids.
b
TSR PRy Pkl LEAE S AN GR ey rom
ab@@1l 1% t@fabfnﬁtq meabo uhghﬂ.&hdiﬁﬁseﬁ, upan thenowbwgpkefod tl&ktlomposition
from about 118-146 OC. The sol vent system shoul d be
takg pt | B butveihtevel of from about 97%to about 99.1%
by h I OY
\Aﬁl%’ gd&mo al ?n&%a@glrt% ar%é e%{r’égeb ly ? 0 rr%tgkl)lgﬁl?g égxﬁ Gg/o%t{%'g along
W 1labt<ﬁbl tpogﬁne&% Iy ssehghd, ,thd asleﬂoqu@@m dlfe picddrably weinghisc ataction
the co 03|t|on taken as 100% by wei ght. The anti
stoppast| @e vve E@é@d%@m@@wbbsbfbﬁb #8d \upRchsfsef eﬁélﬁp&‘ib of suitable
1 m 111 r t 90/ { 11
p1§@d%m ﬁ?%i qk%% f%% pre gﬁa |39%?gﬂ?ab ﬁ@%ﬁagﬂkmhﬁl
hv&@@ﬂéi%) %%()any\ﬁycgbildssﬂe I gd&hplﬁﬁﬁm&l%ﬁﬂmﬂ‘hﬁc&osp defad abl gnjugated
fromabout 1.2%to about 1.9% by melght solids, based
salppdprcpheuglopalr lmvemgiﬁtﬁmwﬂurtl hiet‘«te@nﬁtm@tw o (i iy amehaipigeand

trl@%g?ﬁlﬂg(mlg}ﬂ &fnﬁlBg {et I\?Ber{ %é%ﬁ%% ﬁs& o SyS{)t?Vea(,O%RDU L()lﬂ}g(h?ltl()ns

will R @%%E@ﬁpm’%‘ffonﬁ?m 801 LHR HBOAROBI bl aBhapi®@decomposable
preferably conprise reaction stoppers, including

bagshpiebuedp hpms&@ueo B@%ééo alprunt q@@%{eh‘ewglgll@%}ﬁeégm&ﬁ preferably

.. .suitabl tod ec b e bases,i ni U .

fmm/d\'t) (g%@ u g/lx’\sedsletbrt])il wed, Lﬁf‘d\?r e fapx)l me’ht of the

cotnBEGRbHIBY ﬁl{ P@@%’ 8% x(e@}@ Prc@érﬂﬂeﬁl}émmdﬁcﬂt gy froxi tde kroup
and the conjugated salts thereof such as

comm%QMenylsuhm@mnmnvuceﬁaﬁehnmﬂppwemyﬂ§upﬁ6hﬂanﬂ“methﬁmw
trnﬁpg )é)ﬁtlal'itl’H]éL anttritlg(%’[gppéélmsg%f 2{1‘5- -buﬁin%.ﬁ)dm{n%t ?Fréh\{\gsb% ld[mnc

tri PUST SRR Ye COMRILLE arkif6) n&il@@@ﬂ@la&i&o lhe'ﬂ%l&tnﬁb odimd@hab%amine,
by wei ght photodeconposable base preferably fron1about

dxr@ctﬁﬂ@%maﬂiabmupdr@ 089 I9¥isamsd mytaminadet-bytarp #rping, di-t-butylamine,
d1-g£p§1f e{)g%ﬁ t h Pté tn\}\gf ggf?t?{%r%o??rﬁlgg,m etgw 911“7n%eby n%hgglh)&&mme,
methylamine, isopropanolamine, isopropylamine, t-butanolamine, t-butylaminc,
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
even more preferably from about 0.004% to about 0.02% by weight, based upon the total

weight of the composition taken as 100% by weight.
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conposition taken as 100% by wei ght. Preferred
guenchers are selected fromthe group consisting of
W@ eooetibess®l am ne, triethyl am ne trincthanol am PET/US2009/034540
trimethyl am ne, trpsopropanol ai ni ne,
tri h3@RORAYHABIIBGs tHat b} bOUb @Ml RMCcRLled in the composnlon include
tri-t-butyiamne, tri-n-butanolamne, tp-n-b | am ne,
surficehtiandicaivnmoomdicet hytiaxilmes, pibtetinaasl and n@m inations of the
di net hyl ami nc. dii sopropanol am ne, diisopropyl am ne.
Or%h"“ig but anol ami ne, di-t-butyl am ne. di-n-butanol ani ne,

@T&%M{ﬁm \K}QLde%Ell@?ﬂ% asthp&siti@isiyl @@lif e inventive method are
I’ret anol am ne am ne. |1sopr Opan()l am nc,

dis¢lsgpriopybhsticdd]. Sthjmtafmﬂhamm?ePuh M%ﬁ&iﬁn@o incorporated by
n- but anol am ne, and n-butyl am ne, and conbi nati ons
refgrpgedisfenwhen present, the antireflective coating
conmpositions will pr ef er abl y conprise from about
0.002% t o about 0.05% by wei ght quencher preferably
from about O. 003%to abbXANIPIO4S%6 by wei ght, and even

rmre preferabl mab ut. 0.004%t o about 0.02% by .
Tolipaan UBBRITHE. ( %ff%wﬂ%& (Shinegio *HE BEHIELT OH e
111\/%@‘&9% I‘fﬁs t%O[QO/Lq] QXrS%UQMWMg'tBAtQH&E ckBgpRILRNSy 1@5@5\ way of
e optlon 'y included’in the conposition include
111stmf(aat1ﬂmo$hm@dhasm s upd baroken ss a Bmitiioxi afamtthg overall scope of
photaoinitiators, and conbi nati ons of the foregoing.
theap¥1@iogy;j t abl e wet - devel opabl e conposi tions for use in
the inventive method are disclosed in published U S
Pat ent Application Pub. No.2005/ 0255410, i ncor porated
by reference herein. EXRMR[MHS;HIhe foI | ow ng exanpl es

set forth” referred met hods |

| PXIERS SO i T4spgerlo fba?w&ér@f aﬁf @é@@p\%t/ﬂé‘t’ P ¥Hdics
exanpl es ar Vi f ter and

not hi ng t he eﬂ%?esﬁﬁ%dgﬁlémfﬁgfggr{?c&&g% I(}I’?‘Tll‘;l?g{]l on upon

t heioyes atdcedoope S06-ntlhthrécAawehtd Gask EXAMRIgedlwith 18.40 grams

Synt hesi s of " Tr ansparent” r mer wth nd
1 BeYY i enotlegery iearic 70RO Ef@fmbﬁ‘g‘) ErelbPisse 'Pg*?ﬁ‘?m@‘thf‘ ate,

9.|Tngtrz§ms f3l~1%¥15\;{?—b$9ﬂlm{l]\g§rylatc, and 156.41 grams of PGME. 'The flask was
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 mmol) of dicumyl peroxide, and 67.14 grams of PGME. The
system was flushed with nitrogen for about 15 minutes, and the flask was then immersed
in an oil bath at 122°C. With the reaction solution temperature at 119°C and stirring under
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 were added to the cooled solution, followed by stirring to
homogeneity. The vield of product was 289.6 grams, with theory being 292.3 grams
(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 gel
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In this procedure, a 500-m . three-necked flask was

charged with 18.40 grans (21 3.7 mmol) of nethacrylic
W@e00d/105356 06 grans (149.0 nmol ) of cycl ohexyl PCT/US2009/034540

nmet hacrylate, 19.1 grans (134 nmol) t-butyl
perffibha@cchyrbab®graphd (GB6). 4ThgyotysvaghtRGfiee nidnentet &skhavasgents,

eq U|Pped Wi th a magnetic stirring bar, dropping funne
wagp {4 M% rogen inlet, condenser with nltrogen out | et

