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WD 2005/ 029556 PCT/ US2004/ 030816 METHOD OF FI LLI NG
STRUCTURES FOR FORM NG VI A- FI RST DUAL DAMASCENE
w0 NDERBEBNECTS BACKGROUND OF THE | NVENTI ON 5 RetBUSIH04/030816

Applications This application clains the priority
benef it METHODOK FIIRG SRRUCTHREYFERFIRMEN
OF FI LLI NG STRUCTURES FOR FORM NG VI A- FI RST DUAL
DANMASCENEVIA-RIESCOUMECDAMASOENE NTERODBVECIESB, fil ed
Sept enber 19, 2003, incorporated by reference herein.
10 Field of the Invention The present invention is
concer ned w t hgagWwW GROUNIRORSEERENVENTION Utilizing a
partial curing step, a solvent etching step, and a

Related Applicationng st ep. These nethods result in very thin

i l. [ hi.ghl. .
¢ sBpenftHReR olies Bon Sty BB Prasir ioBH anhiEaisn oriag METHOD
OF FRLINGe WERECTURESU RORE FORMING OWIAIERSET .DURES GDAMASCENE
an increasing need for nulti-Ilevel interconnects of

INTERGAINNECE B Aeriahtio60(706,368, filedSeptembeni 23003, yncoffmeated by reference
damascene integration schene is one way to allow for
?ncrea3|ng chip densities on a substrate as design
rules continue to shrink 20 integrated circuit
devi ces. The damascene process elimnates the need to
Iﬁdd@f&ﬁlmﬁﬁuﬁ%tal Iayer t hat prOV|des t he

ercon ect i

eIl OR1s 5B M NuDAS el s o ds wtilizinga partial

cunng] aep,fd dolveiBétehinglstep, AtPd findllcArihyStep.eTRERIMEhGRSBSulGHh very thin,
danescene processes si ngl e damascene and dual

cured deyersshaving, lowrhiases, ey ereor highlydepegranhic s facesabr i cat es

i nterconnections by form ng a conducting 25 plug

through a dielectric layer to connect to the
Descm%@rdfmqu&m@luctl ng | ayer. Another dielectric |ayer

is then fornmed, with the actual interconnect wring

metsantetatad @Wuﬁaemgeiawm@&r,. therefigan inseegniagnggd for multi-level
mtercIHrF c%%%m ?.1[11(?1 &e%sigat&r%nﬂc't%ﬁt %e l tq'sa(lrn?fr?tegratlon scheme

er connec

is oneddyR6 ARG fdtﬁﬁkﬁ'ezfsﬁlg chijfdenbitie@ditla ubStftb ad@sigariles édrtinue to shrink
patterned into a single dielectric |layer and then

integratef ciepit devisse Bhedlamageene progess liminateg thedieed fogtchdhemetaklayer that
provu?et sThd ﬂ)ltercc;s%lh%%u&lg ?n i ma%ﬁ}g dQﬁs?f@eszaggesd lnpe\fé)olnYlg tg N ehgunates the

eps, i ng’ égr at
need foir dieldctric gap-fill materials.

herei

There are two general classes of damascene processes: single damascene and dual
damascene. The single damascene process fabricates interconnections by forming a conducting
plug through a dielectric layer to connect to the underlying conducting layer. Another dielectric
layer is then formed, with the actual interconnect wiring metallization being patterned in the
second layer. The dual damascene process constructs multi-level interconnects of smaller size
than the single damascene process. The via and trench patterns are patterned into a single
dielectric layer and then filled in one step with a conducting material such as a metal. Dual
damascene processes involve fewer steps, resulting in smaller, more complex integrated circuit
devices, thus lowering manufacturing complexity and cost.

Despite the advantages of dual damascene processes, patterning and etch processes are

made more difficult because of feature topography and more complex stack layers. Several
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devi ces, thus | owering manufacturing conplexity and
cost. Despite the advantages of dual damascene
weEemeersss, patterning and etch processes are PAEUS2004/030816
nore difficult because of feature topography and nore
conpl ex stack | ayers. Several WD 2005/ 029556
PCT/ US2004/ 030816 2 techni ques have been devel oped to
techn@fid§ GfaSe Beeh dbvelbedto dddfdss!bubt pr6blEma! ifdNRkhdY&lf-aligned dual
damascene, trench-first dual damascene, and V|a-f|rs%n
damaggene, tieaehrfiesd deal damasserseand vigréiry dpalidemasceme progesses. The application

I -alj ual  .d ne.is.lim.ted, . because it
ofscif i o Eyebthe i AFRRRRENE 1 sl miy ArGG et tavr o ac
as an ati-tefleefivelaydrMitatippérfoct i@thlaid PRIalighthedt! MAGRNARESh ¥icR selectivity
alignment, and very high etch selectivity 5 between

betwaen ghelielpettic ppdetelirstop dayarss Tognchdiystidyal damasesne pracessestimablve first

' .ve fjrst Ki. d etchi
N .
Succe3sfil ferdhcfireridial @ifikieene prottsseR Teduite dchiRimBviehy ®iifodimatenches and

damascene processes require achieving very uniform

maintgingig prétical dimensianneaitiel A viasi whishl indirmereghises bightatdl selectivity
betwc%té tt%@%leﬁf@a%? ercrﬂ-sttég ﬂyér?q'ﬂm{ gie cg‘teg%-ﬁéé galygrglmﬁ:}ltea{l%o;%%rease the

electric’and e
dieleddfic edmetnsdOthe diYetric mBtgrial pessibDEleadisg td d&vicelf@ilure.
dielectric constant of the dielectric material,
podaifisstylupldamaseene ds aropmeyehat simplar sechyiqye fheeayse theavias are formed
' ' [ e e _the
on o YRGS y50TTHRs 3t ThEL AT rogP YRG0t
the treiieh pdtterds.avea-fitse besl damadcknsduings d fill begpestion ¢Hpanle s pfotecting
to form the trench patterns. Via-first dual damascene

the bettog,pf the via during thtgnshietchdtepe ashof plangrizingdhesurfage to aljpw easier
I f ' ' { 0 .
wenc LA 148t By 0 GRASH B, B BB rocese
partiapfill aad fullfill. Thpartiabfild progesss, tHezapdiiimnleralyiétdcts Bnly the bottoms of
via-first dual damascene processes: partial fill and
the vig hiples,requiring ¢onpistent qoverage andflepthecontrel. Tn fell-§H pracepses, the vias are
i . e . t. i
comfIR7 14 o 8 53 Rl TROLERAT il Uit o e
DurirfgupHotdresist patieaang eps,tinds viecssazy @o contipl riflettiorssi frérf Cunderlying
and the layer is planarized. The etching process is .
materipls thgugh hse an pti-reflociivg roating toprqvieat d@ﬁ@%@pe&ﬁhgphotoreswt pattern.

