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TREATI NG AGENT MATERI ALS BACKGROUND OF THE | NVENTI ON
Field O The Invention The inventi on concerns a

WO p@atB3sge agent conposition for organosili cat epgl/as®05/031936

dielectric films. Mre particularly, the invention
pertains to a nethod for restoring hydrophobicity to
the surfaces of organosilicate glass dielectric filns
whi ch have been subjected to an etching or ashing
treatnment in such a way as to renpve at |east a
portion of previously existing carbon containing
noi eties, resulting in a filmhaving reduced
hydrophob|C|ty These treated filns are used as
i nsul ati ng mat eMRAATING ARENTRMABERUS of
sem conduct or devices such as integrated circuits
("1Cs"), in order to ensure |low dielectric constant
and stabl e di @£CKGROUNIPOFITHSINVENTEON fil ns. The
conpositions include a silane based nononmer with
reactive | eaving groups, an activating agent which may
]ﬂgd AR fveficg@se, an oni um conmpound, a dehydrating
'HgEﬁ?L—H#@—Ccnglnatlons t hereof and a sol vent or
m xture of a main solvent and a co-sol vent.
Description of the Related Art As sem condugt or
Hhsinkaion canesers FreRikie AsirBIPORon &Y ey gafioﬁ’ilcate glass
t

c?%g&hlas TRY elr\{fo?% phrt P@Bﬂ‘?‘qﬁg n%&‘ﬁ{oggﬂeﬁbﬁﬁcfé eftBH$8:38oring
}Sidrdp[lmlnilclyy toethe frticey &f @pawsilicate ightse diekicait ﬁllmscwhnbh; hasree
redu r obl W th wer consunpiion an na

B 8biidtoga s s o PR e §) JhA ATy It FPve at
|
F%E?Eéﬁ%%p?éé{‘?%‘ff?’h e A
filehgyongareducedi hydtqphphl@gy r Thiese tnagfed ﬁlrfrébara obfdeagansylating

@%?%%ﬁﬁktﬁﬁﬁkaggﬁe” Al %ﬁl %gle%nlsggsasqlg as 1n?egra|&ed circuits

("ICs"), in order to ensure low d1e1ectrlc constant and stable dielectric properties in

these films. The compositions include a silane based monomer with reactive
leaving groups, an activating agent which may be an acid, a base, an onium
compound, a dehydrating agent, and combinations thereof and a solvent or

mixture of a main solvent and a co-solvent.

Description of the Related Art

As semiconductor devices scale to lower technology nodes, the requirement for
lower and lower dielectric constant (k) has been identified to mitigate RC delay.
Similarly, as feature sizes in integrated circuits are reduced, problems with power
consumption and signal cross-talk have become increasingly difficult to resolve.
To achieve lower k (2.6-3.0) in dense inorganic materials, carbon has been added

to reduce the polarizability thus reducing k. To achieve ultra low k (<2.4)
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i ntroduction of carbon and porosity have reduced Kk,
new chal | enges during back end of the |ine processing

whaowe/03d83® been identified. Specifically duri nBCEUSIWMEB1936

and ashing, reactive gases have been found to damage

the carbon at the surface of dense materials. Porous

| ow k' s have even nore catastrophic effects from

reactive etch and ash gases due to diffusion through
ERN ' 3 X . ge at

kel Brolll S Badatisn, SufbE AR Lo RELRR, ute RS

ohénodgeibn dffearbohland poisityl haveyrediced &nhlevh yhlil Rages deing back

35t LSHEIRE reccinins e oo beoioe i iR Spiskssgb Sing iohing
ARE S0l Ra8d SISHRE RediPloude ﬁ?&‘anﬁ%{e?fé% ?41?/0& %@% stffe of

di el ectric constant to go up signi .
ganse umternise Pomius lave kid have exendnat cetmstemiesfameahiregtive

GGy i TR N St e
SMdhnh 284t he il!x’tel‘ﬂaﬂﬁérlé WS SOAR the cdrbor Bad¥tleh %Xﬁg%écﬂ ﬂfesﬁlms

the integration o ow dielectric constant nmaterra
febydrionylateland diydudigen bend with fiateD) Bevausel wiater nstaadielectric

di trd I applications. . wil.l help tao sqlve, these
SIERFEES o B RER o B RnR el ey hid seboroed
P dbise nfneriil bRGE tHeGlicloaEt dbistamteEd ap SighFichidE 18, ed
circuits, there remains a | ongstanding need in the art

pospus aieHals tenddp apishatier sopper pglméss fAwgjtorthe htghselﬁaﬂd_streﬁs
Vi ' . bQt: ' tric an C |
018 BRich RAAA 0 Rvict ol Mo R YRGS MY e e

urnviiahiy sbeegialsl rcuits clearly requires the use of |ow

di el ectric constant materials as a part of the

i nterconnect structure. Most candi dates for | ow
SRR A0S AR ORI o B P e
digleetrit [(ED)@MD intermsqralrdielactrie (MOF appgldhiisis willliegoteasolve

these problems. While there have been previous efforts to apply low dielectric

constant materials to integrated circuits, there remains a longstanding need in the
art for further improvements in processing methods and in the optimization of
both the dielectric and mechanical properties of such materials. Device scaling in
future integrated circuits clearly requires the use of low dielectric constant
materials as a part of the interconnect structure. Most candidates for low dielectric
constant materials for use in sub-100nm generation ICs are carbon containing
Si0; films formed by either CVD or spin-on methods. During subsequent
processing steps, such as plasma etching and photoresist removal using plasma or
wet strip methods, significant damage occurs to these low-k materials, that causes
fluorine addition and carbon depletion from the low-k material adjacent to the

etched surface. In addition to a higher effective k, the resultant structures are
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processing steps, such as plasma etching and
phot oresi st renoval using plasnma or wet strip nethods,

W@ k@niogisaant danmage occurs to these | ow k nat ePCHIUS2005/031936

that causes fluorine addition and carbon depl etion
fromthe lowk material adjacent to the etched
surface. In addition to a higher effective k, the
resultant structures aresusceptible to void formation,

UL A0 S O I B T 8 g

cause an 1nc
maj/ tage an dndease thulehkage cutteldtrae alledﬁw viledgea ard refili€ion in

sent invention describes a way to reduce the damage
Spekdoatufoliang Theguesnbyveoaderaibens Wiifie Faugs the damage

a?ﬁd' AN R R B tRea ﬁﬁécﬁle b vidt&s SRR ?ﬁl‘tlﬁg %é@fgﬁeﬁ-{ﬁe ﬂﬁa e

non- damagl n mstry,

is epumede dhe ase m‘ﬁmedanmghrgasﬁ ehd:mistrwsuah] ds H§/$Miaaﬂoeéh
Berry, A Shiota, Q

IJI%BW? EBiceribin don g‘%ﬂ%@%}é‘?ﬁlate%ﬁwbbm%sl%hlé regard, see I
eedinngs Q. IEL ¢l NRaherh o Sglﬂgﬁ&ﬁyand?(gﬁsggx% (2002)
A Matsushita, N Ohashi, K

lgocegdngs lElecglg)deJmcal Sdkﬁ@ja\ﬂa 202 (2062)% anrbAoMmﬂhll’Ni N.

ROR & Mt SR Boy ek SHhels Moo T Mssyumeipagad

M K bayadtiVRo¥eedRRs of m 1@ akiaHAl FtdrBerineb£ PSRy

carbon have al so been shown to restore hydrophobicity

Gorderease 200hd 4d I(%@(Edt Ault@rr@bm@ly,amst—ashdmatm@tts tigt replemsh

b
SERAEO B AL TR B e el
dbﬁﬁtsﬁtanst—alsng hﬂe&tnidﬁ%&h&’t replefisly carbon ¥¥e aldo be%n@ﬁ@@ﬂ to

P. T.. Liu Tsai, CW Chen, S. T. Yan, C
Tefiare hwirqphowﬂy pod dowox diclagiriq eanstanidn Bintee@desee J6.H. Ador,

f renG 4 2
B R G 1° o TRE R A, B i o O %%%
FSaii Reon 80 dtuoy ahdB eV 8td, dm&inal 6V e Serlc2 @OBYchndld
Zu@ 2 %Sthelater approach is that it allows t e
ia]gfg’ 3@?9 20ddh G Gl Bt Prddhgvabnandhh W ngutisrbaebs es.
Semiconductor International, 26 (9), 46 (2003). An advantage of the later
approach is that it allows the use of well-established etching and ashing processes..

To this end, it would be desirable to repair damage caused to a porous SiCOH-

based low-k material using a post-ash treatment.

One way to approach this challenge is to repair the damaged area on dense
surfaces, or in the case of porous materials on the internal pore walls with a re-
methylating compound called a treating agent (TA). Treating agents react with the
damaged re-hydroxylated surfaces and re-alkylate or re-arylate them which in-
turn restores the dielectric constant. The following reaction describes the an

exemplary -re-methylation process: SiOH (damaged surface) + RxSi(OCOCH,)y
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To this end, it would be desirable to repair damage
caused to a porous Si COHbased | owk material using a

WEomhA38Be t r eat nent. One way to approach this pOBEUB®OEE31936

is to repair the damaged area on dense surfaces, or in
the case of porous materials on the internal pore
walls with a renethylating conpound called a treating
agent (TA). Treating agents react with the danmaged

. - I
[ SOMRE S BERRE Pl il Tyttt
dhseréw danwigsg intemal pore wib Seifadesghe kemathybxioRpkéelts void
-re-nethyl ati on process; Si CH darra ed surface) +
@ooéi@w{m%) thejuse gha @P@B@%ﬁe@raﬁsafs rf@rocogwmml) etgh
é@'&éﬁ’@'&:é’seg ﬂ?ﬁ% hﬁhz%‘a'vmli ]]oWBanﬁtrg ﬁ)%@ilgfecﬁf&r Odstant
amaged | i

nternal pore wall surfaces
me‘eerm]lsh Jhe trieatment emed result dn cbpfenisiatentof cabbonytotthdsy-k

i |
RS b s o oB B R b Snifrhese rfw‘ﬁ?q‘%%%a@mg a
M:ttdflé’anh%‘%ﬁékeﬁ o%CAaaﬁloﬁansst%ul 8Edi b% lfﬁﬁ%ﬁﬁe{nl%aﬁ

could result in replenishnent of car on to

iteripl wdt@oem}f tar weeustangtohm& fmpthamm ivthictegeheradlyi et ire

h t
ihse e o OV i e el e SioRe it (pbFmeering
ProveskesTiBTdtiab apets (“Uebtnd Ry @iddtBNhteiRe ¥BF-e of S0,

formati on, whic eneral 'y ‘occurs in untreated porous
baged matenlg ¥ CD@W@IP e posure inalustgs @msor@upome cuitper without

BDPLL0 955 e L L B0 Sl 24 s o

mmnaalase s@eeﬁtmtoatcﬁ@ foRMBASH IS DG lribesu YaRMcene
exposure 1(tvvl th or without plasma), spin coating and
RIQprEFiag | Aftersn treatipg ampyt dighinent, Sheaesnlbiag saugivieds sighifigkntly

{
HRleEs AR GG ERRERY, MBAPhR fou b R ft ity s,
mecfhahmr;l itis béleeved shak plasga Samaigd chusesi cﬁr‘tﬁin%gfdu@ﬂm 1he
C{rglre resi st ant to void formation. Wthout being bound

ectHg, yjeplasing SitfddrRongs with Si- OH bonds. In damaged porous

dielectrics, the pore surface is now covered with Si-OH bonds. In the presénce of
tensile stress (such as after Cu annealing), adjacent Si-OH groups can condense,
thus causing local densification. The evolving reaction products and the stretching
of the molecules due to the new links formed, causes voids to occur near the
center of the ILD space. Treating agents prevent void formation by replacing most
Si-OH bonds by Si-O-Si-Rx bonds, which avoid condensation reactions.

Therefore void formation does not occur.

In addition, it is also known that existence of the SiO-SiR,-OSi linkage (where
the SiR; is one example of a treating functionality within the matrix), that the

modulus of the porous material should improve. Modulus retention and
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whowd®33s8¢ h Si - OH bonds.

temeciRare

mechanism it is believed that plasnma damage causes
carbon depletion in the dielectric, by replacing Si-CH

the pore surface is now covered with Si-CH bonds, hi
the presence of tensile stress (such as after Cu
anneal i ng), adjacent Si-COH groups can condense, thus
causi ng |l ocal densification. The evol ving reaction

. i . |
B0 Ehen MR ataPe B C R0 Blrchilh RS BndiBabRses.
Tratreatingflink hge sltlhclﬂed;,macﬁ&wth'ijlsﬁgl lﬁ%g%md Is gmﬁagmao?hgyoig(l
f tion b epl aci ng nost Si-OH bonds by Si - i -
PH §-I liapehediooy prs & thsrsiliceis en émpiovemenictidhe
i [Raz L ccur. hi addition, it is also
%{g\%ﬁft?hat ea??tgr?%ﬁ%gﬂ% tetahe Si O Si R2-CSi |inkage

(where the SIR2 i s one exanpl e of ahtreaLi ng dul '
i.onalit ithi.n th trix), t the nmodul us of .

ThtissRBaze i Bippaton Hatmen piskibined oRerlirlssoaiear petva

FORRbHRH MB g hiid 4BEHY é‘tcgg rbiRirs Qﬁxﬁm REp1RHS @é&ﬁ%esto

to withstand i nposed stresses. The treating [ nkage

the laiv-&dnaterials.ridst thyd medng| véidnkageterredl end the latepcanveshstdne
dulus. If a i ed to.weakene reas of e silicate,

R Pt aelBRU b s A Bt B 5 fusttl e PheuiehPes

adpasd ed. The treating agent conposition treatnent

performed after dielectric trench and via formation

and et ching and ashi@&g steps repairs carbon depletion
Hhsotrensing gaent sompesitioniratmenisis candyctegbytaxpesing thresyafer

' £ . c i t-hst .
L1 ThE AIARIL BRERRE! B R 3 MebibToiiewt
¢oneplere tied rehdtloni wigh theelainagetbesK asgon. Gtionkhhlp, 4 ligat i ng
agent cogposi tion treatnment is conducted by exposing

aks fap dedetferpatkiog PGy etensging sy et eyedss or
©8%ink Q&R Ao o RRRARA aShtt kieGhiib bpbiBtion can be performed

immediately after the treating agent application, or after the baking step, using a

commercially available chemical compatible with the low-k dielectric.
Additionally a dehydration bake may be performed before the treating agent

treatment, to increase effectiveness of the treating agent treatment.

The effectiveness of the treating agent treatment can be verified using unpatterned
low-k dielectric films subjected to etching and ashing processing followed by the
treating agent treatment. A successful treating agent treatment results in increased
carbon concentra}tion that can be measured by FTIR, EDX, or XPS techniques.
Additionally, a vs}ater contact angle increase is seen, which demonstrates the
hydrophobic nature of the post-treatment surface. The treating agent treated film
also shows a lower dielectric constant extracted from C-V measurements,

compared to an etched/ashed film that is not treated with treating agent. In

I n damaged porous di ePEUS1005031936
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conplete the reaction with the damaged | ow K regi on.
Optionally, a high tenperature bake can be perforned

W0 200688339€ r enmai ni ng sol vent and excess treat i PQI/a§M0$/031936

Al'so, optionally, a wet cleaning operation can be
performed i nmedi ately after the treating agent
application, or after the baking step, using a
commercially avail abl e chem cal conpatible with the

' ChILI Lt | a dehydration. bake ma
bR BTG oLl IR baee S50 BBl iedf ot
bydeatsen @fdigdhitictndssidsfin thbowrledielcadicat @atrow spaces

ér eatlhnént . The effectiveness of the treati n? agent
FesehEHireaehes gles asqpppenngal trrgtmens deleving glectaplrting of

. . | . . . Shin
VB SRl hbo Pl A Chitheif B, B BRI fhaste.
sacoeseliwehtst r eati ng agent treatnent results in
i ncreased carbon concentration that can be neasured by
FTIR, EDX, or XPS techniques. Additionally, a water

: C e
B o e AP Eo fars he Y LofR MRS} oSl
witkagactiye kgeing gtoupatagdtifer ithaihsotiedtmysmgant! vavieli may be an
di el ectri.c _const anci1 ext.ract %d]1 from C-V nmeasur errengls,
UBRE A VG YRR, 30 A #li hydredide, oF copbinatiqnsdhergof.
with treating agent. Inpatterned wafers, the
ef fectiveness of the treating agent treatnment is
Ireans gsthodineant o the deivantion thesyomglosition dtuitloan cofaprisssiissolvent

I k dielectric.i t Cu
W efelise AR loaorh?, BRRACHFREGHR oy G Poiiaye 2
1Bkhokyeiipl atétoatetie, aNPRRE0acste Hehtyl B¥etbMite, RIATI dcBtate,
change in trenches or vias after exposure to reactive

Zol-herreethoxy)ethd apelats, pranthyl eentatet3-butokynihyl geetats, 2r e
. | 1 eactive
Ao b i AR R AN RO BB R B e i,
methoymcetamads, NeN-digthylFi-phens tigpahid, NaN-didnkehlyiaco@ingle,
IG){\%,OE ?e, or,_conmbi nati ons thereof. ) )
;N-diethylacetamide, N,N-diphenylacetamide, N,N-dimethypropionamide, N,N-

dimethylisobutyramide, 1,2-dichlorobenzene, chlorotoluene, 1-hexanol, 2-ethyl-1-

hexanol, 5-methyl-1-hexanol, 6-phenyl-1-hexanol, 1-heptanol, 2-heptanol, 4-
heptanol, 4-methyl-3-heptanol, 6-methyl-2-heptanol, 2,6-dimethylheptanol, 1-

octanol, or combinations thereof.

In another embodiment of the invention the composition further comprises a
mixture, preferably a miscible mixture of a main solvent and a co-solvent, which
mixture is capable of solubilizing the component capable of alkylating or
arylating silanol moieties of the organosilicate glass dielectric film via silylation
and the activating agent; which co-solvent has a higher vapor pressure and/or

boiling point than the main solvent.
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In one enbodi nent of the invention the conposition
further conprises a solvent which conprises

WwW@Rivgloadses oacet at e, net hyl acetoacetate, t-butRECT/US2005/031936

acet oacetate, 2- nethoxyethyl acetoacetate, allyl
acet oacetate, benzyl acetoacetate, nonyl acetate,

2- (2- but oxyet hoxy) et hyl acetate, phenthyl acetate,

2- but oxyet hyl acetate, 2- ethyl hexyl acetate,

al pha- net hyl benzyl acetate, dinethyl sul foxide,

N- et hyl - Nmet hoxyacet am de,

N, N- di et hyl - 2- phginyiNARYaDF TEIE INVENITIORY hy| acet am de,
N, N- di et hyl acet am de, N, N-di phenyl acet anm de,

N, N- di met hypr opi onam de, N5Ndi et hyl i sobut yram de,

- di 3. e - hexangl ,
S A 0T E0EnpGtiGl R Hentilfn rolRNARRIe alass
diclebeivyfilmlwhiekaboiprisds: hept anol , 2-heﬁt|angl,h 4- I
ept anol , 4-net hyl - 3- hept anol , 6- net - 2- hept anol ,

%) BCURRAICRYIERRYIE 2R eli,yla@ng BRTHIAENE STnOL BieEatiast oms

: ﬁ@% f.the invention the
(té):%rgrﬁp%glictaféo a%%%l e¥w ggmrrpql?% Ses lgﬁ’maﬁflt ure, preferably a
i acickivating ageut.e of a main solvent and a co-sol vent,
whi ch m xture is capable of solubilizing the conponent
capabl e, of al kyl ating or arylating silanol novieties of

Threingerfiondsq pioxides gmethodapkirk eepprisesi | m \éi a_

[ at i & L Yt gent ; whi ch co-sol vent
%%Miéﬁ%:agﬁé@g%%g?‘e gfaéésésﬁgfregﬁ%nfg" dr boiling point than
bentaeting thel orgartosiHchiyRRY O elbciricl Mt @\doiﬂpesiitimld fexfhlici}p n.

id it faor treating an grganosilicate

IURSCRR GPREPRIL 2413 ﬁﬁn%?ﬁ@’ﬂ?t’@gr?ﬁ @Wgaégl.g salpng] reeiptisidithe
SRR o1 s Kid18dHi O G1R Rfia?’sril%(rla"t‘i()h{‘egld | 004t Fthd €S of
an organosilicate glass dielectric filmvia

silylation, and b) an activating agent. ]
The invention further provides a method for deterring the formation of stress-

induced voids in an organosilicate glass dielectric film on a substrate, which
organosilicate glass dielectric film has been subjected to at least one step which
removes at least a portion of previousiy existing carbon containing moieties or
reduces hydrophobicity of said organosilicate glass dielectric film, comprising
contacting the organosilicate glassvdielectric film, after being subjected to at least
one step which removes at least a portion of previously existing carbon containing
moieties or reduces hydrophobicity of said organosilicate glass dielectric film,
with a composition at a concentration and for a time period effective to restore at
least some of the carbon containing moieties hydrophobicity or increase the
hydrophobicity of the organosilicate glass dielectric film, wherein the
composition comprises:

a) a component capable of alkylating or arylating silanol moieties of a
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The invention al so provides a nethod which conpri ses:
a) formng an organosilicate glass dielectric filn b)

W@ 0vb@asIsBeg t he organosilicate glass diel ectrieCt/Ub1m05/031936

with a conposition which conprises a conponent capabl e
of al kylating or arylating silanol noieties of the
organosilicate glass dielectric filmvia silylation;
and an activati ng agent The invention further

es, a.net.h terr formati on of

cgrg?rgg A &g It ecgéc ﬁ}{n glﬁl Sbly aaﬁ%sa“ﬁl cate gl ass
tglaglae@-&g{ﬁn afgeﬂltm on a substrate, which organosilicate
gl ass dielectric filmhas been subjected to at | east
one step which renoves at |east a portion of
Eresw@mnytlﬁmluermgmdécrmefbg@ farifainpige monietdetestronic device

ces dr ophobicity of said organosilicate gl ass
‘8?8#8%1{1??% i1 m conpri sing contacting the
HFSMIAS bh bFpAhEsiBEAS Slatd @kREikic iftmidnl 4Bubsfrtey bei ng
subjected to at | east one step which renoves at | east

& spbiestingihe prggpesilienie g&aswﬁb@mﬁg’ﬂ@éﬁ) lgbleastowe atepiwhich
ﬂg@ogééoagﬁ al‘g{: 3 {y&%fi g%@ggb?(@tlﬁ Xrb8£ c%ﬂﬁﬁm§ moieties or

xemﬁqe@hydmphbmlt}eomnb@gaﬂoaﬂic% g@asd dfdbd’ctr&: filore peri od
effective . to restgre at | east sorlna t he carhbon

YSArarteTle pEABesEGAIn gsRsEiicifR Wh 7 fempasiEon pa
@9%% wﬁg hid For aﬁfmé E@n&f GRREV o r‘é&&% & '1«%§153 SiBbgeGEr i C

ereln osition conp

revipushe atistiegpedvben m‘ntaahﬂng Inadietieg OD[ncwaﬁé el hygrcqcihbhmy of
dielectric filmvia

i eties.of aorganosilicate Ias
’gDP’SHaE?ﬁﬂé‘??te glﬁ ‘g?le%tﬁlcéﬁ% Vhes Tepd 3@%%?051%%09%% Pon
c%‘irﬂ oheﬂtlé %ehﬁé opzﬂﬁyl'agﬁ‘ﬁ o@ar?ﬁﬁﬁé’glaﬁm@f mt)féh% Bﬂth@ 0 n%anosﬂlcate
roel ectronic device which Conpri ses: ng an
glasgalmmtm G eriegdibydsiodi aidemtactmat frigl agetn a s ubst rate;

