29 March 2007 REPAI RI NG DAMAGE TO LOWMK DI ELECTRI C MATERI ALS %&NG 3'
SI LYLATI NG AGENTS CROSS REFERENCE TO RELATED APPLI CATI ON 10 THsValsBi4°84¢ i on
clainms the benefit of U S. provisional patent application 60/510,024, filed
on Cct ober 8, 2003, which application is incorporated herein by reference.
BACKGROUND OF THE I NVENTION 15 Field OF The Invention The invention
pertains to a nethod for restoring hydrophobicity to the surfaces of 20
organosilicate glass dielectric films which have been subjected to an
etching or ashing treatnent in such a way as to renove at |east a portion
of previously existing carbon containing noieties, resulting in a film
havi ng reduced hydrophobicity. These filns are used as insulating materials
in the manufacture of sem conductor devices such as integrated circuits
("ICs"), in order to ensure low 25 dielectric constant and stable dielectric
properties in these filnms. Description of the Related Art As feature sizes
in integrated ci Qﬁit re r i I RC 30 del ay,
power consunpt]ﬁ#%AX E%ﬁﬁﬁgyggﬂ%%%iﬁ%&ggﬁ%ggﬁg%@3@%¥#ﬁ@§§gQSﬁgﬁy difficult
to resolve. It is believed that of low dielectric constant 1
29 March 2007 materials for interlevel dielectric (ILD) and internetal
dielectric (IMD) applications will help to solve these problens. Wile there

have been previous f LORER i i 16 AG ant materials to
i nt egrated circuits,E$¥é§%§&ﬂ QEWIB ArRDPRPPLR/ n the art for
further inprovenents in processing 5 nethods and in the optim zation of both

the dielectric an chani cgl propertjes .. _—
10 Th?s app 1car{1%n c?aims %e b%nefﬁ of U§ provisional patent application

( 60/510,024, filed on October 8, 2003, which application is incorporated herein by

reference.

BACKGROUND OF THE INVENTION

15

Field Of The Invention

The invention pertains to 2 method for restoring hydrophobicity to the surfaces of
20  organosilicate glass dielectric films which have been subjected to an etching or
ashing treatment in such a way as to remove at least a portion of previously
existing carbon containing moieties, resulting in a film having reduced
P hydrophobicity. These films are used as insulating materials in the manufacture of
| semiconductor devices such as integrated circuits ("ICs"), in order to ensure low

25  dielectric constant and stable dielectric properties in these films.

Description of the Related Art

As feature sizes in integrated circuits are reduced, problems with interconnect RC
30  delay, power consumption and signal cross-talk have become increasingly

difficult to resolve. It is believed that the integration of low dielectric constant



of such materials. Device scaling in future integrated circuits clearly
requires the wuse of |low dielectric constant materials as a pa&9Maidcht2i@7

i nterconnect structure. Mst candidates for |ow dielectric constant
materials for use in sub- 100nm generation ICs are carbon containing Si Q2
films formed by either CVD or spin-on 10 nethods. During subsequent
processi ng steps, such as plasma etching and photoresist renoval using

pl asma or wet strip nethods, significant damage occurs to these | owk
materials, that causes fluorine addition and carbon depletion from the

|l ow-k material adjacent to the etched surface. In addition to a higher
effective Kk, the resultant structures are susceptible to void formation,

out gassing and blister 15 formati é@ﬁ voi ds j.n tur cause an increase
in I eakage BQFFfoRNteEl ‘?}él_t‘eéﬁfm‘ilgﬂpb nEfFfBet?le‘iiaﬁ‘ftf‘BEIWbr eakdown vol t age.
The present ;b d)eidds W1 IRHAD sHIRE tiRse PraYlehR. MaldGRert RfvdRRRRvRRd resul ting
i ssues by treating the wafers with "~ silylating agents after the damage is

caused. 20 ¥Hertatoapply lowdidlesiaaangtanignatetidsiosniegrates sisuiss the?¢ He has been

reported to__redu n d et i | 0 . In this
regard, seereimal%ea?lg?g&%f%?ngéhelggEnatfhe%? fﬁ?&t&%ﬁ%@%@%@f ,Hﬁ)f&%gﬁi guchi, and O.
Escorci as Pretrddants the Ghtasizativahdbothahe &elecriciand Zibchaichl pRfpeRs and A

Mat sushita, N. GChashj, K. . Inukai, g J. Shin ,S._S(ége, K. Sudou, K. M sawa,
| . Mat sunot 8f Sughnatgriass Deyige sealing in fsfuse integraiedciguits gleprly FRauresifs onal

| nt er connect, TR dhric SAUaRI ANERals 2003t dedfe (R0 hect3tradubar ch 2007

Alternatively, post-ash treatnents that replenish carbon have al so been
shown t o reMoast eanlliddtes fordow clielsctranebnstonignatetiads thir abemtsubd 06mmst ant .

Post - achi t 1 t t hat | i b h .al h t
PO a1 LSRR S 8 L SEL S50, EORR TPV, .,
Y. S. M, etHods.Thaitg subseqUent bidéessihg stdps,Sudis @ plasma déhivged S. T. Yan, C

J. Chu, W F. Wi, FF M Pan, W Lur; and S. M Sze, Journal of Vacuum
Sci ence & TebAGHsFgmoRal using plasmaps et up methodhsignitiqant 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 susceptible to void formation, outgassing and blister

15 formation. The voids in turn may cause an increase in leakage current at elevated
voltages and reduction in breakdown voltage. The present invention describes a
way to reduce the damage and resulting issues by treating the wafers with

silylating agents after the damage is caused.

( 20 The use of non-damaging ash chemistry, such as Hy/He has been reported to
reduce carbon depletion and associated problems. In this regard, see 1. Berry, A.
Shiota, Q. Han, C. Waldfried, M. Sekiguchi, and O. Escorcia, Proceedings -
Electrochemical Society, 22, 202 (2002); and A. Matsushita, N. Ohashi, K.
Inukai, H. J. Shin, S. Sone, K. Sudou, K. Misawa, I. Matsumoto, and N.
25 Kobayashi, Proceedings of IEEE International Interconnect Technology
Conference, 2003, 147 (2003).



Clark, B. D. Schwab, and J. W Butterbaugh, Sem conductor International, 26
(9), 46 (2003). An advantage of the later approach is that it29\Miroh@08he
use of well- established etching and aski ng processes. To this end, it would
be desirable to 10 repair damage caused to a porous Si COH based | ow k
material using a post-ash treatnent. The treatnent could result in
repl eni shnent of carbon to the lowk film thereby restoring hydrophobicity
and resistance to further damage during a wet cleaning operation.
Additionally, it would be desirable if the repaired lowk material was
found to be resistant to void formation, which generally occurs in 15
untreated porous lowk inter-level dielectric regions during copper

anneal ing processes. Silylating agents (."tougheni ng agents") can nethyl ate
t he surface%ﬁemagi"%i’_p&%@% t’f?é?‘é‘??‘fség%t.re_ f}b?‘?ﬁuﬁg"é‘tel@de&ﬁgg‘ﬁ’rsz‘o?”ﬁé? udes vapor
exposure ( Wirddhr®hydr¥dpHdbRiy aRli B WERhe EAEATE B6Hstanfl PRBIChsAMR Yettichtscal CO2.
Normal |y, Si COH based pofous |owk naterials are susceptible to void

formati on i ithat replesighicathombaoalsiabren showen forresersdiyaphaliieity and loweigheni ng agent
treatnment, th esul t st ructu {,Sa SNQNHS |-C | y re . resistant to void
formati on. wet? C(%tlj C%‘étfiﬁr}tgl%tﬁc}ﬁr{géatréci%g?\y S'?;/)Iglg:rf ?Cé%npgb?;?o@u’rréc anism it is
bel i evedst hakaipCagnmgheigsafeYasus gsChgmdn WaldpMetPanyWi burt ad@. B.ectric, by

replacing Si-CH3 bonds with Sj-0OH bonds. In us dielectrics, the
pore surf aceZdowaa do(Asrwn S\RPP?F @iIe@PO_&Qﬁ?dgz gﬁ‘ﬁ? ggqt(ﬁg({%’raé@g)nge of tensile
stress (suchyag BfbNchidpamaga. BkerbAihdSERconiucidrLAEMRShal, 2810); ONdense,

thus causing local densification. The evolving reaction products  and the
stretching &b (2003).ndhedventage dlithetlater appraaeinis| thatiisallowisrteelusesdwsls voi ds to

occur near t center..of the.lLD space. .Tqughenin nts. prevent void
Cornation 338 RER FeBesnd Epmeaubaiien, THILT AL IR BERMASHIFEIST <R,
bonds, whi ChepauQiathag®EtSaBta foRousSACOHMESed [Hhek flagtial wirigh pozt-a@t | on does not
occur. The toughening treatnent perforned after dielectric trench and via

for mati on afgatmenk{ThRtreymentcoaidiesyt Wreplenishopent pEcagharyigibalepret i on and

damage to t qﬁ’ml ﬁ@fegy restoring hydrophobicity and resistance to further damage during a
wet cleaning operation. Additionally, it would be desirable if the repaired low-k
material was found to be resistant to void formation, which generally occurs in

15  untreated porous low-k inter-level dielectric regions during copper annealing
processes. Silylating agents (“toughening agents”) can methylate the surface of
Si10, based materials. Contemplated exposure includes vapor exposure (with or
without plasma), spin coating and supercritical CO,. Normally, SICOH based
porous low-k materials are susceptible to void formation in ILD during Cu

20  damascene processing. After a toughening agent treatment, the resulting structure
is significantly more resistant to void formation. Without being bound to any
specific theory or mechanism, it is believed that plasma damage causes carbon
depletion in the dielectric, by replacing Si-CH; bonds with Si-OH bonds. In
damaged porous dielectrics, the pore surface is now covered with Si-OH bonds. In

25  the presence 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. Toughening agents prevent void formation



materials. By this nmeans, voids are deterred and the | ater Can 'thﬁt 8?
internal stresses caused by annealing treatnments to the netal%Ypic ﬁ@ he
trenches and vias. The toughening treatnment is conducted by exposing the
waf er surface to the silylating agent in liquid or gas formfor a period
sufficient to conplete the 10 reaction with the damaged | ow K region
Optionally, a high tenperature bake can be perfornmed to renove renaining
sol vent and excess toughening agent. Also, optionally, a wet cleaning
operation can be perfornmed i medi ately after the toughening agent
application, or after the baking step, using a commercially available

chem cal conpatible with the lowk dielectric. Additionally a 15 dehydrati on

bake may beppesf QB RS OIELSAR bl SUBNSR N B0 SRhich L HAY BBRensatign | NCr ease
ef fectiveness of the toughening agent treatnent. The effectiveness of the

t ougheni ng agenonst Therefoenvoid formptiondedsmpeercusi ng  unpatterned | ow Kk
dielectric filns subjected to etching and ashing processing followed by the
t ougheni ng agent treatnment. A successful toughening agent 20 treatnent

resul ts in IThefRaE&AnE REMMBNGRABENI dlet Oitlectidtrefdtnarevidneasutietatty FTI R,
EDX, or XPS tephnigues. Additignally, a water contact angle increase is
seen, whi clsichmgend psngsiensTerais SRR depletianand damage torhe o3k - t r eat ment

surface. Th%atéxﬁﬁeﬁ;@ig%%g@%idg LRUcR el bhdRAG c%ﬂ%ﬁxsﬁmll adi el ectric

constant extracted neasurenents, conpared to an etched/ashed film
that is not stressest @dsédDyvdnnéaling nghterentsgo dgemdtal filingtht trenched andifies.s, t he

ef fecti veness of the toughening agent treatnent is denonstrated by
reduction or.elimnati

n.of voids, in,the |a digelectric hn narrow spaces

gt ween G- PGy PP TRt At D SrocRle e Bt SEREL Y 17007
foll owi ng elspahtimdgahi iNdiqafd Gr@aPRIm fardpalodautficidnowasoniplat idee change in
trenches or vial after exposure to reactive solvents. SUMWARY OF THE
| NVENT] @R meaction with the damaged low-K region. Optionally, a high temperature bake can

be performed to remove remaining solvent and excess toughening agent. Also,

optionally, a wet cleaning operation can be performed immediately after the

toughening agent application, or after the baking step, using a commercially

available chemical compatible with the low-k dielectric. Additionally a

15  dehydration bake may be performed before the toughening agent treatment, to

increase effectiveness of the toughening agent treatment.