Ifthe ?ﬁ-fﬁﬁfﬂ&ie‘?ﬁl ﬁ#l@s@ﬁitaﬂlé li $1'1'i-.aﬂ§0‘}ﬁi§g ﬁfr%elttl@s, ‘ﬁ%ﬂ&l’{pﬁ{tenm}% usuallyrequires

ections fromunderflying terrals rougir use
incorgdratiy @ndnti-refibttbetdouingingd thegtdck ap hcharinhasildyfeqrdricomingf an anti-
t. he_ phot or esi st Fattern. [f the gap-fill mater] al
1

. P 9 !
reflecfiye layesoyer Aba g2k mateni Seforsapnlying dhe photoresipte nkiigse extra layers

compgﬁ%tlé ?{e?#%g#‘%hkr%deﬁﬂéﬁu&ﬁ&ﬁ@%%%,p0r ating an

I've coating into tthe stack as a hardnmask
| @y Bypicabwiacfirat duad danasaaid process isdtitstrated inyRigurelerA diekectric layer
' mat er.i al before applying thed;got oresj st.

(10) ig—&%@gtg&m%a subslipte (l@dwg} 3 eonducivedaysy s A g@ﬁtﬁll rpaterial without
ight-RGAITAE FroBRNe U s DRy ey Y9, AOrtirBes 119 and o

bottosliaati@efléctife taryiag (20) are applied for reflection control for the patterned photoresist

(22) to permit the trench to be etched into the dielectric layer (10).
Using a gap-fill material with good light-absorption and planarizing properties would

simplify the process, but conventional organic bottom anti-reflective coatings do not display
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(10) is deposited onto a substrate (12) with a
conductive layer (14). A gap-fill material w thout
wo e@hb2absor bi ng properties (16) has nostly fiP¢BUSI00€030816

vias (17). A hardnmask | ayer (18) and a bottom
anti-reflective coating (203 are applied for
reflection control for the patterned photoresist (22)

thesetp%;ﬁ:ﬁ'i@ thaﬁﬁgtpE‘(ﬁ:féﬁlibstd? b@ﬁoxﬂttﬁh%ﬂécﬁ‘ﬁv@ chhtthedi \E}ye&ls[eél 6n feature

l'ayer Usi ng a gap-f material wth
densityf agﬁ snzab@tffqmncewnafpmquldammrqauhgn podpesethmsmdubldthe depth of the

b bo
botoy AR rbdetiE FoB i et sali sV ise SPurs b Bifarryfeg eatures.
The US6bf VeROBIbkORARED antBrdflteafe E0aAREY hdd@Ssse AR prdBlem, but requires a

roperties of bottomanti-reflective coatings vary
troublgsemaeblanket-gtehigtep to MMZp thedayer aridreducpits thickmagsde miore useful levels

beforea@x% cr)tglfeglt% %ﬂlér ) Qﬁ‘i ﬁmdlpé&?rg%cf s[@']és rgglg{qs ﬁgdlr'hgnzﬁ manuFactunng

steps,gdnﬂah@f reiylliré S/afend ﬁ)%ed%sfeﬁ'eﬁ ®fwdef thd dte ahd1ih8BMBhy bays during
device features. The use of verg thick bottom
§

manufgstyringe flhickicogéngs@dnoi rﬁ@sre@dugle ste el@ﬁlvstypbﬁtvtﬂee iflre phetoresist and

the bl o8, SR FRLS BBl 3R AR P sty o

the pm@ésiét ah@ddtom mhﬁfeﬂealaelaeatmh%g&ie@t Filgay/showsa didiRtric layer (24)
plied and)néatterned This requires additional

with Yraﬁmra@gsa?ﬁ rmed aygs a sahsiratnaw} éfefblar@nm@p dayen (399 that has been

coatecg1 Wn gc%rn:\{grgho% Irf‘inltg Bg %.l}htl-e}%fgetc 1Hegg oagxlng 29%') o %a%/ 52elllgstrates the

poor fill §hthetedde Sfdas, Qfohtithlfdtnﬁﬁl {335, and ReidP ithe betérh anfRéklectiP€ coating
bottom anti-reflective coati ng, which may not be

(36)- possi bl e because of the etch chenistry or 10 the

p'ﬁﬁ:ﬁd’ef&&ﬂte@% lgﬁétleoahoaégﬁa B ?n 1h ﬁgw Ofa eﬁun%zﬁlf)er etching steps,

chem strres rlc

which\édntlead t3 popeéledtgical (caﬁaecﬁ@ﬁsrm déVﬁé falusel bn&mam of &feh debris may
with a conductive layer (30) that has been  coated

requisgjthgyuse of dhmepensuming, wetpleaning techaiquessaat despite thig debrigmay still
F
remalg)o%h ecE gP{égré)an%g%tgecnge 5(Lalt1#{§ {aﬂ(a%%r’gﬁgt r%la Q\?}eglrcgé}ollb#]er* E‘xetrelﬁghes and

vias. [ThE bewona aiiti-réfRtli cddarifg aiabthe diglec(ritMaterldl uBlierpé @ th@hichl reaction
steps can_al so | eave debris remaining in device

whenfnasactns&cé withfopg anethery foxging athin residpg wpide the igsa dhegesidnsican cause
1ncon§41&% b cglaeltchc Pe%%g % e;g&% ?%ggtYl}eclﬁte t)J W%ES%BJn%gE% i rgnc%itles in the

via-firsetindl deanicege pmeh;s; method aN dsinebettdne afith reflectiedEdating@that would
still remai n. Thick bottom anti-reflective coatings

reducg ghe mmbsr plestensiequired i u? Bhaeationoyintinate the debrs prdsthg rﬂ@we problems,
I t

and refti o idFe OBl A o A 8 oolefod Rice Mo i tEyly mcedea.
when in contact vvlth one another formng a thin
resi due inside the vias. The residue can cause
i nconplete trench etch, leading to poor device feature
integrity. In Vi?ﬁﬂlﬂhﬁ | Nffon N the
via-first dual amasceng plﬁjgfgfgs@% rreth?wd of using
bathegprestnt linveafibedd bradboedriceged twith avwaw dnethod for forming dual

damascene structures. The inventive methods comprise applying (e.g., by spin coating) a

composition to a substrate so as to form a layer of that composition on the substrate surface. The

composition layer is then partially cured, and a solvent is puddled on the partially cured layer.
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reduce the nunber of steps required in fabrication,
elimnate the debris and the fence problens, and
WO sBah2955é a nore consistent fill of dense andP@BUSEOLEB0816

device features is greatly needed. 25 SUMVARY COF THE
I NVENTI ON The present invenyion is broadly concerned
with a new nethod for form ng dual danascene