The invention still further provides a method for forming a microelectronic device
which comprises:

a) applying an organosilicéte glass dielectric film onto a substrate;

b) forming a pattern of vias and trenches in the organosilicate glass dielectric film,
and subjecting the organosilicate glass dielectric film to at least one treatment
which removes at least a portion of previously existing carbon containing
moieties or reduces hydrophobicity of said organosilicate glass dielectric film;

¢) contacting the organosilicate glass dielectric film with a treating agent
composition at a concentration and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric film, wherein the treating

agent composition comprises a component capable of alkylating or arylating
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b) subjecting the organosilicate glass dielectric film
to at | east one step which renpves at |east a portion

wW@boop/08388BOUS| y exi sting carbon containi ng noi ePCEESING/031936

reduces hydrophobicity of said organosilicate gl ass
dielectric film c¢) contacting the organosilicate
glass dielectric filmwth a conposition at a
concentration and for a time period effective to

MBS0 S L0l 43 1t o

dvyigaphalhei ty of the organosilicate glass dielectric
film wherein the conposition conprises a conponent
capabl e of al kylating or arylating silanol noieties of

Lhe of 9anopErhGRks IMECRIFIGNOF Tri INYENfIGN -
silylatiom ntion

still further provides a nethod for.forning a
roel ectroni c devjce which conprises: a), appl ying an

m [

I@rtg%ﬁfagwé Sheergieab SIvan e diclscliq npterigla bavige dam el
hsianls piially BALHY M Sinctlaly dBfpld FRGIETR by llow
fabter gipord pospapatoat, eedybasapaditiot effects end ¢ros tatk tweanst
one treatnent which renoves. at, | east, a portion,of .
SPERTBLENS B 1OPe EoIRP L TG RA BRI Bl ot TS pfention
TeRRUAGE Doty ORNMRIBhipsrQfs BALAHO HORIRN, Une MRttt a
dielectric film c¢) contacting the organosilicate

lgivadieleclirie lcendtarit s filitawhichlsambe agrlicidag adommed dielectric

co ilign at concent rati.on .and for. i .peri.od
BRPREE et B3R ER S E Tefo ot & nfrogeeffid i
diEeamie Thdtéead. © AGH RS dEIBbtEie kbhstarlt iof ) andheledl 4ir fshftroduced
treati ng ent conpasi t1on conprises a conponent

tnpaslien GFleairieyneleiaign Sic lny OARIIPSIE RO RANBIGE wslegiore
A PR 5L AR e LA, Bt
kSR Jd Tth&NNIss THAE' SIOERREEMal group is specifically mentioned
when the term "silica" is employed, the term "silica" as used herein, for example,
with reference to porous and non-porous dielectric films, is intended to refer to
dielectric films prepared by the inventive methods from an organic or inorgax\xic
glass base material, e.g., any suitable starting material containing one or more
silicon-based dielectric precursors. It should also be understood that the use of
singular terms herein is not intended to be so limited, but, where appropriate, also
encompasses the plural, e.g., exemplary processes of the invention may be
described as applying to and producing a "film" but it is intended that multiple
films can be produced by the described, exemplified and claimed processes, as
desired. The term, "film" as used herein with regard to silica dielectric materials is
intended to encompass any other suitable form or shape in which such silica

dielectric materials are optionally employed. Nanoporous silica is attractive
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In the context of the present invention, dielectric

materials having |low dielectric constants, typically
wbedoemsB3ar e especi al |y desirabl e because theypPCT/US2005/031936

typically allow faster signal propagation, reduce

capacitive effects and cross tal k between conduct or

lines, and | ower voltages to drive integrated

circuits. This invention relates to both porous and

PRRER o BTG bR B ARTRSRR AL, B,
t@Sarfeth®aaRgheI EMETI™) laﬁd/nﬁte&aethd)xysﬁme ("FEOSBues are used for
ossible dielectric val ues, %/g!r:' trodlgced ﬁli .
the pureantigieamleyerlispinen esses {'SUG D sRd chemigplayeges fipposition
(S(?{}ﬁt‘ Zgﬁc} $1d' AN IRER A e thifng %‘Ic?dzlﬁ%e?ofeﬂﬁl%aﬁafree

ric materral inthe formo nanoporous
WA oREicR b-s&a isrephreal with agasioewheralvaciwe llsygelngwe
dielectrijc c nst ant s

TheFermpositign gie gas i erfql% nog?r&flcfp apé HB]?roi}H%tF ga§e8 1n§§de
r%ﬁﬁ%lg &Er?é %aﬁemtrh%ﬁg WRRIE, iAGudifE Br.” STHY Sopdrdus

e term SI ica" as used herein, for
tangi may Wmﬂ’rlse@frdmhtyeoftp@rqso Potas asntypiseHy prlicsigal, but may

3 %e?rl}?gl%%l&lé)g gffl 016%}13{ t%gle %gﬂfag{?es%nﬁe et e gucilgg fub% a? Cltcutnkﬁar,

BEQAN CorVihdr RRARANThHe P18 fnal) d8 mef&ltrﬁliyloakandengy dlspﬂsryed
sul table starting material containi n% one or

mthmbmpduragegolmnet dt tsralso gnnéssunlaied ghat the %ﬁ%ﬁfﬂ%ﬁ’ V§&nﬁe
under s at t.h i
BT e o o s DR Rl of REFROBEREIR b,
ArBOctONBPIHAERE kO @éak aktrudtug wittex sppifiaayt aponaesSes
of the invention may be described as applying to and
pmodeted oy ‘apent perepithut it is intended that multiple
films can be produced by the descri bed, exenpllfled
and cl ai med processes, as desired. The term "filnt as
Negshoh@Issilivaviling hhe@plfedwhﬁiy&)leén fahridated b}bh nimbemefanethpds.

is intended to_enconpass any. ot heci 111 a? ef form or
Switabée sihcambasad BIRSHISes gcqnag)smons and methods for forming

nanoporous silica dielectric films, are described, for example, by the following
co-owned U.S. patents 6,048,804, 6,022,812; 6,410,149; 6,372,666, 6,509,259;
6,218,497; 6,143,855, 6,037,275; 6,042,994; 6,048,804; 6,090,448; 6,126,733;
6,140,254; 6,204,202; 6,208,041; 6,318,124 and 6,319,855 all incorporated herein

by reference herein.

Other dielectric and low dielectric materials comprise inorganic-based
con;.pounds, such as the silicon-based disclosed in commonly assigned pending
U.S. patent application serial No. 10/078919 filed February 19, 2002; (for
example NANOGLASS® and HOSP® products commercially available from

Honeywell International Inc.). The dielectric and low dielectric materials may be
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W@ 20103383 ecur sor s,

dielectric materials are optionally enpl oyed.
Nanoporous silica is attractivebecause it enpl oys

silanes, e.g., tetramethoxysilane ("TMOS") and/or
tetraet hoxysilane ("TECS'), as are used for the
currently enpl oyed spi n-on-glasses ("SOG') and
chem cal vapor disposition ("CVD') silica Si2. As

(
r.ej . voidh, and. "pare” nmean a free
3k 55l ol ot dBrial 8348 e Ak con BBl e,
ehengical vaporsdepesiciva(€WD), HoRing ahpBEieckiaDéntE thd HLEBAUTpBing
&gneral,l y not critical, and appropriate gases include

imatealop t thesugiace and/ogsnreading ke mateniad onto the sinfatieng
j j: a.plural it
Dl O R v MR RN D LA nffiaf ' ot
_adrbalar d@eﬂ\oteﬂ@gs ldbr ﬂxdlrﬁplé, ;Bllit&kmigﬂnaﬂ@_cgﬁ?m@tﬂiiaﬂﬁl?{ﬁﬁlaﬁfé&ﬁﬁn
i, ncl. udi . ar amel | ar, di scoidal, or other
SRR als Biee oty e sialangi bt rprmrdonelys, Aurors,
WhRAS SRfmBcidllyhvhilfH 1P BHRAUSSIO L@fcﬂ@ﬁon,l Whick isaéo%%nerc'ally
contenplated that the pores may have “any appropri Stoe
ahagdalele drom Trikps further contenpl ated that at |east
some pores may connect with adjacent pores to create a
ture with a significant .anount of connected or .

RS GEEHp Aot Pys ABmonRdeu T Shine o1 prgtRia aatenial “spin-
ot eonusitlon” hee Msginldhiikeaflc Bmpostib?ehayPbe alhods.
Sui table silicon-based precursor conpositions and
intrhengeaplsrandgeter taythasmenbeians ené pompesitions| thattoan be spun-on

Ll | i le.. by the fol Low
b ABEE L ARt kS, R
Slidnhasébeorip@ids 2adprife stbRartTompdunds3 s@ras Ret &ilkdn

e,
6,042, 994: 6, 048, 804 6, 090, 448; 6, 126, 733; 6, 140, 254
getbylailsegguioyanggphapylsiloxangg shenylsilspsauiex®eg, 855 al |

PR S B R0 D v, s s
notonga and mietseed thereof. A contemplated silazane polymer is
perhydrosilazane, which has a “transparent” polymer backbone where
chromophores can be attached. Spin-on-glass materials also includes siloxane
polymers and block polymers, hydrogensiloxane polymers of the general formula
(Ho-1.05101.52.0)x and hydrogensilsesquioxane polymers, which have the formula
(HSiO1 5)x, where x is greater than about four. Also included are copolymers of
hydrogensilsesquioxane and an alkoxyhydridosiloxane or
hydroxyhydridosiloxane. Spin-on glass materials additionally include
organohydridosiloxane polymers of the general formula

(Ho-1.08101 5.2.0)n(R0-1.08101.5.2.0)m, and organohydridosilsesquioxane polymers of
the general formula (HSiO; 5)n(RSiO1 5)m, Where m is greater than zero and the

sum of n and m is greater than about four and R is alkyl or aryl. Some useful

11
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conmpounds, such as the silicon-based disclosed in
comonly assigned pending U S. patent application

W@ esocab3sblo. 10/ 078919 filed February 19, 2002;p¢T/082005/031936

exanpl e NANOGLASS(r) and HOSP(r) products commercially
avai | abl e from Honeywel | International Inc.). The
dielectric and low dielectric materials may beapplied
by spin coating the material on to the surface, dip

OBy Bl ind R L IR o PR BB 0 s ng

bt 5a0EwWhere RIS 4 ©;-Chealkyd gk @geor s A€ ardre@sli Tiee t he
mat er,i onto the surface. D|electr|cs useful for this
P’f&?@?hyﬁ&ﬁo$1Wé%@d@¥5ﬁ%ﬁ%¢qsé§?5ﬁﬁwém%@ym%@rﬁ as

i ack D d
A bR el RS R S
Ayt dridositoemes, a;lubly asamathlyﬂiyﬁﬁdcﬁslﬂ@mﬂ‘d@ Vethy1HEd rldekiﬂ@fa@es

bl from ASM and Orion,
AR AR txy)h&ﬁdop pieees, pbynckides onsness
on
ARSI Middel1RRDIRRS, SRR OnRIRUBIO MrconuigBhlt O

¢thplhydodosilssquiosartes anopythydrhlesilseeqhioxines,changeabl e gm d
e B R SR8
therbf. NSevaRfd bf gRtdoARNYIAEE %n—oﬁ%a3§a1‘éfde§$ rbef %‘ﬂ@as ed

conpounds conpri se si'l oxane conpoun suc
W@PWW&WI@Q anentsraat pghding splslcpatlmnmchpﬂnehmiem ihootpoveted

AR R R R RS U R P ATk BAPSEs 268,057,

6177,098; 66,888,555 6288102011 £561,830;t hlo1 €497, &39@6@@”@&@5 85k;
|Iazane golyner IS Berhydr03|lazane whi’ch

ﬂ%x%lpé} riatens apliration seriah oael 0AME 43 ﬁllﬁdm‘{ﬂmldlegéo,cmﬁ)l
ude
POPRISRABa%2 SRR AneR S Snd PRI DRRS ek Bntity g oe.

§> ynmer s of t he general formula
lutlons of organohydridosiloxane and organosiloxane resins can be utilized for

forming caged siloxane polymer films that are useful in the fabrication of a
variety of electronic devices, micro-electronic devices, particularly semiconductor
integrated circuits and various layered materials for electronic and semiconductor
components, including hard mask layers, dielectric layers, etch stop layers and
buried etch stop layers. These organohydridosiloxe;ne resin layers are compatible
with other materials that might be used for layered materials and devices, such as
adamantane-based compounds, diamantane-based compounds, silicon-core
compounds, organic dielectrics, and nanoporous dielectrics. Compounds that are
considerably compatible with the organohydridosiloxane resin layers
contemplated herein are disclosed in U.S. patents 6,214,746; 6,171,687;
6,172,128; 6,156,812, US Application Serial No. 60/350187 filed January 15,

12
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w@e@anais3¢ han about four.

(Ho-i.0Si G .5.2.0)x and hydrogensi | sesqui oxane
pol yners, which have the fornula (HSIi OLs)x, where x is

of hydrogensi |l sesqui oxane and an al koxyhydri dosi | oxane
or hydroxyhydri dosil oxane. Spin-on glass materials
addi tional 'y include organohydridosil oxane polyners of
the general fornula (Ho-i.0SiOi .5.2.0)n(Ro-i.0SiO

S0 12 Sl S G B oS AR oRRL R

. @at5é|45@4;elh821ﬁtmtapphdahen serinl n6 09/%1135 m 4rsl 19Se60/847195

B8 ReraR b Ao Ol Ao pationd b Naa A6 B riolsi b G100
12042 Aﬁpﬁlﬁﬁfﬂn@@l’VUS‘O‘?WOSI@ﬁ?ekaq}gceﬁgg% ]‘_’Fﬁ@b? WhibF afd a1~ C2

al kyl""group or a -Cl2 aryl grou
mc@aﬂmtﬂﬂdremnbylrdim‘nee and or ganohydrl dosi | sesqui oxane
polynmers are alternatively denoted spin-on-pol yners.

Bl e dhy &rifosh §e iRClBRd ﬁlall%# IF%Q éfrléij%zllsw @;%E%ﬁral

such as net hyl hydri oxanes nes
i®nnpb$hydr|d05|loxanes t- butylhydr|d05|loxanes
phenyl hydri dosi | oxanes; and

ﬁqgﬁlrﬂgghgp i | sesqui oxanes, Sﬁ&ﬁn@§ﬂ)

nmet hy 03|Isequ|oxanes

hyd osi | gui Qxanes,
[E’:Oé;y%ﬂl Shydle éé-P%éélsﬁq utloxanes, Formula (2)

t - butyl hydri dosi | sequi oxanes,
[BhemplihydRi}0sil.sesqui oxanes, Eorthut:n(hi nat i ons
t hereof. Several of the contenplated spin-on materials

penﬁgﬁgggkp ? Sﬁh he fol | owi ngpi s eréﬁﬂpatents and

app at| ns whi ch are i ncor por ated by
reference in their entirety: U S. patents 6,506, 497;
VE}}@%‘BE 765; 6, 268, 457; 6,177,199; 6, 358,559; 6,218, 020;
6, 361, 820; 6, 218, 497; 6, 359, 099; 6, 143, 855; 6,512, 071,

the Sim péh end ngppthedain @k, yant alis fom k3G9 Abat 50d0cend m
Nov.e 2001; PCT/ USOQ 15772 filed June 8, 2000,
& ¥dS %9“?9%@9‘16'@% sarbpp cewfaipiie ontitaents garesent in either an

amount of less than about 40 percent (Low Organic Content = LOSP) or in an
amount greater than about 40 percent (High Organic Content = HOSP); R is
selected from substituted and unsubstituted, normal and branched alkyls (methyl,
ethyl, butyl, propyl, pentyl), alkenyl groups (vinyl, allyl, isopropenyl),

cycloalkyls, cycloalkenyl groups, aryls (phenyl groups, benzyl groups,
naphthalenyl groups, anthracenyl groups and phenanthrenyl groups), and mixtures
thereof; and wherein the specific mole percent of carbon containing substituents is
a function of the ratio of the amounts of starting materials. In some LOSP
embodiments, particularly favorable results are obtained with the mole percent of
carbon containing substituents being in the range of between about 15 mole

percent to about 25 mole percent. In some HOSP embodiments, favorable results

13
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Sol utions of organohydridosil oxane and organosil oxane
resins can be utilized for form ng caged sil oxane

w@oeiogoeds3d i | ms that are useful in the fabricatPOnusfoosn31936

variety of electronic devices, mcro-electronic

devi ces, particularly sem conductor integrated _
circuits and various |layered materials for electronic
and sem conduct or conponents, including hard mask

Eﬁﬁ%fﬁnedddvﬁlll Bfelhbie _#efac}éﬁtr SPcafthfi Qolgtraﬁ@noésﬁ?ﬁ %;{%ﬁlgtn %]‘eeg.l%l ﬁhe

etch stop layers. Theseée organohydr
taage pSbetweercahmmats indade mrtént b fiwrut MRnlé péréedthat m ght
be used for layered materials and devi ces, such as

?gﬁg% L%@ﬁl%?ﬁagctﬁe ERL Q4G dléié&g@%ﬁ{]a%gs rﬁa{_}glng from about 1.5

i con- core conpoun org
i abbeict carcalso bendsedan opovbihs lajies Abp6HUSs SHIR GUASe laid

bl tibl th th
S o S E O BT GRetisof. GEvo1 cRydraved onthé pessnesco festes and
Héa@éd%%&ﬁ 'r&n%&ub@@h@ﬁ%salﬁofzcﬂéﬁgrégen g?dlrééfo% {oids in
172, 128; 156, 812, US l1catio

‘@g (280 Tz sﬂ1c|oed)ass%§}rma¢1ysdt5pm©6ﬂtloltbcﬁnpm @mdnomers or

%rggcrl%%glgs:tg% hgg heﬂ fo%ulaogﬁ-%&iﬁg\ﬁhergngi is géeé)ﬁ{ldently selected
3

?‘F}Fgg@?gﬁug? eyl g%%& hycg%ér %%E??"élé’?? gﬂysp BEGF Heco

fleqteonegiive mt?letwsuch@@ a}komamopy,u anano,canmﬂé;‘ﬂialﬁﬂ@ it¢dcyQlato

31, 2001, whi.ch.a al | or.at ed
%wl%rcglhlrl]) )slgrﬁgﬁln? olg’c)%ls ag&p?%%t@glgpgﬁMqubag IaB Jridan
infgémanging fioaeshdiened abchme dtﬁkﬁ* rafbp &Ms%n%&%&@énd
formulas: [H Si 1. S%n [R-SiO CngormJIa
meigo @iﬂubeéoundlmé]l | Fetents 6, K 109%5; 61[23]1%,%2%%6(2)

o L AL e

entirety.

The phrases “cage structure”, “cage molecule”, and “cage compound” are
intended to be used interchangeably and refer to a molecule having at least 10
atoms arranged such that at least one bridge covalently connects two or more
atoms of a ring system. In other words, a cage structure, cage molecule or cage
compound comprises a plurality of rings formed by covalently bound atoms,
wherein the structure, molecule or compound defines a volume, such that a point
located with the volume can not leave the volume without passing through the
ring. The bridge and/or the ring system may comprise one or more heteroatoms,
and may be aromatic, partially saturated, or unsaturated. Further contemplated
cage structures include fullerenes, and crown ethers having at least one bridge.
For example, an adamantane or diamantane is considered a cage structure, while a

naphthalene compound or an aromatic spiro compound are not considered a cage
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wherein: the sumof n and m or the sumor x, y and z
is fromabout 8 to about 5000, and mor y is selected

W@ wh/08383¢ car bon contai ning constituents are PCEBESI5/031936

in either an anount of |ess than about 40 percent (Low
Organic Content = LOSP) or in an anount greater than
about 40 percent (H gh Organic Content = HOSP); R is
sel ected from substituted and unsubstituted, nornmal

| Kyl $..(: . thyl ., butyl I
B0l AL 7o B, B P OB o
ay aloakik ¥piso conipdanl doewthags @man mafeythan bR de.
roups, benzyl groups, naphthal enyl groups, i
&ﬁ{lﬂ%ﬁl@é@é@mags cowpeundsdcph Bpfaiseessattly [be dinaitadsp beimgd

Bant ﬂﬁeﬂ%o]%ﬁ% l)'onaa@&nm%lf ﬁfgy a uslé Zl%cﬁ@f“e%eftérgalltg%lg%uch as N, S,

percent of “carbon cont di ni S uents

-OuRgdte.dietabatone mayt advanfagtdislydnmodiics noh-t&tpohaltend angle

terials. |.n some LOSP enbodi nents, particularly
W@%‘@S- r‘&@a respectie sEtifients andidenvatizations of conferwiated
0 el ] | i range
R R S B Tl T
fdenedmtions aresappeoHEEP Fontradipies vitere ﬂnamgeedzjr@oundsb are
I e obfai ne i.1.h the nole rcent  of carbon
R TR RS, i synbbioRne meb e 1RO UHRh 6t mhse
shemititydn hyBloBhRRIs6RBhts! & AROW sal @lﬂgﬁiaﬁv@lg,r i?l]%rdges where
NanoporouS silica dielectric films wth dielectric
paaty andesincdrpplargide grovpsoay bdadsled to thewage domlarunfll Bds
d ne of the l.ayers.. Napopor qus. sjl. [
TG TaRee 1 g pr Rl BB PRL A bl framigbie
gmag@ REEEopHilié Al SEQFPAIR Rbuphalt@hodddlsh %etaggreciated that
sufficiently to renove substantially all of the

Poetienehgwns mey be vilivest wshe eageisemppind (eheto facilitate

GoAFBRERIRRa P AREV AR RSPl T CABRRigiSRy P
vdigoRinds, Bs describeld feduiginhdrying €inetdotst drbaps Bhtatt aBiRBPH a

aryl groups, hydrogen and conbi nations thereof, L is
Rymer backbone, and therefore, can form nanoporous materials where the cage

compound forms one type of void (intramolecular) and where the crosslinking of
at least one paﬁ of the backbone with itself or another backbone can form another
type of void (intermolecular). Additional cage molecules, cage compounds and
variations of these molecules and compounds are described in detail in
PCT/US01/32569 filed on October 18, 2001, which is herein incorporated by
reference in its entirety. Contemplated polymers may also comprise a wide range
of functional or structural moieties, including aromatic systems, and halogenated
groups. Furthermore, appropriate polymers may have many configurations,
including a homopolymer, and a heteropolymer. Moreover, alternative polymers
may have various forms, such as linear, branched, super-branched, or three-

dimensional. The molecular weight of contemplated polymers spans a wide range,
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el ectronegative noi ety, such as al koxy, carboxy,
am no, am do, halide, isocyanato and conbi nations
WO b@e®sds3e x is an integer ranging fromO to abpor/Uuf2005/031936
and y is an integer ranging fromabout 2 to about 4.
O her nanoporous conmpounds and net hods can be found in
U S. patents 6,171,687, 6,172,128; 6,214, 746;
6, 313, 185; 6, 380, 347; and 6, 380, 270, which are

\ q 27, . , The..
EALPRRLE OO 3 DB DERM . MR 3R R0 b
wsedtd erhandas iinpath pantivalr prupertiekas deadnventividlly &hewn tiothe

| ecul e, havj. n t..least 10 atons arranged such that
YOI AEh m&ﬁélmﬁg st%gzq%\f%@nrﬂaﬁ% RIga1e81S: BISSERZS7r o
sAHREEN S andl th Fik. R ff]blelcﬂ nBhREMmpARE1L olﬁgle‘fsa&% be blended

struct Ure, cage nol écul'e or cage conpdund conprises a
iptagiak iatdgsicdd propegyty. Adheson pyponooders candlbybdaseddSathons,

RO O oo i Bl e o AT O S/ B
vAg avaBane h&%xypﬁuﬁ%ﬂimbﬂmmﬁ&ﬁ A QuGadeN SudhiaR9-

The bridge” and/or the ri'ng system nay conprise one or
sitison dinxtids, daat vias exposdd begolstira pohwnidety. Pelymessifby
saturated, or..unsaturated. Further. contenpl ated ca
BFoble P oPRiGAIRR® Py snnlin LiRGeviTe (et s fes i ing
ppin, peEsrabgNEsshdriEppHy OF i@ Ritied harttbalRR PP 8ieRictric
diamantane is considered a cage structure, "while a
lﬁ@ﬁﬁW%%lene conmpound or an aromatic spiro conpound are

not consi dered a cagestructure under the scope of this
definition, because a naphthal ene conpound or an

Tk onmtrials, ppddutsoe0aidduyds describéd s canBe afd inMASy WhaN
on bridge. Cont enpl at ed cage conpounds need not
apfpeiestangd 19 be splvatedion dissolvedyia pRygsuiwhisrsobient. selangasdhe

R UGRD P8 o L PRSI ARPRPLSUEH o
nat¢riadd Tgpicaloniveatsraagalsathdse salvangthat are able to solvate the
monomers, isomeric monomer mixtures and polymers. Contemplated solvents
include any suitable pure or mixture of organic or inorganic molecules that are
volatilized at a desired temperature, such as the critical temperature, or that can
facilitate any of the above-mentioned design goals or needs. The solvent may
also comprise any suitable single polar and non-polar compounds or mixture
thereof. As used herein, the term “polar” means that characteristic of a molecule
or compound that creates an unequal charge, partial charge or spontaneous charge
distribution at one point of or along the molecule or compound. As used herein,
the term “non-polar” means that characteristic of a molecule or compound that
creates an equal charge, partial charge or spontaneous charge distribution at one

point of or along the molecule or compound. In some contemplated

embodiments, the solvent or solvent mixture (comprising at least two solvents)
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configurations. Wth respect to substituents and
derivati zations of contenpl ated cage conpounds, it

wae baalosBsbe recogni zed that many substituents apdr/us2005/031936
derivati zati ons are appropriate. For exanple, where
the cage conpounds are relatively hydrophobi c,
hydr ophilic substituents may be introduced to increase
squbiIity in hydrophilic solvents, or vice versa.