The effectiveness of the toughening agent treatment can be verified using
unpatterned low-k dielectric films subjected to etching and ashing processing
[\ followed by the toughening agent treatment. A successful toughening agent

20  treatment results in increased carbon concentration that can be measured by FTIR,
EDX, or XPS techniques. Additionally, a water contact angle increase is seen,
which demonstrates the hydrophobic nature of the post-treatment surface. The
toughening agent treated film also shows a lower dielectric constant extracted
from C-V measurements, compared to an etched/ashed film that is not treated

25  with toughening agent. In patterned wafers, the effectiveness of the toughening
agent treatment is demonstrated by reduction or elimination of voids in the low-k

dielectric in narrow spaces between Cu trenches after a copper anneal treatment



The invention provides a nmethod for deterring the formation of
stress-induced voids in an organosilicate glass dielectric fi29Ylanshg007
substrate, which organosilicate glass dielectric filmhas been patterned to
formvias and trenches therein, and which organosilicate glass dielectric
filmhas thereafter been subjected to at |east 10 one treatnent which
renoves at | east a portion of previously existing carbon containing

noi eti es and reduces hydrophobicity of said organosilicate glass dielectric
film and which vias and trenches have been thereafter filled with a netal,
and which netal has then been thereafter subjected to an annealing
treatnent, the nethod conprising contacting the organosilicate glass

dielectric 15 film_ after. being subjecte 0 at |east one etchant or ashing
reagent , bu}ouf?é‘f“&% glecitgp tm%i"g%"gpé’ﬁﬂ a{“f@ﬁ% “ﬁéi?ré’ﬁﬁee%ﬁnﬁ MEGNSOR a netal |
with a tougheohRg &gedtke GRS sdIv@Ik.at a concentration and for a tine
period effective to restore at | east sone of the carbon containing noieties

to the organosilicate glass dielectric film and increase the hydrophobicity
of the organosilicate gl asssggi@ ggﬁg HFGH_i& WEI%%&\I?e i nvention al so provides

a method for formng a mc h conprises: a) applying

an organesilicate glass dielectric filmonto a substrate; b) formng a

pattern of vias and trenches in the organosilicate ass dielectric film
25 and subj d&¢ FWQ“?‘?@%Y‘&%@FWP@gqréie@%ﬁ%lfoél“ém‘} ?gfnl:“rieﬁ'wpl“i?dat | east one

treatment  whigeh, SEARYRRIIRteoBRS BieRcRiR HinQR aQubRE8Y Wi ofgfbkichBg car bon

containing noieties and reduces hydrophobicity of 'said organosilicate glass
di el ectric flasslickctzio fillarhahb&dgattemnyd wdnmayias and trénshey hergosehd cat e gl ass

0" ST bR APeel PYBSTDBR P ARSR e e BB 2 o o
or ganosiibi cahetredtasst which fRedovecatllédstd pehion of previgudlexivtirgScatbosh trenches with
a metal; an(?:ontaining moieties and reduces hydrophobicity of said organosilicate glass
dielectric film, and which vias and trenches have been thereafter filled with a
metal, and which metal has then been thereafter subjected to an annealing
treatment, the method comprising contacting the organosilicate glass dielectric
15  film, after being subjected to at least one etchant or ashing reagent, but before said
vias and trenches have been filled with a metal, with a toughening agent
composition at a concentration and for a time period effective 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.
20
The invention also provides 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,
25  and subjecting the organosilicate glass dielectric film to at least one treatment

which removes at least a portion of previously existing carbon containing

moieties and reduces hydrophobicity of said organosilicate glass dielectric film;



5 e) subjecting the nmetal to an annealing treatnent. The invenji,on prQyides
a mcroel ectroni c device produced by a process conprising: a;%églﬂlicsizﬁg%an
organosilicate glass dielectric filmonto a substrate; 10 b) formng a
pattern of vias and trenches in the organosilicate glass dielectric film
and subjecting the organosilicate glass dielectric filmto at |east on
treatnent which renoves at | east a portion of previously existing carbon
containing noieties and reduces hydrophobicity of said organosilicate gl ass
dielectric film c¢) contacting the organosilicate glass dielectric filmwth
a tougheni ng agent 15 conposition at a concentration and for a tinme period
effective to increase the hydrophobicity of the organosilicate gl ass
dielectric fj ful 0 & i : . i |; and e)

subj ecti ng tcwe‘mtrraecgg iﬂteodr dﬁ‘gﬁkﬁggﬂaﬁ%‘i@? %3% r??eﬁﬁt% 30 H%Rﬁifgg&%Esm PTI ON OF
THE | NVENTI @binpositidreataonhesntratidn aniddops tme periodneféastivote, inceasedlst ri ¢ material s
havi ng | ow di el ectri.c onstants., typical below 3 are especially desirable
because t he;il?y‘?r?B]imé’é‘Tlfy)Pfg]?el %quls’ilg?tgé%ﬁ (?fﬁ]lﬁf\’/mfj%&?agati on, reduce capacitive
effects anddyﬁgﬁlgm@ﬁlgsQﬂt%@ﬁbs&a@m@uwﬁﬁa lines, and | ower voltages to
drive integrated circuits. One material with a |low dielectric constant is
silica whicl§ subiecHag tspnstaldo as apneplipgEptie™] ectric material . For the | owest
possi ble dielectric values, air is introduced into silica dielectric
materials. Air has a dielectric constant of 1, and when air is introduced 6
29 Mar ch 20Qhe invehtoraprevidecamikredleattonicaleniat pradated by 4 procdser m of nanopor ous
or nanoneter-scal.e pore structures, relatively |ow dielectric constants
("k") are aCHPBYEBE 1t shoul d be understood that unless the "Si02"
fynctional gy gHlihe a® BREhdsiIEAld glastBIMdcRREAm HMER shitiradeer M "silica” is

enpl oyed, the term"silica" as used herein, for exanple, 5 with reference to
porous afid mdferminterpatgrmedfedasand trenehes in the organesilicadr glassidiglegiri Blm,

and subjecting the organosilicate glass dielectric film to at least on treatment
which removes at least a portion of previously existing carbon containing
moieties and reduces hydrophobicity of said organosilicate glass dielectric film;
c) contacting the organosilicate glass dielectric film with a toughening agent

15  composition at a concentration and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric film;
d) filling the vias and trenches with a metal; and

e) subjecting the metal to an annealing treatment.

20 DETAILED DESCRIPTION OF THE INVENTION

In the context of the present invention, dielectric materials having low dielectric
constants, typically below 3 are especially desirable because they typically allow
faster signal propagation, reduce capacitive effects and cross talk between

25  conductor lines, and lower voltages to drive integrated circuits. One material with
a low dielectric constant is silica which can be applied as a foamed dielectric
material. For the lowest possible dielectric values, air is introduced into silica

dielectric materials. Air has a dielectric constant of 1, and when air is introduced



dielectric filnms prepared by the inventive nethods froman organic or
inorganic glass base material, e.g., any suitable starting ne9vlamh 2007
containing one or nore silicon-based dielectric precursors. It should al so
be understood that the use of singular ternms herein is not intended to be
so limted, but, where appropriate, also 10 enconpasses the plural, e.g.,
exenpl ary processes of the invention nmaybe described as applying to and
producing a "filnf but it is intended that nmultiple filnms can be produced
by the described, exenplified and cl ai ned processes, as desired. The term
"film as used herein with regard to silica dielectric materials is

i ntended to enconpass any other suitable formor shape in which such silica

15 dielectric materials are opti.onal eppl oyed. Nanoporous silica is
attract|ve Hied Ace dCEugTegaEIdh o B RGOS or TRHEREAT fgle Por
organi c- SUb§t_trthtM%§,‘i'e1§ﬂi\@P% diSleBtric cohs®intAMRY) RRXAtRieh &N el 6holMBe ) and/ or
tetraet hoxysilane ("TEOCS'), as are used for  the currently enpl oyed

spi n- on- gl agadssstpodSha ynless dhec' 1@ chinctionpbgrowp isppedifi¢aly mentiongd' ) silica Si02.
As used herein, the terms, "void" and "porg!. nean a,free 20 volynme in which a
mass is r ep!"@@’éﬂ’W% siligga s Wﬁ%@rg’eé&f‘aéﬁﬁ% ‘i‘ssus_ﬁ% BF' 5t é&@fﬂﬂﬂ% conposi tion
of the g3as hgmaeRRMaE Ipdiis MinbhpBlous AlRIbcARINIAR] is Mténdda IS Feféris| ude
relatively pure gases and m xtures thereof, including air, The nanoporous

pol yer may distaeprd Blensprenagaddty thy inyentprgmesthodsdroasamerganig pr wiargapicspheri cal |

but may alternatively. or addjti.onal - , 1 ncluding
tubul ar, | al%galsﬁngars? "?g%&gseégo’iag’ghu?%f% Jé%ﬂgg%gﬁgg%csoi%‘gﬂﬁ%r@s}g ér%gy be uniformy
or randon y siicepbiseedielstitridprociirkees. posiooutd fisd yor@iderstdodi thatahsasewdnt enpl at ed
that the pores may have any appropri gte di ag%er. It is further

cdnt enpl at edingHat fegps hergians aefiptendiidda besg limitod bih wheTeAPRTOPTRISNEXt Wi t h

adj acent;,por, tor BroW Sk gRiifvenabh magpunt of connected
or "openl'(') pgﬁ%ér?@;ggﬁa%tn%%%}%l%%g?@?cﬂrﬁérsrggshave1previ ous?;é been fabri cated

by a nunber defcribed froapplyingtoSnd pedsiueing " fibwhbus dtde thtgnded thas multipderposi t i ons and
et hods for ﬁflrgg (r:gnnk% 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
15  dielectric materials are optionally employed. Nanoporous silica is attractive
because it employs similar precursors, including organic-substituted silanes, e.g.,
tetramethoxysilane ("TMOS") and/or tetraethoxysilane ("TEOS"), as are used for
the currently employed spin-on-glasses ("SOG") and chemical vapor disposition
("CVD") silica SiO,. As used herein, the terms “void” and “pore” mean a free
( 20  volume in which a mass is replaced with a gas or where a vacuum is generated.
The composition of the gas is generally not critical, and appropriate gases include
relatively pure gases and mixtures thereof, including air. The nanoporous
polymer may comprise a plurality of pores. Pores are typically spherical, but may
alternatively or additionally have any suitable shape, including tubular, lamellar,
25  discoidal, or other shapes. The pores may be uniformly or randomly dispersed
within the porous polymer. It is also contemplated that the pores may have any

appropriate diameter. It is further contemplated that at least some pores may



nanoporous silica dielectric filnms, are described, for exanple,
fol lowing co-owned U.S. patents 6,048,804, 6,022,812; 6,410, %ﬁé\agféflgg%? 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 10 by reference herein. Oher dielectric
and low dielectric materials conprise inorgani c-based conpounds, such as
the silicon-based disclosed in commonly assigned pending U.S. patent
application serial No. 1 0/07 8 9 1 9 filed February 19, 2002; (for exanple
NANOGLASS(r) and HOSP(r) products comercially available from 15 Honeywel |
International Inc.). The dielectric and low dielectric materials nay be
appl i ed by i i i Sk ating, spray
coating, c%gﬁ# ngﬁﬁg‘gg?&gg%g%ﬁ %a?#?ac{/h[c)%u?e ?Vﬁo}ﬁlai%%ﬁ?ﬁgt arrng%dg; iggl onto the
surface, dricpmeatyd or epenfipenosift. on to the surface, and/or spreading the
material onto the surface. D electrics useful for this invention include
CVD deposited materials, such as 20 carbon doped oxi des for exanple, Black
Di anond, comuEbsdrahd siliciins davepreviomly bl fhigitaldd b aindhtber dMethodsor al |
commercially available from Novel lus, Aurora, which is comercially

avai | abl & f PyipsMlicembasey prsgursoifoapopisonsyndanethods|for foFpiRE| abl e from Tri kon.