The satvemqg tshﬁﬁzed (e, bywpaiing)roReiha paitiafly biell &5er B WeVyer is further
(e spin coating) a 30 conposition to a

curedggy@ﬂciatl@n@dera\glth@exyd@\mbam ayer of that conposition on

t he subst surface.
ol iatp RGeSO SRE el VPR bl Bipoefiehy W, contac
holespviathofds| paised fedureatinchdd? TRISOPSRBPHY can be included directly on the
PCT/ US2004/ 030816 4 The solvent 1s renoved (e.g., by
substrgis mfan‘g)orﬂtrqamheneclp@ndt lnanlnr:yr mr@ thyersyadothexmatetal formed on the
rt cur d tQ thin
substll\allgé\r/§frfa8§ fIlﬁ gﬁrtrra]tte arn L be any | cro qﬁ@rogtfb%{bfﬁ%/t dw Fiitefrfcé 8ubstrates
includd thbse lébmfrﬁihﬁ}hish‘d indahlddthabcene ﬁtf@lﬁmés, WethPasticGRAY ?Fetferred substrates
hol es, via holes, raised features, trenches).
being; sslrstedalsery thesrawe ansisting of gilicert alymiwm, Hangsten, tungsten silicide,

s 5T 8 Be I o A PR ISR L0 ST 0T

saméaammﬁnmsuth&bda;hﬁ teainybsuitible BilogsIRRIMRCESAPIsition, including
substrate. Preferred substrates include those

convenipnRPrAngi-igfedtivierroaiing anr{pmeasill compagitionses Theget qomposmons will
typwe{fﬁr%élﬁ%%%ﬁ%l gf @ 8&1 § glfo!c‘)ém?&xgg?f&%ﬁt ﬁap g %)%:astg {:gxﬁ & n orobullt into
the pdlytigrbimier)s a tdtaliysls &nd o@fﬂr bptichabingfaidietes, digelvea ot dliBifoersed in a solvent

tantalum tantalumnitrite, and Si Ge. 10 The
systers o B SPRIPAFition £ars beappliethtorshe substrafa pt amynambenetavierage fjcknesses

depen‘ﬁﬂg&%httﬁe al h&:c L&%lﬂ%lgﬁﬁ\é&%#ﬁg}z@pﬁg at t'il?cfklngs%é Offrom about

I'ng an
200-300mpnSi ti ons vv| [l typically include a poI ymar bi nder,

a crossl | nki ng agent (as a separ ate conponent or bui It
i dftsr applcation eb‘Phﬁ!’é‘F% %ce@paslw is paHially gured. That is, the

compgﬁflbrf) &‘%ss tﬂgrg gl%u‘?gg‘% &{r&is %&' ?Fef&'ébl Bt?(ﬁlq 4”@?(’ {:%red. This is

vent I's conpos e appli

typlcatllyecammlsdm by heaingahy compduitiornf lemoaq:eefbﬂect &ﬁ'ﬁ%&ﬁ&h&& involves
endi ng. upon the final use, but tyfpl cal |

heatmgﬁﬁ@ ?%vanlt@ﬁﬁr # EEPSTatyry pEfxw@ﬁe@ 6éf95f’/p, &b bt from about 70- 90%,
and n‘?oQQ %@&aﬂ%‘ﬁ‘onﬁﬂoﬁ{ Z?g?‘;( ek éﬁénﬂ#ﬁ foi§. cﬁﬂgg Le'iﬁe’?atmteh 8wvith many

03| tion 1s par
curremtymaﬁabﬂe: ampositioas, shit teatpesdire tav1EB%‘r61urab6bt 1404 80°C and preferably
preferabQ%pfrom about 40-60% cured., This is al |

from ghomt ] 34l Byisheatingatspisrecterbberamiqdont forg @rrmgfwd ot from about
1 URL SRS B L B M e it o shou
50-70peedmeisabl y from about 70-90%

After the composition layer has been partially cured, it is preferred that the layer be
cooled or chilled. This is preferably accomplished by simply exposing the layer to room
temperature (e.g., 20-25°C), preferably for a time period of from about 20-40 seconds, and more
preferably from about 25-35 seconds.

Next, a solvent is puddled onto the layer. Preferred solvents include those selected from

the group consisting of ethyl lactate, propylene glycol monomethyl ether (PGME), propylene
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and nore preferably from about 78-88% of the
conposition's curing tenperature. Wth many currently
w@ashzisse conpositions, this tenperature w |l IPOBU$0041030816
about 140-180C, and preferably from about 150-165C.
This heating step is prefergbly carried out for a tine
period of fromabout 15-90 seconds, nore preferably
glycol FRRbRBAYL etBEl- &@taﬁeegwMEA) aind rﬁMﬂﬁemreféoPr ¢h&5@PLt is preferably
fron1about 25 50-7 econds. After the composition
allowpditpeontagithelaper foea timepdriodof fronn abput h%%emr@srmdferabat from about

15-55 el P Breu oGl fPmabou 57 AgoRdy P 1R then removed

from fh%@ﬁ@sftﬁw pRféreblg by gﬁh&@@l a s;l%eﬂfo? ki azbofupt 560-21508 rpm for a time
‘Se“Od from about 20-40 seconds, and nor e
perio

pfremabpbyt 20-dhsegomslst 25- 35 seconds 30 Next a
s ent uddl,e nto ref d SO
§ abiviR BT B P ol aeoliEh 1 B Euself Bl ring stp.
Duri ttﬂiﬂ |steb aak ﬂiy@n is ReAEY o ¥ fiMdidift @émﬁ@i’ﬁtﬁf&ﬂnﬁ%r £§difﬁélent time so as to
yl ene WO 2005/ 029556 PCT/ US2004/ 030816 5
at leaglsybssantwﬁm s asalint S8 eod red e Apmplsl el der T

will tmgal y. amgcglv? gnsactglgttﬁeniay T trolp gge];ng)%r%% r%f 2{9 Ovﬁ%tlgagga‘l(,a and more

prefeﬁBBKfoiﬁ abdit 20822 Q. THePhieslQiehtinglhmd il 86 BidfSaboan30-90 seconds,
nmor e referabléfrom about 20-45 seconds. The sol vent

more peeferpll i fromabeui0-§Q ssrondscand ghen mate@refp:ab}yefrcmal;pub§5-65 seconds.
5 f
=P i e SRRl iR 0oL A B8 sh PP lo sotvens

conta&ttb \tké thickeeE/etl the 1dyer Aftey @lic fihal QARG Step, i0Barl Be E&ﬁﬂhat the solvent
subjected to a final curing step During this step,

contagtiséep| rgsudts ip ﬂleweameau%beng atfleast P%fﬁﬂ“&' remevedt Preéeraly the solvent
Q I t | al
conta% s'ieé)aetallé% §1+ eas Itloﬁl?at %%Jggf 8 aglr;ngf@raﬁtﬂs?lfl?gém S§ ST ﬁgcond of
solvetUotdct) @ndl dyde preTE\:laEIy frdrh |abbl)tF50C‘ﬁO Ryofi thi¢Rhese pbegdcbitof solvent
the layer to a tenperature of from about 195-250C, and
conta%r e 10 preferably from about 205-225C. The typical

e T T e

hole' smepﬁﬁfs&hleﬂ witlp meaélimﬁosﬁﬁnﬁﬁmﬁ GapAli.c., Where stadegaabaig 95%, and
the thickness of th yer after partl al curing and
prefergplyopbauy LOGP4 @ftthe cmieasctientb if Hilledhwithnibg scogtpositien) applications.

