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N- B XNZENESULFONYL SUBSTI TUTED ANI LI NO- PYRI M DI NE
ANALCGS This application clains the benefit of U S

wee@siosicomal Pat ent Application Ser. No. 60/ 61FCHE682005/037063
filed October 13, 2004. FIELD OF THE | NVENTI ON The
present invention relates to anilino-pyrimdine

anal t ol i ALS

acti vi ty ?&M 31—']1\{ [% I NVEEI:I'II'V% ON ﬁu@é\iltgglngEggt or -

kB (NF-kB) is a transcriptional factor that regul ates

the expressi @iy Rlupkfn@ciaiicgenesatel ab@dokep cel |

survival . Activati oreghriFok Brvar.oevral to

i nfl ammat ory response because it regul ates the
[0@X{r €SSi ahe Giniprd-dtaféammetmmynic gk maddsurc hieense uirpithis
invgrfcﬁ %ﬁl atchdf afd qugﬁ‘é -ENFIﬁx)lted W'Em%&%n@é”t)b i"élﬂlla!g@&he patent

ammati on, bdt also acts as a survival %%ni’ th Ol o of
owRgNyFOCAIfEEPS ARETTAR ETTRERRACe THE pf FFGEHIBh~Hethe e
708REH4@geN GwhAatidorE NatNraahas:theere P6usichnilardsy RIEN, ATP

aQrgast, prostate, bladder, and colorectal cancer as

BRET1 as in | ynphonmas and | eukem as. The role of NF-kB

in cancer has been further illum nated by research

showi ng that NF-KB piammbe® bHMBREGERRSi S by

suppressing apoptosis and stimulating cell
[0@69]l i fer @hleoﬂreslé'ﬁﬁflﬂﬁéntﬁn 1(62@92:) toNE-eBhodraresstengah of

or_.cul prlt i.n.cancer,”

fa@%%“é‘é%g BESITRE ot FRe Yo fn E%ﬁﬁg}ég{% %I ﬁ?rag%?t%or?eg s
fogmthd Rfl Bvpeardd, cNFUEB donhi %Wé?%enﬁ?vﬁﬁo%éoﬁs%fe&fac%c
cqBtigcancer and anti-inflammation therapeutic agents.

The primary formof NF- kB is retained in the
[0y Ppl asmberasti aghreobing 036ikKBin @Re inikirbélcorrofics

NF- kB. NF-kB is tlvate Ll r
indnRtge PR ST &%° no‘\a/muggu quglf(Sltt ?ﬁl %%e%l %n‘EQ&J;JaHL@
cigonr idsiriepss ubumnis theMOF(Kaandblo%Eﬁdc}glPs' Uﬁtﬁ*regl’ ﬁﬁ’ﬁF%ﬁ“B?] their

péaeor[ﬁa%eemnpg&magtmw,coat ﬁy&oﬁtd’h&l 66w&bo@ﬂl¥hlgtlha} ,goal,
or|0n|2|n | KK pho or n
1% PP ers® ra%fﬁ ﬁaﬁ%?)lﬁe cFehSenﬁldlelnchF)eéS?Lté atsllljzo%rlﬁ> t%hr (Saucmp'
e fdhe @roteaddme wathwapd alsphte KBCcrester E)%GRNercBCP%StaHt
ogHrtﬁg '\htheg%%s%ﬁ &meeﬁﬁlceki&egﬂgl act éﬂ/aaﬂ@ &]l'o@@ﬁ(‘d‘plaﬁlngpﬂf
Ki nase Pronptes [
CRBRGH P RRIBEE A7 OP e K Ead LY, Ppar S fyyp cowpling.
F22be23EheHaefnerdesBre (t200Rpce NIIILEkBlel&FF@Q Fﬁ@sb&nmﬂfthE
d&lilepigfltc ante‘?t@Qf@rsuch Quge D seovier ¥nl @day ,enb of 6h3-1863. (BEOL)
Aberrant  expressjon of, Ié(K has b en car gnatlr?qltwoﬁ%ut
PR AT SA- SR KBFEHE, STt Ur A7 TUTSr T geéne .
coebltpr,okd fredats ahe HcghﬂtléKd#ﬁeVePIsrmy FHlds BoYRToATISETPt1on
S UIRLigenesi s by negatively regul ating other
transcrl ption factors, such as FOXO factors. Hu, M

é&%@é) L ﬁ%lf@%@ %ﬁﬁﬁ&m}t @%d_ramrelcﬂﬁﬂfﬁlb%ﬁ?lﬁﬂOii'ghlntegratEd
nhi bi tion of Forkhe

cHpRyd ts iifhPbi e g‘{ﬁo?{@%yhl‘%ﬁ ce?]leCtro i esrzta Fgoﬁ': about
4 and st Uinon| @gendde sis SG4vELY avoli mp?@lrrfmdd%éhéeﬂr\faﬁ Pés2

pf‘&}é? ?1?.@.@01’? %\ﬁ@r tt@lal: nIH Qbéd i D ROk %E%Mtl}l @fh tké Rag€ent
actl vi

s%g@ctotcﬁngéc?%nﬁﬁ.}%cog ?‘Ilé)é{ag? glrasaiéheenif ql%lﬁl}:e ‘mechanical and
t5e&imat tinepkyt ieshi divti tkétras eoractsaiinpyoparntiandi aef [themal
% ?hﬁ%‘é@iaée@@mﬂ Q&lc@k&ddtb§ rﬁal?lh§acﬁ%§gng SMXr cHt is

I n one enbodi nent resent | nvent L QN es
dpFiaeh dée tadtIRp BT m B e Bt fiPa ﬁutnrfr WETEATRS RrCpe devic
chyidiegenowtR dislsalrect@astanam(¢ e , gr oW ctmscezsltubmged by
LR B QUL M 9600:0000 GRALY BURSLL tithecka:

, optionally su Ituted al kyl, optionally
substituted al kenyl, optionally substituted al kynyl,
hydr oxy, and al koxy; R3 is selected fromthe group
consi sting of hydrogen; optionally substituted phenyl;
an optionally substituted 5 or 6 nmenbered heteroaryl
ring wwth 1 to 4 heteroatons, provided
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that the heteroaryl ring is not pyridine, furan,

i soxazol e, pyrazole, triazole, imdazole, or thiazole;
w@2menzeme ring fused to a 4 to 8 nenbered ri NBCT/US2005/037063

containing O to 4 heteroatons, interrupted by 0 to 2

of the groups C=O SO, or SO2, -and optionally

substituted; an optionally substituted nonocyclic or
1pdkycini €o i aleCont aionkrentd ¢ 4whettbroabons three, several

typ%E ohaht gt %Lyéﬁqlglﬁg%@ygeenome%&éd xosmmg { ubeg

daesleﬁwo@%ﬁtaw o gerbet ed Frh ﬂf@’r@?fdaﬁ Srets ﬁ@e
ofanhy dloogedrs, netikyl ,ifabkyleasaldayktanpofiydorinated, can have a
d%llég%% %3581%@3{% o%l Ké@ss 'ﬂil;rp@.%!)ut I%Mpéeoxyﬂﬁ\te@y: tﬁ@ddevelopment

m nonet i's selected fromthe group
o%@ﬁgmqrﬂﬁ‘ge ng?ﬁ}&rb‘g]éfﬂ‘erhalaég"éeﬂrl HhiPeialdFpositions and
p&dtbshidoUh@thophepkes angapticanaldnyl suhss | t ohedkeleotriof or
clr[re:l.ceecgfegm Q %grrl oary eflaﬁ'.gléMfG’.‘QqUtlenEPY ﬁlgﬁlje%r BQt&aneed for
abenzene ri fuse nbered rihg
h@@ﬁfaﬁ%@ﬁv@ﬁt@rf oStﬁpﬁeltDePB%roﬁ%Peqtﬁt%fr rtam%rcw 0S¥ 28
mél:falﬂb&tgbﬁ)UﬁSs&i@on&QtoBrfaS@cataBﬁ] Ophbﬂﬁaaﬂ i:}}ype of altermative
s bty Lt &8 a%p%'@a@%'rm 2405 L Lo 0da TRRAS YA E B gores wo
ol'ycylic ring containing 0 to et eroat ons; - R@
@@@R@lewwﬁwsve 65919@1-”@6 SPEFIHal FSEER S tia‘feéap such
naldeyhis apt igepatdyysahstited ed Al kemdige®plol. onalshyker and p.
stjtuted al [;. hydr al.koxy; SR7; R7
a%% R eSl%nmﬂdgé/OYI elnot“%[g ]9%%%%% gf oM t%mdg%ﬁp
IemTshsionad, @ﬁyrﬁﬂd)rlog@irth%t PohalPRyesulst it G edtedl KA Farter.
ORI oftdl L ysuweubst isbut edoal kenyl seaopéd Qnﬁfdcséssuiﬁ&{ izdsmﬁe@l an
R E
caropt riimes mé@*ex@aﬁwraﬁhﬁcﬁubsm @d -(E:GR 9; J-e@;e%IRf
mzﬁ&aaﬁ%gﬂ-&one@pﬁﬂ Qﬁ@'dl}fc&&tbﬁjlﬂetsut ethe3ai€ tOriemhenadl

cycl.ic ami nes cont ai ni t er oat ons;
C%%irrlﬁ?igalpﬁ/ous ROERd R d!:]Lgib(gelp Of%srlﬁnl%an optionally

UL B3 50 2 APTOBL TOELE AL BBALIE v
hidrergriogpscogstatiengtwies hyldke geier nichgetric materials,
a&c{ﬂtﬁ.lbﬁ&r @Hﬂl@?@]as @.Pléé“&l@!a't)b 81&@%11@1—5}(@31/ &Jfkyhe patterning

tionall ubsti tuted._ar and ti

§E7%ut %chsf'ﬁ%faeﬁhéﬁr ?Chnﬁé S asrescg Q anly%m Phéegisupore
f@bmsaistqnng '-‘lrhdn@tomwlly A phtﬁth}eﬂmmww ha%élﬁleeriﬁleldyto deflne or
éﬁ&%tétﬁékgﬂmabk)@he @ntieepald Wasdihst idrutedi takylgeposited on the

ti onal I substi t ut ed _het e.r oar yl and. NR7R8: . .an
trate g oPfafes ' ang” fﬁ}dra‘ft—eﬁ%eheo?s——?%—ano%ﬂ—% £94 $diGra,
w, (1RBENt iton PY7o¢Ides UptesS afprngircuit

£SSLE{dAe Rt SnalshpRECidhbeo GREPAURES.ah1E ArrdUbgbiliea doa
esent | nventl on

anot her enbod
AP HES mﬁﬁeﬁﬁﬁgeaefﬁffc%pogbﬁ%ﬁgsﬂ |ao%]san85rrprblsgf%ge g Next. the
regimpolm@rofs theteqriesbntexpere@ntd enfammgd of radiation. An exposure

cohaLaRGeuL i Lal Lt ACcent abl &rcar rt'h@rdes:LBe@@Qﬁ.Q&,rlve exposure
enbodi nent, the present invention provi