Ais used her%iaﬁ'o&(r)%&ﬁ.sﬁﬁgﬁfe?%tnﬁ' i3, 0 4BR16Ld, Mr examBR! £ B f&i&@ﬂ%y”ﬁte” al *,

"spin- 25 on ¢C osition spi n-on I norganic osition” be used
i nt er changeablosmad @.$.gfatentst048 86,822, 8112; dindl oA ; ORATRBESHS 60108,26Hat can be

spun-on 8 29 reh 7 S te o ) i, o pin coating
applicationGﬁﬁgégzsé?%&ﬁﬁi?é§7g?£§#?ﬁé%ﬁz%8§§@L€§§Bgaﬁggit%ﬁgéPse_sionane
Cﬁrrpoun_ds, HL1210,23; 61RH41Y0%5 61208 BRE, 6,3 I¥EMR N8 61339365 bIP KROBordIRERSEIST | OXane,

phenyl si | sesqui oxane, _nethylphenyIS|foxane, met hyl phenyl si | sesqui oxane,

si | azandOpolbyaeferenceshar¢isat e 5 pol yners and mixtures thereof. A contenpl at ed

silazane polyner is
Other dielectric and low dielectric materials comprise inorganic-based

compounds, 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

15  Honeywell International Inc.). The dielectric and low dielectric materials may be
applied by spin coating the material on to the surface, dip coating, spray coating,
chemical vapor deposition (CVD), rolling the material onto the surface, dripping
the material on to the surface, and/or spreading the material onto the surface.
Dielectrics useful for this invention include CVD deposited materials, such as

20 carbon doped oxides for example, Black Diamond, commercially available from
Applied Materials, Inc., Coral, commercially available from Novellus, Aurora,
which is commercially available from ASM, and Orion, which is commercially

available from Trikon.

As used herein, the phrases “spin-on material”, “spin-on organic material”, “spin-
25 on composition” and “spin-on inorganic composition” may be used

interchangeable and refer to those solutions and compositions that can be spun-on



per hydr osi | azane, which has a "transparent" pol ymer backbone ?@35511
chronophores can be attached. Spin-on-glass materials also in gh 2007 ane
pol ymers and bl ock pol yners, hydrogensil oxane pol yners of the general
formula (Ho-1.0Si QL. 5-2.0)= and hydrogensi | sesqui oxane pol ynmers, which have
the formula 10 (HSiG,s),, where xis greater than about four. Al so included
are copol yners of hydrogensil sesqui oxane and an al koxyhydri dosi | oxane or
hydr oxyhydri dosi | oxane. Spin-on glass materials additionally include

or ganohydri dosi | oxane pol yners of the general fornula

(Ho.1.0Sid .5-2.0)n(Ro-i.0Si OL. 5-2.0)m and organohydri dosi | sesqui oxane
polynmers of 15 the general formula (HSi OL. 5)"(RSiCﬂ 5)n] where in is greater

than zero agg, §d?)§?‘at?Uf@19fac@uﬂ€%?h'e h%oﬂfr%aagﬁlrlcarugﬁ‘ rf UtExfa Efes%ﬁd Ris alkyl

or aryl. Sonme us or gano pol yners ave the sum of n and
i n from abosilicérebased comphmds C@ﬁﬁxﬁhe\nﬂ@we F@mgomds;lsuclzeﬁ metkylsilggaoep or a

C6- C12 aryla%gfﬁﬁ. The or anor drldo ne %pd

or ganohydr i Y @?8&95?§h éW@ng ? W% At i vel y denot ed

spi n-on- pol Wy@heﬁﬂ%x&@@%&hﬁp&ﬁﬂﬁﬂe&@mm& ,4il&zanapklyhlapgsilieasi | oxanes,
such as net hyl hydri dosi | oxanes, | hydri dosi | oxanes,

propylhy@rlﬂ@@ﬁﬁﬁ%@ﬁé§xmﬂﬁﬁﬂﬂ?ﬁthW¥W%@1ﬁ@%ﬁﬁé@wFWWEWVﬁhydrld05|onanes and
al kyl hydri d§§:‘h FESAYARX MRH haS Y Cfla y%ﬁt’ 8312&%915&&9&1«3'\5}?&9”' oxanes, "

et hyl hydri d6si f sesqul okanes, propy sesqui oxanes, 25
t- butyIhydrcmmﬁmbhﬁqmumﬁﬁmﬁadwphSpmkhygamdmmnhkeﬂquhohdme@bxand conbi nati ons

t her eof . Sever al e, conte ed spin-on . materials are described in the
fol |l owi ng i eg‘e(a’afsrf&fi%rﬂ 5?8&8“%&1&%856 ‘E‘Bﬁaf‘%ml%ﬁ? of (i &Rz} g’“ﬂ}é]rael n

i ncor por at egﬁo 0%i0 & 6Y, 8RE BydrBeenbifieSquidkahé §31ymery: WhicRAhRIthS f&mafkd, 497,

6, 365, 765; 268, 457 9 29 March 20q07 6, 17 199; 6, 358,559; 6,218, 020;

6,361, 820; 3B 4oTherex SegenaghanabpyBlogs5Alse imied a1 cogosmepeafent

oepL1 ] onyigkah Moy AeR0AE oyl LA 10, 2007, ECT Usbol 15772
hydroxyhydridosiloxane. Spin-on glass materials additionally include
organohydridosiloxane polymers of the general formula
(Ho.1.08101 5-2.0)n(R0.1.0S101 5.2.0)m, and organohydridosilsesquioxane polymers of

15  the general formula (HSiO; 5),(RSiO s),,, 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
organohydridosiloxane polymers have the sum of n and m from about four to
about 5000 where R is a C;-Cyg alkyl group or a C4-C1; aryl group. The
organohydridosiloxane and organohydridosilsesquioxane polymers are

20  alternatively denoted spin-on-polymers. Some specific examples include
alkylhydridosiloxanes, such as methylhydridosiloxanes, ethylhydridosiloxanes,
propylhydridosiloxanes, t-butylhydridosiloxanes, phenylhydridosiloxanes; and
alkylhydridosilsesquioxanes, such as methylhydridosilsesquioxanes,
ethylhydridosilsesquioxanes, propylhydridosilsesquioxanes,

25  t-butylhydridosilsequioxanes, phenylhydridosilsesquioxanes, and combinations
thereof. Several of the contemplated spin-on materials are described in the
following issued patents and pending applications, which are herein incorporated

by reference in their entirety: U.S. patents 6,506,497, 6,365,765; 6,268,457,



Sol utions of organohydri dosil oxane and organosil oxane resins can be utilized
for 5 form ng caged sil oxane polyner filns that are useful in2¢March2007
fabrication of a variety of electronic devices, mcro-electronic devices,
particularly sem conductor integrated circuits and various |ayered
materials for electronic and sem conductor conponents, including hardmask
| ayers, dielectric |layers, etch stop layers and buried etch stop | ayers.
These organohydri dosi |l oxane resin |ayers are conpatible 10 with other
materials that m ght be used for |ayered materials and devices, such as
adamant ane- based conpounds, di amant ane-based conpounds, silicon-core
conmpounds, organic dielectrics, and nanoporous dielectrics. Conpounds that
are considerablég ngatlb e with the or anohédr|d03| gxane resin |ayers
;no-4

cont enpl at e81H&L U o P bEA; 14300, 80; §AIEAPE 6,32949%4814683%1, 687; 15
6,172,128; Bs15078%2s. %Mﬂlicﬁ%d&ﬁaﬁﬁf hahoNa3 fﬁQdﬁéOérﬁJerflt)'ﬁ%lJanuary 15,

2002; U.S. patent ‘application serial no. 09/538276: U.S. patent application

serial  no. POT/USHEGA72 Bl JupaBe?rﬂOOxaqm}dIH(HéUSWO(é%lfdbd frova99, 5%99851; and
U S. 60/347195 filed January 8, 2002; PCT Application PCT/US01/ 32569 filed

Cct ober 17, 5@fdfldns ofRedanbRiridesidxan: Erﬁurga%@aiwxgﬁeh%sﬁng Eﬁﬂbcﬂﬁﬂ&@@ﬁ{r 31, 2001,

whi ch are aII 20 |ncorﬁgrated herein by reference. Suitab
or ganohyéirl ﬁwsmﬂgﬁag%m angpplymer filme dha areaisefuhimihe fahecfrt@mquw ng gener al

formul a For,oul a. (;1). 5-.5 - n[ RO

5-1. 0- ssm garl 6%0'3‘%19 mr%rﬁ?l% %eir)%%‘i’sel%ﬁﬁg’f.(dﬁ%‘é?i EQ%J?‘H?‘I& ??‘6&9"@}’?6%& mul a (3)
10 29 Mar chindéifated EiktuBs And Vatidis Biyé}'edsﬁa‘(eirﬁilm} Zlefteonicidrd sedjcondhente n:  the sum
of n and in, or the sum.or S fro about, 8 tf about 5000, and in

or y is sel EUPRApCRcHCuAKE hea%%hpaasrﬁtéfﬂﬁ?tﬁg ERisTeR demiayers2Rd pr esent i n

ither an  yyried etch stop layers. These organohydridosiloxane resin layers are compatible

10  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,

15 6,172,128; 6,156,812, US Application Serial No. 60/350187 filed January 15,
2002; U.S. patent application serial no. 09/538276; U.S. patent application serial
no. 09/544504; U.S. patent application serial no. 09/587851; and U.S. 60/347195
filed January 8, 2002; PCT Application PCT/US01/32569 filed October 17, 2001;
PCT Application PCT/US01/50812 filed December 31, 2001, which are all

( 20  incorporated herein by reference.