Furthé\%fo?én{t tQﬁllf lBe{] Q}(L:qrgéi%te&] Qhactttﬁ ’m\Letntlg '?né?ﬁod%eceaﬂ l%éq et &)eform dual

ep resu ts I'n he conposi ti1on be

damagdené ﬁﬁ&huewfrotsseahhgpmpm\teﬁbt prévifuelyabhigved. Fer a@inpdmthe structures
15 contact step etches the conposition at a rate of
prepafqdcaw%@atto ttmls‘@n%\vemethﬁ*ﬂwﬂb%@eéw bigsess AYEngyith very 8y layers of

Efo'h sBE‘&iﬁE%/ggﬁ e?lfl +néth Qw‘ili"g@h’l‘i %rﬁlgygrghéflﬂé biases of less

ness  per s en cont
than about 80 nm, preferably less than about 65 nm, more preferably less than about 50 nm, and

the caft

even more preferably from about 0-35 nm. Furthermore, the layers will have average thicknesses
of less than about 100 nm, preferably less than about 80 nm, and more preferably less than about
70 nm. Unlike prior art methods, these properties can be achieved using the same composition.
That is, the same composition can be used to fill the contact and via holes as is used to form a

layer on the surface of the substrate. This dramatically improves processing conditions.
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The inventive process can be used in both partial fill
(i.e., where about 35-65%of the hole' s depth is
wo 2dosezbssd t h t he conposition) and full-fill (iP@I/YS2004/030816
where at | east about 95% and 20 preferably about
100% of the hole's depth isgfilled with the
conposi tion) applications. Furthernore, it will be
amr@,ea ﬂ&&fh RAhverd}R thidledRs oF § 14¥RE RafkSerffibddsy ﬁﬁ%&%hg (with an
form dual damascene structures possessing pr opertie
ellipspmetep protheti sonventonab device)Rbe thigkness ef a ddyer st a pointiabeut halfway

v R P 005 Bl - Bk ST 5l s

(2) whEN¥H%hArRE areSRRRIN{ 1,000 A of bACardM@N Th¥&: ABIsAMenW drk repeated
result in layers having biases of |less 25 than about

over BPafer (o1 otlbplsara @bleijnd:ddmem}mnto 4B times g@mdting measurements are averaged
pr ef er.abl han out 50 nm and even nore

to detgmmin Fhﬁ %‘ faagyo% nm Furthernore, the layers
W'As' us&ﬂié@elﬁ\/tﬁé B@@m‘d@!eﬁﬁiﬁ@é W@bﬁétldﬁﬁ@&k?&%@ 11a0a1eks dfdayer over
nm prefer abl y less than about 80 nm and nore

a denmreglen dtony theawerage thickagssaf that gamenlayenover @n solased eegion. A dense

t hes ert ach| eve
regiof § (RRAGH R ok OF L Sstrtp 1 Bae ARk B R aven e
with &1@ hoREAvRiR dnl ikdlafeld eege&msa@ﬁnm APHIGPOES sidbstra® thA s less than
o forma 30 | ayer on the surface of the substrate.

aboutﬂQstoﬁtsmuaﬁacwm ﬁllﬁd'rmtbv&h%(rsoces& ng conditions. WO
2005/ 029556 PCT/ US2004/ 030816 6 As used herein, the
average thickness of a |layer is determ ned by
measuri ng (WBRIERDESERIPPEONGFEIHR DRA WENGSonvent i onal
device) the thickness of a |ayer at a point about
h&lg- daya sthematie drawing shiowingpréas art( vip-firsiadual damassene layers using a

rated fr n ot her an intervening feature;
gap-Fer{ga‘%exaeg)w%%)ggg]gl'g-qﬁﬁ%rgﬂgégope{t ®i thin 1,000 nm of one
aFed. D a scHRAR dIBARY IIRRBMIE th QpLFPSb&eSofPYidF arforganic bottom

wafer (or other area as defined herein) up to 49
antl-rcﬂmgecmgt he measurenents are averaged to determ ne

a$/er ag g%} hi ek G gmlgv%n sggwglgiélﬁéncgsﬁeesl{e 50 ggéﬁ l40madcige process

usmg&lliﬁﬁkétﬂﬁz&n%‘th&isl ayer over a dense region fromthe
average thickness of that sane |a ijgr over an isol ated

r &ig. dris a AcanmingEleptean Mirrpssopr¢SEM bphetogxapiushoping berogs-sectional
view gf"t?lgts#n%lﬁ M? %aﬁef&%%ﬁ aﬁé}q \/\#‘1 t?f?"é%ai dobSssSur face

I a ho e an so at ed

r 4. Gris bt SHRM pielgragh shoing a ai@ssaﬁecﬁoﬁal idw of £cdniidl sdimsle;
| ess than about 20% of its surface area filled with

viFig. ds @ grapbrpmpaesdiffersnt exlvents used ipthiygot vemethods; s
ATk P\ R Wbl i Bplocsit iRt Gas et

in thelsobieht 15 BAdK sbep; Bidperties; Fig. 2 is a schematic
drawing illustrating theé; p-fill properties ofprior
adig.Srigasraph @bqw@g]t}uckness ata in an inventive process where ethyl lactate was

used in the solvent etch-back step.
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anti-reflective coatings; Figs. 3a-i are schematic

draw ngs show ng successive steps in a dual danascene
WEe@sMsss6 usi ng the inventive nmethods; 20 Fi g.Pdr/1S2084/030816

Scanni ng El ectron M croscope (SEM phot ograph show ng

a cross-sectional view of tshe sanples of Exanple 1,

before and after the etch-back process; Fig. 5is an

SEM PREWIOEBIESHIRMTIONDE TM@@@R@B‘EM Jﬁ'ﬁ 918

control sanple; Fig. 6 1s a graph conparing
s ofhegmessniigeehtiva meitieods nmehet used torbothouate szgre p‘,ianas tapo graphy for

ven R BRc 8 b e B BV ega BHESE 3% et o

proce§é.Ch-back step; and Fig. 8 is a graph shomnng
t hi ckness data in an inventive process where ethyl
| digsmBe-3idiustrate ene ¢émbadimentaif herinventioh imoke detaip. A¥¢hown in Fig.

32, R R e BB 0PV e RS OB neludes any

suitabT® béiRidondirtor Pifatéts Gh by Q%é'bf(‘de@ﬁk %r&eggﬁ'ig:—‘tlﬁ{ AEEAS an interconnect.
topography for trench terning, and protect the

The depductive ofaterial (40)hohry $tmgmr@| mg@h@urelmglqah eontaarig Hesired (e.g., a

meraighey AR ORGER cam v 0} 5 Tt on HRSUElaia 13, Brirgyent Gifuson of

metaldnfolths el ing BkrsWiNdkt, &hél@&ﬂbl ‘l‘éy'efée(ﬁt 46)Cré! Einded Qr)lt}i &n optional,

provi ded. The Substrate (38) incl udes any suitab
intervsaing etsheirptlayer (A8) Eormer of msuitahlematerial (sfg. ssehqooeutnde) The etch stop

over S35 R 8R30S FBEEIRGH oy QR bt P

mateﬁé)@(eag:tsﬂhcﬁ)ndﬁ&hﬂééd Ardtier emBodifRhBbmits ﬂl@)etch@?ogpla?érqa@j and only
ap lLayer (42) is formed on the substrate

one dgﬁ‘l@&lé% ayef; lﬁffggnmmtheﬁobmg(%b i whtqlieth@deall C;amgcene structure is

fonnéda%&ﬁ]oﬁler %pp{ |n%1ncaP ?ayer (:?E)Llpvlien(%/fﬁl énaé% aimg}lg%)tqath?/@':s?taﬁﬁyer (42) may

be depdiits®eh BE top disledtFiblagei @6 R ipedventindtal diffiidibibo e hhdé#ing layers.
The etch stop layer (48) serves to stop a trench