Alternativ eI
o S Bt S e A5 SR P et o
sdiVedts Hydbbabok Sslvaiphatiade tsblIaEntaﬂmt o@nprsescarbon and
substituents may al so include, thernol abile u
el bendersioad Bk WRIOTGT S S rocepbong eRB A% o
n?rh p?]%xgrh%%}e%le thel At € a f%\g}%gﬂl%@ﬁjboﬂ 561%1&5 fBYchgqutilized

cage conpoun to facilitate crosslinking
chrfaletddOmtar. deydrvaibonadolentsraeageriersily, brelren Jov@saigee three

oo plignge e pet pRaea, ATERsRaPEbon Shleary” ™
&ﬁéﬁ&“{}ﬁh s@eﬂghtt L GetEd R m&%df&moﬂﬁa@met 20 DrARBL&T drdl S

e cage conpou ornms one type of void
pbssitily amsblmkuﬂmdwearmd alipleatie hiytheocatbor soliveits ats not censidered

TS0 L REEEIBRE L Lol BB
chibBh SR & ek ih a riitidubRRAvitE PEsHerids il o aliigeic

conmpounds and vari ations of these nol ecul es and

hyduoparbog solams dAsamatisdydiasarhensplvents aphptssiolyenisshy

c{n}qleggepgqr}lg{ Eve P%fSné’F 2001tu|re\ﬁ'{1 clh §$hdsf]v¥1ﬁi9£ ?hgle ring or multiple

ﬁg@h ®RLabed cBRmMOREchd BBy oahitigterings ﬁleeditogeﬁer range
unctlonal or structural noieties, inclu

Caontemeplited by@ttoearbon salvetininsyda A lueneg KRS P- Ef'frieh Srrslese.
ropr

S50 5RO A0SR g i,

hM?;iri%Oiéehexaﬁb Hiephat, ntdans oytane, Slodmana&fmeﬂmbm forns,

éﬂ:&ﬁ%@ﬁ% pgr[t%]e(c::gr?ed cycslgpe%{a_ng rZaE -tr1methylipentane
petroleum ethers, halogenated hydrocarbons, such as chlorinated hydrocarbons,
nitrated hydrocarbons, benzene, 1,2-dimethylbenzene, 1,2, 4-trimethylbenzene,
mineral spirits, kerosene, isobutylbenzene, methylnaphthalene, ethyltoluene,
ligroine. Particularly contemplated solvents include, but are not limited to,
pentane, hexane, heptane, cyclohexane, benzene, toluene, xylene and mixtures or

combinations thereof.

In other contemplated embodiments, the solvent or solvent mixture may comprise
those solvents that are not considered part of the hydrocarbon solvent family of
compounds, such as ketones, such as acetone, 3-pentanone, diethyl ketone, methyl

ethyl ketone and the like, alcohols, ketones, esters, ethers and amines. In yet
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The nol ecul ar wei ght of contenpl ated pol yners spans a
w de range,typically between 400 Dalton and 400000

w@2a0b08388¢ nore. Additives can al so be used toPenbhaIvo®031936

or inpart particular properties, as is conventionally
known in the polymer art, including stabilizers, flane
retardants, pignents, plasticizers, surfactants, and
the |ike. Conpatible or non-conpatible polyners can be
| ended in to give a desi Adheshor i

ofrerstapaa b i Bt it b B miRe g Comprise o
chBinkti6s oPinyheptases sl inshii@rd hereimtin sbme ambbédimesisitheo
interact with avail abl e hydroxyl funﬁti onal i tﬁ% t hat
splrgnttsenjprisesweten ethanel, propaeol, dsianeadhylens egAc- AR e,
Lhat e | I mBinPethyidetord?0 hydEisolé.0
t%u%r}eo\éﬁgr& %E%Q%%%e% [ f}gr?g)ndhrgi r glgl 3?’11 co?]t arn | ow

| evel s (generally less than 1 ppm preferably |ess

t han_10 ppb) of jonjc inpurities, rticularly for.

Teis gl Swics cpieplaigibinat ol fo ARt liantigr gl ey
Y/ 1t1 1Y Yflecthi®

e B B B e e

nstwemhatersal i$ expysadbtohecharisall stiessy seftangrsi a5 pdhes Brotpaive

l'i ed .waf er.
aabta magoe adggsh o st b8 GRlestioeBhall plREE bR Y
dith #Bicablifeditn PRINVANS nla)AdiRISUFBISy eplyyRd.ila still other

mononer mxtures and polyners. Contenpl ated sol vents
dases| thd @dditipn b detetgeatspu natioamrgrnts mayde dspigahhe. clngeneral,

' I, I t hat. | ati|i.z . -
LR LS Lo (R S E b obi 8Bl pereebiet,
H80 £R6IdHIE @1eerdnYs Alplicher aPMbeaatepaid thaepolgastignl gdal s

or needs. The solvent may al so conprise any suitable,
sibjegled tpetlsentapmovain pesha WeoaRde hetasa dielgeinig fiing comprising
t her eof . ,%\s used herein, the term"polar" mnmeans that
AIPEEr 8744 PPE5 0f a ol ecul e or conmpound that creates
an unequal charge, partial charge or spontaneous

\(f:\/r}]xgrrl %oerming such nanoporous films, .g., wherein the precursor is applied to a

substrate by spin-coating, the film coating is typipally catalyzed with an acid or
base catalyst and water to cause polymerization/gelation ("aging") during an
initial heating step. The film is then cured, e.g., by subjecting the film to one or
more higher temperature heating steps to, inter alia, remove any remaining
solvent and complete the polymerization process, as needed. Other curing
methods include subjecting the film to radiant energy, e.g., ultraviolet, electron

beam, microwave energy, and the like.

Co-owned U.S. patents 6,204,202 and 6,413,882, incorporated by reference
herein, provide silicon-based precursor compositions and methods for forming

nanoporous silica dielectric films by degrading or vaporizing one or more
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di stribution at one point of or along the nolecule or
conpound. As used herein, the term "non-polar" neans

WO b@ib/083336 act eri stic of a nol ecul e or conpoundpPehas2005/031936

creates an equal charge, partial charge or spontaneous
charge distribution at one point of or along the

nol ecul e or conpound. In sone contenpl at ed

enbodi ments, the solvent or solvent m xture

SRS bE bfbrfles pERGA: th 1y RO EOTRE 68 MIRITLS:
Paganit byl96479 qlrueidessilitydbased plaourssOdongiisitions and Brsds for

ol vents that c¢onprise carbon and hydrogen. [t should
9En S JeRanoseRs SR iglegtric ms by deSrAding 6t HannsiFingoIneamROTe

Bhfbolall &HoRfmerd BEURIn Holtnd Softpp MOMATORRURDT

585203 desarites Jemsng b lnpndpyoodeesrsiltbawtieleatio filhrope ThRSESs:
al i phati g, C}}/Jﬁyl'i c and aromatic. . Al icPhati ¢ hydrocarbon
i1 VUAtED UrapPldnee PempgT conroiistn deehmproabliasivesand
(ﬁ@ﬁi@?(?‘[?ﬂli@egﬁe.,t iﬂ@hdﬁfg%oﬁﬂéﬁ@&‘&dpcﬁ%e@&ﬁ%glgéﬁ% g)gllymer

crosslinked, however,” aliphatic hydrocar vents
hepigngribe compssitien tufucthet ¢andei®pdhd polysilicay ard Berongwking ihes

h I h | se. at | t th b
GGG Rbaleh oy Ty B Bsleficdougre e operti ea

simlar to aliphatic hydrocarbon solvents. Aromatic
hydr ocarbon sol vents are those solvents that conprise
Fyeersses fonapphicationo! pieueson s a substite dagig during, tflararization,

Rl B8 AP B e Eo R, 67 ERnca
C8npems 6,589,889 dhd6880AN5 sl om@Hilters. Substefed AdUSLErs

xyl ene, p-xylene, mxylene, nesitylene, solvent
Gﬁafﬁmpfﬁéed?l}er%@m@mommpﬁtamdmlrablewah%@}tiaélm@nhématenal.

, | t ane,
N e
phestit adetalboreocatey chageot @meposide daterial, | IgiréfgtrBe BindO&ments,

et rol eum et hers, _hal ogenat ed hydrocarbons, such as
A FUhstrale COUPHREAGElGOBEA germanium arsenide die or wafer surface, a

packaging surface such as found in a copper, silver, nickel or gold plated

leadframe, a copper surface such as found in a circuit board or package
interconnect trace, a via-wall or stiffener interface (“copper” includes
considerations of bare copper and it’s oxides), a polymer-based packaging or
board interface such as found in a polyimide-based flex package, lead or other
metal alloy solder ball surface, glass and polymers such as polyimide. The
“substrate” may even be defined as another polymer chain when considering
cohesive interfaces. In more preferred embodiments, the substrate comprises a
material common in the packaging and circuit board industries such as silicon,

copper, glass, and another polymer.
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nitrated hydrocarbons, benzene, 1, 2-dinethyl benzene,
1,2,4-trinmethyl benzene, mneral spirits, kerosene,

WO s@b083gBbenzene, net hyl napht hal ene, et hyl t ol uURPEEDS2005/031936

ligroine. Particularly contenpl ated sol vents i ncl ude,
but are not Iimted to, pentane, hexane, heptane,
cycl ohexane, benzene, toluene, xylene and m xtures or
combi nations thereof. In other contenplated

i nents. venrt Xt u
SERSANE ehsoh OB Suct BB e WS s BalBin gt

ffm b ECMID eedhigass, aad vianhd fuemﬂ &rﬁﬁtl@ﬁlﬁﬁﬂ@dﬂéﬁﬁng By efeans
as ketones, such as acetone pent anone, di et hyl

wlesteing apdeshing, atomys layer ‘éﬁP@Slﬁﬁ’a physical kapor éPIéQ?Htﬂns and a
&%}rﬁ%%ﬁgﬁdgﬁ%oﬂrgﬁﬁnﬁ@g g ng) e cArBoX S&ﬁ%ﬁg{l%mmetles

conte odi nment's ent or SO

whichlareehymdyp}mbmgrbs@ faorn alndborgadsdivatef glase Wicdécttid lms and
' one enbodlqents t he

d h
eai%ﬂ@w ﬁi@@i g%@é?wle%@h IProRsTiass ARt Whgnsthgne,
&rgaadsﬁ{b%t@giae%egpeﬁa fillfs clRAiH %ﬂﬁmlg cﬁ?ayﬁ(anols and the

cycl ohexanone utyro t one, et orie, and
YmﬂelsthaEthey tan adssrh fromfthe ginere hlgh‘ly pniahaah}d it dvedlectric field,

al t rnat ve I e ectric c iial may, al so
Sl s B8 et Rt ne Bl Bl el iads Endile

WoVe 1 SHng L e i fricPLARL 1ﬁ&%a§é%@d’til@évdl§tuﬁ?( ROSE VAR the trenches

mechani cal stress, softeners or other protective

@gie‘na%arﬁﬂledewmgtal el sybfestedda gr enndaking tredtment, metal
t h
SR b On s BePS R atEofus REiald PidsSige voias

ﬁ)ttbhh imdideethe dREREic RRrialdkbrkbRtheliad ah@6HLE che!
anti foam agents nmay be desirable. In general, a

precursor in the formof, e.g., a spin-on-glass

({{Hé)r {)trétﬁ&lg;tﬁg ré)]gl u&l%%réa%ggiﬁgatggfas f(Ta? 1cﬁ111ms are made

ven to a
:mblsfyimHllyZiB@é (ﬁn‘,ﬂaﬁcﬂb heLivedr bptrehéanyith emﬂayt&ig ddenStch a
way as to forma dielectric film conpri
TSSREBRRIRAN conigiping groaeties or increase the hydrophob1c1%y of the

organosilicate glass dielectric film. This makes the film resistant to stresses on
the via and trench walls, such as induced by metal shrinkage during annealing,
stress from other dielectric layers, and stress during packaging, thus deters
undesirable voids from forming inside the dielectric material between the vias

and/or trenches.

Etching and plasma remove hydrophobic functional groups. Damage to
organosilicate glass dielectric films during semiconductor manufacturing processes
results from the application of aggressive plasmas and/or etching reagents to etch
trenches and vias into dielectric films. Plasmas are also used to remove

photoresist films during fabrication of semiconductor devices. The plasmas used
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When form ng such nanoporous filns, e.g., wherein the
precursor is applied to a substrate by spin-coating,

W0 b@efosisas coating is typically catalyzed w t h eem/astods/031936

or base catalyst and water to cause o
pol yneri zation/gelation ("aging") during an initial
heating step. The filmis then cured, e.g., by
subjecting the filmto one or nore higher tenperature

AE ROl TR ot 8 el yel A S WY aloBlE B3
argenlduliufX dreritrogeni (ig tieefohn d$ fied eloutiecEih @@t 1168 dddfor

fi,l o radi ant energy, e.g., ultraviolet, electron
ﬁ@ﬁﬁk&nicromave energy, and the like. Co-owned U.S.

patents 6,204, 202 and 6, 413,882, incorporated by
reference herein, provide silicon-based precursor
BﬁﬁmﬁﬁﬁﬁhmmwhahdnmambﬁwQOM&mebhﬁﬂhﬂ@mﬂ@p@@ﬁmpu@,aui|ca
dielectric.filnms by degrading or vaporizing one or
ﬂ@?%&’i’PM% r%‘POF}q iaﬁeo‘??gﬁlﬁé peresledor dpmagade Ppraues diclesiric
RHEIRSE hiveR) higR SR drdd and aRAhERForE phIRuBAS: 1S
gi l'icon- ggg‘edlgg;secur soellrgl ac?grrpos?t F(gng angﬁzngtvﬁg{gg%fleg@
plasmasrdgmagao popastieulss, kilicabaked dipdectiicfilnd whichyhave organic

I Ng_or wapori zi r nore conpounds Qr
SRRENER 7 nstiRP BBt Reheid G S b B oty dbeaded by
®R8genplabm8S The O3z MasEblb BoxidsdH b GODEAPR SlldHo? gﬁsi'-d)ﬁa
dielectric filmon a substrate, e.g., a wafer, by
HPpR TAREnsoe Bagédeattiosrtsepihies thjg ofjganmrgnmgﬁmegp kegided.

| C L) i.ca . i..e.. incl.udi ondensed or )
B Ao Bl s ol SR i BB B areh giganic
drougsubh berfaczs)ideameintiyardphbis] Lb&aof tROByHEFIIPRGS Miskes

he. deconposabl e pol ymer to forma porous dielectric
t&’%\aléfectriﬁrncg@é@%%seg #&he lapslislecitic eenstant pf sushridms is hekey

S48t iy bR, anerzation, and ender
co-owned U.S. patents 6,589,889 and 6, 037,275, anobng
\%tethc reﬁiica?%rgestttn{e%gtseasre g sg u\sl\gifirel rlICSI production for the purpose of
removing residues leftover after trench or via etching. The chemicals used are
often so aggressive they will attack and remove organic groups in silica based
dielectric films, especially porous silica films. Again, this damage will cause the
films to lose their hydrophobicity. Wet chemical etchants include, for example,
amides, such as N-methylpyrrolidinone, dimethylformamide, dimethylacetamide;
alcohols such as ethanol and 2-propanol; alcoholamines such as ethanolamine;
amines such as triethylamine; diamines such as ethylenediamine and N,N-
diethylethylenediamine; triamines such as diethylenetriamine, diamine acids such
as ethylenediaminetetracetic acid “EDTA”; organic acids such as acetic acid and

formic acid; the ammonium salts of organic acids such as tetramethylammonium

acetate; inorganic acids such as sulfuric acid, phosphoric acid, hydrofluoric acid;
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contenpl ated herein may conprise any desirable

substantially solid material. Particularly desirable
waewssmse | ayers woul d conprise filnms, glass,PCPUSIN®)31936

plastic, netal or coated netal, or conposite materi al

In preferred enbodi nents, the substrate conprises a

silicon or germanium arseni de die or wafer surface, a

packagi ng surface such as found in a copper silver,

S o 0 e G P

Hydesk@de aldwe@arn@chyl @ﬁmsmuﬁqf IBfaesxiddibad h%%xﬁ a&ﬁaﬁ@ef
i ncludes consi derati ons of "‘bare copper and

oxeRsgipl foamplﬂﬂyn%de\@b@@d fpazﬂsbejﬂngebcrlem shahrats ERGL605,

B L I TR Rt

AOTy690 1 A sigbsdh Casmival, Hagindel, CR)eto maeSbut attew affEhoRMEN
be defined as anot her pol ymer chai n when consi dering

eé%ﬁe@ vishingtagenty srcdudey maw@ew@k lspmdydragsadiitregans
r t he
iRl B A R e T R FE R g
S|I|con copper glass and anot her pol ynmer. Subsequent

cond manuf act ur processes such as
188 JOEN ‘ﬁ’ ? aboyg mfimtlﬁ%ip %é@VBtheéEYﬁmlﬁa@f,OVIWﬁ?fﬂladS of
g
A o PR RicH Db AR e R BB Him b
aeprubsitdto dyrimgithe pradeend Ciabricating o sdamadmotmfbrtICa&tvment
tend to renove carbon containing noieties which are
hydr ophobi ¢ groups fromthe organosilicate gl ass
ThHe@hQRSdsi oF thd InWBnRRANEIRAL ARStpE B Mddtin Itﬁ@&% o GHIRARS -
Undesi rabl e properties result when the an I cate
g;asadgl@trm felm, raifter béihgrsulyentedsiorat baabtaumlet@mtmsashmg

t ha d f th
SR B r Bl bt Sbieelhd ta PR crea R Psp et &
tichtisg é(%eln{ cdmpEsRid g aloftErafibif akPR$ h &Rle RiiodRerebiitd o

and | ower resistance to
restore at least some of the carbon containing moieties to the organosilicate glass

dielectric film and increase the hydrophobicity of the organosilicate glass
dielectric film; and (b) removing unreacted treating agent composition, reaction
products and mixtures thereof. The treating agent composition includes at least
one treating agent, i.e., a compound or charged derivative thereof, suitable for
removing silanol moieties from the damaged silica dielectric film. Optionally, the

etchant-damaged silica dielectric film is then subjected to wet cleaning step.

The overall treating agent composition comprises a component capable of
alkylating or arylating silanol moieties of the organosilicate glass dielectric film
via silylation, an activating agent which may be an acid, a base, an onium

compound, a dehydrating agent, and combinations thereof. The composition
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wet cleaning chem stries and increase volatile
evol ution. Al so, when the trenches and vias are filled

wowaok/03386et al and subj ected to an anneal i ng trPEL/DBID5/031936

nmetal shrinkage i nduces a stress on the via and trench
wal | s and cause undesirable voids to forminside the
dielectric materi al between the vias and/or trenches.
In order to remedy this problem the organosilicate

gl as ielectrjc tfilns are de ;suhst ant | Qf

ofiae: o arrdeabl @ﬁs%%?“{aﬂ‘&aat FRAfaRRE0) P@%@en%f*a?%%lﬁt

sc%l(?%lr{tedﬁ Q'cB-seBROhpaBIB bR kslubitizitgivath 18 compbieait eambld dfe
ydr

ophobicity of "the organgsilicate glass gi lectric
aliylating Thiuylating edanchadietienof thei sganesilicate glass dicleetiiffilmh e
Vi nd tr h [ ]. h as induced by netal
vwalyﬁ&lga,eangﬁﬁ? ﬁ%ﬂgﬁﬁ%gﬁﬁﬁg, stress from ot her
dielectric layers, and stress during packagi ng, thus
deters undesirable voids fromform ng inside the

Adsuiteblettroptingragest PRIMPOsi GciBA ulesong; 0F J10IR HERHNG 28eA(SRRLS to
Et chin n » i i .

oGSl B RIP (SIRNE, o it i

ofdst BRledtid filgh thenit totedived orrenden b dropbobinThesomes e silane,

siane SUPE PR RGBS LPLORPETEPERERG EEaH P § PR

hgﬁg%g%%ﬁafi I ms. Plasnas are al so used to renopve
pho oreS|s%'fiInB during fabrication of sem conductor

IQF—\IB ge(ts) [-BliR,NR airrslsere _a@aaanﬁ niayiecacliss G0 Mp SR Siks, t @B
RS & SRR 9 51 HTRSIRR £ e 0
D B B P e O b v

ReSith,; &%) /Rabi[REROFRS4stor combipationsrtbereasi |y degr aded or
damaged. Porous dielectric films have a very high

W urlace. Al g et ganag{neg AN8nSh Y ¢ iPA L AhLive HOEERD! €
such that y=4-x; each R is an independently selected from hydrogen and a
hydrophobic organic moiety. The R groups are preferably independently organic
moieties consisting of alkyl, aryl and combinations thereof. The R’ group may
be H, alkyl, aryl, or carbonyl such as COR, CONR, CO,R. The R” may be alkyl
or carbonyl such as COR, CONR, CO;R

For all treating agents, the reactive silyl group must contain a hydrolyzable
leaving group such as but not limited to —Cl, -Br, -1, -OR, -NRx (where x=1-2),
-OCOR, -OCO;R, -NRCOR,-NRCO;R, -NRCONR, -SR, -SO;R . For
reaction of the treating agent, hydrolysis may occur spontaneously with moisture
present during the treating agent application and process, or pre-hydrolysis may

be forced during the formulation process.
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pl asmas damage. In particular, silica based dielectric
films which have organic content (such as nethyl

w@e@aps3shonded to Si atons) are readily degradedr/bg2005/031936

oxygen plasmas. The organic group is oxidized into CO
and a silanol or Si-OH group remains on the dielectric
surface where the organic group fornerly resided.
Porous and non-porous |ow dielectric constant silica

' d h [ .(on. f .t
s AR AR G B Bl S AR b BHlsai candy Aiisd
frbra ped s @E blrhighCARA! Bahchel Sikyl, tpelid 118l cBhibiaGons
constant of such films is the key desired property of
therent, aad siherein yaid gikyl whish xwagestin size fiom €1 &y ebaat §ma (ed
. . . ‘. . Cdues
el o BARAELL G L Bpdf DHRENG Rlint WAL AR BFE 2

suifedylar gulfideeThs arybgoleesisisvbstiniied ombsibstithiag kn@Rshges in
[ roups in silica based dielectric

renpve organic . ,
Sﬁ%qn‘%%qﬁ Cg§ﬁé ?‘glcﬁy Erslesibly e (reating 3genkis apgastaxysilanss or, for
i i se t hej .