Suitable organohydridosiloxane resins utilized herein have the following general

formulas:
[H-Si1;.5]a[R-SiO1 5lm Formula (1)
[Ho.s-Siy5 - 18]n[Ro.51.0-S101.5- 1.8]m Formula (2)
25 [Ho-1.0-S11.5]a[R-Si01 5]m Formula (3)

10



5 anount of |ess than about 40 percent (Low Organic Content = P) 25 J|1 an
anount greater than about 40 percent (H gh O ganic Content ?ééﬁ%”h Y75

sel ected fromsubstituted and unsubstituted, normal and branched al kyl s
(rmethyl, ethyl, butyl, propyl, pentyl), alkenyl groups (vinyl, allyl,

i sopropenyl), cycloal kyls, cycl oal kenyl groups, aryls (phenyl groups,

benzyl groups, 10 naphthal enyl groups, anthracenyl groups and phenant hrenyl
groups), and m xtures thereof; and wherein the specific nole percent of
carbon containing substituents is a function of the ratio of the anobunts of
starting materials. In sone LOSP enbodinents, particularly favorable
results are obtained with the nole percent of carbon containing

substituents bei bet ween abgy Ie 15 percent to about
25 nol e percent. h§khe%ﬁ%ég%§09%dlnents, favora@?é results are obtained

with the nole percent of carbon containing substituents are in the range of
bet ween aboWhelH np| e percent to about 75 nole percent. Nanoporous silica
dielectric filnms with dielectric constants ranging fromabout 1.5 to about
4 can al so ke sused naemdommraiie dubeor gy and z isNeoro pbow 8o gbdut 6A0F, iahdrsr are | ai d
20 down as a silicon-base %Pursor ed or%ﬁgndensed in.the presence of

wat er and h8&Y Belehied sug ?tlc)?r BCP‘?-Jtﬁ’BU’@ QB’B%‘t‘ e PNt ST Ehe nor ogen and

to form yoi g0t ofidd€ tah Iaﬂa)utlib%ex%ﬁﬂ (E@@xh«ga%ﬁéic@ﬁ@ﬁw EQSPP&WH@?:I tion
conpri ses nononers or prepolymers that have the formula: Rx Si-Ly, wherein

Ris i ndepenmemtlgyeawlt@mtaé’dut O pemaeant @igh @rggnpsCmﬁtmyF HPBR)pE, is hydr ogen and
combi nati ong 1 ﬁ]Of gubsﬁlgﬁft? and2 unsgbs%{:utté rgt?Sl rlI N br heﬁ%’alkgﬁsgﬁ{ghh&? al koxy,

sel ce
car boxy, am eh% I SOCyana an CcO I natl reof X is an

i nteger rangthpgbﬁﬂynmdbyl,(peﬁdygmlk&yl @:ﬂdpsy(vimyl allyllikog@pédich 2007 i nt eger
rangi ng from about 2 to abo t 4. O her nanoporo s cgggounds and net hods can

be found i ncyglaalkyls, cuclpalkenyl grpups arylsdpheny! grogps, 6, 313, 185;
6,380, 347; ARshuBIGHPeRaRs, alhtAbny bRoubO SRy RRAAM BN RFRIpY), bl tGhes €NLirety.

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

15  percent to about 25 mole percent. In some HOSP embodiments, favorable results
are obtained with the mole percent of carbon containing substituents are in the

range of between about 55 mole percent to about 75 mole percent.

Nanoporous silica dielectric films with dielectric constants ranging from about 1.5
( to about 4 can also be used as one of the layers. Nanoporous silica films are laid
20 down as a silicon-based precursor, aged or condensed in the presence of water and
heated sufficiently to remove substantially all of the porogen and to form voids in
the film. The silicon-based precursor composition comprises monomers or
prepolymers that have the formula: R4-Si-Ly, wherein R is independently selected
from alkyl groups, aryl groups, hydrogen and combinations thereof, L is an
25  electronegative moiety, such as alkoxy, carboxy, amino, amido, halide, isocyanato

and combinations thereof, x is an integer ranging from 0 to about 2, and y is an

11



5 The phrases "cage structure", "cage nolecule", and "cage conpound" are
intended to be used interchangeably and refer to a nol ecul e hd%Magcu2007east
10 atons arranged such that at |east one bridge coval ently connects two or
nore atons of a ring system In other words, a cage structure, cage

nol ecul e or cage conpound conprises a plurality of rings formed by

coval ently bound atons, 10 wherein the structure, nolecule or conpound
defines a volune, such that a point |located with the volune can not | eave

t he vol une wi thout passing through the ring. The bridge and/or the ring
system may conprise one or nore heteroatons, and may be aromatic, partially
saturated, or unsaturated. Further contenplated cage structures include

full erenes,. and crown _ethers having at | east one bridge. 15 For exanple, an
adanmant ane Bfeest BhgAE few 3 é’“‘c{;qubBlétr‘goo'ge%@p‘gﬂ‘W andgand o 5

napht hal ene,coRROUAGTburindS. O/ Fkdnts SRYT,83LGMIOUNE; Gb 64 74y, considered a cage
structure under the scope of this definition, because a naphthal ene conpound

or an ar on&B8i%1&pit38038 Apandrfel &2 7Aowhinhers ingeeporated hetiet KR one bri dge.
Contenplatedtg e conpounds need not necessarily be |limted to being 20
conpri sed sg}éég'of carbon atons, but may al so include heteroatons such as
N S 0 P, etc. Heteroatoms may advantageously introduce non-tetragonal
bond angi e Thoplirpsgs r'eask imecturgy.t ‘rageaaqiede”s #1ds ¢S somnontd” Ad deri vati zati ons
of contenpl [ j: hipgo many
substituentgﬁéﬁkﬁgﬁgﬁ§%??%§p%%%?bifgaggﬁ#%ﬁﬁﬁg%éﬁQggbagag%pFe, where the
cage conpoumdssarrengedSuchethattat Wabtyonk peidggpdooblently ¢tnmledpiwd dcmergbst i t uent s may
be introduced to_i ncrease é@éﬁbili in g%grophilic ﬁol ents, or vice
\r{rgr sa. Al teptRESP{RMPS SYSER o > 2 GRS SPEFEUTPRLE OBF4r side groups
y be addeghhuhlompass 8 PIRAUPLS ri_h%s fofmedR; 2%alMBl Fhoutd@fomd, ur t her
contenpl ated that appropriate substituents ray al so include thernol abile
groups, lhucwaershi th strustite.andequloptrompourt dafinss a velusioticl thats@oisé appr eci at ed
that funct|onah HhMWLSoRY cREndlidaht BEYVohnd DEnGR PR GYTALRImee- 9-» to

facilitate

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.

15  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
structure under the scope of this definition, because a naphthalene compound or

an aromatic spiro compound do not have one, or more than one bridge.

Contemplated cage compounds need not necessarily be limited to being

20  comprised solely of carbon atoms, but may also include heteroatoms such as N, S,
O, P, etc. Heteroatoms may advantageously introduce non-tetragonal bond angle
configurations. With respect to substituents and derivatizations of contemplated
cage compounds, it should be recognized that many substituents and
derivatizations are appropriate. For example, where the cage compounds are

25  relatively hydrophobic, hydrophilic substituents may be introduced to increase
solubility in hydrophilic solvents, or vice versa. Alternatively, in cases where

polarity is desired, polar side groups may be added to the cage compound. It is

12



crosslinking reactions, derivatization reactions, etc.) 5 Cage nol ecul es or
conpounds, as described in detail herein, can al so be groups 2% Narcta?®7
attached to a pol ynmer backbone, and therefore, can form nanoporous
materials where the cage conpound forns one type of void (intranolecul ar)
and where the crosslinking of at | east one part of the backbone with itself
or another backbone can form another type of void (internolecular).
Addi ti onal cage 10 nol ecul es, cage conpounds and vari ations of these

nol ecul es and conpounds are described in detail in PCT/US01132569 filed on
Oct ober 18, 2001, which is herein incorporated by reference inits
entirety. Contenpl ated polyners may also conprise a w de range of
functional gr_ structural jeties, including arqgnafi St .. and

hal ogenat edP“&PS%“F?&%“}PJ:%?%@Wé@“&}?&‘ﬁ%ﬁﬁ‘%‘f%ﬁkﬁ?ﬂé‘?@‘d e"ﬁgk?ngﬂelS nmany
confi gurati gdaps, hildédpiilitind cfteiFoRaliy fotps. anHowld ARL ®E apsrkyiared thabbr eover,
alternative po?ynnrs may have various fornms, such as |linear, branched,

super - br anBReiipnabgroppy ey by wilired shike cagerrempent@igarto fasiliate of cont enpl at ed
pol ymer s Zﬁg%nﬁin .g@ti&?sngg‘ivati}'ﬁlioﬁgéalc}{otg,e%:]t\@ﬁen 400 Dal ton and 400000 Dal ton
a

or nore. I'tiveS can aflso be used to eh ce or inpart particular
propertigs, ~as. i cQn i onal | kD -no r i.ncl udi ng
stabili zgrspagel %‘?rlgalﬁ%stogrcéglﬁ%%r}dg’ Apslégé?réeﬁr%t% é\ﬂl% égﬁglpt‘lea‘%rsggosb%rgﬁ%u&s ants, and the
| i ke. Conpathabdre aached to- Cpstpaén aklebonpnd niedreforzatarbferh menmgpedousn t o gi ve a
desired property. Adhesion pronoters can al so. be ysed. Such pronoters are
typified byMRtkalswher e sagecompaund forehoneiphef voisk nfrariolpan 81 wi ¢ h

avai | abl e hyge@ud crbiNfkih® BPAti 14t SartBrYhLacRESRS it iQRIfRr drotlidt face, such
as silicon dioxide, that was exposed to noisture or humdity. Polyners for

mlcr oel ect r bavkbongeh iferat another dws iof atityinsaomolgewar) ovhdditiarabcqggeneral 1y 13 29
Ve o, 2987 g5 50, MBS ORI of 53 0GR PR
precursors aseribe)itidstatl &5 PCITNESD V3569 Aledan (otisnd]j 200MpwickayiRrein
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
15 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, typically between 400 Dalton and 400000 Dalton or more.
Additives can also be used to enhance or impart particular properties, as is
( 20  conventionally known in the polymer art, including stabilizers, flame retardants,
| pigments, plasticizers, surfactants, and the like. Compatible or non-compatible
polymers can be blended in to give a desired property. Adhesion promoters can
also be used. Such promoters are typified by hexamethyldisilazane, which can be
used to interact with available hydroxyl functionality that may be present on a
25  surface, such as silicon dioxide, that was exposed to moisture or humidity.