PRURFBR LG A 55?|f8ﬁmede§%%fe|t3fe|<§fe|lﬁ%rﬁc 1aaYe€evfrdes9°es :
sssequehingdevedopparndcaf. t e present degiventrievainifipeatter

dQ\;eQ.%sr@éntl ?i’c?t@t:{: %eali§&e‘a£91vd g§<§ s@bwaggdréglohg h:'th tﬂh@g
|naseaC|V|t% eC|a KK, in a mamal

ceesFeci MR EShiFREn b‘i}“ éﬁ?ﬁsﬁl B} PPAY TATCHIp G PeoFubiected to
aphati Bag et édﬁah:lwrrpogl tilofr-off)l he preseativienvent.i ostching)
p)I(Q%SQé@%:%QE trQ}{SfLEJ QIQe g§9e1:91r 813(’& d@ﬁe %uggglggg erface

treatin Ki nase- dependent condi tion, especia
Hpwffvey F%lr%téiagl@@ﬁxefras BYReXERT rfilge elrli‘“hbata}o%n%’égn‘bem&fld the
the present invention. In yet another enbodi nent, the
present invention provides nethods of treating

di seases associated with NF-kB activation by

adm ni stering a conpound of the present invention. In

ot her enbodi nents, the present invention provides

nethods of treatlng cancer ; |nflannatory or aut0|nnune
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I n anot her enbodi nent, the present invention provides

processes for making a conpound of forrmula |I as
waledosnegombove. The present invention al SO encPOPHSEES037063

i nternedi ates of these processes. BRI EF DESCRI PTI ON OF

THE FI GURES Figures 1-8 depi gt .exenpl ary guani di ne and

enam none reactions. Figures 9-14 depict exenplary
udtaboganrdés phacengti sceacisi and .mobk Tedbh &R i DES(ORbPIIBN:o
redig %%SE{}L wa't%ngﬁme[a@&&t €8540 1 ANl mrgysmhgmﬁ

anal 0gs, armaceuti1 cal conpositions, and net hods

[4s 19 theTkﬁf%mfn &h@ &%%egm‘%dbr@nEaténlﬂeNcPr %Sf%kt 263 the low-K

i nventi on provi onmpound fornula [ : wherein;
dmler:*srﬂi’fyawgeﬁust@? sf%éF e‘xﬂr@adf raafh 58 waaﬁl@d priox to
d&RSt Sdnl B Bk &ﬁﬂdﬁbtorgmafnniamyl Thargmudaultgpmﬁ aaatiqu

substitu b uted alkyl
SRS L TLABEALY oLl op by b A Bbathcsps oo
h:aahl@yncgﬂsts hRAd ekl aSasfﬁaleaPkJéwedmd. %rogéﬁeéftl%bdf rom t he

group consi sting of hydrogen; optionally substituted
[ftahy ; afisspetoral +y 1§ frir e do FGre B nbibeiag of circuit
f%@é@awzht rllsnglrw whach &mi 45ph@ir@f patwers , copiomicgted thleat
a.ILternhetveer J‘.)r%r an:v.% mgtéx%ag BWA blfeuéf'&epés%%&%%@h pore

yraz trraz , azol e, I azo benzene
S*#%ﬁ*gtlﬁa&séﬁe tfofrpckien oF ﬁ%ﬁé?%d’fr FeRFeCEMTAFATng O to 4

het eroatons,interrupted by O to 2 of the groups C=0,
[R98] or SOBE ‘&nEhSBEPTNAl 7 SSuBRIercE RfedPe ARSBHYT SREACyon to
pSdhaE i dnut @skoved eeyadd ®fOfapaky ki &n innepraoad alintmg device
COT%%lélnhe%sfogﬁég%ﬁ%FE?fe)%ICQ)F%yaIrI]I¥ F%QQ'\I{AJF Bg%eﬁl &gﬁiﬂ:tlve lines

auqgONR/iPRE; and -SO 2R10; R4 is hydrogen R5 is

sel ected fromthe group consisting of hydrog

IRy | , aFkyis, anatker CR9BehyATL, thi REXSar BETH ion to provide a
pﬂLdé)élsStLH fi@gst;,slt mpdtee@yﬁetiw dlaradtﬁid(ybmﬁanermtohgémc%
m(lﬁi‘?c’eirslg eCt g lfa{qgr stuggt QUPn %OQ%[:&% mggr %@Qs steps

|onaIIy s stitute an optionally

[§6JJR)et It Ut ?g 1% Qrf thgﬁg& ggtt%{eogﬁ%lntiéﬂqgo%rtoblée taorobust

t er oat ons; enzene ring f

repayabd pif?q?g%m aerfisdyiey ¢ BetererdapyfEelectric constant
ihddahidpkedriay. O to 2 of the groups C=O SO or SQ2,
and optionally substituted; an optionally substituted
[mcmr@cycﬂ i oty pjeyeyldmd adngtegsd aini g Ppardnt from the

teroat.ons; NB 7R8; -COCOR 9; -CONR 7R8; -SO 2R10
opti1on Fly substitut ed al kyl; optionally substituted
al kenyl ; optionally substltuted al kynyl ; hydroxy;
al koxy; OR7; and SR7;sfvard B argnragdependent |y
sel ected fromthe group consisting of hydrogen;
[@@izi]onal I ynsﬂﬂllésﬁﬂe%@fl@d_nalaﬂ%on g@hi @fk&lehynt&ldbédl idbglécﬁﬂ; are

pt.i onal stituted.al kyn opti

aglﬁlb BG’t 109’1?9 s B i gcng RISt lé%/ “Eé ah(ﬂe?er oar %/ge
chy@sgg:yilnm mWycrc@pkWJgnfﬁ@uraqa yqnam q«p@stantlally planar
sﬂl@gt@cﬁg@r Y rRdN iRy i meN&EOR 1 By pr@@s&d‘em Z%%.lyr&gﬁalﬂle resin

i opal Iy substituted ered cycligc a
RSP R Pt 7 S e TS E bR S o 5o S Bk SRerie
cougenhemotgrmicameteptabnal |y substltuted 3to 12

menber ed nonocyclic or bicyclic ring containing OGo 4
[pex3dr oat ofBe MROhqds of efmmtiegl of rehefhenage olpycdvemsiast 1asgt the

s@épg]}ég r QEen; ngd Rt ﬁ%lstartﬂ:daﬁ.i*‘ Qflgﬁraertb QtMi)s’{trt@E)é |v@.ﬁﬁ| d ¥>olymerlzable
Su | u

supstituted al k i ona

50 Gy Cistibe Vi Pt B re SF oL PO E 6T i Bbosision
vitlom bl geoug zordist isnguafurpefdrped ﬂher¢4BUéthn§hhylthe
pQP}xdeQEJé'Aﬂllé siubgt idpubed ;ak kilos ontii0n@leh 1 s whstidiyt £d e ructure
aryl, optionally substituted heteroaryl, and NR7RS;

and the salts, solvates, and hydrates thereof In sone
enbodi nent s, the R groups of the present invention are
optionally substituted. Unless otherw se specified,
optionally substituted neans having zero, one, or
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nore than one substituents. Unless otherw se

specified, substituted neans having one or nore
wGaashidement s. Substituents include hydrogen, Pel/O§®05/037063

cyano, nitro, alkylam no, hydroxy, al koxy, alkanoyl,

car bonyl, carbanoyl, trifl uoronethyl,

trifluoronethoxy, aryl, heteroaryl, aralkyl, aryl oxy,
inabkey lmbhd 0,subfadetihg chetivloyesizaBBOR181d -cOTNR TR NR7R8
cogaﬂeougl ewpgyﬁrlet&zea%@eéma& Cd)enesg daed el 9&9”, aSRAza8nda

Wien the substituted }grou is ar or
Pq%wew&amerlfhéheﬁﬂfgt’m%ﬁ?% SHETIREF’ | STeP nﬁeﬁl}?yrﬂold from
thgrﬁiﬂlﬂﬁ polgmeptd eaeddiyl sulst iyt edCplioslaiightelief structure
in Ee SUEQ 1 0Eo GGl 1,6 tﬁe @Qlud?éliggnych’ym«gflcalngﬁléﬂgl gr e4ps.

stituents on the R groups can al so be
POIWEGGiFAPTS COMRRSEE IR 8. PTEXETANEr § WaFugens ‘?rﬁEHFdé‘Odlfled
sihdtatd eha0lcohpriisteth HBecdupussblrepragnl ordamgendntokiawe, as a
po% gen dbg!rees :p&‘l} G_‘[§S Oq:ﬂgro\@gé CSBSPAJehegecoﬁiv&/els’ during the
enyI and aak gr oups %ave carbon ataons
su@ﬁeqm R}@C§E?Ja’|9gFﬂat B?Ia'ﬁéhe&heoPOWEW@d NRPES Meghisted
sidisddaaighin ehatgands mhta@niahed, cyclic or non-cyclic
hydr ocar bon. Al kenyl nmeans a strai ght chain or
rdonanched, asCyBé inw mrlﬁgmscypeéfarahyﬂro@ﬁardmn traviglyg aahold that

| or
is B@S ra%s aa{)gvgn %E) Itn% lé@h@%l%& A%ﬁ&s@ggocess £

car bon- ¢ neans a stra
m@vﬁaﬁlwvernb—*rlaﬁewalwar%éﬁﬁ@?ﬂ-%ﬁ%%fﬁaﬁlea&me %S‘Fbjdf?l‘ldes
aﬁabe@EhlanﬁbdlmmédJdhngpaae |2 dstonpealsiay bogendar @dopotnd, phed a
fl ro ur a‘:t:ter at O C}%S r@i@é@eSg% ggeaixfeﬁoggmgbeftqgﬁnfrom
ﬁﬁ cané%e qua %n1ze oxygen; fur, 1 ncluding
ﬂ@uﬁﬂﬁ%@éeméﬁéms&PPbﬂe Alkoxy neans a group -OR
wherein Ris an al kyl, alkenyl, or alkynyl group which
[Q9&R] opt | GA&IRF yOEEC R RSt Fieu L BEPIRI PR 2GR T HEst §Y using 2
prodBed ithaal ingl RS thdpdemx yr nearRsdilgHa Eampbeipion ne@Rsincludes
R e
anso Apelivast ic éhfrausm%gwamr@r th%lceea%stleer?@u hedPPhrage-
réi’(@ffixﬂ_:} t@e rsﬂﬂiv@ntﬂs ifdrihbiegeatijeait @kcéhie iarapst admaining
i_d_conpounds_cont ai.ni, t
COWBPSe%u 8s con%:flr?é’dthe madl SRl ‘i"é‘%’?%lt olga%g%l%qﬁgn%heg al
cqumptitgont e cerdessal theEegmpiie snast £ i) b1 Hraipsaidnésqpgeose the
d&%p@eraeleogolkf&ném tededr @&eﬁ}wi @ﬁdté}:ﬁhﬁhltcﬂ)élle@frﬁﬁpsayer, and
oar neans, an aronatic hete C
depr?@f‘ tb ﬁonduc 2 bl [n%and ¥ cglc |¥lc %rﬁag]%f}stlee prous
dMﬂeF@$W:a§U$®a%{ one carbon atomof ring sytemis
replaced with a heteroatom i ndependently sel ected from
[H26} ogen, Thoxphere ardi oshet wPleEranpiiestof Retwrsarid
acﬁfaﬁt‘&_feé BE'tlBlﬁepreGlHﬁt dheer[&bﬂduml:ljﬁ&oltne e zﬁbﬁa;rent from the
rim t.hi en ura 70 [
f%ﬁ.gvzv%) %ﬁeécrl l:laoz%f)f/lthe en%dilinerims ?here)g% 515«2111 Q.%l Qnyrlj’unctlon
wx@nP%&@Wy@wmpyﬁﬁbﬁem“py$a2|nyI and thlazolyl gr oups.
Exanpl es of heterocyclic groups include, but are not
limted to saturated or partially saturated
het eroaryl s, i nclBRERPIFGRITTCN PMPRRUNCS pyr azol i ne,
oxazolone thlazolone t hi adi azol one, e
[RF7F ol i di FRE- pi PefFRiTRELC ﬁefbh%aaﬂn%levsgﬁ%oﬁ?ﬁ“’dg% orsnEeLd
whmnzmzol tgnehe behzoditox azokhe Fengoditem azoklon@rocess of

1REN20Ldy 4] O%AE! diede ANE corbtdndifaxdEogui noxal i ne- 2- one,
enzo[l 4] di oxene- 2-one, and