and eng£§?ggggr hbxt t he dropping funnel was charged

W t utron containing 6.88 grans (25 4 mmol) of

di cuyglheperraxthdeylagnd 6022%4 granms of PGVE. The system

was flushed with nltrogen for about 15 m nutes and the

f I askutagethaen asmer sedVi%8”@an oi | bath at 122C. Wth

the reaction solution tenperature at 119C and stirring

under nitrogen the dicunyl peroxide solution was

slowy added to the flask over 2.8 mnutes. rhe

resulting solution was stirred under nitrogen at about

118C-1 23C for 24 hour sEXTRéPLBEut i on was then cool ed

n t 0 | , , P ACH £,
ﬁgi_nr%/?tﬁ yfﬂ)écnlgﬁgg%%lfﬁ':%é@g&t%@{bﬂﬁemggo ﬂccrwgigké)al ;%, @}3;:91 zed

f ol Uome D dsenstfikpérogert: oDOBIOg@R@ictayd [dhvengyd E—I»dluef)j 0 3

product was 289.6 grans, with theory being 292.3

(99Im thiy Eaamale} v)bolipgr @?éthﬂﬁ%tPth% Ihld‘d’élé % lhéféwg?)of \/Qa% was

90/

prq%ﬁr(/ IIQQh T{lll,e [’1}30 r‘g%];f%e%%{%\r/\/agl%é 8%% @lrngl\é\.ﬁ’llél’%h]t]\kﬁm&p%@fﬂ? wa

chﬁ@écﬁ‘{w f’(h nex | bly S4pedipek FE Bfan Ol dqhmm agrxaphyené GPE) .08 mams of
% by melght of free nmononmer for the reagents was a

PGANBE] ows 33 frt-Radty kraensael BOMI% cydk dhexyF \YFét‘H@éWI cétaélbwm

QBRI US4 QLB G s

vmé)ll%ih%R@IfdsﬁﬁikLIV Eor&@@dtionglSpribaal in etk bgiln g3 Dasi §09oframs of the
peri ment (DCE) Software and Having a k-value of O 5
polymer hmgu@xénm exaraplpdtvamaddid to- th%bqﬂélét i\ie resylittiengixture was

f
turp@s%at%{% r"rft éﬂ&é‘lﬁgr?szg% iﬁ%%sp f SK@E g]g?]&ei%g\?&g ?@ﬁdpgl Xﬁ?{n rams

of Ctha(rﬂrg@ﬁ} Bt Bhehy Bdd fohiun® 4per Q@0 -efiakkalighed (Sigma-Al drich St.
pol y(4-hydroxystyrene), 133.084 grans of
Louis, MO), followed by fumbling at ambient conditions for 3.2 hours. Next, 0.0205

grams of aqueous triphenylsulfonium hydroxide (TPS-OH: 21.9 wi. % solids; from Charkit
Chemical: Norwalk, CT) were quantitatively added to the bottle. The resulting mixture
was tumbled at ambient conditions for 45 hours. The resulting bottom anti-reflective
coating was then twice filtered through a 0.1-um endpoint filter into 60-ml amber
Nalgenc® bottles

The (ilm properties of the anti-reflective coating formulation were then tested. The
bottom anti-reflective coating formulation was spin coated onto a silicon substrate, at
1,500 rpm for 60 seconds, followed by baking at 160°C for 60 seconds. The initial
thickness of the resulting film 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
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PGQVE. and 33. 842-33.843 grans of PGQVEA. The m xture
was tunbled at anbient conditions for 2.0 hours. Next,
w@2®92056@ns (quantitatively added) o f an i n-PCIES2009/034540
prepared vinyl ether crosslinker (preparation
30 desHidl RedeindvEXROBbR eA3) TaRdth&kd04 GadiBeadfred hgain using the
polymer solution fromExanple 1 were added to the
cllipgpmndte, aﬁm‘ée Yestbpinagr Aiveiling eapsdcelaBl ed at anbi ent

Congl L 81?8 glriyl S{ l%g Pa?t%f iR Tgtg etsw?dehx ei(o)pl gl?ef agd @H@'r d(posure

waPRLEH UPKQ: the bH&@@@@lﬁh{&N@&%aKeﬁ @rrae%r ﬂfrl90|§ecoﬁﬂs A@H«bt&usmt
I\/D) fol | owed by tunb g at ambi ent conditions for
devglapehdhttsN TNEAH) (wa@z@s ryfdlad oo thyibe iy @rSFfﬂméwfollowed by a

5- 5@3}?&?{(‘)&1&%@&%’ geélrms wh 1e IsH)(mrggg T&% (;O x%m dia% i e%q { do\E/r&ng P Bout
3,080 686 bbb e RRESA®E 1o Tdhey veeBlidvieRpei Nteuhﬁldms ot thatthyed was

at ‘anmbi ent conditions for 45 hours. The resulting
mepatr¢domiznthi cHiphomete! sl hodt dwgkma@“t nencalgilated. fNr:‘fteﬂ)éddver

a%\g{pé)é%&t Q'Er%‘frfll ‘égﬁgﬁgﬁggﬁdlh pérg%%r | es%%ﬁoadraps{d exposure

unit." €hé @%dsy&la@&a\khmﬁ Qidubal pRncYRKErcthRe (RIESE €d.30ThEOr 90
bottomanti-reflective coating formul ati on was spin

secondst el phntooesést slievdlepsn (863X dAtALD ges uhcsa@ddlsﬁm@rthecﬁlm or

seconds foll L ng at 160.C for d
60 Sianne oo o et TR ST R REGnSS0 rpm. and
theﬁ%ﬁﬁaufrﬁ c A0 L2 SV EMUSE NBuBIGBROhNED rehblPBorRl@bper. The
vent resistance of the Iayer was then tested. A

tmsmemrﬁthc( By hym metsated)aguasaplidid F/edC\@mD@l@tﬂh@dﬁ clgplpige. The

3, Ilowedb n _dr .at, ab 3

n ok absaeobeslEonte rotr el bilet SRy O YA ER e
ﬁl&l%&l@ﬂﬁ%%réﬂﬁs&maﬁmceﬁ again using the ellipsoneter,

and ‘the % stripping or swelling was cal cul at ed. Next

the solubility of the [ayer in photoresist devel oper
__before and after exposure was tested, Fjrst, the
Fa'ﬁlﬁéxbg@e{&oi %V%T"tvr)éfs’ bg%éﬁ‘ SPAPERETE by d)% seconds.
photoresf st _develdper (0 26 [N TVMAH) Was then puddlled]
ont t he| FHISHIPPBY dj"§‘é’8i5ﬁd<, Foridwed by 4" s- secohd
deiciowiszeld watesl rijnse fvhi | e [Spi il ng at aB0Bnmpn)  and3 nm

tgzmlgl}‘igl N dryi ng af Egg\ﬁn”cnﬁ O[QeQelgyplmu pr about 3

o-Leppve nor hiclnoacc 3f tln
N

III\’ T UNTITC OO

| ayeg was measyy ed usy.ngvt he eI 1oq%om=ter1.a71d t
gevetoprent—was catcutated— Next;—the Tayer

EXAMPLE 3
Formulation of DOE-Optimized Dye-Filled, Light-Sensitive,
Bottom Anti-Reflective Coatings Having a k-value of 0.2
In this Example. a bottom anti-reflective coating having a k value of 0.2 was
prepared using the polymer from Example 1. A 250-ml, amber Nalgene® bottle was
charged with 0.467 grams of branched poly(4-hydroxystyrenc), 130.3616 grams of PGML,

and 33.853 grams of PGMEA. The mixture was tumbled at ambient conditions for 16.9
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was exposed at 20 mJ/cn2 with broadband |ight on an
Oiel (tnm) DU broadband exposure unit. The exposed
WO 20001103886 Subj ected to a post-exposure bake (REBYS2NI/034540
130 C for 90 seconds. A photoresist devel oper (0.26 N
houfMAld, R r%?oﬁﬁqg|h%gse%$[%r&f‘\ﬁn)fd'eh{& £QLs] @1@615&1@%@'7% grams
ol 'owed by a 5-sccond dei oni zed water rinse
i $pipohinng satut@Oramprixasptt t veme sgdad dripe rb@tt&t Zﬁb@unxture was