Polymers for microelectronic applications desirably contain low levels (generally
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5 are designed to be solvated or dissolved in any suitable solvent, so | ong
as the resulting solutions can be applied to a substrate, a 2%Macel0l
wafer or layered material. Typical solvents are al so those solvents that
are able to solvate the nononers, isoneric nononer m xtures and pol yners.
Cont enpl at ed sol vents include any suitable pure or m xture of organic or

i norgani c nol ecules that are 10 volatilized at a desired tenperature, such
as the critical tenperature, or that can facilitate any of the

above-nenti oned design goals or needs. The solvent may also conprise any
sui tabl e single poI ar and non- pol ar conpounds or m xture thereof. As used
herein, the term "polar"” neans that characteristic of a nolecule or
corrpound that creates an ~ partial char r nt aneous
charge 15 dteé%tt‘?‘thP‘Bnpréfer%i% eﬁ%‘ihﬂ’t ?@gl%ro?éﬂ“bcn‘&pt“ﬁ@e P‘é‘&tﬁlﬁag conpound. As
used her ei ngielebthig idtErldfersnON- pol ar” neans that characteristic of a nolecule
or conpound that creates an equal charge, partial charge or spontaneous
charge distribution at one point of or along the nolecule or conpound. In
sonme conte at ed i ment the e lv. (conprising at
| east two g§+venen Cursors gﬂd 1e%er% %%r\lébes%fl\%énn 4 bteﬁaggl "g}rn)éﬁ}(;:%g 3 der ed part of
t he hydrﬁcaix’eﬂes@&ﬂltd) Ye @cflvatsd)blvcﬁﬁs‘oaredIrb/dfymnﬂﬁlﬂé)ﬁolsmtmnbﬁg artke t hose sol vents

that conprise carbon and hydrogen. It shoul dgbe und r st pod that a majority
of hydr ocar E&HtiB®sa}eifns can be aﬁi%‘ﬁdffbt sHbstrae,Aesepce f‘l"i"é‘ & o5layegdt ew hydr ocar bon

sol vents th%teﬁ?l”"lﬁ?ﬁ:gl o AR 29951@@%},994 atventatﬂtt%@mp& Rkt s are generally

br oken down i1 nto asses al1phatic, cyclic and aromatic. Aliphatic
hydr ocar bo nrrlsotbmeﬁ,tlsomy: mmmnm mmtutmtahd pmlmﬁghtCoommatngmntsds and
corrpounds thafﬂdare bra{;1 and ts cr.ossli.n {10 }/ ! al i phatic
hydr ocar bon™S81 % ANt ¥4 ngBetorc%‘ﬁg’i Oééa Vép?rgamf:?boﬁ‘?cg eﬁ% 8€ar bon sol vent s
are those sebIN@EMed at $1a@dsir6@ Maipeseturd] sublRasthe thfi @€ tendpdrad@e \B1tEA c2007  car bon
atons oriented in aring structure with propert| es sim I ar to aliphatic

hydr ocar bonfagiitase prysof the eheyeineentigprdgicsien 8prls of Resdt sThe WIERLAY sol vent s t hat

also comprise any suitable single polar and non-polar compounds or mixture
thereof. As used herein, the term “polar” means that characteristic of 2 molecule
or compound that creates an unequal charge, partial charge or spontaneous charge
15 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)

20  comprises those solvents that are considered part of the hydrocarbon family of

P

solvents. Hydrocarbon solvents are those solvents that comprise carbon and
hydrogen. It should be understood that a majority of hydrocarbon solvents are
non-polar; however, there are a few hydrocarbon solvents that could be
considered polar. Hydrocarbon solvents are generally broken down into three

25  classes: aliphatic, cyclic and aromatic. Aliphatic hydrocarbon solvents may
comprise both straight-chain compounds and compounds that are branched and
possibly crosslinked, however, aliphatic hydrocarbon solvents are not considered

cyclic. Cyclic hydrocarbon solvents are those solvents that comprise at least three

14



conprise generally three or nore unsaturated bonds with a single ring or
multiple rings attached by a conmon bond and/or nultiple ring%MangetD07
together. 5 Contenpl ated hydrocarbon sol vents include toluene, xylene,

p- xyl ene, mxylene, nesitylene, solvent naphtha H, solvent naphtha A

al kanes, such as pentane, hexane, isohexane, heptane, nonane, octane,
dodecane, 2-nethyl butane, hexadecane, tridecane, pentadecane, cycl opentane,
2,2,4-trinethyl pentane, petroleum ethers, hal ogenated hydrocarbons, such as
chl ori nated hydrocarbons, 10 nitrated hydrocarbons, benzene,

1, 2-di met hyl benzene, 1, 2,4-trimethyl benzene, mneral spirits, kerosene,

i sobutyl benzene, nethyl naphthal ene, ethyltoluene, |ligroine. Particularly

cont enpl at ed soI vent s.i ncl.ude, t are ot limted.t t ane, hexane,
hept agIe) cyrinTet %On%ﬁi@ﬁélngts R r}kVPB?fEesaﬂ’a‘ﬂﬁf B?@E}BE’% conbi nati ons

thereof . 15hydfo@ttdarsoRents em&itﬁ%yﬁfﬂé%bﬂ'&m'éus ArBehcze kylests mat sol vent
m xture nmay conprise those solvents that are not considered gart of the

hydr ocar boncosenrise generalli thiee of mogmwrsatyraies bosde withe SK%S!WR&OTIB Pleas acet one,
3- pent anon 1{1# aﬁ%&i@ﬁé&%tcgﬂl oan%BHXLd/ Iellﬁmﬁ le Bsed e | i ke, alcohols,

ket ones, S an amones.in ye er co errpl ated enbodi nent s,
t he sol vsantCmﬁtemplat/edniydmcmbum eolvremys molupe to&ene, Bleneopriylead, i orxytshe,any of the

sol vent s nentlo ed h rein. erre nents, the sol vent conprises
wat er, et ha‘P?S?‘ty 58t nap 3‘@ éﬂ entélagk‘fﬁgzeg%i’?e&es“%éﬁlieé}t@e’ t ol uene,

et hers, Cycﬁ&gﬁémeﬁne%ﬁh@'rﬁa%ﬁé“@etané"ﬁ&d&k&t DyhédtR}IOiRgne, and ani sole. 25 It
is sti I | further cont enpl lated that alternative | ow dielectric constant

mat eri al nalyexaé@sme,@@dﬁmlileseera@t@mrieomlopémﬁ?ﬁ)ﬁ&ﬂ gimgthylpentanepl e, where the

| ow dielectric is Qsed t ess, softeners
dr ot her pr%?troé% i ve %Lréq?bo ﬁ% rb°3§esﬁeh as C%Iﬁ%{aégglggr% rﬁ&gf her cases
where the dhiehedhydocirbde] Baizemes 1 ,aLaﬁleahytban@ns,npmemammeﬁaenadhes| on
pronoters may advant ageousl y. enpl.oyed. In S}I | | ot he

mineral spirits, Kerosene, 1sobutylbenzene methyi naphthalene ethyltoluene

ligroine. Particularly contemplated solvents include, but are not limited to,

pentane, hexane, heptane, cyclohexane, benzene, toluene, xylene and mixtures or

combinations thereof.

15  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
other contemplated embodiments, the solvent or solvent mixture may comprise a

( 20  combination of any of the solvents mentioned herein.

In preferred embodiments, the solvent comprises water, ethanol, propanol,
acetone, ethylene oxide, benzene, toluene, ethers, cyclohexanone, butyrolactone,

methylethylketone, and anisole.
25 Itis still further contemplated that alternative low dielectric constant material may

also comprise additional components. For example, where the low dielectric

constant material is exposed to mechanical stress, softeners or other protective
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cases, the addition of detergents or antifoam agents nmay be desirable. In
general, a precursor in the formof, e.g., a spin-on-glass é%Hﬁé@ﬁ@peﬁ t hat
i ncl udes one or 5 nore renovable solvents, is applied to a substrate, and

t hen pol ymerized and subjected to solvent renoval in such a way as to form
a dielectric filmconprising nanoneter-scale pores. Wen formng such
nanoporous filnms, e.g., wherein the precursor is applied to a 10 substrate
by spin-coating, the filmcoating is typically catalyzed with an acid or
base catal yst and water to cause polynerization/gelation ("aging") during an
initial heating step. The filmis then cured, e.g., by subjecting the film
to one or nore higher tenperature heating steps to, inter alia, renove any
remai ni ng solvent  an onpl ete the pol rization process,, as needed. O her
Car 1 ng. 15 AREHDHGY PhATIRe RABFEEe P IR Be R R RIS Pty "o g

ul travi ol etgmBliesitfase) adREAWpréthéeR MM deARIZYusIRBdploh&l. Ik kel other- owned U. S.
patents 6, 204, 202 and 6,413,882, incorporated by reference herein, provide

si | i con- basesesphe eddiion oldntgpeaits oreREoamReaRts sy defssirabls: p geperalo nanopor ous
silica diel | I radi:ng.o | Z: r.e_pol yners or
ol i goners pasééé(’redrrl%r Eﬂn!hgﬁ%lp%?fgggi’ gg{?ﬂg)g)l r%%s\sé??ﬁ%gé\%%h g{\}ﬁgg&ﬁ@? or pat ent

6, 495, 439, merevémeablisolvents; bapttdpe esubrsgote, andithaspdlyoeszedndd met hods f or
form ng nanoporous silica dielectric filnms by d adi or _vaporizing one or
more. conpoiPESHFo P PHERS VAN BSLRA 1Y 118 L R LOe ISR EE, U, S,

patent 25 5,88metdRtafleiréd bes form ng a nanoporous silica dielectric filmon
a substrate, e.g., a wafer, by applying a conposition conprising
deconposabl e pol ymer and organic polysilica i.e., including condensed or

pol yner i zedWhkéd focoimgpothymmopordas ZnsMagc whe®dirthe heeatiisomis applieddaposi tion to

Form e oy BB Pyt e PEaSSESPREY QiR R R e oo o o
substrate, g &ialystdhd Water B ANSY polahdration/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
15 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

20  nanoporous silica dielectric films by degrading or vaporizing one or more

( polymers or oligomers present in the precursor composition. Co-owned U.S.

patent 6,495,479, provides silicon-based precursor compositions and methods for
forming nanoporous silica dielectric films by degrading or vaporizing one or more
compounds or polymers present in the precursor composition. U.S. patent

25 5,895,263 describes forming a nanoporous silica dielectric film on a substrate,
e.g., a wafer, by applying a composition comprising decomposable polymer and

organic polysilica i.e., including condensed or polymerized silicon polymer,
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5 and rendering the filnm(s) hydrophobic are described, for exanple, by
co-owned U.S. patents 6,589,889 and 6,037,275, anong ot hers. 29Math 206 and
waf ers contenpl ated herein nay conprise any desirable substantially solid
material. Particularly desirable substrate |ayers would conprise fil s,
gl ass, ceramc, plastic, netal or coated netal, or conposite material. In
preferred enbodi nents, 10 the substrate conprises a silicon or gernmani um
arsenide die or wafer surface, a packaging surface such as found in a
copper, silver, nickel or gold plated |eadframe, 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 OXideﬁA@éa ol yner - based packagi ng or 15 board interface such as found
ng

in a polyi egmppwtionieclieeher copdenge e pelypilica, apd degomposig Mol der bal |
surface, gl Ao MbMidBve T NE  "substrate” may even be
defined as %%%?ﬁggmgﬁ*iﬁg%q%ﬁaln @ﬁ%ﬁgﬁﬁﬁgkde ?%g cohesive interfaces. In
nore preferred enbodi nents, the substrate conprises a naterial conmon in

t he packagi Pycesseh for applicatidnadipilecursdtiota substrase) @Ping,scusing,i plamarizat®®, copper ,

gl ass, and anot her, pol ymer,. Subseguent sem. conduct or nuf act uri ng processes
such as HepH¥ien nsfhecfﬁgﬁs)fhyamp% ‘P%&%‘?@Eﬁ%%%&‘?_‘ea ¥oUPE"hd trench
formation by Pakifs BisRY,BY 2iEE057,2%, a%ﬁ%biﬁgrsaﬁﬂasﬁ%é%wif%ﬁd to remove
carbon contai ning noieties which are 25 hydrophobi c groups fromthe

or ganosi | i ceintengplated heteiml meagt eomprise kmpdesinable sydistantiallyt dolidnwitartal.si | anol  gr oups.

Undesi rabl e .operties r.esul en _t he,organesid,i cate | ass dielectric
filnms cont a}’%{‘%‘ﬁ?r n ﬁm& 185%ss%rat\é%‘yé:ﬁso‘fl%lfk?gﬁaprﬁ?ed lr\/r\llgl’t l?ss’t L hey can adsorb

fromthe aiplagcgmatal bt doafed|niétalz eddotnpobiteamatetiglc I prefdriedlethbodingbntshus Wi | |
faise 17 29 March 2007 . the dielectric constant of the film and will | ower
resi st ahte the spistrate|comprings acplisanr gpaanyyyarseidedic ar walensyrfasedy ol ut i on.