[6]01%3 3, 4-t gtd abydr g%nﬁ@%@'ée@@lon‘;&%ggl&{ sﬁovﬂ%&zﬁﬁe
ringfused to a heterocyclic rlngﬁlnclu e, but are not

R (FBAZRSTHPEH =2 Lo BERLbRGHUF the mold and the
di hydr obenzof uran, di hydrobenzopyr an,
benzoxazol i di none, benzi m dazol i none, benzooxazi none,
i ndol e, isoindole, benzothiophene, quinoline, and
i soqui noline. Unless otherw se specified, the
het eroaryl and heterocyclic groups contain one or nore
heteroatons selected fron1the group conS|st|ng of

o o o —~es "
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al kyl, am no and al kyl am no (i ncluding cyclic am nes),

al kyl hydroxy, al kanoyl, al koxy, al koxycar bonyl ,
w@a00bomgbq car boxyl, aral kyl, optionally substPeTIUSZH05/037063

phenyl, heteroaryl, and COR9 where R9 is al kyl or

aral kyl. In a preferred enbodi nent, R2 is NH2,

- (di met hyl am no) et hyl, or -(dinethylam no)propyl. In
subBotdter, £rhadident stdi7iantde R3ccogetdieinfranmimna low
d%REJz&{l@' Ly substitut.ed 3 to 12 nenbered nonocyclic or

Ic ring containing O to 4 heteroatons. In one
[o%@ngd' men% o R1§ Q&e%ati@@@!:é%néybesltewmo%dsmxlgg e

ered heterocyclic group containin east one
plrTeGgen Bk ST 5 1 Rda A oA aﬁg?rerfsfa?"&}sof Roe mold in
a G;&Bsé}ﬁuenf GtepXxaiphe prafe@pbf on@l iyt isgbstlicwudiedectric constant
odmephol i nyl group, an optionally substituted
pi perazi nyl group, or an optionally substituted

(] O Ll 9roUp.ndi ee.eabad MElta: FR b BT fand

Is selected fromthe groups listed as Set 2al Set
PP ymerizgR matsy L AnhenBeRYI® FidiHBE HACE ST prapsTHow ' @
pcDIoEsE. ECERE & FUNGERONAL ih MPREDHINE MIEEER| Al EhSTAPEMENDE
Gﬂ?DI NG Fﬁ %E - 12PONRORED [RESFARCH OR DEVELOPMENT
nite

"[p66)5 “SThe t at es; governnent has a pai d-up
[(JOZE?nse I‘tl«ant hbslg gg}?&ﬂ&ak?@ s@gglc;nlag éleg'QElC!n sﬂlévﬂlrl&er_qlle

circunstance to require atent owner_to |icense
cqsxdﬁé?ﬂsveoﬁafr%agbni&e?%ltteér%r PSR Fe 8l Dyt hEe f“é’f‘?ﬁ%a%fln a
suHIRANEAHB 0L i awaledptbday s Nett Eandhgl astiktwitte of

Standards (NI ST) ATP Award . BACKGROUND OF | NVENTI ON
[do2802] Ther@r esentchenaeid isentielaat €svhoia retdiod e circuit
fcﬂ%‘ég rﬂc)ﬁ%lgrtarflgpl{d Qﬁé Iclggdhllcjylgg rn%ttggl:ﬁl [i st:ns.ed qadtﬂen previous

parti ar to a method of formng an integrated
S&Prcuit on a substrate having a low dielectric

const ant %0003] There is _a continuing desire in

[4428} oel ecPTOHi £% SCRERSEF \: HLESFRCABASE EHE BRT G TethOds for
cl2f$hd v arialtod ev@dnllcmn@gmadﬂdealsrzaucitedevmaresre optionally
usee.dg o B0 jﬁgﬂ/ﬁj ggéacmghé thereby increasing their

per ormance a uci ng t e| r cost. In order to

&%ﬁ?n'm I SPI(_-I. hbslsg ggilemaltgc 1511%’[_%:%1:9@:?' Io%atg{ee CL&nngg l-&cegctlons

e mninmmfeature size on the chip It
thqtn ecd fRt iogn R P Y es L Rt PR e TR eE 1&%%@@& ’ffie Stbsequent
c&RsE B t6fa bheodsntiesiposedt deedrdetl rizc Foed .eri al ahd 4.
enabl e cl oser spacing of circuit lines w thout an
increase in crosstal k and capacitive coupling.
Further, there is a JB¥RIEED DES@IECEON he diel ectric
constant of the dielectric materials such as utilized
[9925# he baBkfeehénpftot HEs| i héhrBEDLY. p&eredh lofe reference
nbnidr80¢ ale@8r Glor mmdet cEeMEneRSs 1ﬂhttl'féhvﬁjghnilalﬂelwﬁ puthkedltiput
uitry, to.reduce the.re t.e dri r
%lél\ﬁé’?atcegn%%e%ﬁ f'on “For*he tdevi (:ec e ]tfoﬁ%j Q%hgéequr%s%%qeculc
ceurrohl pebsed 1di dsnetirated AP0EF$TRIBE N i nt egrat ed
circuits is silicon dioxide, which has a dielectric
[QAR6dt ant BtheBBlAf ATREinGing cenEimoxi ke PREERHY gre taught in
Ui QWNs it e | OF ¥Rt Gid .t 238 Usdoaceo OJf:LlQorm apadl.SidHieRnissued on
vaafer th at is used to formthe majority of the current
%r%’r?f"gond ctor devices. Silicon dioxide has the
é\% EI site nq:%re]a{]rlx a arlllgfertl Il%{:lrmt PL peri:ize le mater1a1 is a
stand” proceSS|ng oper atiohs and” ther ma cycl 1 ng
nedigoed atiddcatiet hawioni ersrdie tfoncwmnal aCuPs Hgat HeRREPosure to

a(i:t‘Iiniié radiation cross-link or react to form a non-fluid material

replicating the shape of the mold. The cured or polymerized organic
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desired that dielectric materials for future
integrated circuit devices exhibit a |ower dielectric
we@onshawd (e. g., <3.0) than exhibited by currePtT/US2005/037063
silicon dioxide. A s inorganic materials have an
inherentlimtation to dielecgric constants of | ower
t han about three, several types of alternative
md@Rf Bid al Bidaayeiheersdevellgpedtto @ohi€l @f| owemold, converted
'aS' SELELG const.ant Supoé &%mr aQforkBESE Al &@ rt‘ﬂ@téfégnlc
maerlasare org anlcg yners, which, if eas
fusaki9ral | §FMPE dTIeASt e, lt%ﬁOHﬁ\?éléab&Feff‘aet&H?Jc a&aﬂs“f’aﬁ?m one
oxOfnoJ:ee&SmﬂSd]ﬁﬁtﬁ,b@mtcH hpee .deHowew et iont herndevedoprentidefin the
1r%ggan R !sP_{[l%aQ(g g%@' &1&8' yﬁ{‘l?‘thegsdé’@ll h. A F&E’@' r7 and 8, the
0si tions and patterning nethods, poses_ significant
rEkafIrehpe et TR IsBRe OF DIFBFLAEROT TR OBF A 67 aﬁf%s"lved or
dispbesdaabn ithefl pRguHentday1é inatéeid 1By drheameddoflgr chénghelly
bon% e ati% e Sta%q.% &1&119&&? 1?:‘.9&%%81: S A(N:ez!: %npéx%qgﬁsof the

as netalfization or sem conductor fabrication.

pqﬂmi?lﬁélab%%/ paubt tal & erodat ithat mepétFadies| YreapcihoPBafF cmore
sﬂ'@%ea&lea{lséﬂ th dHcoppse dhdnotianicogitiporbg@Beso ttbe silicate and
t e po e % rmlI O\Aerte.ergff,(:talsv\;elql eJ %St £db%t?m§1t_l§§]tco EIJt%rEh?é

}f dreve "duch “material’s are gener al eseri bed
convp{rs;Lo@o]:@@ﬁ igprganic sjphidese wsge P waSer 1|sbcondensed from the
ren28 81 @GN hRd-ROL At ub WwuKa Dicek BGitcbh ClHriniSe ri coredutiiages. The
%D%%S%Q%géaorr}?ied Mr%%/e?()Ol?nn%%réuc%r alhgsgﬁeeds% ?QiteNQ?twork forms
ark@9g, tﬂeeé%qwsoalr@r B@%@ﬁ@ﬁgf‘@r’:ﬁﬁﬁ& aheﬁ‘%flég?aé‘f’@%iter scale
v&Sildk Col tpog@é/'bgﬁlrﬁpnpfﬂesbB%kiza&lSUﬂSﬂiBa&cﬁ\poéi’dﬁm may also
metallic cire it _Lines positianed on
CUPFESe & ot euleegt r""lnf:fi %a &ri aerb%m r|npon ? %%hg?%%agﬁg%lulds
stdbnes. bThenadi eleidedi conarterials éé‘ﬁrmhp%slnr}é%?ﬁ%s as will be
sfe8anides Pk B ROV MSI beGRct [{R0PB] fehl-bd aiigba pRhowS
inorganic materials can inherently wi thstand higher
[y2@gessi n’ﬂlet %Hﬂfruate&lrlelsthé mken@ishefr tdeeleehtidh may be formed
rmterlals |t|on hal |.en es arls due, t
BB ey °6’f’ e?thlona a%?‘ﬁar%g %’r SResy egut ke hglén}rlg% e
qtathni a;rllesorar ergﬁnlle ripfétm#@y el joprage pod Engtise r gprosilicate

g{aas,@,r | £3bkOdhrbdh a1 honal hdta1p mltiobcbntdaagt apBYyohase heete .

used to define or ﬁ nove, atgg gn oaft Ehe %Illgl ec&%
PRREEER A 1% BREF A st U ERLE o} §tnsPrare. "See s
trandpbfenst dlich, alSolWe cing ]Flrlor@elsmahge fférllfﬂ remppS|tigp govered by
t]}téeglmgf@ t;la Bd reQE§§t§it I?qgn@k%ﬁal rad986)bn Qﬂlrlcéo7"1"ﬂrl§ quartz
i Nng m crocircui abricat,ion as
mPS g‘fe FRE e P EF &8 e a}rﬁp?"i‘celél B2 i Isec{gltg rr“gt]L 2 t%oin the
s@ﬂf:tdepold'elposd e berien . ahsl lacrﬂairm@u bst tl@taéed Nexh, a tspheface

m&ﬁ%fyﬂg a@éﬁ@g i %%EQQddY%%geag&%@%&Q ﬂaf Qérﬁn@)floyed 1nclude

radi at1 on. posur e t ool E go%
Ehgseettat AES d‘éng”i‘ é’ﬂ‘ &R &eti véne%?‘ﬁglgﬁ? ?’aﬁutre?%es mad the

agesi $¢ aarftudrocasbnwhElyleh;adredract rTl@SbaWaﬁmd@ﬁg%’esg
a@erﬁng&eq@@&se g?é’éijlgpé Ry 1t 8hb1iLhE REeatanfie S &&bﬁtplasma

F emai ni ng af ter devel opnent, Er ot ec the di egect ri ¢ an of the
SQUHSEE 1 &t h?r%lg’%n‘?pf’ﬁatiept’ﬁJeEP dQFéFP° LG¥RY i B8 3% 6RTLY
pahiiiehe rdepbsitibhaspdoeess r enty edemnnbansgbyle@t éeposdtipn from a
YAlhety of additive (e.g., lift-off) or subtractive