0 for about 30 secqnds ta ve.t
Hgﬁé%wbw ienfrondficaR b a bR | %éﬂomﬂgt%aﬁﬁf‘éd grams of
tnsgﬁgl%’ Pbxﬁﬂghé lfﬁ&ﬁYlﬁl %H%HFO Y‘@ﬁtaﬁ@u%hzﬁ& e@ereﬂagd&l apfl the
lues o ere neasured USIng aJ
resVMial InamLﬁomas tumblcd/ASE(lhn&nt cbhéitibng forgr®penrt Nt aﬂ@_06 0.021

IECREN O RN ol .
wa{ﬁfngg‘iécg L 9iviff %t@g IpdP Z 8ol el‘l el kb BGh (%obottom anti-reflective

ensitiv ottom Anti-Reflective ati1ngs

coaﬂag iwag raick fir@tddethafugh a2). 1-pnt dridpoiex &l ietcadbod timlhﬂ:r Nalgene®

anti-reflective coating having a k value of 0.2 was
botHesepar ed usi ng the pol yner from Exanple 1. A 250-m,

amb h

S8t N SEREL ) 0% B SRR 0, 0T Bp ARy, 1
bot’t-ﬂ%m ﬁ:lﬂdct% c85ﬁ3ncgfbaﬁﬁlaﬂ<f)n oMYA catEdenti asilune suasrate at 1,500

tunbl ed at anbi ent conditions for 16.9h ut . .Next , . .
rpigfoy 59 sgfoRHp | W%ﬁMﬂ@%éWaﬂ%sﬂﬁ @W%mmmmmm
Lht?é@?&ﬁﬁ‘xéxfﬁ&%ds L@rbé Z} %ﬂg’d Glfl‘ﬁ sB@ GHQLM %{cc%@{}fétléﬁpwaq then

Were a ['e. The m xt'ure

tesioas L\Lblll"vblk@dhﬁlﬂa(aﬁb) \emnudcb led hﬁﬂo@hﬁﬁiiﬁﬂbr 20 dechralst ®IloWed by spin

this mxture, 0.085 grans of
drying & @‘AQLttérQOQﬁBWW’VUH’@HW() SaPHds9 [rppve the solvent. The thickness was

qurccl u%%{nodn%i tRUB/aﬂﬁaglkL , opal «ﬁlnﬁf@v@s @'ﬂngﬁgt qand the

ure at a ent’ conditions

for le@tﬂ”f@blfubﬂfﬂﬁ%f the &}@Ql@@)h@to%lst geaimpeobefaguadager exposm e
TPS-OH (21.9 wt. 96sollds wer e ﬂﬁantltatlvel add
waaivdtc hETH e wnexinae] kmwr%&ub%" Al dntorcngitHons 1 18@“'“

ue(g' ep PN T I]Q;Hr Qlﬂ en 1d ]% L3 1ﬂn§ im (?rfd()escé&n\ﬁ@ tollovw:d by a
& VRS R &

g Wwas roug 1 -mm endpol nt
5- stédn‘d@feldnmk@ vﬁ@urmnsam@[ xMh@@@EG@O r}iﬂx&tcﬂhﬂ élsen sfphﬁurfw irlgrm about

properties of the anti-reflective coating fornulation
3,008 rem freapopext ssgondpie remove the developer. The thickness of the layer was
measured and the % development was calculated. Next, the layer was exposed at 40
mJ/cm’ 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
puddled onto the film for 60 seconds, followed by a 5-second deionized walter rinsc 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 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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bottom anti-reflective coating fornulation was spin
coated onto a silicon substrate at 1,500 rpm for 60
waeoonessse f ol | owed by baking at 160"C for 60 SPCOO09/034540
The initial thickness of the resulting filmwas
measured and recorded. The sol vent resistance of the
| ayer was then tested. A solvent ethyI | act ate) was
iakﬂg diféln orrpertichet #it- rafleslivexyages whers K 1 821 owed by spin

drytrng—gt—about—3;7000—Tpmtopr—about—3p—seconds jto
rénmve t|hBL 8oPRagnt . UTheoshi ckneessedas| neaglifed |agdialue

anentshe |% st sippi ng ofisWel | i ngrimas cal eubaied.| Naxb3 nm

the solybility of e |ayer hot or esi st deve|l oper
bePBre dnd after é e(‘{%l?ﬁl £ &Wgﬁ“{g‘}i First the

uq@&poseq | @yer, was baked at 13Q0elC fpr 90sseconds.gdg

haot oroci .ot Adovaol dnaor

n N ANALD
PTToTUTCTOoTOT T VvVCTUpPpCt Y. 2UTTNT IVRAI'Y)

onto the filmfor 60 seconds, followed b > 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
seconds to renove the d I r. The thickness of the
| ayer was mneasured and ﬁxgﬁ&ﬂﬁeéelopnent was

cal C)%@%ﬁ@'zthﬁ)i%}ym w;@duay%evx%ns%pmm/@tnéemﬁunﬁar
wi t h broadband 1i'ght on an Oiel exposure unit

exposed | ayer was subj ecd Edooreséi PEB at 130 : C for 90
secon resi st. devel o er .(0.
PR e e S e PP (bRl ““vai';DF%\%‘e@““b*Vl"S 2

(k Slre 5@(59% dai omized MakRruskd RSBrMAIdhS .- §pérrﬂ)6tl&% adti-r30Qtive
rpom and then spin drying at about 3,000 rpm for about

coBgsechfidd 9f anrlehvyreplyh & ide el loplerv aluThetterhagknestivg coaling

the | ayer was neasur % de
W gaANEHPACGLH FAB HISHG e UAPEET B STHET T g bakine a
lbﬁaﬁtﬂ B4 QRd@ Phe 1’%61‘\%@5 i3 e OI jz"sr}ﬁn V@-@E(nrc)u ) f(r bﬁuc bottom

I mproperties are listed in Tab
umiaﬁknnwdmwmogmaphynmpmhi!UaM%ﬂhyedeoaM0nﬁkmuVeumunghncra

TN TN Y
har85 %@&%@Q dJiho %@m fsl 1&vek Kt é’ﬁio‘t@gsxs&o@ooﬂﬁgn &t l‘(v%@' fH8n ISR

Were use orm a dual -l ayer bottom
Miait inen e goi-cveedions innguatiagk bbiorm dnBraihectivd dvogneg Ay 00 rpm

First, the 0.5 k-val uc botto i-reflectjve coati
ForyiiEses R, CBRIBACBING VS SRTiSUBHC HRFGF PSP ASTOR Bk (EAB) a
@Qﬁ RS r}g&mdg‘ojﬂlleom%rgy stqgt’}%'r R9d &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
wafer stack was then developed by immersing 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.

3(b)), and 1.8 seconds (I'ig. 3(c)).
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160 ~C for 60 seconds. The |l ayer had a thickness of 28
nm Next the 0.2 k value bottomanti-reflective
W@ oaviegssvas spi n-coated onto the 0.5 k val ue PCT/US2009/034540
anti-reflective coating layer at 2,000 rpmfor 60
seconds followed by bakingngi 60 C for 60 seconds.
"I he second | ayer had a thickness of 20 nm Next, a
| ayer of aSyphwetsiovésilbe-aomposleloer AR A682% from JSR
Mcro. Inc.) was i n-coated onto,the dual -1ayer
botton1anti-refle%&VW@AEfﬁkﬁﬁﬁ”ﬁgk@?ﬁ%o rpmfor 30
SeCONAR £xIRGIPRARREISLn MRS HARR &%Pd:c?&?ﬂ@gmtagn@ic stirring bar
post - appl i cati on bake (PAB) at 1180 for 60 seconds.
andTthernphottor ess sharbaleithia® aratdsi (kAesmobfol IBGhamylicTiad, 5.85