Al 0. uhen bl ORRES ARG AR ik Conick difd, Htkdt oPgdTBpHieand subj eoted to

an anneal i n ment, neta rinka
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
15  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,

20  copper, glass, and another polymer.

Subsequent semiconductor manufacturing processes such as deposition of cap
film by PECVD techniques, and via and trench formation by patterning by means
of etching and ashing, tend to remove carbon containing moieties which are

25  hydrophobic groups from the organosilicate glass dielectric films and replace
them with silanol groups. Undesirable properties result when the organosilicate
glass dielectric films contain silanol groups. Silanols, and the water that they can

adsorb from the air are highly polarizable in an electric field, and thus will raise
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i nduces a stress on the via and trench walls and cause undesirable voids to
form5 inside the dielectric material between the vias and tr@hdesh 2047
order to remedy this problem the organosilicate glass dielectric filns are
made substantially free of silanols and water by treatnment with a

t ougheni ng agent to { restore carbon containing noieties and increase the
hydr ophobi city of the 10 organosilicate glass dielectric film This nmakes
the filmresistant to stresses on the via and trench walls, such as induced
by netal shrinkage during annealing, stress fromother dielectric |ayers,
and stress during packagi ng, thus deters wundesirable voids fromformng
inside the dielectric material between the vias and trenches. 15 Etching
and plasma rempve hy drogﬁpblc functlonﬁé{groups Danage .to, organosilicate

gl ass di el edierdigleqtig pensiant phife Shny ad gl dair rerasianca dl Wel fepiocesses  resul ts

from the apehéxﬁ%e%n@ﬁwég&rmﬂe/@vomﬁmsoa@ﬂé@fhe%ﬁmeagna gagsRts to etch
trenches and vial Iinto dielectric I'ms. Plasmas are al so used to renove 20

phot or esi st filled Wsthdumtmlgmﬂablmmted ioom aoﬂeaélegrtremwcmtal daritikeges. The pl asmas

used aret sed o el.enent s Qxy i,n hydrogen
carbon. ar JEHESATRERTERE AP it FHITA Fusb harnep sa bt 0 bnds,
i ons andéor insidddh€ @ieRektricABatENi# bewlebh thefvidsABd Whhdhbs.ar e exposed to these

pl asmas during trench, via, etch and/or photoresist renoval are easily

degraded or danmaged. Porous dielectric filns have a very high surface area

and are the A ! particul ar,
silica base é&z g@?&%%f%FﬁﬁgMﬁﬁi E%ﬁﬁ@%mg%gg%gka&Tgﬁggﬂﬁg n%%% cont ent
(such as nebﬂrl;skangaldmfrse tfonildeds sral \Satemynm)mart evmhaetdug}y:nmgggade@ by oxygen
pl asmas. The or is oxidized inta

|
droup remai ASBHEA h%n g‘?”é‘?‘ jog mogeties ppd ingregicdhe, 3{45%"[}!9}’%5?1: Eaﬁr ougrfolr merly

resided.;p  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
trenches.

15
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

20  photoresist films during fabrication of semiconductor devices. The plasmas used
are typically composed of the elements oxygen, fluorine, hydrogen, carbon,
argon, helium or nitrogen (in the form of free atoms, compounds, ions and/or

radicals).

25  Dielectric films which are exposed to these plasmas during trench, via, etch
and/or photoresist removal are easily degraded or damaged. Porous dielectric
films have a very high surface area and are therefore particularly vulnerable to

plasmas damage. In particular, silica based dielectric films which have organic
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Porous silica filnms depend on such organic groups (on pore surpiges% 665
remain 5 hydrophobic. Loss of the hydrophobicity makes the dig ¥ 8
constant rise (the Ilow dielectric constant of such filnms is the key desired
property of such nmaterials). Wt chemcal treatnments are also used in IC
production for the purpose of 10 renoving residues |eftover after trench or
via etching. The chem cals used are often so aggressive they wll attack
and renove organic groups in silica based dielectric filnms, especially
porous silica filnms. Again, this damage will cause the filns to |lose their
hydr ophobi city. Wt chem cal etchants include, for exanple, am des, such as
N- et hyl pyrrolidi none, dinethylformam de, dinethylacetam de; 15 al cohols
such as et hapgbntqfidhas PieaRRABRups Borided &) Sinktdies afdieldiBsdegiadadby ani ne;  ami nes
such as triethylam ne; diamnes such as_ethyl enedi am ne and N, N

di et hyl et hyloaygeaipkasmas; Therorganicraumsis oidized date (32 2ad @tsHangtion8-O8i anmi ne aci ds
such as et L-am . L [ B ~ D1 O I Lds;sHch as acetic
2o d and Al dEERAEbR HThERERL WReBE ke R TgamORTP omBah SRAE

t et r anet hyl Poroussilioa flinadepead on suchorgait grogsi(ospesinfass)stolrémainc aci d,

phosphoric acid, hydrofluqric¢ acid; ..fluqride |ts such as ni um
fluoride’ afddiH C'slt&“ﬁogg‘egwaﬁﬁ?ﬁ W‘W@%ﬁg]edﬁ‘gﬁ%? f‘glspgﬁ'@f%?ammni um
hydroxi de; aqd afyd R bhstaRl JTRuch MEHITEIME kay désqeargio@ewaﬁsudﬁvel oped for post
etch wet cleanln? such as EKC 505, 525, 450, 265, 270, and 630 (EKC Corp.,
Haywar d CA) magr@lshCT-CM and 25 ACT-690 (Ashland Chemical, Hayward, CA). to
name but a few art-known etchants. Ashing agents include plasnmas derived

from hydr og i trogen hel i u ar go oxyaen, - and m xtures derived
t heref rom 3’2‘3 cg?fglcgli QIS Ig a%érué(?ﬁiqﬁg%?md?ﬁgn%r% %fég‘etpél B6 \(/)g t he above

mentioned prehRbEABrekidged 18ROV aREr tRmely biWES eldRing OTise dhemiidiaustd mg hydr ophobi ¢
properties to organosilicate glass dielectric filns present qn a substrate
during the @fteraaagesissivg ey velliaHeckand ssmevsgraiogronps ineiligabpsed.

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;

15 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

20  acetate; inorganic acids such as sulfuric acid, phosphoric acid, hydrofluoric acid;

( fluoride salts such as ammonium fluoride; and bases such as ammonium

hydroxide and tetramethyl ammonium hydroxide; and hydroxyl amine;
commercial formulations developed for post etch wet cleaning such as EKC 5085,
525, 450, 265, 270, and 630 (EKC Corp., Hayward CA), and ACT-CMI and

25  ACT-690 (Ashland Chemical, Hayward, CA). to name but a few art-known
etchants. Ashing agents include plasmas derived from hydrogen, nitrogen,

helium, argon, oxygen, and mixtures derived therefrom, and the like.
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5 The nethods of the invention include the steps of contacting the
organosilicate glass dielectric film after being subjected t29 March@d8t one
etchant or ashing reagent, but before said netal has been subjected to an
annealing treatnment, with a toughening agent conposition at a concentration
and for a tine period effective to restore at |east sone of the carbon
containing noieties to the organosilicate glass 10 dielectric film and

i ncrease the hydrophobicity of the organosilicate glass dielectric film and
(b) renoving unreacted tougheni ng agent conposition, reaction products and
m xtures thereof. The toughening agent conposition includes at |east one

t ougheni ng agent, i.e., a conpound or charged derivative thereof, suitable

for renoving sil anol ieties fromth dan% ed si.lica ielettri%.15 film
Opt i onal |y, T HECTEY Sehi e ABGHE JRsri B Feh ST g FrveBUOLP R S5 PREOR ¥ 1 s t hen
subj ect ed t gnyRiinChydedphoBicpr@Rrtids o OfendRadi e ticldchR flpWghRraing agent
conposition includes at |east one toughening agent conpound having a

formul a as %p|smﬁ§ateﬂ@np&)he[m@eﬁ&mabr}qat%eF@ilﬁorzdzlct@harnﬁ?aéﬁtyececyc| ic; (2)
R3SINR SiR3, (3) (R3Si)3N, (4) R3SINR 2; (5) R2Si(NR)2; (6) RSI(NR)3; (7)
RxSidy, .(8 ' . O ] . RXSi ( OCOR

)Y, (1%) & Wép%%{h%’%%%hﬁ{@%ft@ %@gﬁfi&pg éﬁ%’n?éﬁ%é t(r?g?tol}%aﬁgs(lﬂ er eof , wherein
X s an int gaeydiclactgt figmf afterbding subjectad to at Rastiont eghkant baumpingg from 1 to 3 25

such that y=4-x; each R is an jndependently selected from hydrogen and a
hydr ophobi ¢ T@8gHMY brsreeid m?‘ﬁbh‘ﬁ%ﬁ?‘b iecieH do ap anepling Wlﬂﬂép‘@wa@m ly

sel ected f[d%ghérﬁ‘lg eRURnPosifibA M SontBi kbR enERR S tiddd pReio@bfrédivkle aryl and
conbi nations 20 2 rch 2007 thereof. The R group maybe H, al kyl, aryl,

QR OO COPR Aot her Bt At o he puahent ne agent  somes tion
i nci ude%gz;at 1€ egg}cq‘gﬁlea%gflgcr St Hée }fyléfqpi}e\?iﬁiéy ?fgﬁgﬁ@ﬁ?%@}%&%ﬁ Sor (r:rgrrpounds:
acet oxyt ri mafele¢trvi filanend (b) removing unreacted toughening agent composition,
reaction products and mixtures thereof. The toughening agent composition
includes at least one toughening agent, i.e., a compound or charged derivative
thereof, suitable for removing silanol moieties from the damaged silica dielectric
15 film. Optionally, the etchant-damaged nanoporous silica dielectric film is then

subjected to wet cleaning step.