¥ ., etching) processes that transfer the pattern

[ JHQ? the %ﬁ@%&arzﬁ&% éf‘rtfhécﬁwekplv&vﬁfll [salelstol HE&QQB@@H)& detail
as inherent size limtations that demand .t heuse

f

te Hdet e omeval i 8a giRvi vt ieeigAd %Faegssh?‘ﬁoﬁt%%dof the
ifpdnit€sn tie sweduce Hige 1 iintusirdtds ahd fieat Wtepsimade istep-by-

cro_circ 0 I Det o
NS S e R R e I
must be first formed, and then patterned prior to
deposition of the conduct or material. The plurality of
required
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processi ng steps inherently increases the processing
time, resulting in higher costs as well as generally
w0 edaoedpr oduct yield. [0007] Further, as it PGI/US2005/037063
desirable to decrease the size of circuit features,
that is line width and spaci rg- bet ween conductors, the
alternative inorganic materials nust be capable of
deghepiisinti @Nowtk hlipbeerrst zegettwt aat eiacditapttitmnoin ehe

subls?EarQf 1§ heag fiedh Uieszcl Q008uy! Era'n%pglré%rte&&lrdeB@ sl bSdugnt
obj ect of the present invention to provide an inproved

infet s B gbth SabF G tan ﬁ?@gFS?%&a8| % EIthod“é‘ﬁTl dgtween the
breaprdusiag allcwndielBecind eulsamstand . maeddi & hbetaveempscale
reqqgg Lécl‘tgrhé/t%rlel fl%%eé”ﬁfe%lﬁ’ thw?’:Lng LuQ Q:lg%]acé tral:§o q:@:@%&:%’bly

obj ect of present Invention to provide process
TG LR FEST tabau'bé’t LeFhE8oTo RO di BRI Er‘ifr?ﬁ%]f’%tfrom about 0.5
td P& @ADL C spatefical 119N the pleanat sstbshirad €éni thea mylditypieally

cor}#gprﬁ ofoi \?%nt %%%? <§‘E §tr%991430]41| teaclgi @a:.fru££ %&c@@e?ﬂes a

ein n"to provide a robust, Tepeatabl
reseeekEs 4} GPeHRSGEPET ngPR PEMR Kt AEBWidRRd é&?‘f}} & of
pRPSiidAE 4iNahgakicesNBherixahay HeOffhl kbdther mbrect®ut 5,000

and advan S |
o o e i BE PROBRERP] B e e e s
r4aeveittsofd MRHeCAFBFRIPENED dﬁé@a%}’e?é’ﬁfsf%ﬁté‘rachl eved by

depl oying inprint |ithography to mold a relief image

[R93Pt esporffitRE=Y AP FGci ¢l PPeFISIia8P sn fauid composition
prbsdmapt hal hylql anatossupstucht gat The mbpprilnt remekeiang 43 in an
ALOFERS USRLOVS B-RO LORLIAR0L 8218510 GAIBORILLOR Lhat

'S subsequently converted™to a porous lectric
SEEhEENE i nEPHATREP Hat ERF éﬂlscc[SGGTlS‘ﬂf THEPAFR £ HEY 56 fmay range

il BARE & d1ekbgfipbiBge (hyokyasoat easlts tngﬁsu&‘tagl':h?t 8 °c and
covering a substanti all pl anar substrate wt

no8) TR B AP B BPe | Gnabt loh Gt PRI Thanis
t p@kyarire z aheeftdnpil gryc orplosiatie corwiddesatingl dotreei pignas0

erﬁpqloﬂfgfdeﬁggll{q_Lg rcﬁlef of %Qetéia%@ai&p%tc t&lEg@tet @J_%plets (not
nmerizabl e fluid conposition substantiall

s8] 1) PTPRSE AR §F ¢ "L RN d? - sdBPERi'Hg" Hgrorises (ot
sipohy et Zatinged lini 6 worposithhiiomitnicendirtappoirgs b6 gases when
tl%olds_tggffetc; e(nwesﬁdvm dofcegp&%auoq&ns@%rggre@ BosPli difil §bus

meric material therefromon the substrate;
1%)’@5a?‘é?tr| AP SERREHEP P FBRTIRE oML th FELY rdr i & Jrat BFGRaPical
caitebt t katctaricepldosgadf atdieheelikef sinr sgtaxesplaryt éigodiment,

dgg%hgtg SnbOTB >' %ft Q&npgglel@hféoeqr@c&ﬁégggédcoﬁr%%ghagte 10.

ynmeriza ncr1p03|t|on is preferab
C%ﬁsmb@tmeg’aﬁ%d r‘?ﬁd? &Be SrPPieife (Itor?aﬁh??@r)rpﬁ" seé&e%Fuated In
rélpoasposaticeiorgand Cfd}c@ﬁ'[)ﬂl’d:@ﬂfhgklﬁﬁﬁl\ﬁlaﬁér avporagetrate 10. It

mff%ssdeﬁﬂ@a APR=TN ol 9@&091 per, ggmaqgcwmegﬁ%xgmengmth

he su sequent” processing t hat converts

Helglp s SEe8r Yafi BOHRTEi P§redTearri tadbe ?%l)and?fﬁﬁiiﬁé’ﬁ geen
TRl 806 i@k bc[t&O&&]stASté he iM ausilrgs i Goprefenpliefore contact

b&%ngﬁ% &4 } R mgc%;ﬁllgn téaagca&gus b g&%@%&gﬁ&,urgmg

anot her ob ieving a t process fo
E¢Ppi e itAglisaerirdedn JEHARE FteieschrEIt e RIILGRE T 22D e
16/|6UI7 d63t9hﬁllddn6cl:&lﬂ>es AN 200 gash€i tredidiverE SEhEE ateID aMPRINT
I%ﬁgr gani ¢ conpound, and a fluorosurf actant
| rrpr ove e rel ease of the cured conposition from

[(H?ﬁ]l nprlﬂterggélq’legg t%e polymerizable fluid can be first
deposited as a substantially uniform fluid layer on substrate 10
employing, for example, spin-coating techniques. Thereafter mold 30 is

brought to the same proximity as shown in FIG. 2. In such cases, the
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[0015] Ot her objects of the invention are achi eved by
using a process that includes the steps of providing a

W@ 09p0sictd on t hat includes a UV curabl e or gani BCT/US2005/037063
nodi fied silicate, a deconposabl e organi c conpound and
a solvent; then spin coatinggthe conposition on a
substrate, renoving the solvent, inprinting a circuit

fipad treed dot bhe sermbeniswgveemposy t iboh, thdWigokhgy tliethe fluid

snbERLDI 119 COMOSI Lj 08 REFLIFAY the conposition to
condense the organic nodified silicate and deconpose

rob b decormosahl etmlhxr@&ehe drat ratalgoatqgﬁmt Lerfedie to
di eI ectric layer, and deposjti nig%; conduct ors

usi TrFAT e SRS SO o PP 1&6?8&65, LfaPectiePer
moad Akl aleighf GB46] thEhprefieoved aldoatener aebfiectrdbed below, the
m1§r:1§re ¥n§y cfoﬁ@?ih]lﬁr gssolgglg\: aclgvgrmlﬂgﬁ?’ dqg.uérﬁe plrh%sgﬁvent .may be

i nvention econe nore apparent fromthe foll ow ng
sedegerd bt iBRSOF et h@BRbBUPRETS [IErBd o akiét fp vell as 2
F166R)suRELdtARAL vwatebcfﬂhedaﬂcmn@aﬂwen@:edemanqﬁbodmﬁﬁ below) or

%C%opﬂ-lw@l tq:e % [ooglgvefllg'w elnd ?h%}e%ﬂ ‘antlng on

Sectional el évation s respect to
a Pﬁ@“aéfub‘slt%téf”ée é%tetlhépﬂ Fgf‘tjélﬁeptkfens?ﬁ’énbrjo?c é§‘§°"(’ffi by vacuum

o:cl gp&[ﬂmﬁﬁ. | QG p8rdtQ¥h d'ﬁlre&laﬁnbﬁe Genstaurt 1dmte@reoal abouk 00 k8h.
is schemati c secti on%sl evat i 8&1 S %\A nggtgged b
Th&l Ekit%‘s??}fv&ﬁt ot EheP \ForifEr e“H Het ween Y

cambhctiapdciehesidbsthedte; as the next step in the process
of inprinting a low dielectric constant material.
[0008119] FIBit&lessgutremets Eosdei davike elfevig iyasgonryrgtion
c&B?l&oEymBhZ%liédﬂ glggh%@osé?QSQn dihecsubstFiate afbefcs,
renoval of the nold . in a subsequent

step
TSP GBBas B THF R AP T80 - o) BEC [ BBH S aREmaces Wil be
ket erd ahose FRO26§ #H Gpe brics Schematlictlavecrt irgrakated circuit

acli ¥ ALk RBoy-g0 Jag polivoericeed Jaterni.ah di-spoSadneN can
the substrate after conversion to a porous dielectric

alﬁﬁt@ﬁ‘:ﬁimri ASa* SUBEEGUEnt step in the process of

inprinting a low dielectric constant materjal__.. [0021] , .
(00PE] | 5 | CRERRERE T SO IOt BT TOn S RHTAi ggRPosi cion
5candiehi esponed epi adnddeposi betfigvert tth@qéwwge the fluid.
r%lf@J:a%q_E/r ltﬁlenﬁél%le@izalb@e afl%.'i'@%ql &t 15t &R LQ etxggsed to

process of form ng a_clircult

ragdd Akt FREidEEETt ﬁ%wOéVféthZFoWesﬁ%%%@owﬂffél"cﬂﬁncaﬂ torm a
sdlaaneiddbyophaniar natdrgal hepcoswhted ihye 6MreineFiGl| 3. More

sp%%gpﬁaaafg 'tﬂetgagy,p&q\égm@ f%ﬁp <o §1onFLg‘zexz>og§d to

tic illustration of alternative nethods fo
ulcrantqly Hobhr ifdEheust SrfAnTERs §°wa%¥“1€éa23§19| F%%tfégld may
bd kaplaee Ophi anakdy eusedld, ohdor nrtdtdepdoynerdfzadli@tion. It
sﬂ‘owa Qe PQ eQ%é;LodFLﬁt 8, &n%cgﬁﬂﬁké&dng pétnaa;e 80 sith®e to

chem cal reactions that aoccur, during N
usSoPY fEPPERATBN FPSTREF | dPdEid EHE §%§é&‘€%ﬁ€ can be throug
tHEOBYItSh 08, hod dnporbitshet ehbetimest Maherisal of r wbles thex: is

DETAI LED DESCRI PTI ON [ 0025] Referring to
oPﬁ]qés%dll h[rtough 8 , wherein like reference nunerals

[JO%EFf to Jy ke d&%@?&{‘%@té raerehw%fva{lt@yan I@Y@pohﬁnﬂewzation

Il lustrate herein a new and i nproved circui
oﬁqéme rfd.ué_d|wreﬁ1ép.@%tltsl Enown to one skilled in the art, and

typically depends on the specific application that is desired.