AT 3£ GO RO T o M TS BT B TIMES B EHE S, BBRSE ol of
2—6%-2—&%91'“'&19[% %QH&C’?},&%&: a@AI;J@)I\QP ng{e Q< 88C %Hggsstir'regl gtg ambiem

er stack was then devel oped by imrersing in
conditidvdld prodved aapartiohepludbn.sdcondtsiserfvath wivegerbyutlat and dropping
dei oni zed water rinse and spin dryingd. SEM photographs
fungelyaith RgReERIes! Yte o alibeti B Sl g R RS was
¢h alge%%ftﬁ 9 1&?64 pr%ﬁéréé oMok e @F@%@l)%f%@\ﬁ%b‘?sEMbutyronitrﬂe
phot ogr aphs of" the photoresist and dual -l ayer
(Al@N)iand &b e girinteo CHAVIFN gEhepasttt@rmedenily AudBo with diirngs for 15
.and spaces ( 1: 1 ), at expasure.tines J. 6,.seconds .
mifytpy andty flaskywes Ui dpaerieritg 203y a0t n3ECERaGction
solélji:(%ngtemﬁél‘fz\wre W&@h@a d ﬁﬂﬁgﬁlﬂe?n@lfog@l e AN aehes) was slowly
ol'yner ftor O.

k val ue Bottom Anti-Reflective Coati ng

added t6 tHeSaEx ang@l 162 manbBO- Ttk rtduiteg-misckedvaf basdd wglai pipegden for

with a magnetic stirring bar and thernonmeter was
24 b g Wrth°6: 93 grans (80.5 nmol) of methacrylic

aci =85 . 124 i OF, r, 2141 r ' 0.06

of g&/%lﬁgheg\;v%gﬁéé5«8(}1%(1“@%)011@5 r%ﬁr%l]){)d%gfﬁent]cgljmﬁgnbg REE, .06
pragdrseif BythetBo-aghoma tyeke ot acthy kadled (iDuiEMnd (hbenixiuct wasestirred

was stirred at ambient conditions to_?roduce,g .
0 permeingty s dihgtiied. olardomae HIBEORIMER ZAil tLr F§R (GULletecovery).
+.and. d I frunnel, ik the Nhtbeogen. ik 8l NELE: N lar wei
T B R MR PR e BBl B R weieht
(M@hasragad. 00D thhitans ak tichanepiepated. f rom 498 ny (3. 03

mmol ) of 2,2' -azobisisobutyronitrile (AIBN) and 56.1 1

gr aRercettagaVENOTHeeTs (st dich TRASNEGERRIYYCF | ushed wi t h

nitr ernnIe rac%f?lc acid: 30.73%
styrene: 9.22%

AD-EM: 9.55%

EXAMPLE 6
Precipitation of the Polymer from Example 5 for
Dye-Attached, 0.4 k value Bottom Anti-Reflective Coaltings
In this procedure, a 4-liter beaker equipped with an overhead stirrer and dropping
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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m nutes, and the flask was then imersed in an oil

bath at 1000C. Wth the reaction solution tenperature
W@0020@55 OC and stirring under nitrogen, the PCBNS2009/034540

solution was slowy added to the flask over 1.2

amBRUE SRS, t%@}%lﬁﬁ@&o[ﬂn&hlﬂcﬁn WBampld § el adaeBtropwise to the
nitrogen for 24 Rours at 99C-1 05C. The mixture was

beakhe antIoZ)] eninitgs.t hEheajasultipg abixinre amdsi dign ioredi for gwsadditional

13 %ﬁ%t}t%sdatﬁf %ﬁrl éondé%%nsdfﬁge H%E(i %ﬂ? eer\?é\sas %pra?%lfg(g ]q' tBe polvmcr by
a VRQIRIENEIoY: Ak 26h Gniodf RAhYHERANGSON4HE i Mﬂiﬁd&&the pdlymer
grams (99 2% reco\ery). Theoretical percent polyne

presipitidsandabe 1ixtR06 wayreirgdiferht. S avevtayel rolobent wps @%Nglmnwed

t
by BATCURY gETEH APBISRS SRaCAId TAE St DR gPyApns for abou
3 d%%gﬁﬁé}ﬁ drBu@fiods widih JRYACS L1y & B1d@Lar &1(121?@05‘@1@\[)1 019m515\%15 then

Preci pitation of the Polynmer from Exanple 5
furfhor diyeat/AOF@ahedac@ing fke Addiayes. Bbiet oral mid whRe$ [7é eramye(57.5%
s In this.procedure, a 4-liter beaker equi pped
V“&f?%”é %@gpﬂéﬁathIWFg} and droppi ng funnel mgs PP
charged with 1.500 ml of hexanes. Next, 149.8 grans of
t he polyner solution from Exanple 5 were added to the
droppi ng funnel. Wth th8AMRKanés stirring

et nas Soder ar o Co-be ¥Rt GMne
m NutReg. mlT e hEOSMbEHRIb JHIX tvHE EhaRS iNEN8E4 drh@ of @6 pBRymer
additional 13 m nutes at anbient conditions. Next the

frosidlneentie Q098P patrese{ POOME t”iwei Apalgmofbipl‘é? Yhabadhd grams of

filtration. About hex re
on RISt o) CHT BTG BI86T BTG R LG i Rraa g sl
PABE T FEE] difhadnimiBlnubesys T ﬁm%ol Yentis s agaji g mq
by a vacdgmd% ?ra)fl on. gdpo y(rrer 1\?\(\32{ al @H% k m i
perito@rbbenhesotfndite,iand 9. lf’db L&bmmf tﬁe@aly(sldlamst (tl'he\m "g»rlm&?ﬁd/”:)
to.,a white powder jn ar and estl . _The ¥
Thouasex tigeras tumbled for 2 homs dt m,h 1f:n1 wﬂu ons to homogenetl he pmdmt
was then filtered twice through a 0. 1-pm endpoint filter into three, 60 ml, amber Nalgene®

bottles.

EXAMPLE 8
Formulation of Dye-Attached Bottom Anti-Reflective Coating

In this procedure, 15.003 grams of the precursor prepared in Example 7 were added
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-pum 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

of 0.39 at 193 nm, as measured on a J.A. Woollam Co., Inc. VASE®:.
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further dried at 500C in a vacuum for 24 hours. The

total yield was 8.77 grans (57.5%yield fromthe
w@lytessserot her |iquor). EXAMPLE 7 For nul at i onP@F/US2009/034540

Precursorfor Dye-Aituched Bottom Anti-Refl ective

Coating A 250-m . anberEXAMEAePr) bottle was charged

with_ 1.8654 f |
30089V 260 PO s PDAS A B b A 6 SIS
grams of } %Qﬁhgyﬁq(f\’)'j‘&ﬂd ﬁlepé%n% 9}3 @Jom’ékﬂquop 0262

gr ams TPé late (a tri foni um sa
from StrghmﬁzeAd cdi)rel—aifat).hecﬂpcﬂ)’aﬁ& glﬁﬁﬁﬁnldﬁrebmeclﬁdzlﬂasl\ was charged

- but yl phenyl sullonlun1 erfl t I
withihe Dns T §aed 6f PEP PETHEAORaN Ao ety STRRRRD of tbuy

me gc\% ate, 20 g?%rﬁ%}@@ez I‘Pﬁ%l)tdf'@?ylnﬁfé LRrz, ﬂ%ﬁlﬁs @F P@Nﬁ“ e flask

conditions nmogenei'ty The product was
wad ethdutygfo& duﬂhmn&@néthrsmu@kg tear &tlﬂmﬂmr&tmi,pmonﬂerfseﬂ wlelr mtmgcm outlet,
t hree, 60 anber | gene R bottles, EXAVPLE 8
andepitenpiag fgmebyilppatoses a@ﬂed\ BTl RO Srs FY et chieom 0.4714

grambz% 89901415]1 SUNGLS a\ﬁ& ggéxgraxﬁlé fg}rq 187 AR gflu fdd€was added to the

cursor repare were cid to an
dro@mﬁ@ﬁurﬂ\ﬁﬂ gehefeabiodr iweturaﬂmihgxam fllzh&d 908 nfr@ws fof more than 10
80.0/20.0 PGWE/ PGVEA., The m, xture tunbl ed at
minuserpap@tlifr BaskorassheidHEEEsd iTHR ol £1 nyt Sol b fothe g tion

m £l 5 ¢ 1 v slowly
o AR AL Bt

addRAtd the elableailitice coal . agniitos. rfthcat:simmgmmt&pwms cloatsaéded under
onto a silicon wafcr. foll owe % ba |n at 160C for
g1g

nitgers eSS - 10 CripT ot hratts. al\ﬁm\%ﬂ ‘sptgthowialienp!ere added

té\g lgfll)'l lIymeI %)gul:i)’onl @v&n&ﬁ%@gé&&s 811?1%51 @%\Eﬁ%@g y e ﬁ)e}f??nso gé?elty. The

yiely®aMNd7acheass B yneedweryBolham Aal perRek bﬁcyﬁjlcllﬁ) Qo atak ng.2%
Having a k value of 0.2 and Preparation of Mot