S Mo g A TE S8 B

tercaigrysilareprhchiassytsmethysHans; diatdtykxyalimetblylsilamgne, )

di hyl f or mam de, di net hyl acet am de; al cohol s such as

Iaffﬁglﬁfb%e%aggmﬁ*@ﬁaﬁgﬂ%cefé??’%%ﬁsﬁaf&lw&gldwEW%Qang

R BARRRT R AT ARG AIah( IR AGsidlieam nes
sucﬂ'as e?ﬁy?éﬁedian1ne aﬁ%ﬁN Nﬁﬁet y efﬁ@f%ﬁ%dlanlne;
methytrimethoxysilaneg slidetbyldithahetysilar, tremettylardthusysitinds

S as. et hyl enedi gnm netetracetjc i.d "EDTA"; orgapic
ARG R e i erosierer bEadtEy Spg Togen anelintlane
BT sU B Blith8thOfsil ) BBt A @Sl BHES) as
tetramet hyl ammoni um acet at e;” i norgani ¢ acids such as
heyanethyleydeirigilazgane shis(dmashdeiniho) digthyldilaoe,i ¢ aci d;

. ' . .S _such.as. a ni.um f.l uori de:.. and bases
R R P e VRS e o b S ron, am
tHy(direethylemiray)phdnytiilene kristdiieeiyl 4ORORNGHa! formul ati ons
devel oped for post etch wet cleaning such as EKC 505,
dimethylsilyldiformamide, dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyanate, 2-trimethylsiloxypent-2-ene-4-one, n-
(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic acid, n-

' (trimethylsilyl)imidazole, trimethylsilylpropiolate, trimethylsilyl(trimethylsiloxy)-
acetate, nonamethyltrisilazane, hexamethyldisiloxane, trimethylsilanol,
triethylsilanol, triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane, and combinations thereof, In
one noteworthy embodiment, the treating agent is methyltriacetoxysilane. In a

preferred embodiment the treating agent is dimethyldiacetoxysilane.

Additional treating agents include multifunctional surface modification agents as

described in detail in U.S. patent 6,208,014, incorporated by reference herein, as
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525, 450, 265, 270, and 630 (EKC Corp., Hayward CA),

and ACT-CM and ACT-690 (Ashland Chem cal, Hayward,
w@2)os/083830ame but a few art-known etchants. AshCTYS2005/031936

agents include plasmas derived from hydrogen,

ni trogen, helium argon, oxygen, and m xtures derived

therefrom and the like. hi order to solve the above

ment i oned problens the invention provides nethods of

dr,oph D & }
oL BRLH 8 DX PBORR RE AP R B BERRRI e fppt
it éiﬂlepw%? o8 lighidffamin, spaibhdlly witls enwithmtwotsotvents. | C
devi ce.” The net hods of the invention include the steps

Fot exemi se Ao abAb sdpben 68 63080 4 S drmaeCart heeor
ngo@rﬁcgg?ﬁ gfet% i Rl 185102 hfors At @%o\kﬁi@%n@ £808t with

0 an annealing treatnent a treating
s@@ee kilawpaniiohargratpsavidenmmihizaty massamdsehmutadc thee

eriod effective t estor t | east. sone of
sEuwanaBAvaR L PR auciid. e SRR IIERTF SD ORISR
“ﬁfh%ﬁ&mé ﬁm{ollg gh‘?ng, i ncrease the hydr ophobicity of the

organosi |cate glass dielectric film and (b) renoving
unr eact ed RyIS&&H pigxagent conposi tion, reaction
products and m xtures thereof. The treating agent
conmposi tion includes at |east one treating agent,

Whéein 1‘19 NBRUBSHAE 1§71Béé1ﬁﬁ&’er@l9 lsbléatedl wividths) ®eh as H and/or
suitable for renoving silanol noieties fromthe

ad argegEdngietyi wehds en alkyh, |ary1 o flerivatipes ofitgsey WheneR is an

SR R T R e S R
sﬁf&%ﬁi bf%fh@]i’é?ﬁcbﬂdy@ﬁc %ﬁﬂ’@fdf&ﬁbly&a@@ﬂhﬁﬂﬁmfrom@ﬁblabomfﬁs, or
al Kyl'ating or ar I'at i ng silanol_ npieti es of

epeatranasi mprerefer l»s@m@ Qell ta@boyt Car Mhen i 1 2y %MIGQPIGW
i vat.i ng an
p&#fﬂ&ﬁfy SRS 5 ,%%g{& e%@ Fatin %ﬂﬁ?mn tﬁgérl]l SU% %gtolrons
unBE¥saakted, AhEraQePisiitd fonn|ilsitealadut ;s ,kmtgrq:ntea‘f mchmblge
al so contains a sel ected s%l vent, or m.xture.of a main
preferably from Cs to about Cs. In a further option, the aryl moiety is a

heteroaryl.

In another embodiment, alkoxy silanes may be used as the treating agent, e.g.
suitable alkoxy silanes such as

RxSi(OR")4x
wherein R are independently selected moieties, such as H and/or an organic
moiety such as an alkyl, aryl or derivatives of these; R’ are independently selected
alkyl or aryl moieties. When Ror R’ is an alkyl, the alkyl moiety is optionally
substituted or unsubstituted, and may be straight, branched or cyclic, and
preferably ranges in size from C; to about Cys, or greater, and more preferably

from Cj to about Cg. When R or R’ is aryl, the aryl moiety preferably consists of a
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sol vent and a co-sol vent capable of solubilizing wth
t he conponent capabl e of alkylating or arylating
W@ ooa0sds360i et i es of the organosilicate gl ass PCT/US2005/031936
dielectric filmvia silylation, and the activating
agent. A suitable treating agent conposition includes
one or nore treating agents able to renove sil anol
groups fromthe surface of an etched and/ or ashed

l. . di i
PR TR R Mol Sl byl b gy o
sszd fﬂ(zrm(% to abcbuilﬂqk Sor greaterg niDmyped prigferabfypfro@X@y1l ®outeCs. In
t|n nt i.s a conmpound having a Fornula: | (1-13

Er19 {onst mqlﬁwm geroasyd Ahes, theyR igeoupy dndependeptly
S%%%e?‘%ﬁ%)l ﬁ; me(l‘é?, e%l@?,(%?\l}:)ﬁgf, %l;(e%}'].]) %}g&&\%:uv%%%lereoﬁ
ReEd¢dHpyat ledsOpndR $5 AFafic, If a% e):rﬁbgg@éﬁ both,R éﬁbllbz are
fgb(tﬁxl( %OR g{ %%}?Eg?ar?{ Pg%qe Hﬁ&ﬁi@é@"ﬁ ageytds %hymf oxysilane.

ranging fromlto 3, y is an integer ranging from1l to
3 such that y=4-x; each R is an independently sel ected

In ra@ﬂﬂihlyfdnbxgieme@tnd suit#jaivibiph etriooding tethe inventied jias tiae R

eferably i ndependently organic noieties
%%%ép% 03; al kyl, aryl and conbi nati ons thereof.

The R5 group rrayxggg\]kbglxkyl aryl, or carbonyl such as
COR, CONR3CO2R. The R* may be al kyI or carbonyl such

as COR, CONR, CCG2R For all treating agents t he
t
ERSRLELS: ke SRR BBl AR Ko

ahd/or 6]?1 SIn Rerredbgibedrehts? R, is sémfrom@ﬁg, C¢Hs, and R,
- NRCOPR - NRCONR5 - SR5 - SC2R For reaction of

apﬁ, &s tafee%th %m&@#ﬁ trlwlengléregtlmmgge@tmmlué@ @-aneousl y
(IR 1S HoSimethylsilane, tris(dimethylamino)phenylsilane, and/or

tris(dimethylamino)silane. In addition, disubstituted silanes may be used such as
hexamethylcyclotrisilazane, bisdimethylaminodimethylsilane, and

bisdiethylaminodimethylsilane.

In yet another embodiment, a suitable silane according to the invention has the

general formula of
RxSi (ON=CR3) 4x or RSi[OC(R’)=R”]4

wherein x= 1-3 and the R groups are independently H, alkyl and/or aryl, R’ may
be H, alkyl, aryl, alkoxy or aryloxy, and R” may be alkyl or carbonyl . Thus
modification agents include, e.g., methyltris(methylethylketoxime)silane or 2-

trimethylsiloxypent-2-ene-4-one respectively .
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present during the treating agent application and
process, or pre-hydrolysis nmay be forced during the

wo eo0ai0B3Bé on process. The al kyl noiety is eithePCT/US2005/031936
functionalized or non-functionalized and is derived
fromgroups of straight alkyl, branched al kyl, cyclic
al kyl and conbi nati ons thereof, and wherein said al kyl
noi ety ranges in size fromCl to about Cl8 . The

¢ : | : :
e R R S T
gdfdeal@byhylAefety is substituted or unsubstituted and

ranges in size fromC5 to about Cl8 Preferably the
treating E@Sﬁ@“ﬂ¥&émwﬁ&ﬁ%ﬁ@éﬁéhme, or, for exanple, a
nmononer conpound such as acetoxysil ane,
di acet oxysi | ane, triacetoxysil ane,
whSRIOXY 1 13, N tgRytlps iatedindspediatlyttaidil mad/oy hryl. | Bmes, surface
met hyl tri acet oxysi | ane, phenyltriacetoxysil ane,

mfidififation agadesligsiS&ne, net hyl tri et hoxysil ane,

' Y Me i diRdBGy sty lamREhM: &L BANMEY k@A iisocyante,
dgrr%%ﬁ@?%}?&frﬁe ox%}é’iqugne,y So}?rret hyl di et ho%r/sf%rlane, y
tiimethpistylirssdyantesi | ane, nethyl trichl orosil ane,

di met hyl di chl orosi | ane, trinethylchlorsilane,
net hyl si |l ane, dinethyl silane, trinethylsilane,

il i {0/ the inveaaaehas th
IIE?%%%m%{ﬂhﬁﬁidhﬁéﬁpﬁsuﬁﬁl&@‘i‘lﬁﬁé‘&dc@kﬁh@ sidvan as the

am no) di net hyl si | ane,
gbnesgldioshtplodimi no) di et hyl si al ne,
tris(dinmethyl am no) net hyl si | ane,
tri s(di met hyl am no) phenyl si | ane, ‘
tri s(di metgydier o) sil ane, di net hyl silyldifornan de,
di met hyl si l'yl di acet am de, dinethylsilyldiisocyante,
trimethylsilyltriisocyanate,

-tr.i met.hyl siko ng - 2- -4- = : :
RS 1 G Hit- o Ot by BfEed Babodiment Rejs CHe.
Tk Ghi-filhctiohall siEfabymsdilfight) drdgdam dhatude, e.g.,
trimethylsilyl propiolate,
methytsidjaresilape( t ri met hyl si | oxy) - acet at e,
nonanet hyl tri sil azane, hexanet hyl di si |l oxane,
trimethyl silanol,

In a more preferred embodiment, the treating agent includes one or more
organoacetoxysilanes which have the following general formula,
(Ry)xSi(OCORy)y

Preferably, x is an integer ranging in value from 1 to 2, and x and y can be the

same or different and y is an integer ranging from about 2 to about 3, or greater.
Useful organoacetoxysilanes, including multifunctional alkylacetoxysilane and/or

arylacetoxysilane compounds, include, simply by way of example and without

limitation, methyltriacetoxysilane ("MTAS"), dimethyldiacetoxysilane
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triethylsilanol, triphenylsilanol,
t - butyl di net hyl si | anol, di phenyl sil anedi ol ,

wo pooa®Bisexysi | ane, triethoxysilane, trichl or osPCEHDNS2005/031936 -

and conbi nati ons thereof. In one noteworthy

enbodi nent, the treating agent is
met hyl tri acetoxysilane. In a preferred enbodi nent the

treating agent is dinethyldi acetoxysilane. Additional

| . . ) . I C . .
(P RIRATI Sk TR g b AR B e Gpinacions
theteefit 6, 208, 014, incorporated by reference herein,
asdescri bed above. Such multifunctional surface
nodi fication agents can be applied in either vapor or
Theténthonehits ' ' indi oA0i? nts.
For ex arrpgllrl e ,apggk Ig g glﬁrﬂla%iré%‘bxlt %y%{el{lé;%lﬁa{h?ghﬁ?%é gk %’88 , 014,
@eaogilivaisraddss diedertdefilnavia siphitivn catsuelly pgsait $n thieltieating

Bl oaTRR DL PSS Sy

\??Fﬁ [RERHE More Wk SIHSrdrh 8bsik 1 %igﬁtqieréehﬂl%%%ﬁks (P&zeigﬁte

m and i ncl ude, e.g}., surface silanol's may condense
ReFent, eod st susily diest aboytid weight Bre@it(tOBb@)t 30-weijiitqressient.
x =1-3, and each R is independently selected nvieties,
such as H and/or an organic noiety such as an al kyl,
Hteytteating dgent vatpygtordtheh beReins W 8RivAtihS agdht MdWe.ant he
al.kyl noiety is optional|y substituted or ’
GHEtIBEaeeni Bich may beap apid, & bassi heniumrcomypesdd,.or dehydrating
| ] p , | jze. from Cl t.o .about
R & ByarBRite PRl Aol BRASE, et 65l Pt Relit
aﬁlines\/\hmmoﬁ%ﬂm campbll,mdshﬁloaphdnilﬁﬂ ic&h)z&mﬁ{cﬁf Qilfatum y
consists.of a single aromatic ring that is optionally
CQH}BQPIP‘{SU{OSGHB‘FH %@%%ﬁﬁ’thyfl@éf}deﬁiﬁlg‘?@@@eémd falidese from
(End1fea BBl Fo¥:L r v _from
SR Athe 596, andop it RS TRFARLET Rl pl AP
vehittemey barlklyl amines, aryl amines, alcohol amines and mixtures thereof

which suitably have a boiling point of about 100 °C or higher, usually about 125
°C or higher and more usually about 150 °C or higher. Useful acid activating
agents non-exclusively includ;: hydrochloric acid, sulfuric acid, nitric acid, boric
acid, ethylsulfuric acid, chlorosulfuric acid, phosphonitrile chloride, iron chloride,
zine chloride, tin chloride, aluminum chloride, boron trifluoride, methanesulfonic
acid, trifluoromethanesulfonic acid, iron chloride hexahydrate or combinations
thereof. Useful activating agents which are dehydrating agents non-exclusively
include phosphorous halides, phosphorous pentoxide, phenylphosphonic

dichloride, and phenyl phosphorodichloridate, and combinations thereof.

Useful amine activating agent include primary amines, secondary amines, tertiary

amines, ammonia, and quaternary ammonium salts. Useful amines are
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- Iy

I n anot her embodi ment, al koxy silanes may be used as
the treating agent, e.g. suitable al koxy silanes such

wW@3006t083886 N R are i ndependent|y sel ect ed noi et PEFUSEN®B1936

as H and/or an organic noiety such as an al kyl, aryl
or derivatives of these; R are independently selected
al kyl or aryl noieties. Wien Ror R is an alkyl, the
al kyl noiety is optionally substituted orh |

nched or
OB e o e ki Bl e, BIAPOCoBiclemipsy
€r8sthylengperiatidne, Hﬂmmmoahmyeéthauﬁﬂr,l g-(by om ClL % 0 aglout
C8. en Raor R s ar noi ety preferably
%ng\s/%?'gmé‘?&ﬁ@ﬁﬂﬂla@dé?%ﬂ’é?sltger@ g that is optionally
substituted or unsubstituted, and ranges in size from
C5 to about C18 , or greater, and nore preferably from
I3 desireherabodigient of the inmnthmr the petivating bhent@oiipriedy et y

d dent |
e BB SRS ettt DGy R icRRE aitsic by dappinctioes or
tereby @th%ﬁ&tivﬁﬁﬁ@ﬁ% ntﬁh@l\ﬁﬂéi%dhﬁlﬁ% didkideCaSun? ﬂgeﬁfdﬁ

organi c. In one enbodi nent, groups are
RiEpsEIm hydrmd@athtbwm hisdn@ﬂé@: @dmnlmbnma:t hxdno;agenifhe s

t h nbodi
T M A -
efdroan abot Or0MON aveﬁ)éht E&@eﬁﬂ‘ﬁ%ﬁao& 10 W‘t’ﬁ@l’iv\ﬁﬂefbeﬁt‘ mord usﬁfﬂ&e

{ ndependently H, al and/ or agé en any Rare
BOIHrQaQOer%lglyq perqent fraboet I weigbhberdénpandsnos uswally from

nd R3 are both
%Ege&%%e{@?&%n%%%ugﬁfwm Iheéceggents i ncl ude,
eg , trls(dlnethylamno)nethylsHane :

s di net hyl am nQ) phenyl si | ane, and/ or
HNGRIPY FARPOD ‘ngnﬁ es 4 spl vt canable, ofdokbilizing with dhe

c%keﬂ)%)gﬁgrft c y%?fo e%lr riat 1?%; ﬁtmg silanol moieties of the organosilicate

ghass dlﬂmmwﬁhnmwmmlﬂlyfaﬁbh,ydrﬁlthmmivaﬁmgjagent.

- In one embodiment, the solvent comprises a solvent or a mixture of a main

solvent and a co-solvent, which mixture is capable of solubilizing the component
capable of alkylating or arylating silanol moieties of the organosilicate glass
dielectric film via silylation and the activating agent; and which co-solvent has a
higher vapor pressure and/or boiling point than the main solvent. In one
embodiment, the main solvent has a boiling point of from about 100 °C to about
300 °C, preferably from about 110 °C to about 250 °C, and more preferably from
about 130 °C to about 180 °C. In an embodiment, the co-solvent has a boiling
point of from about 1 °C to about 100 °C higher than the main solvent. In another
embodiment, the co-solvent has a boiling point of from about 10 °C to about 70

°C higher than the main solvent. In another embodiment, the co-solvent has a
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bi sdi et hyl am nodi net hyl si |l ane. In yet another
enbodi nent, a suitable silane according to the

WO pwe/083i8e6) has t he general formula of RxSi ( ONeCRRS)005/031936
4-x or RxSI[OC(R )=R'] 4-x wherein x= 1-3 and the R
groups are independently H, alkyl and/or aryl, R my
be H3 al kyl, aryl, al koxy or aryloxy, and R' nay be
al kyl or carbonyl . Thus nodification agents include,

q%%lﬁilgeqqﬁdgﬂo% Lisddeh iy ke Lkl ‘S@beﬁgg}%% &la!n@ﬁ@m@fn sdivent.

pent-2-ene-4-one re ctively .In yet
anot her enbodlnent a SU|tabIe S|Iane accordlng to the
invention has th %fner fornul a f RX Si

e splvspispdyais s t &gy Be-one P OTpkefppgs, gt peeste
RO bl i st
théereef hkafinl yh s‘ob-rentsmoaieqxcb,]srvsb/hytlsdd: ipeitanencadt de,

SR Sk S AR TR bR A e

E@ﬁpgﬁ&‘ib&gbﬁlguéﬁqhéﬁypntl on has the general formnula of
RcSi A 4-x wherein x= 1-3, is H alkyl or aryl. In one

preferred enbodi nent, Rx is CHS Thus tri-functional
ﬂyﬁc dslf g#ec ﬁt r:ngﬂge gtfx aget Qace ealt'epr eeft@rl %{e:e oace a(‘ged t-rlr)él 3
dcb®atdipal 2-ﬁﬁ:t}ﬁb§k?éthyll deelodctesic QNG etdaE®te, benzyl acetoacetate,
f&gﬁ%%;%f tZO()éylfdtoygfg’?hsc’)x;V)heI&fyT ache%e\técg r}hgrelth];floeltcle?a\@é 3 u gxnyee’th%rll
acetate, 2-ethylhexyl acetate, alpha-methylbenzyl acetate, dimethylsulfoxide, N-
methyl-N-methoxyacetamide, N,N-diethyl-2-phenylacetamide, N,N-
dimethylacetamide, N,N-diethylacetamide, N,N-diphenylacetamide, N,N- -
dimethypropionamide, N,N-dimethylisobutyramide, 1,2-dichlorobenzene,
chlorotoluene, 1-hexanol, 2-ethyl-1-hexanol, 5-methy1- 1-hexanol, 6-phenyl-1-
hexanol, 1-heptanol, 2-heptanol, 4-heptanol, 4-methyl-3-heptanol, 6-methyl-2-
heptanol, 2,6-dimethylheptanol, 1-octanol, or combinations thereof. Preferably
the co-solvent comprises ethylacetoacetate, dimethylsulfoxide, 1-hexanol, or
combinations thereof. Preferably the main solvent is present in the mixture in an
amount of from about 0.1 to about 99.9 percent by weight of the miscible mixture,
more preferably from about 50 to about 99 percent by weight of the miscible
mixture, and still more preferably from about 70 to about 97 percent by weight of
the miscible mixture. Preferably the co-solvent is present in the mixture in an
amount of from about 0.1 to about 99.9 based on the percent by weight of the
miscible mixture, more preferably from about 0.5 to about 50 percent by weight
of the miscible mixture, and still more preferably from about 1 to about 30

percent by weight of the miscible mixture.
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(ROXSi (OCOR2)J Preferably, x is an integer ranging in

value from1l1l to 2, and x and y can be the sane or
waledobesmaé and y is an i nteger rangi ng from abpor/Uu2008031936

about 3, or greater. Useful organoacetoxysil anes,

including multifunctional alkylacetoxysilane and/ or

aryl acet oxysi | ane conpounds, include, sinply by way of

exanple and without limtation, nethyltriacetoxysilane

e R At o SRl s b S g AR cPposition ey b5 4
aaitAndbPhen)Hbe e & eighs btraae t@abbit 901 Weighiosscdnfeicof .

The conponent capabl e of al kylating or arylating

uspallyifsom pbpet Jleweight Repeenbiogdrbs?9 Weiehepegrenisand most
Bl Bon 10t heokl B8k O vt Bherte " B3Pt T
eatbodimént bf e ighéntioa the micating apentidoniiitivaiigtitdeer cent ,

nore ysually from about 1 weight percent to about 50
SRSt Ca) splviRy Suc ﬁasm‘fﬂ%gﬁ%ﬂ%&gﬁ &Plﬂﬁlﬁabout 3 wei ght

percent to about 30 wei ght percent. The treating agent
conmposition then contains an activating agent may be
Qutiomelly, he treafinzgernt oahipobitinmynchelean caobsipn amhizise, sush as

i un; d,..a dehydratj ent, a h i de, or
G RLoR WaiPh SRelick B bieSnse ity gl berieirgle
t8If1tA85le, AHRBMYB NG ORPALREE ThE REZEHSN kB loyed,

_sul foni um conpounds, i odoni um conpounds, hydroxi des,
iahkaly pessentduithe theating egent spmperitien msan amdunt of fibmsaboaind

C I natj ons erneo Included are activatin e
SHOBRPRE IRER0L 10 1B e o faisual R PO B
vadight Perdet ©RbORET Refghvvbirdht Sl tndddk Msﬁhﬂ?ﬁﬁcﬁ\n BSdt 0Mweight
poi nt of about 100 OC or higher, usually about 125 Oé
psreent igidpuhweigbt perggiial | y about 150 OC or hi gher.
Useful acid activating agents non-excl usively include
hydrochloric acid, sulfuric acid, nitric acid, boric
The treating agent composition is formed by blending the selected components

into a mixture. The treating agent composition contacts the damaged silica
dielectric film as a liquid, vapor or gas, and/or plasma. Ifin the form of a plasma,
the plasma can be derived from a silane compound, a hydrocarbon, an aldehyde,
an ester, an ether, and/or combinations thereof. The terms, "agent” or "agents"
herein should be considered to be synonymous with the terms, "reagent" or
"reagents," unless otherwise indicated. Optionally the treatment further comprises
the subsequent step of removing unreacted treating agent composition, reaction
products and mixtures thereof and/or the subsequent step of heating the increased

hydrophobicity organosilicate glass dielectric film.