Generally speaking, organic modified polysilica is an oligomeric or
polymeric compound comprising silicon, carbon, oxygen and hydrogen
atoms. The polymerizable (or crosslinkable) materials that may be used

in the methods of the invention may include various silicon-containing
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constant, generally denom nated 100 herein. [0026]
Met hods of inprinting to forma relief pattern are
wo 2wght46pin Uni ted States Patent No. 6, 334, 960, PEDUS2005/037063
Wl son, et al ., which issued on January 1 , 2002.
[0027] In the instant inventibon, the polynerizable
material is a nodified silicate having organic
maftenCtlisoniadt growpsert patsamporhancpbsis éntiheabeimp polymers or
oh@%&%‘ Ol GEQSIR- Lf&%l@%(ﬁ?@fltlcgonfcqﬁaé a(l‘f'oé"llf layépﬁoxanes
material_replicating e the nold.. The cure
g3 BN SREeOr b MDA T L7 19 -c ot HielLy Condehes

coatibsieguemntdrylysbt estraerievabilohet hevinp| d nugiony evémdet o
mo@@cﬁl@gr 9@1@11‘8 éﬂ lab&?ct god?m:%nZS h)%lb l 1@??@%%&1&@@ Ierilfled

he organi'c functi onal groups erein
SlﬁéF%/tr?ér Py Hpp e itatemeal t 5B Jcoen‘i“%% RS 1BndnBTe ifpR s an organic
swefmﬁﬁeﬂt&d \Whi) cbamamlﬂ%ﬂmﬂwmmoémmw esviow the
cofBbfitibll dide, | NOLG %&o%héscayg ocye: SO 160:d WathAl1s of

ore"formng mater]al
th?a*yYH?eRﬁl%ep‘a}?eéleeR d@nﬁ%rfé’ﬁﬁn%ﬁ ﬁ@%stla}l%fstm vEf §iticon-
et SPEmgeth 1R 4 @rpoiryBEy icoabl eisneickrlaks,: orlican ial s0 amount
greg}:glb% ag %R:pxt bi%ngérr?:gmt: Qoatsgg OQ'Lr ﬁlg“w% &pcd OEI t% poJf}imsr:azable

\fter conversion of yneri zabl e
fltuedaC%PHj:lPﬁatan@e‘pﬂrec@f%r?Wéf n@)’F?f,teBrFélaBraWBFezosfvé’p@t
peacentised to deconpose the organic groups bound to the

silicate and the pore formng material, as well as to
[®ubst ant i &lel yiriesp!@heatdiegconyessi-anlé maaarianoaganiccludes

o G1GRLE JNRLAL Dalieha] 2.60006050d LLODL NGLOIRINGDY, as

Tydr oxy gr oup bound to silicon form ng Si-O
nqnl AkEiFe89 SFREPIRS0 CESEY| %roélaFrlkéGO%lgrPWSa ﬁ‘iﬁfﬁérg%@ﬁ vinyl
gddagk, ta'&eyﬁslﬂel §:8duPs N elewhdeyll Ot TRraie Nand kenti®eoipes bAghe
ter.al_, |eavi l . vol ds;;
<915 T8, T Ol |30 DoORPTRLRBER, 9010 St
tmyswlt@él%mm@ezaﬂ@u Fligidt couped i bimer mararerqtapgcording to a
va&ﬁ'@{:@)&dréa{bt@@ﬂl YierdrZzakt esubh Widspsticht asimibedt tBQtacid
and photo initiators b

© tﬁ‘rY?}er’ ajéesecf?%lc§¥k})eﬁgmerlz Elornéscatjton%% Pﬁ’r%{?%?rzedwln G 2+2
pherbert ireddisiop 0G28) tFhéikrol d used in the nethods of

the invention may be forned from vari ous conventi onal
[aPgF er i al sThesmedt ascfrabladrrns lt ewande rpdurilica are of
reg_ﬂalth@él?f 164 @alﬂé&llﬁﬁhyaﬁﬁlits,, b5t|;£})éa&ﬁn|aﬁi:wmﬁﬁe two or more

rosilicate a ocar bon _pol rs, I

peé%ﬁ%l & oS Tor° %Hﬁcu 0\% T Briet &r ’gb“ic’ii?g% e mat grérﬁgggcally
nadif bed @dlswchs tdrat atdidabisl drier Ghe thrafsraee IRMOGER ¢ Rype
réihoWsdt Bee raohylm%lifé ziabhevifdrui €k G 0aPRShhd 108y Cowar ethrhyn,
G?SﬁP%rol d?%ﬁ?lca%qyu essee mtto raQZrLngatr:ﬁ%; orgség:elﬁr?w\tél Oril_lf_e controlled
hyfdareil ¥4 isaped rcetl@%getﬁeﬁn Pﬁ eongeh Rl priodhgiesio b kpnes.,
p 2@k ¥R G m&@fﬂlahkoiyﬁﬁliﬂEJsd sy be dheeatx@dravothmd ecules

surface m)dlfy n rface di_fying agents .that
iy ‘b ErpIBYet Ogﬁ%%‘gl uSifrhose Jtnha{L]']”Dare knom&l E e thd

emle mremw—'pbﬁe BP Br-Sdrf@e. rmdqrﬁwiﬁlgma?gmiﬁoxlsieaprecursorr

Xfrrla"}ofé%ﬁégml 8bi )é&@rﬁ%lrég @fgendy, ﬂ;geﬁﬁ ﬁ,rrirﬂC@HJﬁmef M4 NG®e any
agents_ or rel ease mate e appli

b1 BT R CH ¢ S6Y BRI PhpGiRopEopYL, 2xvL,

pHeewdsids sallnet hddotC\VBDRr guch B SLSanmXOgs dh tdig@cule 730, W is

J&ué&%e 288PaSi fdQh Pr 06£S3op&Ftidnd ro@awi%ramém@l aﬂengype
position froma solution. [0029] The met hods

the
73r°nvé1°1‘f'| SR VI 74P & edBRELL BR 4O AT IFSEaT e PRMSH i welght,
e:@Ceo NPaRrybsEy Ldnlawonghd glads chamsiptef epmsdacwirodif et

en s u ie |G 1 1| i e
pc%oclf rg?a‘?lst E%@Qﬁh?h%ﬁgtiypgfé%s gp a Liddile¥8idabES bR th
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sequence for carrying out the nethod of the invention,
whi ch isdepositing a lowk dielectric material and
W@ eRmei469patt ern on a substrate 10. A s shown PCIT/B$2805/437063
, a W transparent nold 30 is brought into proximty
with substrate 10 such that gap 40 is forned between
the bottom surface 31 of nold 30 and substrate 10.
VBl bx38i has eomanostzabely eks ef rstctict ufvact bymm@dgroup, as in
speg§£sel790 h%lepg Raﬂo@%egﬁinangg I:I.Ql erﬁ‘é‘t‘ﬁﬁé‘g}ﬂété Q_&ghﬁﬂg from

about 10, and nore preferably from about
Al@esn%t&vabouﬁ crn teMEREE ¢RI FY SPORES SFPWr 81 FaEtTrsRte
speRiéh@snnlmt blypildabd ywpeonrsbksdd ohata Rokar allet teghinate in
me%%gcglﬁrlfl.‘:d: n%cé}lat@aqnnpﬁl nguéfah' gll:a defines & 59&@%@ Dross-

et ween. exenp WL and depth of
11@#@%%§P%¢+§°ﬂillé(nah%teé%§éﬁtéﬁ%te&13WhﬂyUBellﬁPBrﬁnéib‘z}tﬁ 10
appibb B a@bosHot 5, HN0 1 MieT any or Howevest, . | Forskothet be 710 and 740,
understo t hat . proi.ecti ons 1 and recessi.0RS. 43, TRY 1 p,
cor?%tgpo(r)lgltg V|H?t %gf%’ gﬁr}y }ﬁeacflur a 8% J Rénf egrjrl narla F
ot §s.F| @s geed bﬁ@lﬁol%F?rzaBP%WOFF& anE?fP'WéFT iR foregoing
natlee{ £rsabk w@Sasd ok G081l Bueitibhaterhnhinmysdrieklimes
rerf%(x:*?éc’ds It nbiy 4§e trag?n ffl&MﬁB&Rﬂ@@%%RML&ADor rHtashould be noted

uous layer o osition over substrate 10
tHagr fmaﬁm eortirm of sté’Gsﬁ’ct“}F’Oé%tl@ﬁnp?is CER Gr LSPPataye Wakge -
zd,r emmbedttH. Slceaentid ﬂ@lcﬁé%&raékﬂ,&S):ot];ﬁ‘oaﬁ)@in A0@dopsal oxide
ma@ee L{Lr %d axtov% e oghgpd :tfrorDr FT‘:&Q a§|1¥>w£1[ %’Pef:@c%ﬁc Qogg‘tant

cps't as at t i's tenperature.

[o%’%@fml ary t ecpl?l %onden%atl %pggécttl ng ”R)grrp@r%l gf%‘%mmloned
npl oys dé%05| I Nng one or nore spaced-apart discrete
txfedlsBtsd 1EHOECIHGRRAY TOF™ CHIPOT CVBTF 56 Birssubatphigtvorks
wik@. ode/ @trcmxleyrémldé ahet Snb D AroshOWNThE e updt angeditinl
codn.degits teelré)pl (Ihegtc 1 gzrlgé%st ra%Q pélqlgélﬁgtgga%e%ﬁlggﬁ%ecg g%rel’on abonded
nee:omk glu;o@@rmeéyleamev@hesmrﬁatférmet%y FhtusFaetsdors ipbh e
smlcgtég%orelcgl of r@l%hﬁé'HwBﬁ}l: ﬁ@nls?lﬁ_tluﬁ:lreﬁéd Iseﬂémaﬂiﬁ)tﬂila@t as an
Dmgtmeape 111@ e@mvt ampobetmem%ﬁélcsimérrdwt h@téﬁbmeét:‘éantsf

pcglgfagn&!}@%:)oﬂ §e£ftf18§t7ld)@t;&@dudd% ﬁ&%&ﬁ@ﬁﬁ,ofCWQS& tha®ing one
forns.a c nt|gu0u ayer Oer SU trat

o%énoagét?eﬁ:gacEy aEﬁjr 8r§f ate evd.ln ét r a tllfidllc? (})engent
fexanph @rows ItraP@heum gasss‘rllewwlgatvl@ seﬁh%hﬁéﬁl’éléﬁfar e
chd¥rB1{PSk) on egﬁcgslu@'@dtgjﬁtzﬂﬁﬁﬁ f@il@.t;&gl aheh RBOERitable photo

suhstrate 10 and drople not before cant act
It RE¥N aﬁﬁ% G 5d-HN8 co (Rt P onZS vvg% SHFE VA @ poregen
dexignpteat 2 pur gk ngierehithe wdois qpndetsasdeh irgatiiondepnds the

pé_to%teﬁ 33691@&1%{] t_:jr@lmy k6§ alne08: Q. ch:Qi/e@ Tet@39k f7isb edhisCgdnbeps is

entitled SI NGE PHASE
SR SHICRRPRETHOB: [ 0DSM] A BARAT| Yoy P acaisionss

p@oleynerdtrablyg af ¢ Uiadrelate berifit stepdeplssi ¢t thg ldke pendent

f&%§5§%§ﬂ)é %aﬂ&glfeOBfnJrlsyé—Q1hﬁ:Vr%r Ofb SHOSI k@ 46h be
npl oying, far exanple, spin-coati n% i‘echnl gues.