This layerinayiso sgrvel asc@therdmaskyos etch stop fbreparrmlrml fifl rapnhtalﬂyns

2 hEAP A, PRI R Bl 20h D Y R g RIS 0. T
patter@8Eplibt@tasi(52)defingsehe first ioopencheqb4), Ates uiéstdc?igﬁm@gﬁa}) is formed,

in which the dual damascene structure is 15

the capriwien €Y0) ope Histeafricdaysr K%@)eﬁhe etsh stopdayer (18).candbedielgrtric layer (44)
e
are et&ieﬂk%@ir[sk? tH Q/Gr‘ (téic E’lﬁl% égf)grgltg ?We?ésé)%étf\)e 1 esvaélﬁt%xﬁoegﬂfe cap ijayer (42),
as shatid ihFRig. 36. 11‘1‘16 éhptlhﬁsr WD) eridy\thdidbelctshed o ex '&H the LAderlyirgRYnductive
al so serve as a_hardnmask or etch stop partial via
layer MOD | In@.pgthrcq;@bqglﬁgent the via is etched through the cap layer (50) and the dielectric
layer (46) and stops at the etch stop (48). The etch stop may also be etched in some applications.
A thick, gap-fill, bottom anti-reflective coating (56) is applied to the top cap layer (50)
and fills the vias. The gap-fill, bottom anti-reflective coating (56) should be thick enough to
completely planarize the topography, which occurs when the bottom anti-reflective coating (56)
thickness is greater than about 150 nm, as shown in Fig. 3d. The bottom anti-reflective coating
(56) is then partially cured and a solvent (e.g., PGMEA, ethyl lactate, PGME) is applied to the
bottom anti-reflective coating (56). The solvent removes a portion of the film determined by

both the time the solvent is in contact with the bottom anti-reflective coating (56) and the partial
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In Fig. 3b, a patterned photoresist (52) is formed on
the optional cap layer (50). This patterned
w@bmsozesé st (52) defines the first via openi neC1/583004/030816
After the via opening (54) is fornmed, 20 the cap
| ayer (50), the dielectric |ayer (46) the etch stop
| ayer (48), and the di el ect Bi ¢ | ayer (44) are etched
. to transfer the via opening §54) into the respective

curing prpegss. Eafsolsepbis thepremeved, angylag battem anti-rgfeciyg gpating is fully cured

50 I 0 A0 Bl R ks o s

cap lztyet)(iﬁ) lis eptirattedes pive hhaximium neﬂe&ioﬂfbeﬂtrblftww diat blitstr@fstack. In

| ayer (ﬁSO) and the dielectric |ayer (46) and stops_at
another,embodipienty #is hotgm anfiefleqtivg copty)g Géﬁ)ylsaprgeva@ewéh@ww a portion
remalgﬁmlstﬁr 4 ?.E‘R)gér*)f\%gtttiégg on? 5% @g;irﬁ:s (S}hlggp %QCJ gttflﬂg(i {)l?&bresmt (58)is
formddaoretop ((F@he fudlyctuted Hcﬁtohhmtmeﬂ@ctw'ﬁl‘t&)agﬂga ¢J6b).I Thé phst@mforms the

anti-reflective coatlng (56) should be thick enough to
tremlb(ﬁ%aéts}é?‘ynm]:dﬂa} t ze the topography, which occurs when

t

o b b (AR Bk fic) Bk o 18 chiriber GO, AR il Rurc tayer
(46) byetdhoending at{heeétd:l&mp (A@) CDiad gapgﬁll bﬁﬁbmlaatltrbli&emtlpacéatmg I(56b) will

| act ate

c?x ed and a so{ vent ggt?
be etched aypy sauguirentiyhandshe helfqrs AT FOADE ooyl b gfﬁ ththe via
T S [
afer s bnclf o Ak Hakein T PG QisP pisk) 3 B pel 1 ekfbyed, but may be
completaln remiveved depandmgmpbn thefetehotheméstiyo dhe nap laHé&r)(S @)radtstas@ hardmask
arti al V\D 2005/ Q29556 PCT/ US2004/ 030816 8 curing
or etch StopeSshowRdn 18 v&nt is then renoved, and the bottom
aFIthb r&ﬁ&hﬁ)%éﬂa&&ng@ dt&%msisﬁSfSHj and %ﬁ{jantl{-l%ﬁ@twe%atm%(g&) are
shown 1 n . e resulting bottomanti-refle
removndahtlngcdxﬁﬁht)omhashkrgqsecesmartm wat ateahmg proc(aé's(?(): gi, ®zonated water,

wcid 18 AAE R abar (FPLF SR lsvoart b erenve Ruetigbl-ohfe e sop
layer §18) 'tn}ag%telr&ﬁéve\ﬂeat %asfa{n@guﬁééasﬂo%vﬁlﬁ Py af, so that only a

Nn5renains inthe vias to ect the bottom of
t hﬁecqndaetwe'(h gnmta:t)deym C62p ot the dual (damhsltm mirednne&Byructare is then

donto I cured boft o . .
formegﬁv p the diplearrie Tayer @{?Se?%ﬂl BEpRening o té%?l%ﬁwcfla%‘*‘t)h@ shown in
I ]
Fig. 3% a’?{égprﬁ&(@%/f la?gr (tg?g‘ﬁ’g}akei? lr)g gﬁ}m}]rfé; a lta e)ﬂgaé bs éi‘é;c%d;aﬁ? €ntinuous with
the coaduttivia dayer @Dk clihe |cond1a§uzc layc(ra(&) lsbglamhd with thervgp iayet (ISQ) or with

et ch 48 manti-reflectiv
the ilegirie TayoF 6 £3P 1o5K0 (o 8 teneB A PRBARL sk e Grot shown)
may HRAEpdsited B8R tHeQBeRald of tRE Viatd deree é%‘%f‘lﬁffﬁ'ﬁox{ BRRer bidrk tﬂ%‘%onductlve
Ief? in the via after the trench etch. The patterned
layer (20 isodepesited. (58b) will be partially renoved, but may
be conpletely renoved dependi ng upon the et ch
chem stry. The cap |ayer (50) acts as a hardmask or
etch stop, as shown in ExgnMBEESThe remaini ng
patterned photoresist (58b) and bottom anti-reflective
c dheifolipwibg exaraples set forth preferred methods in accordance with the invention.