The igLedF avReagsyne hadzeei ghid By avasaloned Ipdlopses, dC@*fs@Gd ky GPC.
t hree- necked fl ask was charged

EXAMPLE 10
Precipitation of Polymer from Example 9 Mother Liquor

In this procedure, a 4-liter beaker equipped with an overhead stirrer and dropping
funnel was charged 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.
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 filtration.
The polymer was stirred with an additional 85 ml of hexanes for 5 minutes, followed by
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.
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with 6.91 grans (80.3 nmol) of nethacrylic acid, 11.03
granms (77.57 mol ) of t-butyl nethacrylate, 2.00 grans
w@ 1®920358®1 ) of styrene, and 134.71 grans of PENVEZUSZING034540
flask was equi pped with a magnetic stirring bar, a
Thd ‘?bes{d@ WEL €fen cﬁ‘ie@lqggﬁé}siﬁ EhaM Jol DL ERYEE, QHt2|4q{0ursanﬂueapcrccnt
dropping funnel with nitrogen inlet. A separate
yielgldtan tlenmeasr lppepamnedsFor om 0. 47 14 grams (2. 87 nmol )
of AI BN and 44.67 granms of PGVE. This solution was
added to the dropping funnel. The reaction system ||
ask was flushed with nimﬂEﬁqr more than 10
m nutes, and the flask was then inmmersed in an oil
bat h at Fa@Q40LioMlifthetheichabBiion A8l Refleaive (@apeg at ur e
at 107.5 0 and stirring under nitrogen the Al BN .
sol bthishxpaelesd @w-gﬁ%@émw PRl FSK RPN B AT wPE.- First
GrsB1 ML BSde IO SFHL IO IS QUL 90 ¥R BOBD Wi (HE Fllowing
oedsl B PR R OGRS LEEN L PORYED ROSuTin S fltovine
ingdQicBisth dfc dedartibtedkyphigdbloraner ef addedotwe tinhe @béryomesslinker,
sol ution, which was then stirred at ro(gm} enperature
4% hewwpgeneriyl lapkée.yi-Bl4 ol 2opovdygrdmelyoes msgipitate from
Ns ery). TFh @tiler nt..pel oer. ri%«»lf'
ExHROYs e JeTont sarabe fol auar Thersht i g fonium
perflord3dbidahdsalisnat@ sind €t @ordraad o DYP Ch B TakXAMBL B hkGnixture was
Preci pitation of Ppol mer from Exanple 9 Mot her Liquor
tumbed #jreorp igerddie orlabpiter beaker equi pped with an
ove[hea jrrer. and ¢ [ f 1S ChRT i.1h
1 5000 B e al. wiRPAnAGy STl nAGH HMED Yl hddco
(quimiBgVel} irgiseirelly @mMmdEboanpl e (welddiaadéthetigethdi®lamine solution,
droppi ng funnel. Wth the hexanes stirring under .
a pepgtniteist opedin the Ry x e Pt ¥ ULoN ¢t RBwlsad reeadgmperature for
. dropw se, over n . e 1.0G. X \ e
o SR PR BT M E 5T iR SR TN i Ren v
filtdiQd MrDWIes0. 1 NeX bndgoentS0lev 81d (HaS 60 GNIDAmBe MalgimeRhigvttles.
pol ymer precipitate by a vacuumfiltration. About 150
m  bhe bpdeh HdixsHed Vetoatingh sAMRAHER 4§ tthen pEIPgTeE by mixing
and the mxture was stirre {0 f.e twre f.or
22 38 a6 Stk e R S g s TR R TRIR Wi (R an tmber
Nafplehd® @bitRn. THENS AR WIS tuM@Se dSdt iro6ra dembdrbugnfoaddirhinaral The
§5 m of hexanes for 5 m nutes, followed by, rermvi%g
soltthen wob viemttwise Blterad drmngh Rk bittmopnd PRI HITET HEO pttypbramber
Nalg@n(gﬂg%oglee?ker was dried in
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.
The film had an n value of 1.60 and a k value of 0.19 at 193 nm measured using a J.A.

Woollam Co., Inc. VASE®.
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a 500C vacuum oven for 51 mnutes and then ground to a
powder in a nortar and pestle. The powder was then
waleioedo$ses t her in the 500C vacuum oven for 24 POUDS2009/034540
The percent yield fromthe nother |iquor was 75%
EXAMPLE 11 Fornul ati onpefs [¥erAbt ached Bottom
Anti-Reflective Coating In this Exanple, a
dye- attgched bo1-namdopiapheUsegt Dxwed ko@td ng was
pr epare Fi r st precursor, was charging a
250 m , anbéff?ﬂﬂialfé?é' ’”(fo%‘f‘rf@g\kﬁ%ﬂ%ﬁé@‘f% | gw. gg
gl%ﬁgll %%11% nthte c?t{tgc%'édlaim f@w@ é}%ﬁg o A Bhs ?x’épared in
ouge Vih er Ccross er, 147. 4 2 grans o
anﬁfﬂiﬂ'lw 8 (Ika(ahat:d)}%.dﬁdll g{ \ajmc -00.1powere nedl tp dbrymeedual-layer bottom
recipitate from Exa

alllltplfciflsﬁ(‘fﬂ\e ¢0aEpg sbﬁ{\ﬁpbﬁ h};m gm%@ﬁ? 7[11‘59 t%QBO 39 L value bottom
antit 1%51@%“%%%21%&5%1?9 L4 0N8kiE S?MQ)UQN Q&Gatgﬁgﬁ'éprﬁf orl§cconds,

m xture was tunbl ed room

follb@aPp ey dhlingaf 60 ° CGoheussondiexithe 16t B! @tmmesﬁfof 22 nm. Next,
tricthanolamne (1Q wt. % in PGQVE) wer %

the Pg@dntaleaoioBt ptir e HALPE CPEME 35 PHECB) ) g e i

q /Pt (. | O 7

B SO0 o R LD SHIER GRSt ALl om0 o

60 §denidse dRtses@AMfce hpet atickress @3 labou i hédn, dgyhstondsis hARlészJ)
produced a precursor sol ution, The precursor soI u“

waygpsn-corded onip dlee dualdaveRkption %‘Ergl‘?ﬂ&““‘f GpRtRnpdh #o-200 rpm for

30 %%angb tflf)f] 5\70\/0(} [ 5% gp lpa Wse’é@l(&enﬁg %vh(QQ;teEllsteﬁlyu had a

om an 1-re ['ective coating conposition was

hiddaen priepared by m xi ng 22.504 grans of the precursor
solution and 7.512 grans of ethyl |act e|n ar% anmber
Nal G en(snl)tm@@wk evasThen $6105¢d BHIHAS ATURPIER IEETFToBHer from