O#%F%ﬁjfct é’F ROVBERE | & B’F”G’Oé’ﬁt RGN Re AR Sr 0%ty as
dsdewhuti ienk| Gor2exanphe s tehnaraorssily hefdrbphenee grvAwR) and
?J[ \{:ﬁo%tiyﬁ rlogi%fﬂeﬁg O&IEENB % {r&eti@ Vﬂr%ﬁ@lsdst YBlcgckE*hﬁ_le, OH)

ul d 'shoul | ess than a 200, 000 cPs .. %0032%
hyifr bRRT USEY atshéu‘%kfé‘?ﬂlcﬁh]a}f bPRAqSs PRYIFEFM e BT BT REY e
rddbvdBe, ditf deriantcienoss-lli mkabl eecapgani ¢n poitygidilesdgdoxane,

h%\grplgtlﬁ‘leggr%{ ngcll ?}ul %&uﬁ@a}lggk éh%aﬁlééﬂ%&{e%ﬁ@élr §gc1ety, 149

goners, desc he m xture nmay contain
<52>sartﬁﬂeﬁ17as Zaﬂz)i nePtredrrbisRLY . PFh@r 81 G¥hPemB Y be

sel ected to dissolve a particular pore formng
material as well as a
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fluorosurf actant (described in the nore preferred

enbodi nents below) or sinply to |ower the viscosity to
w@200ewed690 ow enough for spin coating on a pl ane€T/US2005/037063

substrate. After spin coating, the solvent is renoved

by vacuum or thermal evaporati on, for exanple at about

100 OC for about 1 mn. The then solvent free,
(abadlakctaed bl uittlecanlbeldif ectriyud mplénitied pights with
po‘i%@cﬁ%& fg:e%:thﬁtaqgli dOII QP&[H%BQd h[ygpgi*%l]l Lsyfrr{:lﬁgégd ecies

st ra devi ce present |nven i on

PTEEMIS s BS SHPH TGS, Tl P’il%‘"cﬂ?lEP( &t. a%e pglaesizahle EoHd-
nitride, ceramcs, alum num er and aII|um

10988k de.THEF here2E i T2aBP & r§ﬁ‘b]§t5r g‘lt?eé?mﬁﬁ ot Rk nBRGFIED 741

wHibbS@sskidil-ed Handédeeawdrck V¥0 avinllan bayddeipendgntatbedup,

wheirégsu Ith&e \é&‘&ﬁtctgn lJfgiqg:[Ilgy Eﬁhgzllegy'ﬁrtl Qﬁldhnﬁyé %.t §g +0- bonded

anarized circult i nes can al so function as a
n6§tfb§t 7P i tPOD IRFhIBT AR TS RIS T'PURH G T2 ConYREE. as an
a]ﬁ@h}(efﬂiﬁfél&l@le@1ef§ uid eeNPEsdi @AnEMN nstidian7Bx posedotio an

«con it I 5 a B

P0fL1GETe SPLLLELRY Lol AT SEUDREL o g o o1
b@ﬁp@g@éw‘t’%{ ¥ é%l|"%ttUPoﬁ*t’osm‘tftaéﬁérﬁtetﬁfnﬁétl?r?éﬂ‘% fpher product
off lrbheti6QMIOSE |s@>acf>erwl 7ﬁmmmmah sakididii-ed pobydreeterk 750 with

aanHet erJITd.ae'lcar{ﬁ ggfy ra]t e OGIQ k mlih?pe.%genévggrgu , P2. In species

speci %/( ri za odi'tionis
T posSd-?0 b&P@?da\‘?F%"l’oé Ti%hes b&lt]tltﬂﬁlﬁ‘-éﬁmbteﬁ%’l‘ldﬁeé’fﬁjs for
ndrabyfRELZidigubhasl hdiidageghel b@;renp&ﬂytad shabnagrofr P3, with

exampl e, . heat r _forns di
T R S R e
ojesideall &ramoitise UV transparent substrates, in which

case the exposure can be through the substrate and in
[Q94P1ir t her FiEnbBdi ABRECatEREDEsEBECAl FEREECRAL CHaS HiragUBring
tﬂ-évpblﬁiéklza[tgeﬁﬂf The fS_GchE(Btleﬂ: efs &mﬂefﬂiﬁ)duﬂiequent conversion

initiating ol ri, zatd, of. .t he C 0s) ti
9 & kriown TS oniérqs?k%({%e ? her g?% SEdlugtlg |‘%qﬁ el Leflae of
repeperrd 9 0o rerekedesp eehFHaat HFp R R | ‘éﬁt GPF\‘E‘tunidg %@F%%ﬁg a 8i-0-
b%@@r@tlwyrks pgakxhlmg, vl ganﬂ&elﬁgﬂﬂdéhtﬁd:eﬁeiiyﬁl zi:;]l'cﬁ,t@sl Si1iffble as

0|msr|cromsrcco un

% °r %(abgen&ané hyf&_r ogeggg? ngenf’h t?‘gﬁzcrl ng gen Bl

CC(Uélld o Osstantkable Fimeeniwhse tthat tﬁa;?lb]@?ruswel ReRapated or
dt@t;tt@étis 10f cHehgoiyAM 108 ﬂlmde nek uge }gﬁfafdeblSls phase

si li con-cont al mat s that are.o ten resent
STREREET Vs § ﬁuﬁﬁé’gf ors% Bt° SO YIePs" S b1t g6mers. o o B
SStllethbIBet@rF@anmc bt yrsxpcwmcwn@me@@e( pyher species, such as
a§1 || sesal oaealaleis I(ettwalawagt g@lgt YarC @B&@@%eﬁldﬁktg@)ﬁi}éﬁha&&@ﬁ&e

artially condense control le r.o
p?’iéilegﬁeglrﬁ Brsi Marfe ﬁgt_t/erﬁ ten ) S&F° aver ags >r{lm e s asce groups
awepghlenof faobbe 50601 @o@@ﬁdoge)t)wor(q 799, of g@ﬂat o layporogen
gfg%t i 1 edvsid gad 1@@‘{:}'}78&3 tbheaGRNPASH LEon IRSé;cheéi@dl, an
i 32 wherein g 1goanl c.substituent and (Lv) ... <.

e%?i‘rlti? PP ¢ ST HRHEE a‘ber ERO%E FLEAPRESYFAV g PERE™
o€ Gpdsi neowrrr8i TR -4Thusgj ts@qur@can@@eaﬁbnplohmﬂﬁ% the 8i-O-
bé’ldelicﬁét%oﬂgtﬁw t@ﬂ.t§1 ﬁéndtenue rteXQt_elv%SbJQulss arngrﬁorlggéﬁ mdPerial,

organi ¢ constituen The sil]j concont aining material
b‘ﬁﬂdéfier%ﬁ?lvfgn?’éld%p‘tlﬁ@detneHéer‘tt %ificon in an anount
reater than about 10 percent based on the wei %h of nerei
(9941 pol ynBrSEABT Y f Ffi GUREHIOXT PPOMSTARY By &-eP 815, wherein
tir eferdbkysxppeedtter atthanc aladidtiz® waihghbe pet ¢ emt place,

A%@%leT@ﬁe Sohk§Uueont Ak BYs ROLYFEN raRb! ¢ Bleehiahre
so includes one or nore pendent functional gro

C‘Pri’tﬁlaﬁl%l e\}?a%urd& ?r?lﬁjét 1tf ﬁ(ﬂ Elxafégrakélse to include a phioto :Pnltlator
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non-limting exanpl es, epoxy groups, ketone groups,
acetyl groups, vinyl groups, acrylate groups,
woreiohaetsyd at e groups, and conbi nati ons of the BODUS2005/037063
Al t hough not wi shing to be bound by any theory, it is
bel i eved that suitable polymerizable fluid
conpositions nmay react according to a variety of
theeatkhosns ARChdan s shich ths cobptetgotuding ¢ed twrssatinked
ne@@%ﬁé Y5l Se ££c%§1p{:?s%leﬁain QOLM@@E'&%I %chcl%dtoﬂﬂlé: mold can be
meri zation, or_2+2 photocycl oaddjtion,
rapiuk rf%&?]""nﬁh@s?ﬁﬁ? Jﬁ‘ipéf*%"r Shie FSYh%eSo?r &o&mn& Pof a
suﬁ@ﬂ:r}éﬁbl ica are of relatively |ow nol ecul ar wei ght, but
predom nantly have two or nore pendent and reactive
[obuzict i onalltgrmitpeeper dexpndind en Sechhaogamitdakey, the
@g%%&é%dcr%lsg igates; ae.aval drbhks, qag@faltl eoacmad«%aa@e

e resins and are avai.l a
meRé%‘?ré’tla‘ﬂee@ﬁﬁ‘&SogyT}G?bﬁﬂFﬁ’( é@r?ﬁeﬁer@rewhﬁ?)ne WTT)I?B? t§| Hjcrease
thTehe:Ee&oﬂﬁtye bt adestasE yf erdmedlidk ouglerblel ccenticake gdrecursors
bef%xdé Ql ¥8l8 @ﬂedmg? Qﬁgsgéacggs ob oor&aehg@uha nggfh%ﬁ any

Tanes, particu al kyltrial koxysi | anes, such as,
repRER RS SR SLGP SOTTARE 2790 L7 SA AL AT @ thres
dimehakshr atd-1ihkEl Giethork AB0 a when-droridd goweanp: erbegnt

&eec’chgslr?l%qiﬁ exp§£ur(eo?:% a%’tll@lct &thlattllgzqalthél Mfaqlgzan be

recursor represent, for exanple
aCGPBPJPI'FheChﬁa @H&Hgle SReWb'y Ui iR ori§aridef ragheht>25e A
be&&eéfetsby&q 1ebhy|fprpir apy| ,orbldsyl, , folSopedpyl & tdpiey temperature
L as, al_.koxy, (i ). In
“frol ge%uFtwefgo W| gzcgrtéf ﬁ(;ér/oa%[ ;ko\gfﬁé:ﬁo@ﬁ&éné%% The

[0%[8?0”' %%ng%ua;i%@ecpukgs e%m}%c!%‘é Eﬂeo%rgéxﬂc JQ&Z{mZ@Ql@{L@te,

may be edto aff he nol ecul ar vvag
tce)gpgﬁpomuscpeéls:altﬁnw ﬁ@ EHi5d ‘b’| gggfquaa}%lopfzbaﬁs under conditions

tﬂa%np&{tatzlﬂg %a@érltalﬂetcp%t @éﬁﬁe@l&ltdx@sﬁf ta@Btt PRediEPe for about 1
species. A S|$ ficant Otl‘tl n of tt%etrl al léé)sx %grlldaltlons can
h%r%ndﬁFeTJetlrﬁﬁ hH8"Y°F eddfi VETRHETT 8hAl °gFdup, as 1 n

alpebs esrikd, oumemesﬂgnew deeﬁMMmat@s the C&fﬁeﬁ‘v&eﬁwt&tﬂ@erawre

déi)regﬁl&ce%f %5@%éc%ﬁ£y91t&§ @Qt&serom fad gofcgbeﬂna@p‘,@%ﬂ):ﬂ:@d to the
group, as for examta% ecies 740. It.sho
ant

°"éﬁ§ﬁi“é€i°§’c@ﬁdt FrC YIETt ePRFIE E0F 1 “—’%%?h PSR tion

adCeYidhetion nyltheepanoode,isandortehetdd Ipeoqe@SpﬁﬁvFLd@ilatg to

faﬁ{aesgéfougaﬁleﬁeémet hanatly swatorl su@achiyat e vwot eV,
ropriate oto initiator and/ ar

FRARRIYSLLY FOF BENGLAdsEoy HRCRIRETY A iC gt e Bt A% 3% Ofganic

groubbiden@ilX Kb, tHeH3 i HEonGlreHBe ampasgbr eTHeo oroayg c modlfled

< {BLeLd %En%ngfsfn{é h\ﬁa%o%?%rt;@gselae, a trlaguitewn t}@m&

enco};gaasses foregoing materials as well as oth ced
PGS e@éFHPnnﬁ%?Cftll@H Q8r aniPE sMYIEBREL PREYS éf%rrregﬁeﬁeét ed in
rly, she tiadenameseCRMACOREpamb GRMAGLAR:r Itbmsshrebtick bwater is
nﬂ'r Sgedt @Qém a85 cse%lgesp%t é%prerlﬂ%%%%tEh&%n@ inb@&bnic
ternativel’y” be or Al to the extent it 1s
stldsp rassrerkt o ﬁ%raﬁ&eléeoalshxé&e RAFRFSHRT deP BT i BRETgals that
afH @Masdae s%f&@;ﬁt&[ @eesidoas, thanig haweetdr edcetd moces,
Qe 1 [ 0838101 ROL! B SARANSG P £AGHANADRentn of
renmentioned trial koxysilane reactants form
tl%ﬁarfﬁéwet%?@swoﬁn@rcbss | i nked networks with one or
nore reactive functional groups. Thus, upon the
[90fi4f | al CRFESERLRE PBRK FOaftS oA YORD IBBPETiQReot the curing or
p&lynt Ak esh Pebeddrat sm Sk - ﬁo/m‘ldedcﬂ’ieé&\nambve,s thermed 30 is
havi 0 e geperic.s
T at etfpo‘%‘t ?%ﬁ St (% st epto\/\igtrl K lgS%Jt%E?QJI l%ﬁs(g%g,sé@'&? on the
sehetont iLeal ITVeaIsatéﬁr@ﬁﬂaPWaé’rlctWéléftfﬁel‘m%‘ﬁé@l B PEPaEd ©t
i n condensation reaction 700. Depending on the exact
conposition and ratios of the initial reactants,
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pol ycondensati on reaction 700 produces a variety of
speci es having one of nore nethacrylate, acrylate,
wa powglo446epoxi de, and the |i ke pendent functi onPQF/U83985/037063
capabl e of cross-linking with each other either
thermally or on exposure toazactinic radiation with a
sui tabl e photo initiator and/or catalyst. Wien Ror Z
suksowmldt@myapiarebys &2porregenowndesiRfgat edoPowipg Pgither of

re% %EnBEItShgr %Q@V@lecgggﬁQ§§E |pg9té1@1@Qt %Qﬂ@d§at§éﬁal 60 is
porogen pendent groups to ed network

o e ot B PSR B HREHRG %%egﬁpd&si S Eetrau ™o,
thaftstiDl eicul @Bshandavg an saddivniehdly pertdewt 72, with a uniform

thagrvlate...agfyl ate, vinyl, epoxide, and the |ike
dlgg %ent uir)lctelson gr oups capabl e of cross-linking. P2