In yet another embodiment, a wet clean using chemicals such as AP395 or dilute

HF is performed after the bake step in the above-mentioned embodiments. The
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acid, ethylsulfuric acid, chlorosulfuric acid,
phosphonitrile chloride, iron chloride, zinc chloride,

wo 2ov6obdsas | de, al um num chl ori de, boron trifl upeT/t82005/031936

met hanesul fonic acid, trifluoromethanesul fonic acid,
iron chloride hexahydrate or comnbi nations thereof.
Useful activating agents which are dehydrating agents
non- excl usi vely i ncl ude phosphorous hal i des,

BB B 2t S RS AR ORER G e b
Uheegaf low-k dfeldctdninariabtaiftepsttingndbghnire prab tslgitdkibyahy

am nes, secondary am nes, tertiary am nes, ammoni a,
WRrlepnAzerts ok ke At sRgent digpiment sigifiganthimmsqves resistance of

ﬁé?&Qmﬂﬁggaﬂgk?gﬁgﬁﬂWQMggngﬂpIanine, tri et hanol ani ne,

nonol sopr opanol am ne; tetraethyl enepent at ni ne,
2- (2- am noet hoxy) et hanol ; 2-(2-
Bepandaighopl theprepsst fiema coppet suifaceumeys be bgposed duting the

50 Se Rr T e b RN SiklSedibiol ¥ Kibing
hetve ARIMe M UBP ek SRt @b %vele Ele&POd 1Y lieﬁ’ﬂ)zle LhRg teefion

Q her activating agents include sodi um hydr oxi de,
predudl betwesn drehidiag agsot agkin axphsedreoppatesurfhee. Bpeeifically, a wet

d id [ h i de. .Th tivati t
G it R 30 BT o o o i e e e
sufaddithatRypaéviedsly exipseDRU tréhtild Qocht Wehtent REHE BIMDAS.
about 10 wei ght percent, nore usually from about 0.001

wei ght percent to about 1 weight percent, and nost

Asbeadihprein.dhe tepuimetald meges Gnte Penentnthat aredn dhe d-blogk and
BB BTSRRI RO GRTEEE g v
weapbkepiopeipsisueh af sikitdaydndtgengardtimarAs wed hereli, tndirase

IR M T

&phad blﬂ’?&ﬂndiaﬁgtn}glie %Qé:l&?s%f tHOSBRESE A Puse@ ¥R, 1 piftase “f-

m xture of
block” means those elements that have electrons filling the 4f and 5f orbitals

surrounding the nucleus of the element, including the lanthanides and the
actinides. Preferred metals include indium, silver, copper, aluminum, tin,
bismuth, gallium and alloys thereof, silver coated copper, and silver coated
aluminum. The term “metal” also includes alloys, metal/metal composites, metal
ceramic composites, metal polymer composites, as well as other metal

composites.

In yet another embodiment, the wet clean can be performed before the bake
process in the first contemplated embodiment. The high temperature bake step is
performed after the wet clean. An advantage of this method can be that the wet

clean can remove excess treating agent and any reaction product with any exposed
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sol vent and a co-sol vent, which m xture is capabl e of
sol ubil'i zing the conponent capabl e of al kylating or

wa@eybasiseg sil anol noieties of the organosili cetPUS085631936

dielectric filmvia silylation and the activating
agent; and which co-sol vent has a hi gher vapor
pressure and/ or boiling point than the nmain sol vent.
In one enbodi nent, the main solvent has a boiling

nt of fro A ut 300 C ably
Bl IR e B B S sBLRLRLEP
Ibtvervélile cothBOndis in(lhabfélﬂctrﬂo&ﬁat@ﬁfal anfl a&i[baﬁgp&ﬁjpﬁﬁﬁirface.
the co-sol vent has a boiling point of fromabout 1 0C

Bothgpwpsult gpamiompyielong kam rebabilifi n sol vent. In
anot her enbodi ment, the co-solvent has a boiling point

Iﬁfangﬂlgfr%c\ﬂ;llgéhtfﬁlal%g 691@0& R Oaﬂtadéglogﬁ Jéh?{l’ﬁﬁoﬁ Q?&I d Ii@? -

mali n so n anot r ‘enb e co-solven
408SC dilomi 1 i nng tpt2(hinimfs performablofore2he Q€ting agbmTAJ0 0C

hi her t he sol vent. The solv S
et TR b RBIYel s eadrarted 1o Gieamhesd
15w %ee@enﬁemeba%%ﬁsw%&ﬁmé dlaea Fgﬁor AR agent

am des, and conbi nations thereof mai n sofvénts
mmMnexemubﬁvheyemhthEEKﬁﬁﬁmnVanone, 2- hept anone,
gannabutyrolactone propylene gl ycol nethyl ether

acet i nations.th

B plbhe 8 b BEh e B TRl BomS i § mhlidgdby

d@bﬁﬁ% tRGeihaAC@imdded &géﬁ@éﬁbat@?@%@&%ﬁ&@fcﬁlm to a plasma
oxyet hyl acetoacetate acet oacet at e,

Wligh 8 desived Gameanytad thandhoye n@@é@@ﬁdetreatmg agent. In a typical

;% %e%{:&; ;h%ﬁ%rrlggff%%tgt Ii%g QI%?Q%L?(‘}TE n;(f}%ﬂ;%‘oeﬁ %fn gfa‘g}rﬁ ggneratmg

ace

chbber, sidhhaslaysasayd erﬁn@ﬁéeﬁkﬁemiﬂaﬂ%ﬂ@)( depdstivnl (BECVD) system;
Nmret hyl - N- net hoxyacet am de,
the KeRgr € ﬁwatm&ﬁgeawoawsawmed afgoRGER Hg Pased Hrpesh the

W@E’%l pr opl oné’?nﬁale%m g&ﬁg}ﬁ{g@?l Sobu?@ggomcrgatea

plastaag ilehdrgorogrmnig eretided to help promote the formation of plasma. The
plasma is composed of ionic fragments derived from the treating agent
composition; for example, the ion fragment CH3Si" is generated from
methylsrlane (CH;SiH3). This fragment reacts with silanol groups to form
hydrophobic Si-CHj3 moieties. Any of the above mentioned treating agent

compositions can be used for this plasma induced surface treatment.

Other suitable treating agent compositions for a plasma induced surface treatment
include C; — Cy3 alkyl and aromatic hydrocarbons. The most preferred
hydrocarbon is methane. Other reagents for plasma induced treating agent
compositions include aldehydes, esters, acid chlorides, and ethers. Suitable

aldehydes include acetaldehyde and benzaldehyde; suitable esters include ethyl
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chl or ot ol uene, 1-hexanol, 2-ethyl-I|-hexanol,
5-net hyl -1 - hexanol , 6-phenyl -1 hexanol, 1-heptanol,

wWQ@20ve/08mB0! , 4- hept anol, 4-nethyl-3-heptanol, PCT/US2005/031936

6- net hyl - 2- heptanol, 2,6-dinethyl heptanol, 1-octanol,
or conbinations thereof. Preferably the co-sol vent
conprises ethyl acet oacetate, dinethylsulfoxide,

1- hexanol, or conbinations thereof. Preferably the

in [ vent, 1 e | . e ' f
o 5 e b ool B 14 i Aok 10l el cBISRLO b
behst chlogids] anldsuiablerethersinebas dibihyl éthamandlnisble5 . wide

about 99 percent by wei gh f i sci bl I xt
VeV OF SElonuHiet prENGP T Siet (BIR BB SLIES IR g o1
@%@&&%g% ??/ese ts@éﬁ‘is R So Eﬁ_lﬁﬁ'dﬁbﬁs’t_@aﬁ Whers, RicafRhiapl ¥

I's present in the mxture in an anount
GysofitohB siloptotredisttasherpBEC VBOdiolebtais aldpositivthsysisarscunl as

(5 SppiBMerceial 5Dt araoB® o Sy I e drople the
c?h?igbgiﬁ)r MeXS1aria prdB&hs Bkd WithiRBhSfoMo®fiif ARL: Ehambeabout

_ out percent by vvel\ght of the m scible
températuee, PAE to d601C; Rfopawerof 0W dp 1 80A Wpekaseler pragsurpe).05 to

(b3 DR mESTRRE crie T 8 B8 SRS by Elgon

19RF £1td1 2081 2000 s6dmh;aBeH badlowedt U@?il@@lﬂycﬂgbn)t POGBDODsRth.
wei ght percent, and nost usually Trom about 70 wei ght
percent to about 97 weight percent. In another
Hrbodianenil apprechate thattbe itivention iselworeoatemplptedytorgncompass

coppesi t.ion jncludes,a su criti.cal,.solve

SR e e PG APy aese st it s BEER g
AR hoRUTBRS Wite@Rr H41RAdedRS ndt, B9 agﬂ&iaaen bfhie bbb as-desstibdl
as a corrosion inhibitor which chelates with copper.
rSesoin sveface treatmgntsh Migeoelactipnic devices, ypabrassemicendugior

SRR T UBFREHRRL 15 APLL B B e
iaodAea! t AORidréel @froaitienice dlayf eqitoddred by a process comprising:
a) applying an organosilicate glass dielectric film onto a substrate; b) forming a
pattern of vias and/or trenches in the organosilicate glass dielectric film, and
subjecting the organosilicate glass dielectric film to at least one treatment which
removes at least a portion of previously existing carbon containing moieties or
reduces hydrophobicity of said organosilicate glass dielectric film; ¢) contacting
the organosilicate glass dielectric film with a treating agent composition at a
concentration and for a time period effective to increase the hydrophobicity of the
organosilicate glass dielectric film, wherein the treating agent composition
comprises a component capable of alkylating or arylating silanol moieties of the
organosilicate glass dielectric film via silylation, an activating agent which may

be an amine, an onium compound, an alkali metal hydroxide, and combinations
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WOR0gl0838per cent ,

0. 001 wei ght percent to about 10 wei ght percent, nore
usual ly from about 0.01 wei ght percent to about 5

percent to about 1 weight percent. The treating agent
conposition is fornmed by bl ending the sel ected
conponents into a mxture. The treating agent
conposition contacts the danaged silica dielectric

' . / I I f i
RO 3P Bl AR o R S5 s PR W s
silveanas kiswfpajwvé oreorily 8 b@@@lﬁzaﬁras listed abeiad) Y, optionBt er ,
an. et her, and/ Qr ,conbi nati ops thereof . The t erns,

ba&@}%&ﬁ froai aboyty 8H 'S to AU SA0 36 gn arone] Gassendsearanre o Inane

un ess of V\% Ishg& :%E %)lg%t e%ea“%g %ngpefa%te he ?&gl% rgmmn%o C
ﬁ)LabbllrtGiSO(f’@fTﬁr arsxtiser tehbodinteme e etivig mh}ébe dbnd &nEMpdgtures of

t t t1on
o aReRS 08rs” i st S8 R of B anaien GRbidiesibspaane b

Rt féﬁnﬂ%ﬁﬁﬁﬂeﬁ‘ 8f FrBﬁl db@ﬁ{ fﬁs%‘jt(h F BAPRE Chfioh heating may be‘

organosi | i cate gl ass ctric fi I'n yet ano
dorm doli fremtapowt me'itecmideam mese, rpgefetablyi foafrensabolt 43 sedPR®S0

te HF forne fter the bake step in_the
Sonthd Hufek b B3L80 Rl b he R LS e i e
BYdHR R tREW kAP B the 881 shdefed @)r&}iuahmf ﬁtﬁb% &ling iR ASh o an
Untreated lowk dielectric naterials after etch and

aalghalmgetrq@ﬂnﬁé {wong erakddilynt; armeaking whphe da@ﬁelvu beatifip the

t t treatnment, si L
4R 5} BehuRRGes REERITRUL AP Bk BN oS0 Pl hener
&ﬁt&ﬂ&ne@eﬂﬁﬁdlh@m@yl bé Benaty @ity fHeQitica a@féﬁﬂﬁfat&‘é& bace
may be eogosed dur the treating agent tréatnent,

fé@’ﬁébq’%?i I toyabeub i Simiencaling maybaduictpofiomabout 10
ge‘? \glt@gb(ﬂﬁ%b\ﬁfﬁngg&de from copper surface, the wet

ean can al'so renove any reaction product between

treating agent and an exposed copper surface.
ﬁpec Ifically, wet

e microelectronic devices, dielectric layers and materials may be utilized or
incorporated into any suitable electronic component. Electronic components, as
contemplated herein, are generally thought to comprise any dielectric component
or layered dielectric component that can be utilized in an electronic-based
product. Contemplated electronic components comprise circuit boards, chip
packaging, dielectric components of circuit boards, printed-wiring boards, and

other components of circuit boards, such as capacitors, inductors, and resistors.

Electronic-based products can be "finished" in the sense that they are ready to be
used in industry or by other consumers. Examples of finished consumer products
are a television, a computer, a cell phone, a pager, a palm-type organizer, a

portable radio, a car stereo, and a remote control. Also contemplated are
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cl ean using AP395 can cl ean a copper (or any suitable

metal or netal alloy) surface that is previously
wexpessis3¢ 0 a treati ng agent treatnment usi ng DMDEBS2005031936

used herein, the term"netal" neans those el ements

that are in the d-block and f-block of the Periodic

Chart of the Elenents, along with those el enents that

have netal -1i ke properties, such as silicon and

er mani.um, _As. used -herein.,.the rase."d- bl ock" ans
R R RS L Sl o S P ing: Srcey R
Hieht a@%t&ﬁhaﬂfbﬁﬁ@édﬁniﬂ_iﬁd}@w fHdnest he nucl eus of the
el enent. As used herein, the phrase "fbl ock" neans

t hose elenents that have electrons filling the 4f and
ElecyppicPEpAICKUPRL YR FPRPFe PigiobMmgSoBtpone, &lagssises of

[ j ' tinhdes., Pr d
BN IR o) RO R i SRe R MU A Bl b
bt sy hbt cogédih all of tredicalal cytspdrkatséattndesl ih wefinighedtpestiuct,
copper, and sigver coated alum num The term"netal"
SR PIoRRaY BYGAREIS ShERRIMERS 8 AtsepBEvciaskout péeamposite

RREGH f &8&%8%%8@ thiBiflal quéafgf&{ otgg{g@hagé&ng% ggﬁlﬁe%;[rl’g

as other netal conposites. In yet
ithgallygested. eBleciramic peoduetsfand nedphehtsraay femiyddedaprat ess
inthE{irsa contenpl at ed. enmbodi nent. The high .
PHfpEratiPied GIRRONEI, 2nd Coraponsnivdhatare Bmipgied {opreparation
€dreRdin e cafpamMeLpRldutii s method can be that the wet
cl ean can renove excess treating agent and any
reaction product wth any exposedcopper surface,

Bhe &llowing nen-limitingeradtplésservedo Hhistatortbe myentiokhi s can
result in lower volatile conponents in the dielectric
mat eri al and a cl eaner copper surface. Both can result
in an inpr reliabilit
cont enpl at egrediodi-wEn EP2 @ NANE ) GBI &L
bake at 100 - 4000C from1 mn to 120 mn is perforned

?.%% & 1RSofutiBRALY E@raﬁ%ﬁ{%mﬂrx@i)num acetate (Aldrich Chemical
Company, Milwaukee, WI 53201), 44.24 g of 2-heptanone (Ultra Pure Solutions
Inc., Castroville, CA 85012), and 4.49 g of dimethyldiacetoxysilane (Gelest,
Tullytone, PA 19007) were mixed together in a 60 ml particle free high density

polyethylene bottle. The solution was mixed vigorously for one minute. After
mixing, the diluted precursor was hand filtered to 0.1 pm using a teflon filter.
Approximately 2.0-3.0 ml of the formulation was deposited onto an 8” etched
(C4Fs; 20s.) & ashed (plasma O,; 20s.) carbon depleted porous SiCOH film
(~4000A thick NANOGLASS-E®). After deposition, the wafer was spun at 2500
rpm for 30 seconds to form a film. The films were heated at elevated temperatures
for 1 min. each at 125 °C, 200 °C and 350 °C in N, ambient.

The following results were observed:
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treatment. The dehydration bake renpves any noisture
adsorbed in the damaged | owk dielectric. Renoval of

woRiossdses from t he dielectric prior to treati NBCERYSI005/031936

treatnment renders the treatnment nore effective. In an
alternative enbodi nent, the treating agent conposition
is provided by exposing the etchant-damaged
organosilicate glass dielectric filmto a plasm which
is derived fron1any of the above menti oned treating

agent . | prp—typical—proced “r“°"tfﬁ+ﬁ
gl ass di N@@#H“Em?l?tl %}?}gﬁ%ﬂhg‘e( ot '%td $ ‘gdaér af
chanber, [such as a pla FPhancashdhbhi ¢al
depositl)n Digtepimy s;steaﬁ4the vapdid8of @ tr2a8ing
agent comp&®nstamintkang ar gon vapor are pasgsed through
t he pl asmeFpR€HA8iONng chanber; [t hen an RF enerigy
source i$ actpesgted to create a plasm; the argon gas

i s includedshpiBglg promote the formation of plas

The pl astra—Ts conposed—of—i oni ¢ fragments derived from

T SgRE VR0 GIRERELp s debRTG Pamenf e

ambﬁhg”gﬂw@kﬁragnent reacts with silanol groups to
f orm hydrophobic Si-CH3 noieties. Any of the above
ac

%ﬁf@lmag tosulit Wary bgerved:ddaddd B2 tddansiet 96Q f or

asma i nduced surface treatnment. Qther suitable
treailng agent conpositions for a plasma induced
surface treatnent include C1 - Cl alkyl and aromatic
hydr ocar bons. The nost preferred hydrocarbon is
met hane. O her reagentsgho{pplgsma i nduced treating
agent conpositions include al denydes, esters, acid

, hers. Suitabl e al dehydes |nclude

Q? +I§igganibenzaldehyde sui tabl e esters include
et hyl acetate and met hyl benzoate; suitable acid

001964 asmenlandtodaR! eﬁéEtaEé'"ﬂA%ﬂl&ﬁCl@é?ﬂcQ%}BaI&hNﬁMa@ﬁee

and suitable ethers include diethyl ether and anisole.
ANIig3381), were added to 1.247g 1-Hexanol, the mix was stirred until
dissolution, then 44.24 g of 2-heptanone (Ultra Pure Solutions Inc., Castroville,
CA 85012), and 4.49 g of dimethyldiacetoxysilane (Gelest, Tullytone, PA 19007)

were added in a 60 ml particle free high density polyethylene bottle. The solution

ng

was mixed vigorously for one minute. After mixing, the diluted precursor was
hand filtered to 0.1 pum using a teflon filter. Approximately 2.0-3.0 ml of The
formulation was deposited onto an 8” etched (C4Fs, 20s.) & ashed (plasma Oy;
20s.) carbon depleted porous SiCOH film (~4000A thick NANOGLASS-E®).
After deposition, the wafer was spun at 2500 rpm for 30 seconds to form a film.
The films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C

and 350 °C in Nj. The following results were observed:
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variety of single wafer or multiple wafer (batch)
pl asma systens can be used for this process; these

WG y®ho83836 ncl ude so cal | ed downstream ashers, BODOSHS5/031936

the Gasonics L35 10 photoresi st asher, PECVD
di el ectric deposition systens such as the Applied
Mat eri al s P5000, or reactive ion etch ("RIE") systens.
Broadly, the conditions for the plasma process are
wi t hi n trhe-foltow i o QeI T ETPELAL . 120C
to 45(1)(:;%%& o 509\%[0 q)ﬁé&%&%‘%r p?%égg&?e
0.05 to 10Q torr—pl asA@ll Feattreht—tihe-5-seconds to
5 minutds; LKECEls face rodi fi dat | dri% | ow rate;” 109 -
2000 segmConstant ((gas| fl ow ratd (typicallly argon) |100-
2000sccm FTHR CAF/BiGan wi | | apgreciate that the
inventign ispahlso contenpl ated to enconpass net hods of
I npar ti ngréstdixisgphobi ¢ surfage to silica dielectrjic
films, porous and/ or nonporous, whether damaged or
L g6 | ARV FadiEspiobitdd o ARMked
Ig%rsfugg%r\?&E%Pﬁ%%nggf%{eg%%@lect r@%i o delvi (’:g%, such %s
@oriue 8N Bisokater. Deviollewingrresuls weae obsectadr KdAUBI32PDebas e
met hods. are al so,apart of the present invention. A
Q’?‘@F%e@zécﬁ%o‘iﬂ“@séfé‘%i'ce may be produced by a process
conprising: a) applying an organosilicate gl ass
dielectric filmonto a gt g, b) formng a pattern
of vias and/or trenche§E¥%3?%€_ﬁrganosiIicate gl ass
jelectric.film and subjecting the organosilicate
ii“.n&eggvtsﬁlﬂxé‘%t ric filmto at | east one treatnent which
renmoves at |east a portion of previously existing
carbon contai ning noieties or reduces hydrophobicity
0 120gi tetramethylemimaniem acejita £41dgich (henyi¢ad Gompapy.dYlilwatkee,
ting t [ L4 ' i & fidl m.
SReR2ED: Pena e lo e e e iR, eSS il

AR Itn, theh 4aR4nesf Dheptddoas (Ukte e Solutieaskct, Wastroville,
dr ophobi ci tg of the organosiljcate glass, diel egtlr9i087)

h . .
ERIGT mhenbt 4 s e digeagEnne (g Tbone, B
were added in a 60 ml particle free high density polyethylene bottle. The solution

was mixed vigorously for one minute. After mixing, the diluted precursor was
hand filtered to 0.1 um using a teflon filter. Approximately 2.0-3.0 ml of The
formulation was deposited onto an 8” etched (C4Fs, 20s.) & ashed (plasma Oy;
20s.) carbon depleted porous SiCOH film (~4000A thick NANOGLAS S-E®).
After deposition, the wafer was spun at 2500 rpm for 30 seconds to form a film.
The films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C

and 350 °C in N,. The following results were observed:
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conprises a conponent capable of al kylating or

aryl ating silanol

waele@bmaissé ¢ filmvia silylation,

whi ch may be an am ne,

noi eti es of the organosilicate gl ass

an acti vat i ngP@n®R1005/031936

an oni um conpound,

an al kal
and either a

SJI

or
60

nmet al hydroxi de, and conbi nati onst her eof;
a cosolvent as listed above, or only a co-solvent as
| i sted above; then optionally baking at from about 80
one enbodi nent, baki ng may be done by heating at
t enper at ungasdterhdr®N| FReWkch® DRodtEaPQ %@t@& n
t enper atr onyab 100 0C abopt—%4
yet anot he EBle(f c(%ﬂ(f nt, Tieating nmay be done %}55
Qn Qn T A v
Such hea S@é done for firom about ;O sé onds
mor e, prefer d5P
Testonatien, %t ep is d) flilling thelvias and/pr

trenches with a nmetal by any nmethod known in the art;
HfodpRge shlxva@ea’fh@mfo% VlIESv@E obSIRET: RUUA 853 dzaf)efeaom
about 150 0C to ab out 0 0C. In another e
tenperatures of from about 200 OC to about 250 0OC,
Anneal i ng may be done for from about 10 seconds to
dielectric | ayers and 4may be utilized or
i ncorporated into any suitable electronic conponent.
general |y thought to conprise any di el ectric component

yered dielectric conpon at can be utlllzed
H18856 BMNvEreCRITBE RS 25 219 U h8&osdlelabd! e Bﬂ%gssstir&'ai il
dissolution, then 4.49 g of dimethyldiacetoxysilane (Gelest, Tullytone, PA 19007)

m sci ble m xture of a main solvent as |isted above and
OC to about 500 OC for about 10 seconds or nore. In
anot her enbodi nent, heaishrgpney bengppe
t enper at F’ about—125-0Ct-o—abol
t
: for|from about 10 seconfs to about
m nut es.
o Sﬂg{a% 2804 bl e PombEEom b %ﬁ%ﬁ%ﬂte ﬁﬁ%ﬁ‘ﬁgfkﬁ%y

Bemsityl 1 7g88fagounts/cohe by heating the device at

about 60 m nutes. The nicroel ectronic devices,
EthgbAcgoaetatonponent s, as contenpl ated herein, are
SR Erare W‘Bﬁ%&cﬁﬁ‘&&é Hch Milwaukee,
were added in a 60 ml particle free high density polyethylene bottle. The solution

was mixed vigorously for one minute. After mixing, the diluted precursor was
hand filtered to 0.1 pm using a teflon filter. Approximately 2.0-3.0 ml of The
formulation was deposited onto an 8” etched (C4Fs; 20s.) & ashed (plasma O,;
20s.) carbon depleted porous SiCOH film (~4000A thick NANOGLASS-E®).
After deposition, the wafer was spun at 2500 rpm for 30 seconds to form a film.
The films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C

and 350 °C in Nj. The following results were observed:
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resistors. Electronic-based products can be "fini shed"
in the sense that they are ready to be used in

i ndustry or by other consuners. Exanples of finished
consuner products are a television, a corrputer a cell

phone’ a ager a—bal 'n_t\lnn or ggnL-lar nortabl- a
radi o, a e?ﬂlé?né%lt  Rae-Bichedio 0%5‘??4& " AospTA
contenpl a ed are"int ef n#hAbR" pr dehdbR slich HD
circuit bparBleattit p pack&dt ng, ancB k®&yboar ds2.8hat are
pot enti al | yCohsthnt{kY [ n fini shed products| Electronjc
products NBRTIRIGY/SEONPri se a prototype cofrponegwt, at
any stage| of dgyel opnent from conceptual podel to
final scal geypraliBglosup- A protofype may of may not

contain a ot —the—actuat conponents T ntended—ma

el atan: By > 88 R o BrOLRLA ar o Tiimsner p baked

NSt6 ah 8P Si-vaBrd®he floRgaRfeBultshdrt obSirid RIKIEA D et BefRbt
ot her conponents while being initially tested.