In one embodiment, the toughening agent composition includes at least one
toughening agent compound having a formula as follows:

20 (1) [-SiR;NR’-]n where n >2 and may be cyclic; (2) R3SiNR’SiR;, (3) (R3Si);N;
(4) R3SiNR’2; (5) R;Si(NR’); (6) RSi(NR)3; (7) R,SiCly, (8) R(Si(OH)y, (9)
R3SiOSiR’3, (10) RySi(OR’)y, (11) RSi(OCOR’ )y, (12) R,SiHy; (13)
R:Si[OC(R)=R”]4.x and combinations thereof,

wherein x is an integer ranging from 1 to 3, y is an integer ranging from 1 to 3
25  such that y=4-x; each R is an independently selected from hydrogen and a
hydrophobic organic moiety. The R groups are preferably independently selected

from the group of organic moieties consisting of alkyl, aryl and combinations

20



acet oxysi |l ane, diacetoxysilane, triacetoxysilane, diacetoxydi thy|ﬁl @?e
nmet hyl tri acet oxysi | ane, phenyltriacetoxysil ane, di phenyl di acet ?F 4R

met hyl tri et hoxysi | ane, di et hyl di et hoxysilane, trinethyl et hoxysil ane,

met hyl t ri met hoxysi | ane, di net hyl di met hoxysil ane,, tinethyl net hoxysilane, 10
met hyltrichl orosil ane, dinethyldichlorosilane, trimethylchlorsilane,

nmet hyl sil ane, dinethylsilane, trinethylsilane, hexanethyldisilazane,
hexanet hyl cycl otri si |l azane, bi s(di met hyl am no) di net hyl si | ane,

bi s(di et hyl am no) di net hyl si al ne, tris(dinethylam no)nethyl sil ane,

tris(di met hyl am no) phenyl silane, tris(dinmethylam no)silane, 15

di met hyl si |yl di f or mam de, dinethylsilyldiacetanide

di met hyISIImepeok.S%m _eu One xhﬁﬂl&faafb%qgmeﬁ COR CONR,

2-trimethyl siloxypent- Fimethylsil acef am d
2-(trimet hngzRyﬂ}leREendyd)ead;k)dipr carbc(riyt isnat 45\ IQR | GONRa{COaR 0l €,
trimethylsilylpropiolate, trinethylsilyl(trinmethylsiloxy)- acetate,
nonanet hyl trisil azane, hexanet hyl di siloxane, trinethylsilanol, 20

triethyl sil anglother phitib@ay kisd tbaghehinglagdid bothgtstRIntiHE18ddsb Rast one of
di phenyl sil anedi ol, trinmethoxysilane, triethoxysilane, trichlorosilane, and

combi nat § onthetfplboveng toughening egss| ‘Pfédm@ﬁwéﬁﬁi sestorysmatidsiiangent i on t he
tougheni ng g%g&{ysﬁa(?m@p&bcse? gsﬁdn@Et}nQ%’é {fa%reodﬂc%'tcjx@g@neﬂéﬁiﬂgﬁé' onally, the

t ougheni ng conpositi es "a sol vent ’sol vent's include,
for exanpl emekgitdacsoxyeildne ghen@aiaeetoxyshiyaty, dipaelyddiscetanysilanepnbi nat i ons

thereof. 21 2 07 The ugheni.ng agent .c osition contacts the
damaged si | Pt?a‘yg{ﬁefﬁe’éxs HPRes flinF%’y@ 'gloﬂsdﬁ‘?ed“gﬁ%ﬂ? ﬁg%s &€ and/or plasma. |f
in the for Whﬁfhyﬁnﬂieﬁﬁa ilahd) QirRéAFITRnHRIX y i fine,d %ﬁﬂn&tﬁ?lnﬁé’tlﬁﬂ“ﬂyﬁlaﬁh' ane conpound,
a hydrocarbon, "an al dehyde, an ester, an et t he and/ or conbi nati ons

t her eof .10 Thmetwltﬁshlomamt dm@rhyl«:hg}éwgianh,éflmerhprhbm-‘flhnbén@hﬂ@I@mer ed to be
synonynmous Wt By hlfnk SEIRmyIsIEAI fllameBlyidiSifagdent s * unl ess

hexamethylcyclotrisilazane, bis(dimethylamino)dimethylsilane,
bis(diethylamino)dimethylsialne, tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane, tris(dimethylamino)silane,

15  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,

20  triethylsilanol, triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane, and combinations thereof.

In a desired embodiment of the invention the toughening agent comprises

dimethyldiacetoxysilane.
25 Optionally, the toughening agent composition includes a solvent. Suitable

solvents include, for example, ketones, ethers, esters, hydrocarbons, and

combinations thereof.
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ot herw se indicated. A suitable toughening agent conposition incl ude§ gﬂe or
nore tougheni ng agents able to renove silanol groups from t he9rrhe0%bs an
et ched and/or ashed 10 organosilicate glass dielectric filmthat it is
desired to render hydrophobic. For exanple, a toughening agent is a
conpound having a fornula selected fromthe group consisting of Fornulas
1(1-13 ): (1) [-SIRRNR -] n where n >2 and maybe cyclic; (2) R3S NR Si R3,
(3) (R3SiI)3N, (4) R3SINR 2; (5) R2SI(NR)2; (6) RSI(NR)3; (7)) RXSidy, (8)
RXSi(OHy, (9) R3SICSIR 3, (10) RXSi (OR )y, (11) 15 RXSi (CCOR )y, (12)
RxSiHy; (13) RSI[OC(R )=R']4_, and conbinations thereof, wherein x is an
integer ranging froml1l to 3, y is an integer ranging from1l to 3 such that

y=4-x; eachtR.| o L L 28 EInfas Hydr ophobi c
or gani ¢ noi g%/b%‘%ﬁéeﬁ"g%r@gﬁ%gﬁgéléx%?gt%?%tg?g%ﬁ%gggﬁdg%?tf&y se eacst ed fromthe
group of or tigwigcvapor @tdagsandonplasma.nlf imfhedbinybf a plagrha, dimdplesimdéandrei ons 20

thereof. The R .group . be H, al . aryl r, .carbaon such as COR, CONR,
C2R The RE“HW%ES’E gf‘%% CBWP%‘H}db?)Mm%‘”‘%’ %ﬂkgéﬁi’%@&\%&@&g‘%e al kyl

moi ety is fuRpbd @ndinafiets @eredNTHtaGls! Qg aled%am hegeibgbaldted from the
group consisting of straight alkyl 6 branched alkyl, cyclic alkyl and

conbi natISongonszgredﬁ@b%mpnmsmé\rté@ﬁfmsw@a&pkw iepgcatsy’ Wndgsges in size from
Cl to about . T | noiety is substituted or unsubstituted and ranges
in size fro$%§71§edn§6%%’ C18. Preferably the toughening agent is an

acet oxysil ane, or, for exanple, a nonomer 22 29 March 2007 conpound such
as acetoxytri nget ane, acetoxysilane, diacetoxysilane,. triacetoxysil ane,

yl si

di acet oxydi ﬁ'estul'f?litlg FQUgReNINg AR S Oé’_(?@PHHPéiief aPfeor m%ﬁé F‘?‘P%é%elnb&ysi | ane,
di phenyl di ageik @sol8Bifanol @{»M&Mn&h@a&&'m&%d afl/bedshyd di et hoxysi | ane,
tri met hyl et hoxysi |l ane, nethyltrinmethoxysilane, 5 di nethyldi nethoxysil ane,
t ri met hyp nevrgeryudlidaterglass dislényric filcthpiot siesicaddo rendeniidngithgbichiFer osi | ane,
trimethyl Chley?arn%lé,%qgﬂghggitngglggr{t lisaanc%’mp%\lﬁ BMAgSA %o%ﬁla selected from the

group consisting of Formulas I(1-13): (1) [-SiR,NR’-]n where n >2 and may be

cyclic; (2) R3SiNR’SiRs, (3) (R3Si)sN; (4) RisSiNR’2;, (5) RoSi(NR’)y; (6)

RSi(NR”)3; (7) RiSiCly, (8) RySi(OH), , (9) R3SiOSiR’s, (10) R,Si(OR’),, (11)

15 R,Si(OCOR’),, (12) R,SiH,; (13) R,Si[OC(R’)=R”]4 and 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 an independently selected from hydrogen and a
hydrophobic organic moiety. The R groups are preferably independently selected
from the group of organic moieties consisting of alkyl, aryl and combinations

( 20  thereof. The R’ group may be H, alkyl, aryl, or carbonyl such as COR, CONR,
COzR. The R” may be alkyl or carbonyl such as COR, CONR, CO,R

The alkyl moiety is functionalized or non-functionalized and is selected from the

group consisting of straight alkyl, branched alkyl, cyclic alkyl and combinations
25  thereof, and wherein said alkyl moiety ranges in size from C; to about C;g. The

aryl moiety is substituted or unsubstituted and ranges in size from Cs to about C3.

Preferably the toughening agent is an acetoxysilane, or, for example, a monomer
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trinmethyl sil ane, hexanet hyl di sil azane, hexanethyl cyclotrisil azagne,
bi s(di net hyl ani no) di net hyl si | ane, bi s(di et hyl ani no) di net hyl si aﬁ%ﬁ\é}?mh 2007

tris(di methyl am no) net hyl silane, tris(dimethylam no)phenylsilane, 10

tris(dinmethylam no)silane, dinethylsilyldiformam de,

di et hyl si |l yl di acetam de, di nmethyl silyldiisocyante,

trimethylsilyltriisocyanate, 2-trinethylsiloxypent-2-ene- 4-one,
n-(trimethylsilyl)acetam de, 2-(trinethylsilyl) acetic acid, n-
(trinmethylsilyl)imdazole, trinethylsilylpropiolate,

trimethylsilyl(trimethylsiloxy)- acetate, nonanethyltrisilazane, ,
hexanet hyl di si |l oxane, trinethylsilanol, 15 triethylsilanol,

triphenyl si loaRpbundtsubhsy/dceioRBiieidiang heetsyRilaRYy digbdteigmin ,

trimethoxysilane, triethoxysilane, trichlordsilane, and conbinations

t her eof . | n triasaiexyolenewsiiachipx pdimethylslene, metwltrisnstrasilang agent is

met hyltriac i . . er . odi .k h heni ng agent is
di net hyl di ag’é?“ x“?‘%%ﬁ%%ﬁ’é‘.lér@o‘ﬁﬁ%egﬁgfdﬁ%ﬁ% ‘%ﬂ%hg{ﬁmﬁ‘gé‘gﬁsilg’:‘%c| ude

mul ti functi diadthgdiciae gsilang itfimehilethox gilend, snetladtricesivxtikgei n detail in U S
atent 6,208,014, jncorporated by reference herein, as described above.
guch mul 8i f GHBEsthYAumethqrysilaue, tﬁﬁﬁrﬁyfrﬁfé‘t“?’ﬂﬁ‘?aé‘ﬁerﬁf’gy]@é‘wlqﬁslgéfypI ied in either

vapor or |i quhdnfigicAlorQRhhe BahédyldhibRilfe, WelhhRHAS BnRRh&RLS. 25 Suitable
co-solvents 1 nclude, e.g., ketones, such as acetone, di’isopropyl ketone, 2-

hept anone, 3dpethylatanschexamdthyldirtlagane dwexdmetbylicpdotrisiiazdes,ai | i n co- owned U. S.
pat ent 6,39%i e .di hy.l S igcohgﬂﬁéted by reference

1, .t i\scl r.e_of, .whi

herei n. For Sgégﬁ%\y%fnlréosﬁ%egﬁéa?l 8% ‘%‘S}Qﬁl‘a@?‘é‘l mol)nmﬁ 1908, 014, certain
preferred suid(@eartBdandfo)tiphsiRAE) tris(adbilylasinopheddanhg W I 1 have two or
nore functional groups and react with surface silanol functional groups
whi | e nilfi mites(digethydamigelsda dimsthyisglyldifgamanyide, dimgthylsilyldieeiomide. of the film
and i ncl ude g et sit S isb RGeS ARSIy RRYsoEARIENS GimUh I SRR GesT | anol s
such as 5 R lﬁf%ﬂgﬁ_xs Ie—%lr m’JHa Iff?y YHtsoE AR 2 frim ) ©

4-one, n-(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic acid, n-

(trimethylsilyl)imidazole, trimethylsilylpropiolate, trimethylsilyl(trimethylsiloxy)-

acetate, nonamethyltrisilazane, , hexamethyldisiloxane, trimethylsilanol,

15 triethylsilanol, triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane, and combinations thereof. In
one noteworthy embodiment, the toughening agent is methyltriacetoxysilane. In a

preferred embodiment the toughening agent is dimethyldiacetoxysilane.

20
Additional toughening agents include multifunctional surface modification agents

as described in detail in U.S. patent 6,208,014, incorporated by reference herein,
as described above. Such multifunctional surface modification agents can be
applied in either vapor or liquid form, optionally with or without co-solvents.