[oalﬂﬁh P3 t%étk&@”f@aﬁ:u?!a'&oﬁé é)qegén@@wgﬁeab& st gor\ﬁaa t@l@

timze the pore size and tribution or .e a/
dlte ?%ﬂﬁdweﬂa;}l HorBothere! FPRENS) Sard St Fjrrecﬁlﬁtb:?;} Fy”ln o
befi@&dI0 ERe e r{UAESNB)e spehd/ ver she( Prionerts., Breoksvldied,

mggg haye. Q@gﬂbﬁé% as %Cﬁlgleeﬂﬁﬁkﬂgyeﬁgﬂdl%doegrpgeaemed
describ I%%HW ovani, et al Chem cal | y Bonded

tOPé‘Fftfgéﬂ% 3ena &Pl %%%&ar%saﬁ%hwl formaf i oft ar BafE s 1aver

ofBBIhd:iuﬂg Iindourmal diefl et the cEhaeti ot henpiciaks Saabet yrgddig:
(12),;E161-F170 (2002) . Alternatively, Pl or P2 can be

%T’ (lcaprol actone) or other polyols of various

[o'aE&FCU' ar e\égfrrq%sto%&a Polyhydr oxyl st&y @kn@;eegrwess for

branc hed term nated species preferred t
EoRnHidi-bR Jtnﬁegjﬂﬂt%(fsllrf:‘f/“bf’ft'ﬁee BoTAREr Y EBHET | gigeallic filn
g0 093Rpodhues, oriteathd At 70t ebivlléstrin, lagmpnry .ot herferred
me%g§f1cefcﬁat.74f1al \Mé g@le'%@éd acosbroQ'J.dQ%q@gblréeEwul‘it7th1e¥.V| atrrc‘l thus
an epoxi de pendent group, Wwhereas other products
compEl (58 RGeS pEidiCese AR 1A IEH TPREVSEZE- ‘@teﬁbﬂdeauﬂefiﬁo‘f%mr
tuhS Ot M, t£]1u’m1ﬁiﬁzt hacrydiate, pendentlgroupr allogonhensif, @sl the
]% al'[ther n%t :Ls’ sﬁzptea%ll§ dde%%gl&%so@t ‘thé}pa@éﬂ%@ &eetl@@{llﬁc
h an and a net hacryl at e pendent
1agremﬁy amkmewrs ﬁéélilfe@u?ﬂssuﬁésa% ckpnicgy igea” mePRpt ko756 vP) -
pl\étlstnil dnvindaat dagr ¥l adceo pefadendctgoDasasdepdisat ier, proddcing or
[eactlon 7 IS _.speci 7. |

thée 1%Jked n \%18? O_Lq¥50thvﬁ ?hrc%ﬁte§1%§%%%€?:%gger<§lw§% aaﬁatalllc
llp;@pesqcbrﬁ ﬁglafy@ﬁd@ﬁ]tnlgk@luptarptzalummq g}brép@fl.%rg orgpthgyelavers,
suoh- £ phendedonetmeston’ b8 dras (et h aendem . epoxi de and

nmet hacryl ate groups as well as the pore formng

[eendent gte@uprinB3to At hs,P8hdavikngtbheot hhe dbrpeadentvolves

rermceaxaf%{en¥e %ggpqetay?lﬁoh}%ieq’gtﬁga&rg tp%anmgg éj %E metallic £ilm

Fom i | Fustrat es
BCﬁhemtélaF theabed @ﬁstft%atft%céalfleéuﬂme% e are 9enerallY level

wiRel yherbg sl o @Etﬁeh:&emdﬂede&ﬂr@.cOIaygil:Smande:id’lelng in
rg:ﬁgraec%%gcg% C%?\é%(rSI LN 450 D%vﬁger Q.U§ ngJ:a%e.chLﬁrr !:&np@ggsr IsalLstrate

arting wtht eacti on
1Qr netaddse sqmswnet:nﬂmﬁs AGransy dberleemmﬁ*@gleb mori B}aﬁ@rhzatlon
cadl bgﬂl@aﬁdll@ﬁéd/\@éKng?@@erﬁﬂda'l/rﬁé@haﬁ{caﬁoﬁcﬂ1@&&@Bfr selective wet

reactive,gro y R i
of B2 R L AP A LR B BRI AR Sty o
bepkeg@ntoagioge sikipled rinxthe ert hatInl @Vei:? REP . fhgsénterconnected
cﬁ%Q@E atigds @ £issobyed afbt&h@lﬂéoey%&idﬁb%ﬁgﬁdlal th thé device
por ogen |seéphase separ.at ed LR ug ul d_be ehfa gtabl e
areirrﬁPs‘?ré’ﬁ % PR paPYS EPET 596 ?th §cAre off Y5
syinebIThe nhegthtied cdarniitndévides otilér ggpeel &s comdhe aelltlple

1%%15 & Shirdhicbonded petionk 7RQ Wil 88 epoxd@ecandetallic
t'wo met hacryl ate pendent groups. In an alternative

stgEc e BT WG PRetiTRETY1 ate groups are pendent from

the Si-O bonded network 750, as well as a porogen



10

15

20

25

30

35

group P3 having an epoxi de group pendent fromit. In
speci es 861, an epoxi de group, nethacrylate groups and
w@eonegervar e pendent fromthe Si- 0 - bonded nEPCTOSH007837063
0O . Thus, the polynerizable fluid includes the
Si - Cbonded network 750 with pendent reactive groups
and a porogen material, bonded, dissolved or dispersed
[doast he fl1ti dhe [004 IrePrefedr attiofdinttte, stissegbentizable
cé?ng, LY[BLLZAt Oﬂlc%@@s %1§1u&é@§£ﬁaetmetéll%go¢es t8XPRsedse

actinic radiation with the |.ace, e ults
PoReFHe St BRgERRTS AkEY °rfe"§ﬁw 1@%1’6“ 1€, °F f*°Phe
piskhtile peani-acd Slepaxudeagrotps kindnsiprief evlaikeid o
fiuﬁgo&%h 19a1p|;l.9%ig:1cltglllg 's%E&’RHAQL t%e@}a%%n% ﬁg‘bﬁt %@C@Bz by 3M

e Cco ete curing of a cross-Iinked network can
P?ﬁioémﬁﬂ§ﬁpmﬁﬁ§ﬁéﬁﬂslHl%%%%Pﬁgﬁ%§ StEp! %99051%Q¥8?u¥9?§t?ﬁﬁ d &»
aCfinde veapidlkysuréreaad i acithdes etbNyD Hsoprint aviieble from
Lgdp VLCes Of, 8” w?'fr%lng;ftoﬁ‘ $pstrate. [0042]

ternative dependi ng on the photo initiator, the

U?&)@? eque nin %I‘ 8§esfekl*&¥ Iplg e%@ggtﬂlgnfﬁ;lq g@&bolsmlto‘nal ﬂ)é‘;centage

occur via acrylate groups. This

oprispetan] @eqowp%w@lw wserEet JEPHERBhSE Fhe §%]c?§ g tgrproduce
aH@UfEIiﬂtheCﬂﬁaﬁsadouﬂkld he ar ganire 8 langateeppediarsiolys 20 to
B&G,f 8 pﬁn 1{%5'; %?‘1' tl';ehSgé@éedcgfe%ep{ﬁ%eg&sgggt a\ﬁﬁl 191'1% \A@E'I:ergte

Cr'oss remai ni ng_ epoxy groups, also formn ,
m%@larlelca&aﬁé’fqnal:h radi fryaa it HrestaitmehSitor e Ao ik Jer, ic
bé&ﬁgmﬁﬂ&érgsébd Vﬁ&ﬁﬁe@éﬁ”ﬁdeﬁiﬁb@tﬁlﬁ aseespr osentsiafkt ele ttheal
r%'s&!&a'dec 0SUrE, stéﬁ%{gma%dra%%u&@ %ﬁegﬁswdquc&r@@nem

acto T shed 1o | e steps, usin
pr@ieweleﬂYacgr@frtlsﬁgaléé@atab@éF vifeRe §0 W%lgiléop%?ee% rPI5ERG n.
c&ﬁpdseﬁfon.f aldaovethabyy athigﬁﬁéfé@me ri&t tiiee ogysmei catodified
en about 120.to0 .24 C r hr

S 0RS] STE FeRar Sbg 3o tecd iant Beslaf tlichnll Sioxe
proidicehblet She iczgarec velifépinsioterrs B39 Pc%ﬂ%?c7kﬁﬁ e fghg, of less
than ae&ec}‘ gb pddloy Qﬁﬁ@fssdd:ﬁd&{nfd(iegﬂistlﬂﬁSpﬁiS}&Erh?aaﬂetfﬂald
materjal to rature of aboyt r
Ci‘“&?&bFl"Gnaeerf%ra@%g%% VEoWe Pli (25 C%r?%ggrlttzl%ona&p%s
process conditions can also be carrled out in stages,
dependi ng on the differen%&g% prieyper at ure dependence

of the deconposition rates of the porogen as conpared
[B@SOt]he or gani ¢ndmdified e§érl\p!l@a$§ -a 5@@%&‘%(3 c%ﬁigieﬁ.ort ker the
or gani c deconp05|t|on and elim nation f th SRﬁﬁﬁﬁ%%% ov
PP%Y“Erb??é’%t@ﬁr‘ Brdfc 688 B553 TR ARV TP fi nalg por ous
cdigllecérdanicraat fizk 800cavs, Rake IPNACPSOI rrst Woe giogpgsn and 0.5

of HRAaTR @l |y obhes-Samh: ragéqltleﬁe@ &Q@mesft ryAsogmmRu P59 is
step 830 as organic rou pendent he si

ar.e
RCBROSIE" ORGP GaRNE oM ST € F U CRERYaE Prore
iabimthy dihexadovgr cupss disioa cashé tusef fdreipmink gholding as
dQQéa&%QéJda%%éwhgﬂ %@egéa QB &PQadJJt@oﬂchr Q)Walvegéﬁtﬂstlﬂ{te

resent ed in nthefleg foﬁ] gASR
15? WeRj Hivefm t H%Fraf’ajr% 1Sm%tpé’ﬁy CPEOHTEERYEd PP D ©3-
NadjzmaemistB}G&dvgmgaupSeIanﬂn¢lu;lanmabsinmnp®¥nﬂ ynd is tri-
fls{}&{lgggi C Slé né@oxﬂ:%t %9@! lﬁ'lolélllﬁgs tvﬁrﬂﬁoéj%mﬂbext Q@epng;reolg&récular

terials that are phase se S bei
Wﬁé@&nﬁ%saé’ou\ﬁ orPRP n@nﬁaﬁéﬁf%’fylsﬁﬁ?bérpg?ge§ ePerdbryy Peing
ahaviapge arrdharmet psw ahe@but c@phoy 3OaATANAY mboutome
pp O O L0 %éénvefdeﬁéiga%l (Ao Fn&%eé%errfﬁéﬁgarta&g include
CAB: PR L | Z"éltliﬂbﬁsp?‘t?ééélé@s fBTS S@ilvaafléflméaa‘é?@ﬁ figrington,
cabove., theta®lkdndm)s renoved to | eave the solidified
polyneric mat eri al 60 deposited on the
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substrate 10. The patterned organic silicate coating
has grooves 61surrounded by plateaus 62. A s shown by