It is to be understood, however, that these examples are provided by way of illustration and

nothing therein should be taken as a limitation upon the overall scope of the invention.
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15 renoved with a conventional ashing process and/or
wet cl eaning process (e.g., ozonated water, acid
whatosp295and t he cap | ayer (42) is etched to expoBES100£030816

conductive layer (40). The etch stop |ayer (48) nmay

be renoved at the sanme tineg as shown in Fig. 3h. A
conductive (e.g., netal) layer (62) in the dual

danmascene interconnect gkAMPLEG iS then fornmed in

the dielectric |ayer (46) and the via opening in the

di el ectric [Fulldiill Application QShlg/\li‘GMEAde)lgentSi . The

OB S bR R AR ot Gt it
etche& 4{3) arra-{/_’s" ﬁaﬁﬁ% %h%ds\iﬁtch@syﬁfd diftelsS THeaddateld Zx@ﬂ‘eﬁ’ﬁ%ﬂh%ﬁ Baked at

| ayer or with he dielectric |ayer
140°(E fm léapectcmﬂsma(rmly dusing dwdam of MJYS&N oth¢ wafarwasrthen cooled at

217C Bt PEALEA pploB4 PRI bR 30 e ST fatr vas
then ?aﬁddmtoooerpni FHeI0 @3ndd o RARREIthedolvem. W’l—%&(e dheos°C for

| om ng exanpl es set forth preferred nethods in

60 semdm@mi@@lmmd thabayernfdHI V53N, An SEM photbgrapn (g st) soctaled that

L R S TR T

11v1|a|aﬂ’a - aint Q80 WRPIhidkNA a%er@h {soR tcAfvid &ea hy @Bias 3P 60
VO 2%05/ 029556 PCT/ US2004/ 03081 2 MX E £ BBias -

After the solvent etcingtgp,i thethickmesssyasgedrerern @&,ma us&le\ﬁt@nse @aysand 125 nm
. ence Inc., Rolla, M) was
n thecl%\a@eé %Q%frésu%’ngl vm“%% °§§?8H‘ed Vi a arrays havi ng

vari ous pitches and dianeters. The coated wafer was

t hen baked at 5 140C for 130 seconds, partially

curing the layer of DUVEXMMERE2wafer was then cool ed

at 21C for .See.ands . GNE@ dIe ntothe
waf er for égtslglg%ﬁdgﬁ)hcg m%va er i spun at

2 OVSINWab datcibnSeL AR day shdbakel 16@‘@ ﬁ)@B(‘)’ﬁH&bnds% partially cure
final bake at 205C for 60 seconds conpletely cured

the battem p@ygq—ﬂegnvmgm laysp, Ehovwiafes twag thgshcqoladaat M)’C for 30 seconds.
PGM? AS ?h&cﬂe& hl?tto th%ag{e{‘ Pdrqlgrégiojlgg f Théa%gfer gjga ﬁ %tg 6)(50e rpm for

vent etc

30 secbﬁditolerﬁb@e the E@Yent,adiﬂ tﬂéiﬁmﬂeiivielﬁt @ﬁnal @uﬁng?ﬁgp Bybaking at 205°C for
isolated pitch via array, |eId|n a bias of 60 nm

60 secapdle Bafoe taeiobet cigh g6, Shedhicknse of RYIRABS ka4 npmog feeipnse via
array L n?x{]?n e ﬁglgteq %&Saﬁ ?rr{aﬂé(ctmggg}a% é? g?ﬁ%? 'Anl?tr%l’ ﬁll% solvent etch-back

I'Solated array, res
and final cure steps, the bottom anti-reflective coating was found only at the bottom of the vias.

The thickness of the bottom anti-reflective coating remaining in the vias was 52 nm in the dense

via array, and 120 nm in the isolated via array, a bias of 78 nm.

EXAMPLE 3
Partial-Fill Application Using PGME as a Solvent
DUV52N was coated onto a via array and baked at 160°C for 60 seconds. The wafer was
then cooled at 21°C for 30 seconds. PGME was puddled onto the wafer for 45 seconds. The
wafer was then spun at 2,000 rpm for 30 seconds to remove the solvent, and underwent a final

cure step by baking at 205°C for 60 seconds. Before solvent etch, the thickness of the DUV52N
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EXAMPLE 2 15 Partial-Fill Application Using PGVE as a
Sol vent DUV52N was coated onto a via array and baked
WwW@e00i03Esd or 60 seconds to partially cure theP@DUSIING/030816
anti-reflective coating |layer. The wafer was then
cooled at 21C for 30 secondgy PGVE was puddl ed onto
the wafer for 15 seconds. The wafer was then spun at
was 174 AB0in"tREIAERE via3Pra§ SANDD nhPiniSITRYE vfa%ag,ql HEDbs margg. After the
then underwent a final curing step by baking at 20
solvefitgatcl2BacB@ngd fimalcise stBps, thecbottom antilrefledtivetcoktirg weas fouhdonly at the

t hickness .of 52N s 174 nmin the den via, arra .
bottobyhf a5 #17A thiSKRERS Of S0 PR i< TersEy o dgrali AP0 D isolated via
array PTAS r&ultd®inUbiadbt 60 nhhe sol vent etch-back and final

cure steps, the bottomanti-reflective coating was
found only at the bottom of the vias. The thickness

of the bottomanti-refl [ ating remaining in the
vias was 52 nmin the dgﬁi‘s@\\ﬁbﬁg array, and 120 nmin
the isolated via adgmparatveVidFiPMafdial m 25 EXAVPLE 3
Partial -Fill Application Using PGQVE as a Sol vent

DDA (ayeilatdetfeosh Braveer Bcidnge Incr, Rollan¥MBawesiapplied 60 @ via array,

counia SR B S 50 0 VT g o i

In a fRIEGENPIScess iR thRAn¥RTFDIRS2 WhE M St fblateddAR afrky8 A& 12 nm in
30 seconds to renove the sol vent, and underwent a

densefvigarrays.ulbis sesufiedin afuad ofd 1anmp gdich fapger gitansSdaumdhe bias of the full-

ef or ol.vent et.ch..,the thickness,of .th 52N WO
il soBiy BB B PHBrerf HESBH] BRI e Lo TR el ik pifgess reduced
the thitkASR Bidstachdsk ANa artdyd by HD 16as1150% ih Flll HasHll YReRES. AMh a Paﬂial-ﬁll
bias of 16 nm After the solvent etch-back and fina

procegs, the I3 ¥p2 isolated-danse amaychiad wasdl| noe on top of dheraxide ansl274 nm inside

e P35 e R SinalbP B LT oV B R, e
methdS6¥ EXagfplsi PrepREéya 73%iréducass i B6lated-Rn&d Aa bRk, 60 nm

5 EXAMPLE 4 Conparative Via-Fill Mterial DW52
( &g dewirts anothencemparativeramplewhera DUV 5N was theampesgion utilized.

No L L et Vi B, R MR 4l f B o

secon@$.CThdds Hepsth s 700 Bml Bndtht Wal didrhéter WaLTISEM. THebias was about 20
t hi ckness of DUV52 was 128 nmin isolated via arrays,

nm, apd, thethickpgss was greater than 180 nm.