EPewsityod 3%%@@&/@nand conponents nmay conprise

| ayered materials, |ayered conponents, and conponents

that are |aninated in preparation for use in the

conponent or product. The_faql i_ng non-limting

exanpl es serve to ill ustﬁ—&é&l—éﬁé&i nventi on. EXAMPLE 1

(2- HEPTANC]\IE + ACETI C ACI DI ' 1.257g of 1% sol ution of
Pg ghlyigwigreat e (Al drich Chem cal Conpany,

Mlvvaukee W 53201) 44 24 g of 2-heptanone (Utra

P ez@aietramemylahnlctommﬁasétme\(Mdr&h Can88) Cmpaapdvidlwhlkee,

h | Cel Tul
D750 [epeleAthien @ Jody B mmet ST g8 tsapiy e rrcgaintil
halggbllgtf‘dﬁs bk 4R914Y, M‘Z’ h 5109195{} tha Ptﬁggoﬁﬁ’lloﬂé RN MRRoville,

m xed Vi gorously %eor 0
CA 85012) and 4. 49 gof dimethyldlacetoxysﬂane (Gelest, Tullytone, PA 19007)

were added in a 60 ml particle free high density polyethylene bottle. The solution

was mixed vigorously for one minute. After mixing, the diluted precursor was
hand filtered to 0.1 pm using a teflon filter. Approximately 2.0-3.0 ml of The
formulation was deposited onto an 8” etched (C4Fs. 20s.) & ashed (plasma Oy;
20s.) carbon depleted porous SiCOH film (~4000A thick NANOGLASS-E®).
After deposition, the wafer was spun at 2500 rpm for 30 seconds to form a film.
The films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C

and 350 °C in N,. The following results were observed:
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m Xi ng,
nmm usi ng

WO b@efosasaal ati on was deposited onto an 8" et chedr/€0p8031936

ateflon filter.

20s.) & ashed (plasma Q2;
Si COH film (-4000A thi ck NANOGLASS-E (r))

deposition,

the diluted precursor was hand filtered to 0.1

Approxi mately 2.0-3.0 m of

20s.) carbon depl eted porous

After

the wafer was spun at 2500 rpm for 30

seconds to forma film The filns were heated at

el evated tenperatures for 1 mn.
0C and 350 0OC in N2 anbient.

each at 125 0C, 200
The follow ng results

were observed:In a simlar way 2.0-3.0 ml of the
fornul atifo ' Sf AL g
Si - waf er Tﬁdé{%&ﬁ ovmpn ‘P?é]Etc]E%‘ \/\gﬁg}fﬁ & g{}&@&
2132: Defleet—Pensity+H-56 HAESE EVI\I\IDI L

0. % gr@( hyl a
i.cal Lnrm

2- Hept angn uﬁé tletr

acet ate ( ny Ml waukee, W
53201), veFEI&@cEﬂalQo 1.247g 1-Hexanol, tlhe n’® was
stirred uUntil pdalssol ution, then 44.24 g gf 2-heptanpone
(Ul tra PYresstaghtin, 8hs| I nc., Castrovill e,

and 4.49 g of dinethyldiacetoxysilane (Gelest,

CA 85012),

Tilal ¥h 8w ay R0 BIO G bt NRI BrRcleesh Wik dpbSitdd, slﬂﬁf drldWaRed
free high density polyethyl ene bottl & The solution
weso A &’éal-wagamr ollofving residtsweneioleserviedt KiLANZ b32rgefecthe

| ut e rsor &handﬂlteredtoOlmnusmga
t ‘F‘}SH%dzr%Hr 00%'6#’8&: mately 2.0-3.0 m of The
formul ati on was deposited onto an 8" etched (CAFS;
20s.) & ashed (plasnma O ; 20s.) carbon depleted porous
Si COH film (-4000A thick NANOGLASS-E(r)) After

deposi tion, the wafer WaEXiR)ﬂ‘LEa% 2500 rpﬁwfor 30
seconds to forma film

2-Heptanone + Ethyl Acetoacetate

0.0126g tetramethylammonium acetate (Aldrich Chemical Company, Milwaukee,
WI 53201), were added to 1.247g ethyl acetoacetate, the mix was stirred until
dissolution, then 44.24 g of 2-heptanone (Ultra Pure Solutions Inc., Castroville,
CA 85012), and 4.49 g of dimethyldiacetoxysilane (Gelest, Tullytone, PA 19007)
were added in a 60 ml particle free high density polyethylene bottle. The solution
was mixed vigorously for one minute. After mixing, the diluted precursor was
hand filtered to 0.1 pm using a teflon filter. Approximately 2.0-3.0 ml of The
formulation was deposited onto an 8” etched (C4Fs. 20s.) & ashed (plasma Oy;
20s.) carbon depleted porous SiCOH film (~4000A thick NANOGLASS-E®).
After deposition, the wafer was spun at 2500 rpm for 30 seconds to form a film.
The films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C

and 350 °C in Nj. The following results were observed:
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mn. each at 125 0C, 200 0C and 350 0C in N2. The
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2.0-3.0 M of the formul ati on was deposited, spun and
baked onto an 8" Si-wafer. The followng results were
observed: KLA 2132 Defect Density 224-458 counts/cn®.
EXAMPLE ﬁ Di net hyl sul f oxi de 0. 01269

t et ramet hyl ammoni um acet ate (A-gdri-eh-—-Chem-egl—Catpan
M | waukee| Meassepeent | vise-EtdukelPod-Bichdry Post TA™|Y
di met hyl spl foxi de. the disklaBs st iAshdBDynti| ILD
di ssol uti pn, Didienriel4. P4 g2.34 2- heptabdbne {U t230Pure
Sol utions| | genstaktqk) roville, CA 85012), apd 4.49 g of
di net hyl d| gegr@y&sibane (Cel est| Tul I ytone, PA219007)
were added in a.60 m |particle free high density
pol yet hyl ene tg%&&be,/ The sol uti pn was m xed vi gor ous
for one mHtte termxi t rtoted

was hand fllu;;r m;;I Omlﬁn;lng’ |ln”d ;”t;; 'lcg p; ;dlctjcrasor
A Dy 7 0o3 5.8 th E T et P AbiastFE bl e baked
d 8{?[%%t8®g%%f&. ?gle SllRHAL BBk SHER 0bdeFed: RLASHISA Defect
(pl'asma ; 20s.) carbon depleted porous SiCOH film
( DeASIBA0. 91 & eouNBNOE. ASS- E(r)) . After deposition, the
waf er was spun at 2500 rpmfor 30 seconds to forma
film The filnms were heated at el evated tenperatures
for 1 mn. each at 125 0C, 200 OC and 350 OC in N2.
The follow ng results were observed:In a simlar way
2.0-3.0 Ml of the fornul EXAMPES deposited, spun and
baked onto an 8" Si-wafer. The followi ng results were
obsigsptatbne KLRhZI8G&tRebmtd Density 177-885 count s/ cnP.
EXAMPLE 4 Et hyl Acetoacetate

U

y

37.6 g of 0.255% solution of tetramethylammonium acetate (Aldrich Chemical
Company, Milwaukee, WI 53201), in Ethyl acetoacetate (0.359 g
tetramethylammonium acetate +140.00g Ethyl acetoacetate) were added by
84.90 g of 0.5% solution of tetrabutylammonium acetate in 2-Heptanone 2.175¢g
tetrabutylammonium acetate + 435 g 2-Heptanone), 1242.50g 2-Heptanone
(Ultra Pure Solutions Inc., Castroville, CA 85012), and 135 g of
dimethyldiacetoxysilane (Gelest, Tullytone, PA 19007) were added in a 2L
particle free high density polyethylene bottle. The solution was mixed vigorously
for one minute. After mixing, the diluted precursor was subjected to 2-pass
filtration using 0.04 micron filter (Meissner CSPMO0.04-442).

Approximately 2.0-3.0 ml of The formulation was deposited onto an 8” etched
(C4Fy; 20s.) & ashed (plasma Os; 20s.) carbon depleted porous SiCOH film
(~4000A thick NANOGLAS S-E®). After deposition, the wafer was spun at 2500

rpm for 30 seconds to form a film. The films were heated at elevated temperatures
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we@tdvglo3meet oacet at e,

0.0126g tetramet hyl ammoni um acetate (Al drich Chem cal
Conpany, M | waukee, W 53201), were added to 45.49 ¢

di ssolution, then 4.49 g of dinethyl di acetoxysil ane
(Celest, Tullytone, PA 19007) were added in a 60 m
particle free high density polyethylene bottle. The
sol ution was m xed vigorously for one mnute. After

. X | 6EeCcU 0 hapd filtered to 0.1
Tl B, ol st dofPE A 30 BN D folop TGl il
Dbeerfed:mul ati on was deposited onto an 8" etched (CAFS;
20s.) & ashed (plasma O ; 20s.) carbon depl eted porous
Si COH film(-4000A thick NANOGJ ASS-F*), After
deposi t i gnMeaseremanier] RresEtshén | RospERH & gm Post T30
seconds to forma fillmAShHED i ||msAsie® heat edLBt
el evat ed |t eMieleatridr e§ fop.3k mn. eadly at [12520@, 2Q0
0C and 33%0 astant (. |The foll ow ng resul tis were
obser vedTRTR 8HRIFA Way 2. 0-3. 0 m of tie ¢
formul atijon V\@? eposi ted, spun and baked onto an 8§
Si - waf er. Th&; ol l pwiing results were observed: KLA
2132 Def aelBEHOM (0 337 390 colnts/cnR EXAMPLE 5

O CUOUTTITOT oS = =

2- Hept anone + Di net hé%sul foxide 0.01269
e p SRR WAY 2108l mhobibe termalgtianayasdepaiitedi soan and hpkady |

SRR 8 s S MR HERRE: e (P 2152 Dot

demsioy L7090 couigom#A4. 24 g of 2-heptanone (U tra Pure
Solutions Inc., Castroville, CA 85012), and 4.49 g of

di net hyl di acet oxysi | ane (Gel est, Tullytone, PA 19007)
were added in a 60 ni Mee hi gh density

pol yet hyl ene bottle. The solution was m xed vi gorously

PLedepamonainkthel Adftoaetatd xi ng, the dil uted precursor

was hand filtered to 0.1 mmusing a teflon filter.
é?.%rgoc)fti HBtSg‘l%yso%iticg)_nsdfotemamgtfhyll;prgnonium acetate (Aldrich Chemical
Company, Milwaukee, WI 53201), in Ethyl acetoacetate (0.359 g
tetramethylammonium acetate +140.00g Ethyl acetoacetate) were added by
84.90 g of 0.5% solution of tetrabutylammonium acetate in 2-Heptanone (2.175 g
tetrabutylammonium acetate + 2-Heptanon to weight 435.00 g), 1242.50g 2-
Heptanone (Ultra Pure Solutions Inc., Castroville, CA 85012), and 135.00 g of
dimethyldiacetoxysilane (Gelest, Tullytone, PA 19007) were added in a 2L
particle free high density polyethylene bottle. The solution was mixed vigorously
for one minute. After mixing, the diluted precursor was subjected to 2-pass
filtration using 0.04 micron filter (Meissner CSPMO0.04-442). Approximately 2.0-
3.0 ml of The formulation was deposited onto an 8” etched (C4Fs, 20s.) & ashed
(plasma O,; 20s.) carbon depleted porous SiCOH film (~4000A thick
NANOGLASS-E®). After deposition, the wafer was spun at 2500 rpm for 30
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DhEwrone PA K0D72 1850 Pef Bgentanone (Ultra Pure Solutions Inc
Castroville, CA 85012), 280 ppm of tetramethyflammonium acetate (Aldrich
Chemical Company, Milwaukee, WI 53201), together in a 60 ml particle free high

usl 'y

e s padppaked

wiig obedria: &l 001 %@efcct
C F8; 20s.) & ashed

car bon depleted porous Si COH film

t he

each at 125 @RAMPOEQC and 350 0C in N2.
The following results were observed: hi
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density polyethylene bottle. The solution was mixed vigorously for one minute.

After mixing the diluted precursor was hand filtered to 0.2 pm using a teflon

filter. Approximately 2.0-3.0 ml of the precursor was deposited onto an 8” etched
(C4Fs; 20s.) & ashed (plasma O,; 20s.) carbon depleted porous dielectric film
(~4000A thick). After deposition, the film was spun at 2500 rpm for 30 seconds to

remove all volatile species. The films were heated at elevated temperatures for 1

min. each at 125 °C, 200 °C and 350 °C in air. The following results were

observed:
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Density 0.9-1.8 counts/cn2. EXAMPLE 7 2-Heptanone +
Et hyl Acetoacetate 37.6 g of 0.255% sol ution of

w0 edocasasBhy| anmoni um acetate (Al drich Chem cal PQDUPENY031936

M | waukee, W 53201), in Ethyl acetoacetate (0.359 g
t et ramet hyl ammoni um acet at e +140. 00g Et hyl

acet oacetate) were added by 84.90 g of 0.5% sol ution
of tetrabutyl anmoni um acetate in 2-Heptanone (2.175 g
t et rabut yl ammoni um acetate + 435 g 2- Hept anone),
1242.5Qg 2- Heptanone (Utra Pure Solutions Inc.,
Castrovi ||| eMes&Ar8h&it2)|, Paeiitch3d RpsvEtch & Post
di net hyl di acet oxysi | ane @gGakiest|, A iy one, TRAtAZ007)
were added in a 2L parti ciip free high densiAggnt ILD

pol yet hylremep The o utijom \é?f mxed vjgorously
for ong m n§9n$t§%4i{fr mxi hg t e di'luted precursor

was subj eet w ass—HH on—4Si-heg—10-—04 n
filter (NVeissdanRcspm 020251% 048, tel({lO(BB 3.0
mM of The {6HARIOHeHEh was dpnacjpd anto lan 8" etched
(CAFg; 20s Hz@(%(sw (Ipl astéa Od; 2090) cdrbonlodepl et ed
por ous Si COH Afriglent®y - 40pOA thi cd NANOGLASS-E (r)) .
After deposition, the wafer was spun at 2500 rpm for

30 seconds to forma film The films were heated at

el evat ed tenperat uresf gixAMPIE 1¢@ach at 125 0C, 200 0C
and 350 OC in N2. The folTow ng results were observed:

hbsaitoy S el by 28 d 7 o Rl R AR TR,

fr@nﬁm (47N rmub t25 O/\ger)ﬁmbpteﬁomcwm@,ma BoRutloat dat.,

Density 1.7-1. s/cm 2. EXAMPLE 8
Castroville, CA 85 012) 280 ppm of tetramethylammomum acetate (Aldrich

Chemical Company, Milwaukee, WI 53201), together in a 60 ml particle free high

density polyethylene bottle. The solution was mixed vigorously for one minute.
After mixing, the diluted precursor was hand filtered to 0.2 pm using a teflon
filter. Approximately 2.0-3.0 ml of the precursor was deposited onto an 8” etched
(CyFs, 20s.) & ashed (plasma O;; 20s.) carbon depleted porous film (~4000A
thick). After deposition, the film was spun at 2500 rpm for 30 seconds to remove
all volatile species. The films were heated at elevated temperatures for 1 min.

each at 125 °C, 200 °C and 350 °C in air. The following results were observed:

Measurement | Pre-Eich & | Post-Etch & Post
AshILD AshILD Treating
Agent ILD
Dielectric 2.2 3.1 2.3
Constant (k)
FTIR (CH/SiO 0.0085 0.0048 0.0073
ratio)
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2- Hept anone + Ethyl Acetoacetate 37.6 g of 0.255%
sol ution of tetranethyl amoni um acetate (Al drich

w@h@aiosmBe Conpany, M | waukee, W 53201), in Etbg1/US2005/031936

acet oacetate (0.359 g tetranethyl anmoni um acet at e
+140. 0Qg Et hyl acetoacetate) were added by 84.90 g of
0. 5% sol uti on of tetrabutylanmoni um acetate in

2- Hept anone (2.175 g tetrabutyl ammoni um acetate +

2- Hept anon to wei ght 43@&@,{%&1%242 50g 2- Hept anone

(Utra Pure Sol utions | oville, CA 85012),

drF‘fl){s;gq{g"gasgﬂ?‘{f %{Q@r@ IWI a%eLmérGfl?ri\e Gelgshbee

frlugytoa@rm 130 '269(5 Qb!fgﬂ@ytéﬁ& ?iy@ol m ylSé?héftabé’tﬁteV(@%neral

m xed vi gorousl’y fof one m nu m xi ng, the
Gihbmicall, Holéxstmr,s(m 90633 )s ) prom @ﬁtesr@rr@tlwmnomm agetabmn

géiﬁilng;% ' r? 1%8) hy 3If3 ll%%ﬁf“gl%? ﬁﬁ §§?%IS§§&Q}1$€1H4 Linl particle

#ep ﬁﬁghtc%ﬂm%dlyémylgne wita ethd $ohktion \%ﬁrﬁxe&v%?l f ly for one
S

(pl asma carbon depl eted porous Si ilm

(mm@@q Afuennmnmim lpted precpispy was igndgfltetiedhiod)- 2 panusinge

IRl ARl T e SEBES, KLl n

E&hecﬂ.(@mm 20§ qé&hashed R asnid352Q0s. @Eérbmﬁdéiﬂﬁeﬁ)ﬁoﬂons Iﬁﬂn The
ng results were qgbserved simlar

b A0 AGh. Gy Hepaan By o B e e fog A ogands to
PG AN el shbpies! THORfS ydidhel O LM ERlbplaRY IR |

EXANALIEa01 25 %Y, 20Q1PG and 366 °Crixdir. (The diddwig g 9estiBts gvend
d%mst hyl di acet oxysi | ane (CGel est, Tullytone, PA 19007),
28° ‘of 3-rentanone (Utra Pure Solutions Inc.,
Castroville, CA 85012), 280 ppm of tetranethyl ammoni um

acetate (AALIfdent | Pre-Etch & | Post-Etch & Post
AshILD AshILD Treating
Agent ILD
Dielectric 2.2 3.1 2.3
Constant (k)
FTIR (CH/SiO 0.0085 0.0048 0.0078
ratio)

EXAMPLE 12

The precursor was made by adding 9.72 g of dimethyldiacetoxysilane (Gelest,
Tullytone, PA 19007), 26.0 g of 2-heptanone (Ultra Pure Solutions Inc.,
Castroville, CA 85012), 2800 ppm of tetramethylammonium acetate (Aldrich
Chemical Company, Milwaukee, W1 53201), together in a 60 ml particle free high
density polyethylene bottle. The solution was mixed vigorously for one minute.

After mixing, the diluted precursor was hand filtered to 0.2 pm using a teflon
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60 m particle free high density pol yethyl ene bottle.

wab@emsdsad i on was m xed vigorously for one m nECEUS2005/031936

After mxing the diluted precursor was hand filtered
to 0.2 mmusing a teflon filter. Approximtely 2.0-3.0
m of the precursor was deposited onto an 8" etched
(CAF8; 20s.) & ashed (plasma 2; 20s.) carbon depl eted

u ' CEaC inl ~40 i ck Af.t er »
A RpoR R 2 A RO sl o 8 etched
S€LBNA6s.) & dshedipiastlal Oy 204} ¢ariorsfpldte@bpordtiefifn (FHOVAT €
h ai{egéd%t el evated tenperatures for 1 mn. each at 125
c B Eenprtiars thepfdn) wagsnun atge0G mm fui3Ageeands tq move

5L IARESR, ERNRRE 0 SR UABCRUE BY 1 min
Taabh gt B9€’C, PO 10@6F 350 ABirDaig Tk feHdveing assane wekd dBsarved:
Pure Solutions Inc., Castroville, CA 85012), 280 ppm
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Conpany, .
particle

M¢asprgrsat
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i nPastélA m
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sol uti on
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waielexed Vi
heCalistat €¢)

goraugly f
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or Gro8 mn
\as hand fi

ute2 ifter
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nmm usi ng

aF T (CHYSTO

[Ty, 00RBPT 0XT DBDEEY 2

0.2
of

O- i
t he precyr sor gs degosi ted ontjo an 8" etcheoéed(g&F ;
20s.) & astred(prasmeaO——20s—)—carbon—depteted—porous
film(~400gA thick). After deposition, the filmwas
spun at 2500 rpm for SO_mgﬁééo remove all volatile
species. The filns wer el el evat ed
tenperatures for 1 mn. each at 125 0C, 200 OC and 350
ddeipsecgrsor wps enade by addling 268 0f dimphybliadetreqy sideahe EKAIoRY, E

: by addj 72 f
itbefopll R 15001, 98D et hedtan RS (O i Sifufonsdng 0007
hastiogllefCABSPYL)eDE00P e Of tetRinbitlylaeiheHiudGREBIeY Aldrich

ner al .
%%%mlcal Company, Milwaukee, WI 53201), together in a 60 ml particle free high

density polyethylene bottle. The solution was mixed vigorously for one minute.
‘After mixing, the diluted precursor was hand filtered to 0.2 um using a teflon
filter. Approximately 2.0-3.0 ml of the precursor was deposited onto an 8” etched
(C4Fs; 20s.) & ashed (plasma Oy; 20s.) carbon depleted porous film (~4000A
thick). After deposition, the film was spun at 2500 rpm for 30 seconds to remove
all volatile species. The films were heated at elevated temperatures for 1 min.

each at 125 °C, 200 °C and 350 °C in air. The following results were observed:

Measurement | Pre-Etch & | Post-Etch & Post TA
AshILD AshILD ILD
Dielectric 2.2 3.04 2.22
Constant (k)
FTIR (CH/SiO 0.0099 0.0066 0.0010
ratio)
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free high density polyethyl ene bottle. The solution
was m xed vigorously for one mnute. After m xing, the
di luted precursor was hand filtered to 0.2 nmusing a
teflon filter. Approximately 2.0-3.0 ml of the
precursor was deposited onto an 8" etched (C4F ; 20s.)
& ashed (plasma O ; 20s.) carbon depleted porous film
(-4000A thick). After deEositi on, the filmwas spun at
2500 rpm for 30 seconds 4al| volatile
species. The filns were heated at el evated

t elhg @recutroe wap orade byriadding Ay gf diRbthYidiac2kySiGne iR

BBt o T oA DS LS B S Sao e o

SO R S50 0GP A AT

chdemdsal Compary Miwagiee, PEGA2@ntogether in a 60 ml particle free high

t t ' tate (A drich, Chemical_ Co ,
RGBT AR g R S TR aR o e
f refeer hiigihgdge slilinedpodieion Was A d@lkdrb o TH S @ine b @fon

V\%ﬁ m xed vi gorouslv% for one mnute. After mxing, the
ditiltgE Sprpamgicbod- Ol mh gh thefprequesos avas depnsitedmmigsinrdy etched

t AN I pat -3, ft

I Lyl O i bt B

&ttasit)edfiepdaositiotPthe 2. WasGpuDAR 5060 RhALEBH3 PUBHE tbirkiflbve
t hi ck) . léfétéer deposi tion | mwas spun at

- 4000A th
S50 REIA PEC TH AUBH ST b plevales aroperiiirs for | min
O LS G20 eI B TPy v gheemasty

OCin air. The following results were observed:
EXAMPLE 1

Measurement | Pre-Eich & | Post-Etch & Post TA
AshILD Ash ILD ILD
Dielectric 2.2 3.04 2.30
Constant (k)
FTIR (CH/SiO 0.0099 0.0066 0.0105
ratio)
EXAMPLE 15

The precursor was made by adding 0.810 g of dimethyldiacetoxysilane (Gelest,
Tullytone, PA 19007), 26.0 g of 2-heptanone (Ultra Pure Solutions Inc.,
Castroville, CA 85012), 4200 ppm of tetramethylammonium acetate (Aldrich
Chemical Company, Milwaukee, WI 53201), together in a 6“0 ml particle free high
density polyethylene bottle. The solution was mixed vigorously for one minute.