WO-2@s/04460®1 | om ng eit her of reactions 835 or SEOI/UN®05/037063

resultant patterned polynmeric material 60 is converted

to a substantially inorgani-ciparous dielectric coating

70, that still includes groove 71 surrounded by

[qlsaf eaus 17c2,1sV\éxtphcaedmhzﬁm)rthedlrsrpetnsdeonrqﬁesF)orsesu%Ptible to
%hqgééﬂlg @Hﬁtspg{lefs% dreof .t he Qﬁ@%ﬁr@geﬁ&V@gtﬂ&nmi&o relief

ormn dielectric material, which is positiane
ofp\FBP THE RIIPELTY EPF ROEC SFRILHT I8t SRS T AB LT e i ‘Ehe fendency
fé¢d BRS mMaAleanot hardsgstchadfe latgemubtdsl. evel i nt egrat ed
circuit devices, the dielectric material is often
[@sanar i zetk sbhoildnbt | @prasiaged ulbst rateeskigilelli ithofe sgyhi w2y
s%l%f HeO Bk L 0e Rﬁiﬁ LaYeler Ok Sk b Aames§ltlzne surface

ectric materia nprises porous _organ
meHifysRg peshte. 2§ w&é]aSRéf%rOFPﬁ@ TGRS Ch Flﬁitt fgs gEkped of
tisd epvéftibheppimcegstdmetidor Atagdihe tontiey saecelctlcl yegdbtof the
JDe present invention, a nmetallic filmB80 is
ep05|ted onto the patterned di el ectric layer 70.

[EJs%g erredgynetalld 6 MRLeLh aﬂasl SesLhEGHe0d qnpéa;l\ﬁeg@mn with a

suitable circuit i nes and thus conprises a netallj h
PEtfEETed @ﬁbwme@'ndaétﬁ/éwhﬂ%??%ﬂd t%&&ﬁl‘a§h80?3°;?é’F ot the

ih g S ip ﬁieumfuiﬁulmlferrde;sp fotd, miklaerhe orongkdmysit is
1%t2eer1%g ft’ ggv%rt Ql?c IaKLeernlpﬁfegEtn%dlk}.:‘ca%lfbﬂsabla}{d %B%lteﬁgs as

he pat t erned dielectric layer by art known

e PRntifies WigcHPigd t cishFedRe 95(3‘&5 b‘é’ﬁBEHﬁ 8R {EEVRFY by the
appaagslm ahanced CVD, el ectro and el ectrol ess
deposition, sputtering or the like. Optionally, the
circuit lines may be coated with a netallic |iner such
as a layer of nickel, tantalumor chrom um or other

| ayers, such as barrier or adhesion layers (e.g., Si N
TiN) . [0047] Referring to FIG 6 , the last step of
the process involves renoval of excess netallic
material (e.g., planarizing the netallic film 80) so
that the top of the netal filled grooves 91 are
generally level with the top of the patterned
dielectric layer 72 , resulting in integrated circuit
devi ce 100. Device 100 generally conprises substrate
10, netallic circuit lines 90 and dielectric materi al
70. Planarization can be acconplished using

chem cal / mechani cal polishing or selective wet or dry
et ching. Suitable chem cal /nmechani cal polishing
techniques will be known to those skilled in the art.
In device 100, the interconnected circuit lines 90
function to distribute electrical signals in the

devi ce and to provide power input to and signal output
fromthe device. Suitable integrated circuit devices
will generally conprise nultiple |ayers of circuit
l'ines, which are interconnected by vertical netallic
studs (not shown in the figure) .[0048] In the nore
preferred enbodi nents, the pol ynerizabl e conmposition
al so includes a fluorosurf actant to inprove the

rel ease properties and performance life of the inprint
nmold or tool. A presently preferred fluorosurf actant
is a non-ionic polymeric fluorochem cal surfactant
sol d under the tradenane NOVEC FC- 4432 by 3M
Performance Materials Division (St. Paul, M)

Fl uorosurf actant . An alternative fluorosurf acant

i ncl udes ZONYL FSO 100, avail abl e from DuPont

Cor poration (WI m ngton, DE)

(0]
en



[0049] In a preferred polynerizable fluid conposition,
percentage or fraction deconposabl e pol yner (porogen)
W0 2008i044606 sel ected to produce a pore vol une fPORUSINOE037063
10 to 40 volunme %, and nore preferably 20 to 30%
depending on the desired dielectric constant and the
ulti mate nechanical strength and durability required
of the dielectric layer, it being understood that even
for nanoscal e pores, increésiimg the total porosity
decreases the strength and durability. The porogen
conponent preferably conprises fromabout 10 to 50
wei ght pér BEPes6f Eh TR0t LPBTET2AYICEF Ohdl | §Pg Preeess
cpefamnagbl e if the organic nodified silicate conprises
at | east about 10 wei ght percent silicon. Mre
preferably, t ani L] I ] omprises;
nol ecul araxvvei [‘h%to 9% q'lla[eégns qﬁﬁg{}dtgg%aoﬁ%,ﬁ%g%?a%ﬁgeﬁ guch
conditions, thg polyimehsizabl &ghhid dog0Mpeassiiiefte, and
preferably has viscosity of |ess than about 200, 000
cPs . EXAMPLE 1 .[0050] As t heor et i npl e of a
preferred conpddit i%ﬁL?‘%orsa?ﬁ% opr)g"f‘ri/lrcr:e(rg? fé’gﬁ‘g’ fluid of
the instant invention, 79.5 g ORMOCER b59 UV curabl e
organic I’B'.;di fii@r@rﬂlﬂiin ay %ir&thpJQ!EnOﬁa Qde a®mhing
porogen and 0.5 FC4432 of fluorosurf actant are
i xe‘a’mPS‘EféFllﬁ%r“.’lt%sadﬁ R b59 is available fromthe
manuf acturer prem xed with the appropriate photo
i ni tiatore)t he @hovelnuohipogetdioring dmpbentigsegrfogpition,
i nprint nol ding as described above when exposed to W
radi ati om)of a-spavelLngd hirbhatc khel udes 365 nm " TONE"
0310 is a poly (caprol actone) polyol (CAS Reg. No.
37625-56-2) having a.relatively | i [ -
is tri fun%t i oﬁ% at%ﬁg -%ﬁ (fgorm Ba%stxﬁrel%rm Ilé‘%:eﬁlgg)t%\% {;‘%]gagﬂg
moRifibed salieageantplecuare WoE (ifcopposabbatcogpendahy for™ 2
pdE etk e iteabE e 16EEr #Ok g .0of 187.0, being avail abl e
fromthe Dow Chem cal Conpany (Mdland, M) . O her
pol ycapr ol.act ones de d. suyit ' ty L
expe‘%F:‘l rren"thaet Fon T nc tﬁnga& Aw%%lﬁnv!\ﬁ%rrg d| gggj\“l/]git 2b Eérent
afG Ghe SO vayinGaprobate 6 e revalr trAgiadd; Cheshire,
Uni ted Kingdon) .[0051] It is expected that the
i nvent i veryy geesSssi 6f sustent ibdreit crachv exbogriehes through
t}§malu est, pore sizes, as the presence of the nmicro
F%elPPRT"8F the nol d prior to the pore generation
process m nimzes the tendency for the nucleation and .
growth of Theapgetesforeslafmissferetn Hsuf gprpating composition
coRREesd at edvehatananenskiiéd eteistepheofart nmay sel ect the
substrate, nold, polynerizable fluid conposition,
sur f a_Ce n?)dl fyé Q) ggﬁ‘ﬂtng A w@tl\ﬂosgtsicﬂn_bfncg Q@l_gstrate,
mat eri al s such at the nethod of the invention
optimally functions according to the specific needs of £
the end u¥er. FTOUWE3TS \R‘?FI‘?ltv%]ét'i RUEM itgntqﬁagt?eg Hmprinting
desctidedr¢ui tcpatnect iion tin tdompospgtédrer r ed enbodi nent ,
it is not intended to limt the scope of the invention

to the pagtd gggégssf oF mset if Qhdfrinbule OR-tiRE:I EPRERRISY tion

it is intendéd to cover such alternatives,

Eygrdier | AP HIRS, 2 g BN aféits as may be within the
spirit and scope of the invention as defined by the
appended thaipnsces@ af dain .1 Ahpredoeds florombopahlsgorasnic

cjarﬁgo%g& ated ﬂglg/gégrto’la&tnﬁepr ocess conpri sing:



a ) providing an inprinting conposition that
conprises; i ) WV curable organic nodified silicate,
wa@nweiideoddeconposabl e organi ¢ conpound, b ) i nPpCT/N$1008037063

a circuit pattern in the remaining conposition with a
nmold. ¢ ) WY curing the remahfning inprinted

conposition, d ) renoving the inprint die, e ) heating

t he conposid ipetcdse cbnrdense tiwerednger desrvdpfildd organic
C%Johﬁ@ti% and.;decoMposfihng decapposahe SoERAURdalQea
forma porous patterned dielectric layer. 2 . The
spti5eER%s of claim 1l wherein the nold is W transparent

and the UV curing exposure is through the nold. 3 .

The processcapbogdtaiomdf whigregi thatheodgyiexposure i s
through the substrate . 4 . The process of claim1
wherein the i MprintiAG160MNQshid ABaLARRS iS88a8 Sehyent
and includes the steps of: a ) spin coating the
conmposition on a_ substr ﬁe, b ). renoving the sol vent,
prior to Phe sBeFGrPI5#pIe M eAY < ﬁ‘émp&uflgmt pattern in
the conposition. 5 . The process of claim1l wherein

the inprinalingveorslostitel visdegitthef toproReyng is less than
fl uopgsyr bo@ehantps. 6 . The process of claim 1l wherein

t he deconposabl e organic conmpound is a

pol ycapr okaCt one't"7n'ofTrrllgtiperrogcecsos dglfl C{‘_J aé:igi% W%%gifnlrther
t he deconpPosable  or§ani ¢°conpound 1S chemcally

chormided at 6lidreosiiactrabl e organic nodified silicate. 8

. A conposition of matter that conprises: a ) a W

cur abbe ORO&MpEes MIGKf beehabtidr EadRdidNGobc)aid 9 wherein the
deco able organic c ound, . ¢ erein the
d%‘f%“‘@é’s"‘igislﬁ QF A} a“é“Bﬁ%rngE% 9 Ebjr%cs’f‘ér S out 200, 000
cps. 9 . A conposition of matter according to claim$8

t hat 1 ur t ReFoBERbic8e’t attforerfinadrantaim 4 grhepsin the
dE 8RR S4R1e08r £2fni BBEdREuRL € B dhieRQcd10y Chainaed tehetieiun dureble
Odeé:nolnpnqos JLIgligd osrigggaitc compound i s a pol ycaprol act one.
195K Tomposi tion of matter according to claim9

wherei n the deconposabl e organi ¢ conpound is

chem cally bounded to the UV curable organic nodified
silicate.