Xn};&l\rg)cén lgms?{{ hestn} M egdl%f) q b§7 {ﬁ 5toir1 OV‘@SfortéqOeéaconds The

Priel&d throu gh a 0|nt filter Tnto a

waRPsthlk w@ﬂh@ﬂi dNalgens( Mmbeirlieo. vasmmve«sm Hvichgpebtor tlrm seconds.
) anti-reflective coati ngtwforrrul ation was spin c
Figontoshavs SEM plrptogfiels of Hie phapeeskh g Gil-Goeisad ofﬁﬁs‘ -tive coalings

fol)lovd\ baki ng .at 6 I l
ol G B D ALy, 6 Lo 0 strnder s A
1. SNBSS e Usb @139 Aonlodlip aim I nc.
Hred ‘? gXbGad! 19 s @lig.am)eo.
Next, the same photoreslst 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
Vinyl Ether Crosslinker Formulation
In this Example, the in-house vinyl ether crosslinker used in Examples 2. 3. 7, and
11 was prepared by adding 25.15 grams of tetramethylenc glycol monovinyl ether (Aldrich,
St Louis, MO), 22.91 grams of triethylamine (Aldrich, St Louis, MO), and 250 ml
tetrahydrofuran ("THI"; Aldrich, St. Louis, MO) to a 500-ml, 2-neck flask. The flask was
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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193-nm Li t hography Using Dye-Attached Bottom
Anti-Reflective Coating and Photoresist In this
WE@IB56 t he dye-attached anti-refl ective coak@TyS2009/034540
formul ati ons prepared in Exanples 8 (k value 0.39) and
nitrdder( k value 0.19) were used to forma dual -1 ayer
bottomanti-refl ective coatln%pstack for

li tN@ﬁr%@R{grdW gftl 3,p {PenzyngigicpL wldeclﬁa@@%l&nch St. Louis, MO)
e I
wex%r}lg%olr\/g{i ng%}/"?ﬂﬁ%?%?ﬂ% W?Zlg%xﬁé%r%?@{ I gnvl\gg)t i/d?lbxgisitfnagl%rred
to @t allddok ffuﬁﬁelﬁﬁl hecwodsl 2-heek lagkeandhadtied drbpekaes sheoftirring
22 nm Next, the 0.19 k value bottomanti-reflective
tctre@a*tlww@c aBsOlSpPIEBA b/ Bisthy lapiac(d Fgsakutipg) fggabout 15 minutes,

ctiVv n 0
R
thed h@n&RAARG kiayied bll]ﬁldncathte Blieknesssalfved td come toTh)em teﬁnperature
_ Ehotore5|st (ARl 682J? was spin-coated onto th
in tee Qrsky agﬁmh tpolt arpreametely K haet i The Syt Magthse 8%21%0%@9 reflux for
4 hg%rsgggon ask W‘H']I%%O (? gr?fgxztlhé ?é#t QNG gll(ﬁycdf tA%o tgir%sé@s(lzc%g& ature.
Thd 3QrPwhs thbe ﬁﬂt@&dkﬁﬂlﬂ@ g ssdtiag ﬁlm&ntshteﬁ, B po&ednusd agng@arotary

Anphi bian interferonmeter from Anphibian iw S) stens
cvapRsEdTde R a \rw)ous Fdlavolddby PEB at 1100C for 60
SeCQ{lmqmuIihxga 'l‘\ Psi_f_rm&[) eveﬁﬂﬁ{l IPq’ Aggrg ﬂ @ty L dm.s, MO) and

i mrersi ng oper seco

wafte@ U edy 1$}h 05 -ﬁﬁl\ﬁoﬁiﬂitﬁis Qgragphsis of2 § %&ct&h@dtbﬁa&h&hu@m dvdroxide
dual -1 ayer anti-reflective coatings patterned with 150
(TWimH; ivéschafitl Lopacde)( T h@ @CI later mppe¥aceduisngs seipargtory funnel

nd
aniglégmzéshi(;_ cc Etlg% SU- %?&r 1{)1}115 olg ierlr(émzho%wg{cgll)lg %‘ﬂger :ka}%r was

allstual ol RURY 0 IR A QRN@Ntd - Tief bRt e eealr uﬂgwsma@ké a,sun 50¢go0
patterned with 90 nmlines and spaces ( 1. 1 but

acttvdppasit elumidi. d heanixiresns yatedrer | h(fttmml grdv NPE‘E 1_113 clear

s R B S T R 0, eSSy o

apRoxitalely a0dg Lluas 7pvepated by addlng 25.1 5 grans of
tetranethylene gl ycol™ nonovi nyl ether (Al drich,
EXAMPLE 14
Additional Crosslinker Formulation

Inthis Example, the preparation of another crosslinker is described. The crosslinker
can be prepared by adding 24.70 grams of 2-(vinyloxy)ethanol, 27.44 grams of
triethylamine, and 300 ml THF to a 500-ml, 2-neck flask. The solution can be immersed
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
ml THF in a 250-ml Lrlenmeyer flask. This solution will then be added dropwise to the
2-(vinyloxy)ethanol/triethylamine/THF solution until the addition is complete. The slurry
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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St Louis. MD). 22.91 grans of triethylam ne (Al drich,

St Louis, M), and 250 ml tctrahydrofuran ("THF"
wo\R@piesse St. Louis, MO to a 500-m . 2-neck fPEEKS2009/034540

he ilask was equi pped with a stir bar. addition funne
TheCONARASHIL thé}ﬂ% Qb ERGRI dshgel roaid e ipblLdr-to ThR af iasks yellow

was I mersed in an ice water bath and the sSol ution was
liqusd.i rred under a fIOM/ofnltrogen. Next. 20.00 grans of

ST O AT et son

por@é&%ﬁ%\@%& s Thask. TH BerS e%ixﬁﬂelmscx'h’fa@t6§ fer \R&%e& QN&@Qbmg
addition fu ed

nnel on the 500-nm 2-neck flask and ad
50-ohi ppuicge of deivhered twatari nihet ahar et hwillghen o fided over anhydrous
nDnOV|ng%’ether(trletﬂylan1%9/THF olution for about
magngsRBEeE. il henelVaadianits ACRRCISETHI RESH A white

precipitate formed on contact. The flask was then
rcnroled fromthe ice bath and the slurry was al |l owed
to come to roomtenperature in the flask, which took
approximately 16 hours. The slurry was then heated to
reflux for 4 hours. The flask was renmoved fromthe
heat and allowed to cool to roomtenperature. The
slurry was then filtered using a suction filtration
setup, and concentrated using a rotary evaporator to
give a viscous yellow liquid. This liquid was

di ssolved in 100 m of diethylether (Aldrich. St.
Louis, MJ) and washed twice with 25-m portions of
aqueous. 12.5% tctranct hyl ammoni um hydr oxi de ( TMAH:
Aldrich. St. Louis, MJ). The ether |ayer was extracted
usi ng a separatory funnel and then washed tw ce using
50-m portions of deionized water. The ether |ayer was
allowed 10 settle out and coll ected. The ether | ayer
was diicd by mxing with 5.0 g of activated basic
alum na. The m xture was stirred for lhour and gravity
filtered. The clear \ello\\ liquid was concentrated in
a rotavap to give a yellow viscous oil Total yield was
approxi mate!) 29.28 grans (77%yield). EXAVPLL 14