After mixing, the diluted precursor was hand filtered to 0.2 um using a teflon
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The precursor was nmade by adding 2.65 g of
di net hyl di acet oxysi | ane (Gel est, Tullytone, PA 19007),

WQ@8000/083866 2- hept anone (U tra Pure Sol utions |PCT/IS2005/031936

Castroville, CA 85012), 2800 ppm of
tetranmet hyl ammoni um acetate (Al drich Chem cal Conpany,
M | waukee, W 53201), together in a 60 m particle
free high density pol yethyl ene bottle. The soI uti on
Af t ”
I PR, 20, O IA L P 0 T 1%
(@iﬁso?wsf)l& tshed (PaanoL,1a0s9 leyrbdn AefeRd Pordis fﬂﬁh ~4000A
g{g@ % was, dep SI;TBd onto an 8" etched (C F8; 20s.)
ef(?ﬂP&@.’ﬁlﬁn e fifiggvas spup §is 08 apmndeni srspodsstofrenaye
6H t was, spun at
O SpEk e e A ROt Syl erb B30 Pl
%Yél(ﬁt €23 "Q 90’0 anel 3661°€ iheit Bk fallovimyv@bslts were observed:
tenperatures for 1lmn. each at 125 0C, 200 0C and 350
OCin air. The followng results were observed: EXAMPLE
14 The precursor was made hy adding 2.65 g of
di et hyl i Mewsuesnyent| hiseE@H &s} Postditly8ohe, POBATAI0D7) |
26.0 g of_2-hertanone (AShtlER Pur dskdLDt i pns 1. ,
Castrovi| | eDiel&t®S501R), 2200 ppm of.04 2.40
t et r anet hyCammmii(km acetate (A drich Chem caI Corrpany,

M | wauk ee FTH (GHAH®) LogeEIeT . P
free hi gh de@acﬂot)y po yet hyl ene| bot't The solu |on

was m xed vigorousty for—ofe—ftrrute- /—\ft —H-x+HRg- the

di luted precursor was hand filtered to 0.2 nmusing a
teflon filter. Approximately 2.0-3.0 ml of the
precursor was deposited onto an 8" etched (C F ; 20s.)
& ashed (plasma 2; 20EXAMELENS depl et ed porous film
’E 4000A thick). After deposition, the filmwas spun at
B0 eeyssarfveas my@ledyoddilg L0 ¢ efrdm&ﬂ@ﬂdhamdng@ﬂb@ (Gelest,

i es heat ed | evat e
f“g% ea{)‘ﬁrlgﬁ 0?)0 ?8@ giﬁﬂ‘izeh@%‘?}’r?nﬁt( &‘2“5P weSobionplncand 350
Otronilia] CA 850¢2), abdPPhAGr ictmlehi INGLEnARS KGN Aldrich
Chemical Company, Milwaukee, WI 53201), together in a 60 ml particle free high

density polyethylene bottle. The solution was mixed vigorously for one minute.
After mixing, the diluted precursor was hand filtered to 0.2 um using a teflon
filter. Approximately 2.0-3.0 ml of the precursor was deposited onto an 8” etched
(C4Fs; 20s.) & ashed (plasma O»; 20s.) carbon depleted porous film (~4000A
thick). After deposition, the film was spun at 2500 rpm for 30 seconds to remove
all volatile species. The films were heated at elevated temperatures for 1 min.

each at 125 °C, 200 °C and 350 °C in air. The following results were observed:
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EXAMPLE 15 The precursor was made by adding 0.810 g of
di net hyl di acet oxysi | ane (Gel est, Tullytone, PA 19007),

WQ@8000/083866 2- hept anone (U tra Pure Sol utions |PCT/IS2005/031936

Castroville, CA 85012), 4200 ppm of

tetranmet hyl ammoni um acetate (Al drich Chem cal Conpany,
M | waukee, W 53201), together in a 60 m particle
free hi gh density poI yet hyl ene bottle. The sol ution
was m xed oroust Terp ng, the
di | ut ed %e@ﬁlfgg?ﬂ n]%f‘ W&%ELQI&( %&m ng a
tefl onf |-I_t_erﬁ Approxi —th

precurséPr Jielegid 05|ted to an 83\Oétchq5d (é&ﬂs 20s.)
& ashed | (Sloasteat &2; |20s.) carbon depl et ed nornusi| I m
(- 4000A | tHIBKCH/SQ ér  @1988i t i on0.0066 fil| mOMEd2spun at
2500 rpin f orraBf) secgnds to refove all voglatile
species. The filns were heated at el evated
tenperatures for 1 mn. each at 125 0C, 200 0C and 350

OC in air. The fol |l ow pgAngPHELS Were observed:
EXAMPLE 16 The precursor was nade by adding 9.72 of

th | di t I P 0p7
B Brets Sl Bt s Spbe OBy %nﬁ"?\é*%‘%‘do a
VARt R¥think@ylakfn§E0hAetatb? Qﬁhﬁ%?ﬁét@ior was made by adding 9.72 -

t et ramet hyl anmoni um acet at e dri Chem cal Conpany,
ngld»mguhélélacwoxsslzgqXGelpﬁgE*@lbéenq, RAI WO h2698 i T e
hi I t
PG Ao PO SR WhSRaoL gl ssgabitdn

t&tthmmgmwetqumq (fil dri cbr @ebntical CotnpamyLSi Ng a
teflon filter. proximtely 2.0-3.0 m _of the

M wakes oW1 3330 Pelosstheiia 2ttt ! partigle fise ighiensiiyrs: 20s. )
pfﬂ}%@he% (bﬁlrtﬁs rﬁle hm%gﬁve)s nHREP o&%ﬁl&%@ﬁn&ﬂfr&%@ A

ter ositio m was spun at

iR, therdilued p%ébwmmﬁ:haﬁ@ﬁrtemwceo alym uﬁhghl’céﬂbn filter.
species. The filnms were heated at el evated
The rppeangtDipESOF Has mage py adding 9.72 g of dlmethyldlacetoxysﬂane

(Gelest, Tullytone, PA 19007), and 26.0 g of 2-heptanone (Ultra Pure Solutions
Inc., Castroville, CA 85012), together in a 60 ml particle free high density

polyethylene bottle. The solution was mixed vigorously for one minute. After
mixing, the diluted precursbr was hand filtered to 0.2 pum using a teflon filter.
Approximately 2.0-3.0 mls of each precursor were deposited onto separate 8”
etched (C4Fs, 20s.) & ashed (plasma O,; 20s.) carbon depleted porous films
(~4000A thick). After deposition, each film was spun at 2500 rpm for 30 seconds
to remove all volatile species. Each films were heated at elevated temperatures
for 1 min. each at 125 °C, 200 °C and 350 °C in air. The following results were

observed:
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each at 125 0C, 200 OC and 350 OCin air. The

follow ng results were observed: EXAMPLE 17 Two
WEe@6083866 S Wwere nmade to conpare the effects OPCT/US2005/031936

treating agent with and without tetranethylanrnoni um

acetate. One precursor was nmade by adding 9.72 g of

di net hyl di acet oxysi | ane (Gel est, Tullytone, PA 19007),

26.0 ¢ of 3- pentanone (UItra Pure Sol utions Inc.

N

Ca L e O Pt A= 280 PRl Y T BLAR G TS —
oct WPk T ﬁéﬁ%ﬁ“ ?X‘shﬁitf)ﬁ %ﬁf 3 SMAAILD

W 15320 {)1L t oget 1 60 at } i j ::1"
densi @e%ﬂﬁt ryl erfe? bot | e. Bfﬁqg scbl ut i &Td'i/vas m xed 298

vi goregstagt one nminute. After milxing, the diluted

pr e  UFBQCHAGH) hand.q08Bt el ed0.08518. 2 | rm 5003 a t pf | oR0059
fillter. rafibe seqond precursor was made by adding|9.72 g

of dinethyldi acetoxysilane (Celest, Tullytone, PA
19007), and 26.0 g of 2-heptanone (Utra Pure
Solutions Inc., Castroville, CA 85012), together in a
60 m particle free high density pol yethyl ene bottle.

The sol uti on was m xed_y,i y for one mnute.
After m xing, the dil uggﬁ%‘gor was hand filtered
t002nmu3| ateflon filt Appr oxi mat .
sprw-@ams mf%@ bV@é@lnaér?ég&égs%ﬂw%ﬁylmﬁr @é?f‘a(fgﬁl%ﬂt
bon
L T
@&ﬁ@&ﬂé; (DA 856 m)hogethemmlaeéOSnﬂLparmle ﬂﬁ@ﬁlghﬂiﬂlﬁlt}r pcﬂﬁethylene
secon renove all vol at ciLes
fogobraigsd EOFRNPRORR B R AR PING B
cﬁl‘ilte% ecQEsor 200 1964 alded 290 @(};.rh ﬁmﬁ%ﬁ tefldneilte! Aﬂﬁi‘ofaﬂnately

resul’'ts were observed: EXAMP Erecursor was |
Mdd thyoftid preguBolFas d:fpomeedamﬁo hy B2 gichert (G4Fi; 12832 keashed

CGel est, ., Jul | yt on 19007 of, .
RS T R AR o i eposicn,
the film was spun at 2500 rpm for 30 seconds to remove all volatile species. The
films were heated at elevated temperatures for 1 min. each at 125 °C, 200 °C and

350 °C in air. The following results were observed:

Measurement | Pre-Etch & | Post-Etch & Post TA
AshILD Ash ILD ILD
Dielectric 2.2 3.35 2.66
Constant (k)
FTIR (CH/SiO 0.0085 0.0046 0.0078
ratio)
EXAMPLE 19

The precursor was made by adding 6.5g of bis(dimethylamino)dimethylsilane
(Gelest, Tullytone, PA 19007) and 22.0g of 2-heptanone (Ultra Pure Solutions
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wor®e/B3seel vi gorously for one mnute.

Castroville, CA 85012) together in a 60 nml particle
free high-density pol yethylene bottle. The solution

di l uted precursor was hand filtered to 0.2 mmusing a
teflon filter. Approximately 2.0-3.0 m of the
precursor was deposited onto an 8" etched (C4F8; 20s.)
& ashed (plasma O ; 20s.) carbon depleted porous film
r (¥ un at
e BB R B BPRSL A 0 ity
y@e‘he bohik. fTﬂmlMR)havdsemkecﬂvgbrwISb'\fat eln:b minute. After

t t for 1 125 0C, .200 .0 350
i ﬁli?%@géw%@@%?é&neﬁ o figypeenige:

U edf(C,F
BNt oo s ey aion & oo
I) BOAHE) (plash20,Q9s) barboh depletnd pero(usut‘xﬂm&mméi thick).
Sol ut I Cast ] th
Mergepeigen e 007 g et p 0 S Ry e PO S Bbe & e
\%?Atﬂé glsya hé"ﬂil’ﬁ?sdwé% Ge5OUS dlevaid t@memw @r 1 Aiiegach at
luted precursor was hand filtered to 0.2

mm csiz@@"(aancbwb?c fni ait.dihe folppviog resattewpreotyeryed m  of

t he precursor was deposited onto an 8" etched (C F8;
20s ) & ashed [nl ashBa—OR:- 20s

. catphon dep'CL p rous
£i1m (- doddeesuremerl | RrtErhde, o%‘?s?' ﬁ‘ﬁt helP

spun at [2500 rpm for| 36¢s88eRn vie nl 1n| l e
speci es.| THaiefdctrits wer e Bdat ed at 3et®evated 26
t enper atlur@snstart () m n. each at 125 0C,__ 200 0C and| 350
0C in airpri0ECHMiIOOWM Ngoosssul t s 0es45 obser®.6aB7 Wi | e

the present ifygntioph has been particularly shown and

descri bedwtirreference 1o preferred enbodi nents, it

wi Il be readily appreciated by those of ordinary skill
in the art that various changes and nodifications may

il usteprebdn atventlephdstbesy pﬁrtlomlaﬂjn shopi and dandbeslowitle of
the invention. It is intende 9 5
reference to preferred embodiments, it will be readily appreciated by those of

ordmary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. Itis intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.
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the clains be interpreted to cover the disclosed
enbodi nent, those alternatives which have been

wale@e3sedl above and all equival ents thereto. WEL/UB®05/031936

clainmed is: 1. A conposition for treating an
organosilicate glass dielectric filmwhich conprises:
a) a conponent capable of al kylating or arylating
silanol noieties of an organosilicate glass dielectric
f quia.SiL¥Jation, and b) an activating agent. 2.

At HABS%Fon of claim 1 further conprising a
solvent, or a mxture of a main solvent and a
co-sol vent, wherein the solvent or m xture of a in
Jovesmpositignorisealing ¢aprsanesilipdte glflé%dlﬁﬁétr@&p&fﬁbwéﬁ
capabl e. of al kylating or arylating silanol noieties of
tR pf)lﬁegsanosi licate glass dielectric filmvia
i) b b@pbmoht aashblees adlotlatitatdragylatipntilanelmoietier afian t he
co-sol vent has _a_hi gher vapqr Pressgre and/ or boiling
oganositingip glﬁﬁ%dﬁhqcﬁlcs"gllniﬂé‘ﬁﬁ ylgtionpRad ¢ opposi ti on of

' reipy the activating agent conprises one or
%%%@Yagggagﬁ{s{és, oni um conpounds, dehydrati ng
agents, hydroxi des, or conbinations thereof. 4. The

opearmeemi cEukl BulShShBsars Sl i b T

JRLROVENTBH 30N ByenB WAHRYIR BR BIeaPbr MBI of @tnikeh solvent
acetate, acetic acid,” or conbinations thereof. 5. The

codpasisohent sflubiliaésthe compensnhcaphble o alkylajiag or Aadating

g iR e srreeoroess Aetecil RS a P el ang e
el Mng ABRF BhdwhBRirC (e $6/s¥RBht HAg 8 higHePihpod Prd@eind tand/or

from .
boiling point than the main solvent.

3. The composition of claim 1 wherein the activating agent comprises one or more
acids, bases, onium compounds, dehydrating agents, hydroxides, or combinations

thereof.
4. The composition of claim 2 wherein the solvent or main solvent comprises 3-
pentanone, 2- heptanone, gammabutyrolactone, propylene glycol methyl ether

acetate, acetic acid, or combinations thereof.

5. The composition of claim 2 wherein the co-solvent has a boiling point of from

about 1 °C to about 100 °C higher than the main solvent.

6. The composition of claim 2 wherein the co-solvent has a boiling point of from

about 10 °C to about 70 °C higher than the main solvent.
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about 10 OC to about 70 OC higher than the main
sol vent.7. The conposition of claim2 wherein the

W@ 0s0s0B38ant has a boiling point of from about POT/OR2005031936

about 50 OC hi gher than the main solvent. 8. The
conposition of claim2 wherein the solvent or main

sol vent conprises one or nore ketones, ethers, esters,
hydr ocar bons, al cohols, carboxylic acids, am nes,

am des, or conbinations thereof. 9. The conposition of
claim2 wherein the solvent or co-solvent conprises

er. f‘llSHe&@ﬁip@ﬁﬁ@ﬁ af Elaimetihidrein gl agiieat Bas 4 bdluh% boint of from
acet oacet at e, met hoxyet hyl acet. oacet ate

AOUbHL &t Kt@oub%z@lhlgéi‘ééﬂ]éﬁé}@tfﬁ@lé solygify| acet at e,
2- (2- butoxyethoxy)ethyl acetate, phenthyl acetate,
2- but oxyet hyl acetate, 2-ethyl hexyl acetate,
a8. (e -comipbyitibe 0f ylhina 2 etlatan tih sobtehybdisubhihawlvéeat comprises one
N-weth - Nirett yacet am de, . .
NPINDRIE b fopes: st Fﬁeﬁwﬁaﬂ%ﬁﬁ%aa@nsmlwf@ﬂwrhwdyét%% gaines,
I\M}]-g et N- di phenyl acet am de,

d é| m?%@%@g%@ggﬁggﬁeoe, N5Ndi et hyl i sobut yram de,
1 2 di chl orobenzene, chl orotol uene, 1-hexano

b SENSh T TSV B R S orses
%Hﬁﬁ@da‘c@ta&eﬁfeﬁﬁp heet@acBBi) Y butgt &%Ria@é’[ ni)Z -methoxyethyl

2, 6-di met hyl hept anol, 1- oc¢tandl, or combi nati ons
tdretosesttate,1dlyl mvéoas;oﬁarrﬁo benzybacetsfacethtej moryl adetateid(2-he

DR RR T RAAE DRbIY BRHR 2B postate. 2ertthepy!
Captatd) alpheMsethIBERT acelate, dﬁh@thyl@mmédd Nohetyl-®f-ai m 2
wherein the m xture con:ng_rl ses 2- hept anone and

empiipEasetomids; At N-digthyl nberwm@ml 4, dENulimethg]agetamide,
ARGt R S R Byt BB RS R Bt ST Db R

pdifreeitisdbutymm@let 1 2fdichlorobenzene, chlorotoluene, 1-hexanol, 2-ethyl-1-
hexanol, 5-methyl-1-hexanol, 6-phenyl-1-hexanol, 1-heptanol, 2-heptanol, 4-

heptanol, 4-methyl-3-heptanol, 6-methyl-2-heptanol, 2,6-dimethylheptanol, 1-

octanol, or combinations thereof.
10. The composition of claim 2 wherein the co-solvent comprises
ethylacetoacetate, dimethylsulfoxide, 1-hexanol, N,N-dimethylacetamide or

combinations thereof.

11. The composition of claim 2 wherein the mixture comprises 2-heptanone and

ethylacetoacetate.

12. The composition of claim 2 wherein the main solvent is present in the mixture
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the m xture. 13. The conposition of claim2 wherein
the co-solvent is present in the mxture in an anount

wo@toobsass@bout 0.1 to about 99.9 based on the PEF/TSIW5/031936

by wei ght of the m xture. 14. The conposition of claim
1 wherein the activating agent conprises one or nore
am nes, ammoni um conpounds, phosphoni um conpounds,

sul f oni um conpounds, i odoni um corrpounds hydr oxi des,

[ , s, ,am ne Its
g%ﬁgﬁﬁgﬁﬁéﬁgﬁ?ﬂerequqégbgwhe cohp %gPpFHW g H@§°f
‘Wheemedturet he activating agent conprises one or nore
al kyl am nes, aryl am nes, alcohol am nes, or
combi nations thereof. 16. The conposition of claim1l

wWhergd ébn‘iﬂb@nﬁ)ﬁtdf\é%m@wﬁ&@ﬂtthg ORIV &6Ss Igllégeng n ﬁl‘é gnlxture in

primary am nes, secondary am nes, tert]

anmamoist, of e ebcmirOyl mmbom 9509 Bkt on tl@:rpdi:cum by aleighl of the

t her eof 17. The conposition of claim1 wherein the
AR ng agent conprises tetranethyl anmoni um

acet ate, tetrabutylanmoni um acetate or conbi nations

thereof. 18. The conposition of claim1l wherein the

éétvaalonms@gemf chimprwisesin ywaativhtigr agenbainmiprisssbheiod ¢

Bt SomhArin 5 coRToRELD RbRT P Srrmsids sifpgim
chthpdinds, ioddiiem CohRouA®s, hidrBxiahd, ‘afldogﬁtes SchhAHIEY,

chloride, boron trifluoride, nethanesulfonic acid,
silanplafasy gpiwerakin ou Forohinatiensithereoft on chl ori de
hexahydrate or conbi nati ons thereof.19. The
conmposition of claim1 wherein the activating agent

tarifieicormposition of clabyi @ wikesR ARy RUSathal agéﬁtsooxﬁﬁ}i%é%ﬁ &us

ent CH((' de,. phenyl phosphonic¢c dichlorid
ore alkyl amines, aryl amines, alcohol amines, or comblnatlons thereof.

16. The composition of claim 1 wherein the activating agent comprises one or
more primary amines, secondary amines, tertiary amines, ammonia, quaternary

ammonium salts, or combinations thereof,
17. The composition of claim 1 wherein the activating agent comprises
tetramethylammonium acetate, tetrabutylammonium acetate or combinations

thereof,

18. The composition of claim 1 wherein the activating agent comprises

* hydrochloric acid, sulfuric acid, nitric acid, boric acid, ethylsulfuric acid,

chlorosulfuric acid, phosphonitrile chloride, iron chloride, zinc chloride, tin
chloride, aluminum chloride, boron trifluoride, methanesulfonic acid,

trifluoromethanesulfonic acid, iron chloride hexahydrate or combinations thereof.
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and phenyl phosphorodichloridate, or conbinations
thereof. 20. The conposition of claim1l wherein the

W@eanwadsseg agent conprises sodi um hydroxi de, PEBUSI005/031936

hydr oxi de, potassi um hydroxi de, |ithium hydroxide,
amoni um hydr oxi de, or conbinations thereof. 21. The
conposition of claim1 wherein the conponent capabl e
of alkylating or arylating silanol noieties of the
organosilicate glass dielectric filmvia silylation
conprises at |east one conpound having a formula
[19STR2&dRaposjtiondfailgimnl wherfitheastivaeing Ygdrit comBaSisNBe or
5SiR3, (R3Si)3N. R3SINR 2; R2Si(NR ) 2; RS (NR ). 3; .
AP @hﬁphm &P ﬁmg'ﬂ@smmsqx% BL%@PI}OSPT;IOHIC dichloride,
- : s ) =R - or
(@é%ﬁngtfo%@?ﬁ??@}) , aﬁ?ﬁé%%%nsgﬁér?%%eger rangi ng
from1l to 3, yis an integer ranging from1 to 3 such

t =4-x ,.each. R is independently selected from,
R Bl e BTG et Ry coprids Sodium
Y BHRARNecesRim ﬁ?d@kﬂl@{r‘%&aﬁﬁﬁﬁﬁydroﬁﬁg, 11%&1@1;@?0%@ | or
car bonyl group. 22. e treatlng agent cormposition of
@anoniumbiydrozide, pheonslingtiome therexfpabl e of al kyl ating or

arylating silanol noieties of the organosilicate gl ass
dielectric filmvia silylation conprises

2q et Theydoim gBeitidnoF ic| AR 8, wRG ST 3 &drhdiRnt capable of alkylating or
di acet oxysi | ane, triacetoxysil ane,

andgereipa] meeingesxf|thaerganasilinpie glass slilentyis filmarvéy silylation
rj t QXYSI e..di.phenyl di il ane

BB R BP0 D E A E SO g0 2

tnfidyrBetdpylict RGSPRISAE, (R5Si);N; R3SiNR’; RySi(NR’); RSI(NR)s;

net hyl trimet hoxysil ane, di met hyl di net hoxysi |l ane, ,

R MRt h PP RO y BePIONR " simelRaSjQR Dy h IFeSHOIG QIR )y, Ry SiH,y;

RySi[OC(R”)=R”]4 or combinations thereof,

wherein x is an integer ranging from 1 to 3,

y is an integer ranging from 1 to 3 such that y=4-x ,

each R is independently selected from hydrogen and a hydrophobic organic

moiety;

R’ is hydrogen, or an organic moiety, and

R” is an alkyl or carbonyl group.