EXAMPLE 5

This procedure was carried out to compare the use of different solvents (PGME, PGMEA,
and ethyl lactate) during the solvent etch-back step. For each solvent, a bake matrix for the
partial cure step was performed to determine whether different solvents would change the etch
rate significantly. The final bake was carried out at 205°C. The bake times for both bakes were
fixed at 60 seconds, and the solvent puddle was fixed at 30 seconds for purposes of this
procedure. The wafer was cooled at 21°C for 30 seconds prior to solvent contact, and after
solvent contact, the solvent was removed at 2,000 rpm for 30 seconds. From the solid lines in
Fig. 6, which is the dense via fill percentage, it can be seen that the etch rates in the vias were

very similar and almost identical. The dashed line represents the isolated-dense fill bias in
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dense via arrays. This resulted in a bias of 116 nm
much larger than 57 nm the bias of the full- fill
we odosemisset ch- back process descri bed i n Exanpl BC/iusih€030816
sol vent etch-back process reduced the thickness bias
across via arrays by at least 50%in full via-fill
processes. In a partial-fifyl process, the DUV52
i sol at ed-dense array bias was 81 nmon top of the
O e S P ol i Ferc R G fhf 36240 .
Also, thesst hudts indi¢ate thathdmdstpfeféxaippbeess Rindewferpartia via filRiplications
. red ' i n isolated-dense via bias. Fig. 5 depicts
‘Sﬁoméﬁﬁ%ﬁgbﬂggﬁgar ative sanpl e where DUV52N was the
conposition utilized. No solvent etch-back step was
carried out. Instead, the DUV52N was baked at 205C for
60 seconds. The via dEXAMRIES6700 nm and the via

di aneter was 25 The _bia about 20 20 nm and
the thi ckness vés"PgF% St%wgécﬁm EXAMPLE 5 This
B QESSHHEQAUNR theOFHKE iRtk \9&!4 véxﬁd%‘bﬂp@f ?2@ Q@coﬂ?se d@f)endmé) upon the

di fferent solvents (PGVE, PGVEA, and ethy
bake tempplrawge (Vasied cﬁcme rlBO-éBQ‘iC)bamkthstba]oe teAperatare hwasadtepped at a finer

r the 5 cure.ste
incremebf BLPRAA g+ e comionionfiatccfhe Frpiing ongicps tese: cooling at
21°C fotau! Qcoﬁh@%es t f | '
baké was car re [ éggl ﬁ@g?%%bﬂghté bﬁb;lg%g a%/iz r?gg ﬁ%rﬁ féd0 ??conds
and ﬁmﬁékle%at\%ﬁ%c f(frlﬁ,OédCCaIdSGO seconds and the sol vent

Relstuta PR in b paRop e SRR et v B R G Ferpsratep g donger

the matB¥idl Qhust Qe %Qké(ﬁt@t yiéldndafical 1@§lﬂtsafﬁo? 'éxatﬁﬂle VRINLfilf 8P 66%fill was
the solvent was renoved at 2,000 rpmfor 30 seconds.

achieveftiabHI0° Gt hstut 8 30iseeondibakgGme; agd tlgs 180RC d¢emperatubreregeinesiabout a
90-seco |$ fe't” percentage, it can be seen that the etch
Pg %l§ Tt he vias were very simlar and al nost
Fige® Eh(ﬁ@ the déiRe AR, IThe EhiEIARELSRR BotioEanti-reflective coating on
i sol ated-dense fill bias in WD 2005/ 029556
top of tieoyafosuytue 939 8aded bylthe halomtemperaturd ard tiings ¥itlp en iseetense bias

vents wer cal from about
of abou i B e S g P en o B RL ol RSB ank PR g for etch
umfomﬁ’ﬂy%ﬁ rekhObiRg QRS DBse ¢t OMMsh Othe Réduckd bia¥ 'o@erf édrventional processes
plications is from about 180-190C. EXAVPLE 6

allows fpﬁmgetmqt@ﬁbomhygvlgdm Aggmsamg timg, mhbgst rcdkaeshfpra respective
d 5:1
substat b4, AR B itRlshin bl REe hfep SGERRL Rovipmpspt spin-speca

limitatidn&0- 19OC), and the bake tenperature was stepped at a
finer increment. DUV52N was the conposition used. The
Indhis example dhedhta w@m‘,gen@atgd usingsthyldacate, however, similar results were

achieved with other solvents.
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| 0 21C for 30 seconds; 30-second sol vent puddl e;
sol vent renoval at 2,000 rpmfor 30 seconds; and
wo 2ah293ske at 205C for 60 seconds. Referring pOI/USE®04/030816

via fill percentages in Fig. 7, the |ower the bake
tenperature, the longer thg material nust be baked to
yield identical results. For exanple, full fill or
100% fill was achieved at 190C at about a 30-second
bake tinme, and the 180C tenperature required about a

We Cl&#m90- second bake tine. Fig. 8 shows the dense
t hi ckness. The thickness of the bottomanti-reflective
coating on top of the wafer surface was varied by the
bagke t @Uﬁﬁﬂ@ﬁ%ﬁ'?m@ﬂﬁlﬂé 4 8%al dihhdteAdsthRAre 8ARIEN&hEP corﬂ{;rising the
about 40 nmor less, and at a thickness of only abou

steps@d rim significant inprovenent for etch unifornity
and eé.ch bi S8 observed. Al so, the reduced bias
oPEM! 18%\93]"% BHal?Y Sé%écé% 20 al lows for |arger
PaphPingtd vniipdeition b6 MAENE a pOftioh v ssia’Brfidel™e, the best
thickness for a respective substrate can be utilized,
apdrtialg cuting sahbeompesitione adj ust ed i ndependent of

' { I N~ [i.mtati . I n.thi I
e BT BP0 BRETS ehhy B8 RRpp hud S 3R rome of e
si m | aparRBYied WBmBosiichliag§ed Wi th other sol vents. 25
WO 2005/ 029556 PCT/ US2004/030816 12 W Caim 1. A

msubiedtingithp papally eigediceinpasitinarta ssesnndsuring stepe, sai d
met hod conprising the 5 steps of: providing a
substrate having a surface; applying a conposition to

aR. | eaghean@@bd iofrtlfin $avlerit EAE Substiddd i lbdted Wohlthe group
sai d conposition; contacting a solvent with the

consigiingt ofasiliGons hwpinummbengsteno fingsten silicide; @abiuen srseridef germanium,

e ja .cured conposition; and subjecting
tantalb%établa??ﬁytﬁ%’ %&f/%@éf:orrposi tion to a second curing
step. 2. The nethod of claim1, wherein said substrate

Is selected fromthe group, consisting of silicon,
alBuni ndike mathngafslpimil,wherersaid gampogisiondas # puring temperature, and

said pgﬁ%ﬁg:cgng &&p%%ﬂ;‘n‘é@é hea&ég ga?&‘éo%&mtiotnaa% ?e%prgrartllilrte rtlilatt f& from about

65-95% of said curing temperature.

4, The method of claim 1, wherein said partially curing step results in said

composition being less than about 90% cured.

5. The method of claim 3, wherein said composition is heated for a time period of

from about 15-90 seconds.

6. The method of claim 3, wherein said composition is heated at a temperature of

from about 140-180°C.