Addi tional Crosslinker Fornulation In this Exanple,
the preparation of another crosslinker is described.
The crosslinker
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can be prepared by adding 24.70 grans of
2- (vinyl oxy) ct hanol, 27.44 grans of triethylam ne, and
WRIMSSTHF to a 500-m . 2-neck flask. The sol BET/O8200¥084540
be imersed in an ice water bath and stirred under a
We(Clam:of nitrogen. Next. 24.01 grans of
1, 3. 5-benzenetricarbony] trichloride can be dissol ved
in 100 M THF in a 250-m Erl enneyer flask. This
sol ption,w i t o
2 (i nyt S et BRI iR S el tenisngi
t he(aqddi proowirgsa aoepitehavindhewsdadr ry can then be
brought to roomtenperature and then heated to refl ux
f or (BAboutormingaulist anfhstlssiyicopatinlaped Wogideyrives: 2Bom
t enper at pr.e. and i |ter I , I; Tt ive
f11Er ot DR RIS URHRE gL st antireflcive
concentrat ed usiking l@cr,GhRlr firsevuap oF@hdantigeficriec @oating layers
viscous yellow liquid. Next, the liquid will be
di ssol ved i n 100 poleFnEt Hefndwe-Jashe twi ce with
50-m portions of aqueous TMAH. The et her |ayer can
then be extracted and washed tw ce using 50-m
port.i onsTRf mdglo@nif cRihvatad mclihvd fattharcohgyemgwirddslitking said
be dried over anhydrous magnesi um sul fate. Finally,
first prasi-gedlegidyn cogting et divpvad lomdes (Pr essure. We daim 1.
A nethod of forming a mcroelectronic structure
conprising: (a) providing a substrate having a
sur f ace; Thdmdiggdmbnglaanfl, rekeraint daid efdsdoikinge yebRta Mgst anti-
| ayer on said surface; and (c) form ng a second
reflgpit Ve qoafibe by ¢nibaldp atlisigtiplhydsolghle dmplpipiepist solvents.
anti-reflective coating layer, said first and second
anti-reflective coating |ayers being photosensitive
andgwet - ggy glepakIfelaind 1. sdibendmidhehefcotlpismglrosBhidng said
met hod further conprising crossinking said first
sccand pntr-edfleetd Wﬂnggwﬁrﬁét@lf aydforafiagtc)sai d formng (b).
3. The method of claim2, wherein said crosslinking
yields a first antireflective coating |ayer that i
subst ant irgd hyeuidasel dbhedi Phabot PEEsiosdlinkblovasIds a sdeond anti-
The nmethod of claim1, said nethod further conprising
rellerossddankg hyesiaiids sesondagniisolubklieetdapis sebatisng | ayer
after said formng (c).

6. The method of claim 1, said method further comprising
(d) exposing said first and second anti-reflective coating layers to radiation to

vield exposed portions of said first and sccond anti-reflective

coating layers.

7. The method of claim 6, said method further comprising:
(e) contacting said first and sccond anti-reflective coating layers with a

developer so as to remove said exposed portions from said surface.
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5 . The nethod of claim4, wherein said crosslinking
yields a second antireflective coating |ayer that is
W@ pstesssé al |y i nsol ubl e in organic sol vents. BCT/Uk209/034540
met hod of claim 1, said nmethod further conprising (d)
expesi ngrigahéthbd 6 &laidiyl s 5 6o Bt fdfecti @ dobG6d lay& in (b) and said
coating layers to radiation to yield exposed portions
secofd sali-deffdactise caatdagset@wdhmmg respEtibet injléal codhiiliiges in a basc

deve ARG Fapip FEy ConpaedlhgElahoie PO DT St Wecive

uoaﬁﬂa‘i JayE@hli 86l k¥ @n8 At kTl cli ARYRIafinMalét hav @&qup@ find Qolasilities
to rénove sai d exposed portions from said surface.8.

in bikedevetdpod safl fokbdotutglitiesdictngrgreaier tha sai¢ wiitiad gelupidities.
coating layer in (b) and said second anti-reflective
coating in (c) having respective initial solubilities
in @ basendgveb@Beslainhe rvﬁiefblﬁtatl@éxp%m nd (@N@Q?Jn@@s dx@dsing said
sai d exposed portions of said first anti-reflective

first oad isegnt aangirrefledivs adodtise dayets wntaid: aﬁleﬁ Ifeqm M@eon’,ﬂ@&lt Pr@gﬂctw“
| ayer, have respectiyve .final so ubi, |

ele@%@tew lgb@p an gy ISF(?Ih]é(FLug 5105 ai:tl xégh ezhsé a é)lg)ll N (Q‘ %inﬁi clement

and\f’\jﬁll 1Gsf e{‘b&'u@h 0B QiR léﬂe@ﬁxe Qatifheyemt hod of cl aim 6,
erel n said exposing (d) conpriseés exposing said

first and second antl-reflectlve coating Iayers to

d f
r a |(§neogb%;%mq?plggp?éﬁa aj DSrt n(?nf ﬁL(ar C %%rlstm% alewng a

pth&rtgl'stotB safd &%rﬂ-ﬂi SerentiQ c@ﬁ@n@hy&r&@%rrﬁ aR kAR |8Er on said
said anti-reflective coating layers. 10. The met hod of

mﬁch@aml1jksmwdwmen$b@eﬁurther conpri sing applying a
photoresist to said second anti-reflective coating
|l ayer to forman ineging |ayer on said second

ant iy reflg V\%He%a%@@faﬁrﬁg LBYRIn sarl At anthR Bt RQaBhy layer has

claim1, erein sard first anti-reflective coatlng

a khayerofi@sn abdat 02D uealafut Hroom about 0. 20 to about 0. 65.
12 The nethod ofclaim1, wherein said second
anti-reflective coating la> er has 0 a k value of from

abo%v 0. 3,0, 200Hb 1 QaiftPt . wherein said second anti-reflective coating layer has

a k value of from about 0.1 to about .45,

13. The method of claim 1, wherein said first and second anti-reflective coating
layers have respective k values, said second anti-reflective coating layer having a k value

that is different from the k value of said first anti-reflective coating layer.

14. The method of claim 1, wherein said first anti-reflective coating layer 1s
formed from a composition comprising a polymer dispersed or dissolved in a solvent

system, said polymer comprising an acid group.



10

15

-]
LN

13. The nmethod of claim1l. wherein said first and

second anti-reflective coating | ayers have respective
wo2oalesse sai d second anti-refl ective coati ngPCHYE2009/034540

having a k value that is different fromthe k val ue of

saig firgl ﬁNHodf@ff Lt 11ve 5&1@%({nﬁkgaslt%eruﬂhéﬂu)ﬂ;Bﬁsmg a dye

met hod of claim1, wherein said first anti-reflecthe
physioaltsi mgxeil ante saidssofnporedn faitbrsaia FEWSI tion conprising

a polynmer dispersed or dissolved in a solvent system

sai d polymer conprising an acid group.15. The method

of ¢ ai m 4n¢tﬁ§éi 8r QAP OE infHe R Ea4d E&?&c@&!@%ﬂs@k_ﬁ]%@b&%@d to

physically mxed into said conmposition wt aid
saijgo@llymer . 16. The nethod of claim 14, wherein said

pol ymer conprises a dye bonded to said pol ymer. 17.

The nethod of claim 14, said first anti-reflective

coaf4 ng -f %ﬁ’JOchgndle{ 4 heLai§ HIRT drdil REedle] J@)gfl@éj'c@ﬁbosmon

sel ected fromthe group consisting of crosslinking
furthgenhprisplaah dactderg etlestat fnms th@du;mor‘sush@oﬁch@sbtdﬁ g dgwfq

di spersed or dissolved. in e sol venqtm stem w tr
phowcweraicg% apﬁéllﬁ@tr%léeféf> ISR§rRGdgor éf"é?fih“ e \é?Phﬁ‘b“m
wrt§ﬁleﬂg trate surface conprises a plurality of

top grap y features; and said formng (b) conprises

applying said first anti-reflec ve coating layer to

substantiall ) cover sai d topography features of said

subktr at e mothod I tfpkn deVBEEWoni ¢ structure

COITQB 1§ ig s%bsc‘tHRec'ng@itcg «Fﬁéﬁ&g a _11%(%”1[&%?@( og rdphl $datures; and

ef1°ecti ve coat ayer adj acent A é)u bstraté

suriaad: eornang (&) S@ﬁpmsd a:.pplj\ %rrgeidida(ﬂrzt;rvmua@ﬁtmwg doagzm layer to

adj acent said first antj-reflectjve c Iy

wher ei n %@ﬁfﬁnﬁq‘i]bs‘io"ﬁfnﬂl%‘@E%%fdp@r#F?mF‘céP? E \Vlé‘t ¢Bat i ng

| ayers are photosensitive and wet-devel opabl e. 20. The

structure of claim19. wherein said first

ant jo.r ef hegicioek:caoaitistgetl@\coarprismg: a k val ue of from

about 0.2 to about O0.65.

a substrate having a surface;

a first anti-reflective coating layer adjacent said substrate surface; and

a second anti-reflective coating layer adjacent said first anti-reflective coating layer,
wherein said first and second anti-reflective coating layers are

photosensitive and wet-developable.