22. The treating agent composition of claim 1 wherein the component capable of
alkylating or arylating silanol moieties of the organosilicate glass dielectric film
via silylation comprises acetoxytrimethylsilane, acetoxysilane, diacetoxysilane,
triacetoxysilane, diacetoxydimethylsilane, methyltriacetoxysilane,
phenyltriacetoxysilane, diphenyldiacetoxysilane, methyltriethoxysilane,

dimethyldiethoxysilane, trimethylethoxysilane, methyltrimethoxysilane,
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weooansishe | di sil azane,

di met hyl diclilorosilane, trimethylchlorsilane,
nmet hyl si |l ane, dinethylsilane, trinethylsilane,

2-trimethyl sil oxypent-2-ene-4-one, n-
(trinethylsilyl)acetam de, 2-(trimethylsilyl) acetic
acid, n- (trinmethylsilyl)imdazole,
trimethyl silyl propiol ate,

trinmethylsilyl (trimethylsjl -..acetate, . .
ey b isias areniy iR RhSlAorosiane
tdiin Bl e b oginile, trinhdtBF1Mbi1hR) BlethylsiiaRé) ik iylsa R, |
t-but yl di met hyl si |l anol’, di phenyl siI'anedi ol ,
ttrimetiytedlens ihezgrecthyldistleramey Zirinetbylsiloxyphnto?-one-Hame, n-

xanet-hyl.cycl ot.ri si | azane, . ..
ISR REEIRRGH pe AR sity acetic acid, n-
k(itrﬁﬁ&tﬁylbﬂﬁzmimie:ruﬁrhwhﬂsﬂﬁpﬁ)piolate, trimethylsilyl(trimethylsiloxy)-
tris(di met hyl am no) net hyl si | ane,

tacpigled honarapatrisilazapn disrpeethgldisiloxane, trimethylsilanol,

by et . . et " ; de.
drEBYRURAT PR aehst LB0S L aRbN bt LRI
tztgm&tolx B yd;isimleyt!ribﬂiokﬁsﬂane,nﬁtlﬁomsﬂmmmf lt}qm@z ctldmmﬂmﬁne,
3. . The treating agent conposition of claim erein
tm@h@e%@ﬁemél@% llén%fblsghpq@srlamnﬁglwhﬁél?%nsu ng
RSBy ERuBLkhp (AR B ol Ritme,
dris@imsthylamimt)sikans] diarethylsiyliliforeamcte] dintetindsibddiacetamide,
conpri ses. t.etranet hyl I um acetate. 24. The
B Y S R e L B e BT OB igBiog
of alkylating or arylating silanol noieties of a

organosilicate glass dielectric filmvia silylation
C3nrfihe sesting agentydnticatmnel kit dneher@s thefbmmpanepbsipable of

of claiml erei.n the c onent capabl f al.kyl ati
Gl ey Gre sifop! e Satg prean R P et i
Kia§iSy18H R @miprises Binkdthyliiacsibtyslidlc OfY S0 HBAVARS agent

di met’hyl di acet oxysi | ane and the activating agent
comppriseetstramebbimmenion asétateet r anet hyl anmoni um
acetate and tetrabutyl ammoni um acet at e.

24. The composition of claim 1 wherein the component capable of alkylating or
arylating silanol moieties of a organosilicate glass dielectric film via silylation

comprises dimethyldiacetoxysilane.

25. The composition of claim 1 wherein the component capable of alkylating or
arylating silanol moieties of a organosilicate glass dielectric film via silylation
comprises dimethyldiacetoxysilane and the activating agent comprises a

combination of tetramethyl ammonium acetate and tetrabutyl ammonium acetate.

26. The composition of claim 1 further comprising a corrosion inhibitor.

57

PCT/US2005/031936



10

15

20

25

26. The conposition of claim1 further conprising a
corrosion inhibitor.27. A nethod which conprises: a)

wo eooriosdg3@n or ganosi |l i cate gl ass diel ectric fiPor/UB005/031936

contacting the organosilicate glass dielectric film
with a conposition which conprises a conponent capabl e
of al kylating or arylating silanol noieties of the
organosilicate glass dielectric filmvia silylation;
and an activating agent. 28. The method of claim27
wherein the conposition further conprises a solvent or
a7nAmeMdeﬁﬁdhcnnﬁmmamlvent and a co-sol vent, wherein
g sol vent or xture of .a solvent and a
8 i

LR AT OTERRS qafez%‘ésstdﬁée%% nt capabl e of
3l kotadtin ?Qh@érgﬁﬁ«yéﬂ%a'té&@ s%'ciuﬁ&‘?hc ?ﬁ‘fl%ﬂhe'c?ccﬁﬁ JsFlf‘on which
of ganosi i cate gl ass diel ectric mvia st
aoiprises agonippatitrgpatyent alkﬂmﬂng/\dnmmlaﬁng titanobmnﬂtl\te nf the

h d/ i .poi nt than
Ao Rl ot APRewB R Srtind oo B s hirsbe pererci
(|) the solvent or main solvent conprises one or nore

ket ones, ethers, esters, hydrocarbons, alcohols,
8&{%@9131111@(1 abflaim 27 nvhgesin thercompaiition firtes comprisasfa; sobedt

olvent co
%ﬁl%t@get ?:fgzlc e?ig'lﬁtso?\;eng cfﬂ CO- %Oé\{eél eé?lg?ﬁei %Yeiﬂt or mixture of
amﬁimaﬂeérﬂhﬁd aconelveaxscdibilites deed@dampbid @padlk by hikylating
acetoacetate benzyl acetoacetate, nonyl acetate,

ot gylaging silanol messhics ok fhe caganoailigate ghsndislectriciinavie, 2-

%&ﬁ?ﬁ%‘&ﬁiﬁ g&ﬁi“gf@ %%ltt ga%ﬁu}%ﬁ?ﬁ{ khny %ggu e%t % higher vapor

Drermtrdignid/d balihppyiatéha diedrain BbiMesti et hyl -
phenyl acet am de, N, N-di net hyl acet am de,
1, 2-di chl orobenzene, chl orotol uene,
Qb I\ﬁfgllﬁ&m@ 8£AaL: di phenyl acet am de,
di met h ypro&?ggggéﬁ&%biﬁhU|nethyl|sobutyran1de
(ﬂ) ﬁle»‘ah’cht ornat lsylveht doenpaised onefor midrh kktohed) R bsterS;

hydrocarbons, alcohols, carboxylic acids, amides, or combinations thereof; and

(ii) the solvent or co-solvent comprises ethylacetoacetate, methyl acetoacetate, t-
butyl acetoacetate, 2-methoxyethyl acetoacetate, allyl acetoacetate, benzyl
acetoacetate, nonyl acetate, 2-(2-butoxyethoxy)ethyl acetate, phenthyl acetate, 2-
butoxyethyl acetate, 2-ethylhexyl acetate, alpha-methylbenzyl acetate,
dimethylsulfoxide, N-methyl-N-methoxyacetamide, N,N-diethyl-2-
phenylacetamide, N,N-dimethylacetamide, 1,2-dichlorobenzene, chlorotoluene,
N,N-diethylacetamide, N,N-diphenylacetamide, N,N-dimethypropionamide, N,N-
dimethylisobutyramide, 1-hexanol, 2-ethyl-1-hexanol, 5-methyl-1-hexanol, 6-
phenyl-1-hexanol, 1-heptanol, 2-heptanol, 4-heptanol, 4-methyl-3-heptanol, 6-
methyl-2-heptanol, 2,6-dimethylheptanol, 1-octanol, or combinations thereof.
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t hereof.30. The nmethod of claim 278 wherein the
activating agent conprises one or nore acids, bases,
oni um conpounds, dehydrating agents, or conbinations
thereof. 31. The nethod of cI al m 27 wherein the

TR rkinadan Ciatn 398 shefiit ok BARAHS: o%r more

ganos

SpadbL bl Edmpdundy,ideh Qt’ﬁ{gadg'ﬁhﬁl dnycdnﬂﬁnmmne tgereod3.
%hi%@meat hod of cl aLFm 27 V\h}?fel e conmponent capabl e
of alkylating or arylating silanol noieties of a

r.g 03| | ] [:1: ' P i ;
SR s bEupr 2T uHbEih idiabltie bRsS B i i
(iJoﬁhﬁ] 27 wherein the conmponent capabl e of al kylating
or arylating silanol noieties of a organosilicate
glass dielectric filmvia silylation conprises

t
Bppy et s PR S ARl IARTS fm i
agBitaitRllgmdnipiswbut yI ammoni um acetate. 35. The
met hod of claim 27 wherein the treating agent
conposition contacts the organosilicate glass
dj;ehfic %1{ 'tlfodf(%f' Fg.lhlrhﬁwﬁér@&%eg@drﬁ[%ﬂéﬁt éa‘b@lﬂh folf Qlkgfaﬁblg or
consi'sting o , vapor, gas, pl asma. 36.
regylate sifanol mnmtﬁ?o%engenomhda@ glmaiuerlﬁgnaéjérm\'la Sllylatlon
conposi tion c? ri ses..a supercritical solvent. 37. A
rRorHsHes Gnedl et RySH#RE f or mati on of stress-induced
voids in an organosilicate glass dielectric filmon a

substrate, which organosilicate glass dielectric film
haxs The met}m;tbq»f@lalm:{ﬁ wherein| theyeampensnteappblatdil e ylabing v& s

ngy,lllagﬁgi %1}?310 ﬁeé gI” 3 pregi B ; ev%@écggé/ glggg cﬁéle&gc ?%Q%‘sﬂylatlon

comprises dimethyldiacetoxysilane and the activating agent comprises a

!__._ n
p-_ﬂ

combination of tetramethyl ammonium acetate and tetrabutyl ammonium acetate.

35. The method of claim 27 wherein the treating agent composition contacts the
organosilicate glass dielectric film in a state selected from the group consisting of

liquid, vapor, gas, and plasma.

36. The method of claim 27 wherein the treating agent composition comprises a

supercritical solvent.
37. A method for deterring the formation of stress-induced voids in an

organosilicate glass dielectric film on a substrate, which organosilicate glass

dielectric film has been subjected to at least one step which removes at least a
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hydr ophobi city of said organosilicate glass dielectric
film conprising contacting the organosilicate gl ass

waele@omsissé c film after being subjected to at PEREB2005€31936

step which renoves at |east a portion of previously

exi sting carbon containing noieties or reduces

hydr ophobicity of said organosilicate glass dielectric
film wth a conposition at a concentration and for a
ti period effective to restore at.l.east of the
8815‘58 r?% 3 B%Y%%}SI% RS CATEOR SOR I, ROISTIST ?ryreg'?ég? ncr ease
higopshiciphextafd drgamdbkilichie o0dsg alelsetdid B, RoflpdiSihg contacting
dielectrjic film wherein the conposition conprises: a)
thecwganonidisateelgsa dicdecric Blneyaftar bepg gibjegtsd tata%stsqneasm

et AN di rJ b vi a
SiGeiDud e £0GRh oL BRY iy Al B BGh bbialid | 3
afoi&leaiofrdtcadisdedphobisity 00 said sidahosilidati flasy diclocpit ifdms
a_solvent or a mxture of a main solven nd. a
sethsotopnosition e p 6pRepHalANIdRT @ Gremesipt pEegvedo fesfere at

V - | o | .
TR e Bubih SRR LRI UEBRONLE FORERIRN.
hiddrophaidciosof the atgancgilicnse glassl delectiic fillin] wherein the
silylation and the activating agent; and wherein the
COMBOTUINEOTARIESES hi gher vapor pressure and/ or boiling

j j : claim
R A A R M e
organosilicate glakediclketsic fdmhaa silylatgmensd hydr ocar bons,
gkcoh(gl St' car boxylic acids, am des, or conbinations

&1 BOPVAUGR BT ) the sol vent or co-sol vent conprises
et hyl acet oacetate, nethyl acetoacetate, tbutyl

acet oacetate, 2-nethoxyethyl acetoacetate, allyl
a8 etlravethad of cloivn 2y wherein the composition further comprises a solvent

or a mixture of a main solvent and a co-solvent, wherein the solvent or mixture of
a main solvent and a co-solvent solubilizes the component capable of alkylating
or arylating silanol moieties of the organosilicate glass dielectric film via
silylation and the activating agent; and wherein the co-solvent has a higher vapor

pressure and/or boiling point than the main solvent.

39. The method of claim 40 wherein:

(i) the solvent or main solvent comprises one or more ketones, ethers, esters,
hydrocarbons, alcohols, carboxylic acids, amides, or combinations thereof; and
(ii) the solvent or co-solvent comprises ethylacetoacetate, methyl acetoacetate, t-
butyl acetoacetate, 2-methoxyethyl acetoacetate, allyl acetoacetate, benzyl
acetoacetate, nonyl acetate, 2-(2-butoxyethoxy)ethyl acetate, phenthyl acetate, 2-
butoxyethyl acetate, 2-ethylhexyl acetate, alpha-methylbenzyl acetate,
dimethylsulfoxide, N-methyl-N-methoxyacetamide, N,N-diethyl-2-
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acet oacetate, nonyl acetate, 2-(2-butoxyethoxy)ethyl
acetate, phenthyl acetate, 2- butoxyethyl acetate,

WQ2@blyishexyl acetate, al pha-nethyl benzyl acetBtBUS2005/031936

di met hyl sul f oxi de, N-nethyl - N- et hoxyacet am de,

N, N- di et hyl - 2- phenyl acet am de, N, N-di net hyl acet am de,
1, 2-di chl orobenzene, chl orotol uene,

N, N- di et hyl acet am de, N, N-di phenyl acet am de,

Bl BLARLNORATIRARY fcradioh] TR N oo BARY A HBruene,
s i Mty st
Gy rrels Mskanol, SEbAbhexsoL Camattiid thsraol 6
prRayeLhex 401, 110StdHBE, Ptk penot l4ai &%l,%é@?g%ﬂl@gmol 6-

activating agent conprises one Or nore a ases,
wethyh?-bepteneln2é;dinethytheatanoly | agemdk or combinativnsahereonts
thereof 41. A nethod for formng a mcroelectronic
devi ce which conprises: a) formng an organosilicate
4. THhs nibtleddestdldifm F9 Wherem tBe Béthatih@h&nt BImpill 86k bPghore
the organosilicate glass dielectric filmto at |east
asis, Baseh oppIne BomBesde sdey diating egentsh or edmbinations thereof
previously existing carbon containing noieties or
reduces hydrophobicity of said organosilicate glass
4li. &l wethod gorf foling@)mieidl @eohiddlel 26 vk godt@girises:at e
8SI ass dielectrigc filmwth a conposition at a

doERAE pa PresRosHeRte slassdielepisic fidmj anp Bibsiaates ve to

. | . ' DRV 1.Shl .

8 SR e AR ROLI Ol 0451 Bk S Wi
taydvediddzista pyrtioh of pevinuglgreasiting caben gbsininh abreEs dic
fi.l m erei.n .the conpositjon conprjses, a_conmponent
rE‘é‘ﬁ“é?BpggrSPh%l%W oFispidpraanogilicats elasy diglackitoiilnggi et i es of
d) REntAEARNAS bldahBdi ' Gt békiti
s)i II§I ation; agﬁgégéﬁcag%:@?%agkl%ﬁ%gﬂﬁﬁy lftﬁdé &ﬁéhgmrlr%l% ﬂoad of
whedntmation anvhfor @itime pericclodfeotive oanstbrerat heast acpofion s£s a

sol.vent ar,.a mxture of. a main solvent an .
VS etbtih, et Coryaiing glogstits Objacrasss (e rophobicity of

the organosilicate glass dielectric film, wherein the composition comprises a

component capable of alkylating or arylating silanol moieties of the organosilicate
glass dielectric film via silylation; and an activating agent.

42. The method of claim 41 wherein the composition further comprises a solvent
or a mixture of a main solvent and a co-solvent, wherein the solvent or mixture of
a main solvent and a co-solvent solubilizes the component capable of alkylating
or arylating silanol moieties of the organosilicate glass dielectric film via
silylation and the activating agent; and wherein the co-solvent has a higher vapor

pressure and/or boiling point than the main solvent.
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a mai n solvent and a co-solvent solubilizes the
conponent capable of alkylating or arylating silano

wonRioetss36 of t he organosilicate gl ass diel ect rPCT/UB1005/031936

via silylation and the activating agent; and wherein
t he co-solvent has a higher vapor pressure and/or
boi ling point than the main solvent.43. The nethod of
claim42 wherein: (i) the solvent or main sol vent
ones, ethers, esters,
%égﬁ%caH%BQQFcﬁ{cgg elgé;ﬁ]ti:arboxyllc aC|ds am des, or
¢ ke sadtehDoSmbinsoB@hT connstises de dsthﬁomddemm etifers, esters,
co-sol vent comprises ethylacetg cetate nethl

hydrogarbeusaleonalsy, sahoxstie peids SRAESs; 0rxo llp?éwyéfhmof and
ﬁ‘&ﬁ??@?%@a? g0 géf"%ét %ﬁé&c@c gié(t@estoa{%@f& heﬁﬁ@%@é&&%ﬁi@ -

utoxyet et hyl acet’at e,
ﬁ)htym hdepdaceiaty 2inesth@xyetiyl aceyaicktgte, aibétaa&teace@lt@tbhmyrh exyl

arerte PR Rrdae. TarpbrpeRomRRharaels, Bhfriy! scctate, 2
Nui&xgiét %lrb)élata?e zléhﬁﬂ'li{éx%&ie?df@ qﬁahal}h&hﬂbaﬁtyhyde@&@t am de,

2-di chl or obénzerie, chl orotol

Nlmbth}’lemlfwdl@: éi-mﬂfd'bN-methodyzpm’@nyda b Naditgl-2-

PO R SR it E ety R el A otgene

m&:ruié ?llabaa&ﬁm@ N N-dtrﬂi@hﬁa@&amlae hept aﬁhﬂﬁthyﬁoﬁlﬁﬂdrﬂlﬂ@ N,N-
4- et hyl - 3- he tanol, 6- net ¥ hept anol |,
@%dre

zllmethyhﬁ@bwwméﬁ dnbexanal, deet xgnolc rmsitlivdtlrgxanol, 6-

er 44 . T f gl f C iAg
REE ol OG5 e hp ] ARGl oAb
A etind-21hephta0l, 12 @-dfmétnylhégﬁanoﬂ Imeéthed, drasonfbiiationg tikreof.
mi croel ectroni ¢ devi ce whi ch conprises: a) applying an

organosilicate glass dielectric filmonto a substrate;
30 R a8y DR 32 K00 AOSEEn f IS
ohenositieneglaks dialeetriglfdss di el ectric filmto at Ieast
one treat nent

45. A method for forming a microelectronic device which comprises:

a) applying an organosilicate glass dielectric film onto a substrate;

b) forming a pattern of vias and trenches in the organosilicate glass dielectric film,
and subjecting the organosilicate glass dielectric film to at Jeast one treatment
which removes at least a portion of previously existing carbon containing
moieties or reduces hydrophobicity of said organosilicate glass dielectric film;

¢) contacting the organosilicate glass dielectric film with a treating agent
composition at a concentration and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric film, wherein the treating

agent composition comprises a component capable of alkylating or arylating
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film c) contacting the organosilicate glass
dielectric filmwith a treating agent conposition at a
concentration and for a tine period effective to

i ncrease the hydrophobicity of the organosilicate

gl.ass dielectrjic film. wherein.the treatin ent
SIRBELTRIFHR eidhp PresBeSlicn Kt irleeis SR A gjyiation, and an
a)diyhddd HPnr aryl atingsilanol noieties of the
organosi i cate glass dielectric filmvia silylation,
and an activating agent. 46. The method of claim45
fapt RPSA 3di m& : .
oﬁ'irﬂgﬁg?#y bafkcﬁehg%gtﬁ]f?t}%frjn about tgé%)l?:&té%&%%gﬁ%s %%O oC
f dropdiboalty Helxirgesat drvohs aloout 8976 to atpart 409 1@ Foreipofii 10 seagnds or
the vi.as and/or trenches with a netal; and thereafter
f’)“o’é?’pf}}%‘f‘?ztﬁy subj ecting the netal to an annealing

t &)aaline e vids and /0P ereiBReR VR IOf metafiafl 4ferédfict her
conprising the subsequent step of renoving unreacted

t D oatipradly sybisetingmip sedtalito an anreabing Beatpedduct s and

m xtures thereof. 48. The nethod of claim45 wherein
the conposition further conprises a solvent or a

A X tThe @n et odo fotdih $0furet coniystistngClie SEsequbns step Of Rinfbving
the solvent or mxture of a main solvent and a

cenrsaisddrrating pemit cpmpesition, reasips REwducts 8pd pustusgs thereof,

al kylating or arylating silanol noieties of the
organosilicate glass dielectric filmvia silylation

a4g] Thenalidd ofadlainod Bgheakin the dompesitomfutther conmidey esdlvent
has a, hi gher vapor pressure and/or  boiling point than

t Pl WS THCSS PR solyont and@ coesohieat Srherain the sgiyehetaxture of

(] y . . Le

(4 %ng%gg}v% ﬁgdr% ?@ gcélggﬂ}tg?ﬁl%h}é%@%he%fﬂ%héﬁ Saie Of alkRhing
or arylating silanol moieties of the organosilicate glass dielectric film via
silylation and the activating agent; and wherein the co-solvent has a higher vapor

pressure and/or boiling point than the main solvent.

49, The method of claim 48 wherein:

(1) the solvent or main solvent comprises one or more ketones, ethers, esters,
hydrocarbons, alcohols, carboxylic acids, amides, or combinations thereof;, and
(ii) the solvent or co-solvent comprises ethylacetoacetate, methyl acetoacetate, t-
butyl acetoacetate, 2-methoxyethyl acetoacetate, allyl acetoacetate, benzyl
acetoacetate, nonyl acetate, 2-(2-butoxyethoxy)ethyl acetate, phenthyl acetate, 2-
butoxyethyl acetate, 2-ethylhexyl acetate, alpha-methylbenzyl acetate,
dimethylsulfoxide, N-methyl-N-methoxyacetamide, N,N-diethyl-2-~

phenylacetamide, N,N-dimethylacetamide, 1,2-dichlorobenzene, chlorotoluene,
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ereof ! 50. The nethod of clai'm49 wherein the
activating agent conprises one or nore acids, bases,

ni,um co unds, dehydrat i agent s r,_.copbi nati ons
Stqhér%’(9¥qe?% onig q‘ﬁ"’é’?@ﬁ?‘ﬁl&?d gﬁfhggﬁe%?dc%to%?’lghu ed by the
10 nethod of claim46. 52. The nmethod of claim46 wherein
the step which renoves at | east a portion of
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64