7. The method of claim 1, wherein said composition comprises a layer after said

applying step, and said contacting step comprises puddling a solvent on said layer.
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3. The nmethod of claim1l, wherein said conposition has
a curing tenperature, and said partially curing step
WE2wpnsss heating said conposition at a tenperGEl/USM®04/030816
that is fromabout 65-95% of said curing tenperature.
20 4. The nmethod of claim 1ljz3wherein said partially
curing step results in said conposition being |ess
thgan abgtm&Asa e cRn 19 wh-El:Efr“n 95N rb%ﬁta@ﬁné Et@i) @omiprises contacting a
wherein said conpositi on i s heated 8 é)
solvenff witlpSaid campesitden fot 5 {i9@ peeiod of ﬁom&boﬁhho ﬁcsdconldanf
claim3, wherein said conposition is heated at a
tenperature of fromabout 140-180C. 30 7. The nethod
ofg, cl aiTRe nethdiRIT8lalin $ Ak KEr&if gﬁ@ So1VEM s SBREREFRASHhA glloﬁ}f €bnsisting
after said applying ste and said contacting s
of ethzanqiafpsggp)ﬂmlyqogman@ne g}élmheo,rprqa'ﬂ@e lglygelmonyimethyl ether acetate,
and 20056/ e%g PCT/ US2004/ 030816 13 8. The net hod of
"31“3: erein said contacting step conprises
contactlng a solvent with said conposition for a tine
period of from about 10-60 seconds. 9. The nethod of
cl18i m Thewmprthed of daimgl sﬂlev@,imsaimombsitioe domposestaHayer having an

e RIS g g P S R TG e e

removdait alrite of A6 4okt 40-88 AldTekieRess p& seddid dfﬁblh@ﬁ Rhtact.
claim1, wherein said conmposition conprises a |ayer

having an average thickness prior to said contacting

st.ep, i t.acti.ng step results in.sai.d yer "

pdihg TG SRR, il GRod Tt ishbr 380 fng RéGomposition
after dakd @ieimgstepper second of solvent contact. 11. The

met hod of claim11, further conprising the step of

cooling said conposition after said curing step. 15

1§%p :P?é‘%%%% 8I' cl%iln‘?l lg] aviiere}ll\pgaruf c (Hxsntaglo %Pﬁgﬁ(’)‘ {f&ssetxle)gsmg said
compﬁﬂﬁﬁitd@ﬁlientkandlﬁbﬁs met hod of claim 12, wherein said

exposing is carried out for a tine period of from

about 20-40 seconds. 20 14. The nethod of claim1,

WHST €1 Ry Yt PG UMnCHY, WidreR] SR SPWRIN:IECarhERb¢Mr § Bre period

of from about 20-40 seconds.

e

C

14.  The method of claim 1, wherein said second curing step comprises heating the
partially cured composition to a sufficient temperature and for a sufficient time to further cure

the partially cured composition.

15.  The method of claim 14, wherein said second curing step results in the partially

cured composition being at least about 98% cured.

16.  The method of claim 1, wherein said second curing step comprises heating the

partially cured composition to a temperature of from about 195-250°C.
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partially cured conposition to a sufficient
tenperature and for a sufficient tinme to further cure
wa bwspzassd al |y cured conposition. 25 15. The nettioskoos/030816

claim 14, wherein said second curing step results in
the partially cured conposijion being at |east about
98% cured. 16. The nethod of claim1, wherein said
$§goNd ThEm iR LRGP TRIARER s8I chﬂ g%fn?hkéé heating the
cured conposition to a tenperature of bou

partiallg Su8 @OmpasitighDf it Ga tn O RS teld> f Ao ﬂm@@@&O%@@hﬂs. 14 17.
The nmethod of claim 1, wherein said second curing step
conprises heating the partially cured conposition for
a 1igi nemgrrﬁéago(pgfd‘lglm MRin:30- 90 seconds. 18. The
met hod of claim1, whérein: 5 said substrate further
c sadr subetsatstfuuhttrmmes siragjurg defining 8 diode, sardustruotgre including

i ncl udi n i de and.a hottomwall; and said

appl yi ﬁbigg'f‘@ a‘ldg)\%? o, wall. a5y k(]iyi ng the composition to at

| %ﬁ‘ﬂta

war BRI Bl cBEMR ot rhsPERAAOh of goid hoe
is at Isigwellaansihot@sywaill | ed with said conmposi tion

after said applying step. 15 20. The nmethod of claim

1, wherein: said substrate conprises a plurality of

t QROYr BB YndiRRt TcBimf 18] Wh&gmasaﬂﬁm&sramamb&mbs%lﬂned with said
i sol ated region on sai d substrate; and said applying

compgsitipn aftarseidsgplyingstsi.ng t he conposition to at |east
sonme of said topography features. 21. The nethod of
claim 20, wherein after said second curing step, said

C QOPOS iThk dikthodlofi chaim, WRrdi@r m of a | ayer on said
t opogr aphy features and havi ng an average thi ckness of

| said subsirate mmnsemplumhty op ®ppgraphyfeatvsesforming agleasamegion and

20, whereij Eate }eer0 X ‘ﬁﬁ?g curl ng step, said
corrp05|aP| gl HW@ o of 28 Iayer on said

tgﬁhﬂ?ﬁ 2 Mg fse@t Uérﬁﬁn@@dapbwmg'l%@c&hﬁ&i@én k&% 1t&3@Rome of said
abou nm
topography features.

21.  The method of claim 20, wherein after said second curing step, said composition
is in the form of a layer on said topography features and having an average thickness of less than

about 100 nm.

22.  The method of claim 20, wherein after said second curing step, said composition

is in the form of a layer on said topography features and having a bias of less than about 80 nm.

23.  Themethod of claim 21, wherein after said second curing step, said composition

is in the form of a layer having a bias of less than about 80 nm.
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23. The nethod of claim 21, wherein after said second
curing step, said conposition is in the formof a

wo 2008029380/i ng a bias of | ess than about 80 runpCTALB2004/030816

nm.

2005/ 029556 PCT/ US2004/ 030816 15 24. A dual danascene
structure conprising: a subgdrate having a surface
conprising a plurality of topography features, said
Fqnpgf@DBﬁdﬁﬁﬂkﬁkﬁés&@&ﬂ%@gm@ﬁﬁﬁgse region and an

isolated region on said substrate; 5 a |layer of a

c anpabsiratechavary acsurface adompsigingt 2 qileraityr bfidenogsaphyt features, said

| ayer having,an.average .thickness .of |ess than about .
)05 i SAgPaHE B YBuiok 1, AR RN 5, 1s9Beciigion on said
st ruct yakst@te;cl ai m 24, wherein said average thickness

is less than about 80 mm. 10 26. The structure of
cladpyqr 24 a opmposition adjagertiisaid substragessurfacersaithlaper BFingnan average

e o SERIEAT DEISFs Ben G100 o pHEH I R b BB 0 .

al um num tungsten, tungsten silicide, gallium

arsenide, germanium 15 tantalum tantalumnitrite,

arid- Si Gde sgeqturmef cdaim &4, whered sagd average4hickagsd is less than about 80
t opography features including structure defining a

hole formed in said substrate, said hole being at

| east about 95% filled with said conposition.

26. The structure of claim 24, wherein said bias is less than about 65 nm.

27.  The structure of claim 24, wherein said substrate is selected from the group

consisting of silicon, aluminum, tungsten, tungsten silicide, gallium arsenide, germanium,

tantalum, tantalum nitrite, and SiGe.

28.  The structure of claim 24, said topography features including structure defining

a hole formed in said substrate, said hole being at least about 95% filled with said composition.