20. The structure of claim 19, wherein said first anti-reflective coating layer has

a k value of from about 0.2 to about 0.65.

21. The structure of claim 19, wherein said second anti-reflective coating layer

has a k value of from about 0.1 to about 0.45.
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21. The structure of claim19. wherein said second
anti-reflecti\ e coating |ayer has a k value of from
wW@R@atoBsd t o about 0.45.22. The structure of BPCHUMDAD)34540
said first and second anti-reflective coating | ayers
having resRegtiverkiaugl 48sid ehebdtosdidi-ReReme coating layers
anti-reflective coating layer has a k value that is
havdigfreseetve K yadmast Wwherkinsaldusecafd agsirdflédtive coating layer has a k value
anti-reflectjve coatinhg. |layer. 23. The structure of
a3 i G & R G i Reo B Rediral e oatt ng
| ayer has a thickness of fromabout 10 nmto about 50
nm 24. The structure of claim 19, wherein said second
ant13.r ef Tleotiuvieradataimg 91 alyeeinkad fisst ami-ckive8se whtifg lomgr has

about nm.to out 5 m, 25. The structure of claim
a“Tg?CﬁHéggphmgﬁﬁ38§EH§@gQSQOHW%Iudes a plurality of

t opography features, said first anti-reflective

coating |ayer substantially covering said features.

26.24The ‘Shasotcureofofainl 14 whaoin shigrsepand apbrrphléativagoatime layer

s TR Y. 5he PGBl o gend ons v erl st ve

m croel ectronic structure conprising: (a) providing a

substrate having a surface; Cb) formng a first

ant25.r ef Tlecstracairc oditlang ayderconsadisdbsnatef iacledesamdlufadity of
. forming a second anti-reflective cqating ! ehyonvsaid )
toppgragly Batyres spide@rhantbaler g FagR 1F qUpsiPgally ggverme said
feasg&ond anti-reflective coating |ayers being wet

evel opabl e and havi ng respective k val ues wherein the

k value of said second anti-reflective coating |ayer

differs fromthe k. val of said first anti.-reflective .

coating TagsRChy: dleliiedd; Db moriose 1o gl FRCoH soid

' . ereji:n,sald first and second

“mgﬁ?%ﬂi%%*%@??%gh@%gg%ﬂg | a>ers are phutosensithe. 29.

The method of claim27, said first anti-reflective

coating | ayer having a k value o from about 0.2 to
about 0. #ghethod of forming a microelectronic structure comprising:

(a) providing a substrate having a surface;
(b) forming a first anti-reflective coating layer on said surface; and
(c) forming a second anti-reflective coating layer on said first anti-reflective

coating layer, said first and second anti-reflective coating layers
being wet devclopable and having respective k values, wherein the
k value of said second anti-reflective coating layer ditfers from the
k value of said first anti-reflective coating layer by at least about

0.05.

28. The method of claim 27, wherein said first and second anti-reflective

coating layers are photosensitive.
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30. The nethod of claim?27, said second
anti-reflective coating |ayer having a k \ alue of
w0 e@sitedseaut 0.1 to about 0.45 . 31. The net hodP@F/US1089/084540
27, said method further conprising crosslinking said
first anthe mefhbealfickemcdyatiiddirktapeirredbdtar waiitk fagemhaving a
(b). 32. The nethod of claim27, said nmethod further
k vedaerpt iremrigoerbd & ahekt h§osai d second anti-rel | ective
coating layer after said formng (c). 33. The nethod
of claim 27, said nethod further conprising (d)
expRsi NgTisAmethbil bsélaang7 seidepehndnhti-reffdiectoarmgdoat hmdng a
| ayers to radiation to yield exposed portions of said
k vilpe st framdbgeldbhép 2ot 01‘%“ ective coating |layers. 34.
| he nmethod of claim33. said nmethod further
conprising- (e) contacting said first and second
ant 311 ef Techbihed 60ahinny7, baMenshid furtlem@ngpsingsPosalniting said
renove sai d exposed portions fiomsaid surface 35. The
firshrstthesdlee vecdoating B3er alive pad forsungi(txposi ng (d)
conpri ses exposing said first and second
anti-refiective coating layers to radiation from an
optizal ProOhesbioncleinedERbidWheh&l fur@sr dompeisgigaodsliniing said
Is in contact with at |east a portion of said el enent
sccamdlandt-rdlleetite cpapog tayerrnlisf saaifermapg (C)r ef | ecti ve coati ng
| ayers. 36. The nethod of claim 27, wherein said first
anti-reflective coating layer is forned froma
conposi t TROMSFRI S1ang 2a, ol yarbd tinsiRe csaaridng
di ssolved in a solvent system said polynmer conprising,
an abi d grospeszid Tiendsedosd apf-reflesfing 8Giing fgygrs to radiation to
conposition further conpri.sing. . hysi cal Ja-xed. o
into said co lSL(]i f“)l(%oﬁcc\?\n%to Hlosl,lgigo& f’ﬁ“oﬁy)%rrr%rgn%sgéoﬁ%ém%gﬂcme
met hod of cl aj¢idblayefrerein said pol ymer conprises a
dye bonded to said polyner. 39. A nicroelectronic
structure conprising: a substrate having a surface:

34. The method of claim 33, said method further comprising:
(e) contacting said first and second anti-reflective coating layers with a

developer so as to remove said exposed portions from said surface.

35. The method of claim 33, wherein said exposing (d) comprises exposing said
first and second anti-reflective coating layers to radiation from an optical projection
clement wherein an immersion liquid is in contact with at least a portion of said element

and at least a portion of said anti-reflective coating layers.

36. The method of claim 27. 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.

(O8]
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a first anti-reflective coating |ayer adjacent said

substrate surface: and a second anti-reflective
w@oapiegsé ayer adj acent said first anti-refl ece€mES2009/034540

coating layer, wherein said first and second

antiz refliechiedcontiang Ja@yaids cahposahat asersichinpasiapt dye

have respective k val ues wherein the k value of said
physigelbnihixadtintorsefd eetrogiéion ovt saif poAyBer differs fromthe

k value of said first anti-reflective coating |ayer by

at | east about 0.05. 40. | he structure of claim 39.

whetei n slad @edhbd Sf claing3 6 edndn saill pokyafel eshpies adat bovgled to

layers are photosensitive. 4 1. The structure of claim
sai3glymikrer ei n said first anti-reflective coating |ayer

has a k value of fromabout 0.2 to about 0.65. 42. The

structure of claim39, wherein said second

antig r ef hegikiotRcGOML ishgth@Yempiemea k val ue of about

.1 to about 0.45. 43. The structure of claim 39,

whes gibstralaihdvihp pstirfaget i -rel | cctive coating Iayer has a

ness. of f .om abou

thic t h
St rierur g G veaae Huper By Cuff egRaoc e e

ant j s.6fd 6tV (RRALANG 14RY &Tjade@tsad il wkines&tiof cdatiafiayer,
about 10 nmto about 50 nm4 The structure of claim

39, furthberegomperd sfinyg @ wnqudnganmay%frmwj sedme dajess are

second a ti-refkectuyﬁncoat |.a

photosensilive an € respect e 1Y ﬁucs wherein the k value of said

second anti-reflective coating layer differs from the k value of said first

L{\[\C’

anti-reflective coating layer by at least about 0.05.

40. The structure of claim 39, wherein said first and second anti-reflective

coating layers are photosensitive.

41, The structure of claim 39, wherein said first anti-reflective coating layer has

a k value of from about 0.2 to about 0.65.

42, The structure of claim 39, wherein said second anti-reflective coating layer

has a k value of about 0.1 to about 0.45,

43, The structure of claim 39, wherein said first anti-reflective coating layer has

a thickness of from about 10 nm to about 50 nm.

44. The structure of claim 39, wherein said sccond anti-reflective coating layer

has a thickness of from about 10 nm to about 50 nm.
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45, Thestructure of claim 39, further comprising an imaging layer adjacent said

sccond anti-reflective coating layer.
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