25 Suitable co-solvents include, e.g., ketones, such as acetone, diisopropylketone, 2-
heptanone, 3-pentanone, and others, as described in detail in co-owned U.S.
patent 6,395,651, the disclosure of which is incorporated by reference herein. For

example, as described in detail in U.S. 6,208,014, certain preferred surface
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wherein x=1-3 and each R is independently selected noieties, s as H
and/or an organic noiety such as an alkyl, aryl or derivativezlaéclgimgﬁggze.
Wen Ris an alkyl, the alkyl noiety is optionally substituted or
unsubstituted, and may be 10 straight, branched or cyclic, and preferably
ranges in size fromC, to about Cl18, or greater, and nore preferably from
&t to about C8. When Ris aryl, the aryl noiety preferably consists of a
single aromatic ring that is optionally substituted or unsubstituted, and
ranges in size fromGCs to about Gs , or greater, and nore preferably from
C5 to about C8. In a further option, the aryl noiety is a heteroaryl. 15 In
anot her enbodi nent, al koxy sil anes nmaybe used as the toughening agent, e.qg.
sui tabl e al j. i : i r& ndependent |y
sel ected m?{e?)?l)%?,l&g{% ts?ém agiaﬁoo?xé@é‘%n%&%aé‘é%%?%ﬁ@gﬂcvﬁtﬂas an al kyl ,
aryl or der swéicesdsnobdfurcties grojps whide mnimpamgiaads/pyessal ettideth@0 al kyl or aryl
noi eties. Wien Ror. R is.an_alkyl h | kyl ety 1§ optionall
substituted S‘B‘F“‘Uﬁ@iﬁ%?‘?@r&(’g&e tﬁﬁ‘da‘?’fi\?g]ﬁg&&gw"ﬁ%ﬁﬁe,Sﬁﬁ?‘iﬁ%ﬁ%ﬁ"%{%ﬂ%&yycI ic, and
preferably kamGaRablOsiEndR shéwsm & to about Cls, or greater, and nore
preferably fromCl to about Cs. Wien Ror R is aryl, the aryl noiety
preferabky consists oR,B8i(OH)gl e aromati cFonma@ It hat is optionally
substituted or unsubstituted, and ranges in 25 size fromC5 to about C’'s, or

greater, and.nore preferably from C5 .t agot Cs. In furt her option, the
aryl i ety el %‘e{'grﬁgﬁ?}?kﬁ’t?g%pef‘ﬂ@%ﬁs F%ﬁ%?ofeﬂﬁﬁﬁgﬁbﬁﬁﬁ “Sel ected from
H nethyl, ah ByganicREABY suclPtemliy] ingl/op derl@liv o fiths. WRh®Okan24 29 March
2007 provided that at | east one Ris organic. In one enbodi nent, both R

groups are alayh yhe allayl aniety i§ optionally whstituted pf wrsabstiveted.iasdmayheagent i s
Chory . | . ' . ) gi
To the 1 huesPrbh ety or bR EEBRAMIER: s il 20t L0 BE, 2°TPT &1 1

greater, and more preferably from C, to about Cs. When R is aryl, the aryl moiety

preferably consists of a single aromatic ring that is optionally substituted or
unsubstituted, and ranges in size from Cs to about Cg, or greater, and more

preferably from Cs to about Cg. In a further option, the aryl moiety is a heteroaryl.

15 In another embodiment, alkoxy silanes may be used as the toughening agent, e.g.
suitable alkoxy silanes such as
R4Si(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
{ 20  alkyl or aryl moieties. When R or 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 Cig, or greater, and more preferably
from C; to about Cs. When R or R’ is aryl, the aryl moiety preferably consists of a
single aromatic ring that is optionally substituted or unsubstituted, and ranges in
25  size from Cs to about Cg, or greater, and more preferably from Cs to about Cg. In
a further option, the aryl moiety is a heteroafyl. Thus, the R groups independently
selected from H, methyl, ethyl, propyl, phenyl, and/or derivatives thereof,
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wherein X= 1-3, R are independently H, alkyl and/or aryl. Werein any R are
al kyl and/or aryl. In preferred enbodinents, Ris selected f r grhilpre 97
CoéH5, 10 and R2 and R3 are both CH3. Thus tri-functional toughening agents
e.g., tris(dinethylam no)nethylsilane, tris(dinethylam no)phenyl sil ane,
and/or tris(dinethylamno)silane. In addition, disubstituted silanes may be
used such as hexanethyl cyclotrisil azane, bisdi nmethyl am nodi net hyl si | ane,
and bisdi et hyl am nodi net hyl silane. 15 In yet another enbodi ment, a suitable
silane according to the invention has the general fornula of Rx Si (ON=CR2)
4.x or RXxSI[OC(R )=R']4_Formula IV 20 wherein x= 1-3 and the R groups are

i ndependently H, alkyl and/or aryl, R may be H, alkyl, aryl, al koxy or

aryl oxy, an 3 CAL il i agents

Tt nds, g Pomge i PR EGR MorRRfip R e smpdifitn, SRR boh! 69

tri net hyl si methyhend a Bi-&metidnrad meface spdificatial agentis niethyjtemetnay$itane.enbodi nment ,
a suitable silane according to the invention has the general fornmula of

RxSi (NCOR2) 4 x or R'Si (NCO 4 5 29 rch 20Q7 wherein x= 1-3, R groups
are i ndepeniﬂ’é’rﬁ‘f’ﬁ&?r ﬂ?gz%"k‘?’ilt’ %ﬂﬂ‘ﬁg}e Sﬁi’ accoiqing e ‘%’éeé‘t‘%gi*sf' Bation agents

i ncl ude, 5 €. GeneraliEdRiuliydesi | Yl di for mam de, dinethyl silyldi acetam de,
dinmethylsilyldiisocyante, trinethylsilyltriisocyante. 5 In yet a further

enbodi ment, a suitable silppgmaesording to theoimienti on has the genera
formula of Rx SiCl 4-x Formul a V9

<y

wherein X= 1-3, R are independently H, alkyl and/or aryl. Wherein any R are
alkyl and/or aryl. In preferred embodiments, R is selected from H, CHs, C¢Hs,

10 and R; and R; are both CH;. Thus tri-functional toughening agents include, e.g.,
tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane, and/or
tris(dimethylamino)silane. In addition, disubstituted silanes may be used such as
hexamethylcyclotrisilazane, bisdimethylaminodimethylsilane, and
bisdiethylaminodimethylsilane.

15
In yet another embodiment, a suitable silane according to the invention has the

general formula of

R, Si (ON=CRy) 41 or R,Si[OC(R’)=R”}; Formula IV

20  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 .
25  In yet another embodiment, a suitable silane according to the invention has the

general formula of

R,Si (NCOR3) 4 0 RySi(NCO)a
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to wherein x= 1-3, is H, alkyl or aryl. In one preferred enbodjnent, S
CH3. Thus tri-functional surface nodification agents accordigggﬁﬁngﬁﬁLIa \%

include, e.g., nethyltrichlorosilane. In a nore preferred enbodi nent, the
cappi ng reagent includes one or nore 15 organoacetoxysilanes whi ch have the
foll ow ng general fornula, (Rl),Si(000R2)y Formula VI Preferably, x is an
integer ranging in value from1l1l to 2, and x and y can be the sane or
different and y is an integer ranging fromabout 2 to about 3, or greater.
20 Useful organoacetoxysil anes, including nultifunctional alkylacetoxysil ane
and/ or aryl acetoxysil ane conpounds, include, sinply by way of exanple and
without Ilimtation, methyltriacetoxysilane ("MIAS"),

di et hyl di n a

et )1 SBELOANSILANR e NOR RO W ARSI e

t ougheni ng mgdmﬁbstlcmr@emmﬁldm_gl a sw tabl e sol vent such as 2 hept anone,
applied to he n ous ca,s ce int .a va or 26 29
March 2007 P}GHD’?S(I’} dét{qﬂn?h ﬁdd?lﬁ'é’é{ SllYl laéet?:IB‘rﬁlFe‘ﬁﬂ ﬁ}ygbly %Céﬁi a mxture
of 50% hexapptdmyidivitilseeane, (HVDZ) and 50% 3- pent anone is used The l'iquid

is spin coated on'to a surface, substrate or wafer. The coated surface is
then baked on bake plates at up to 425C. Baking is then followed by PVD

barri er andldl ? ﬁ%ﬁxgr gmg ecﬂr%%ﬁ Qlﬂtab‘(e%&/%%szgcg&ﬁafégghﬁqpb&ttﬁg hEMQd' ment, a

m xt ure of I ace oxy ane anone 1s used. The
l'iquid is sgdneral f@macbfon to a surface, wafer or substrate. The coated
surface is then baked on bake plates at up to 425C. This baking step is
foll owed by PVD barrikySi@€hgd Cu- seed depdsimularV 10 I n yet anot her
ehbodinent, a wet clean using chem cals such as AP395 or dilute

10 wherein x= 1-3, is H, alkyl or aryl . In one preferred embodiment, R is CH;.
Thus tri-functional surface modification agents according to Formula V include,

e.g., methyltrichlorosilane.

In a more preferred embodiment, the capping reagent includes one or more

15  organoacetoxysilanes which have the following general formula,

(R1)xSi(OCORy)y Formula VI

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.

20
{ Useful organoacetoxysilanes, including multifunctional alkylacetoxysilane and/or
arylacetoxysilane compounds, include, simply by way of example and without
limitation, methyltriacetoxysilane ("MTAS"), dimethyldiacetoxysilane
(DMDAS), phenyltriacetoxysilane and diphenyldiacetoxysilane and combinations
25  thereof.

Optionally, the toughening agents are mixed with a suitable solvent such as 2-

heptanone, applied to the nanoporous silica surface in the form of a vapor or
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HF is perfornmed after the bake step in the above-nentioned en2§g4nﬁhé§ The
wet clean is useful to renove any resist residues remaining a arg Q@
Untreated lowk dielectric materials after etch and ash are prone to at t ack
by the wet clean agents. The tougheni ng agent treatnment significantly

i nproves 15 resistance of the lowk dielectric to attack by wet clean.
Dependi ng on the process flow, a copper surface naybe exposed during the

t ougheni ng agent treatnment, especially at the bottomof via. In addition to
removi ng native oxide from copper surface, the wet clean can al so renove any
reacti on product between toughening agent and an exposed copper surface. 20
Specifically, a wet clean using AP395 can clean a copper (or any suitable

retal o rehal ah hWarRlr af Ll dallak S AbRKIGHOL i YRARSYY 0 a tougheni ng

agent treat usi ng ereafter e vias and trenches may be filled
with a net a]he;xamaﬁyldmlamQHMBZI)tgnddD%(cB-pmtawnamtsad|”Jf’rgltqmebnts spnt. As used

herein, the term"neta e ns 25 tthﬁ[zx Eabz‘%{lnthe d- bl ock
and f- bl ockc%*edt%éol%é}"i %f(‘j’r éﬂﬁ%{?f’rg? N ce K18y A"t hose el enents
that have n‘PJk@lpialtéslﬁ@uPEcmelBﬁﬂnéisl@lﬁbnfﬁllo% l%&’%'bﬁﬂle?QWCu%héd con and
germanium As used herein, the phrase "d-bl ock” neans those el enents that

have el ett rdapssitipn.|ln agothereogiemplried eehodimentGumixtsEal s surroundi ng t he

nucl eus of t f - N ans t hose

ol erent st PR i onﬁﬁ?fﬁ@naéh?wg‘@ﬁo&ﬁéﬁ%?- The RS e unaing the
nucl eus 5 choateld&m&b enBifice, wafet tickubgirdtd) The aodtbsirfies isaheh tdked ant i ni des.
Preferred i ncI ud d| u silver er bi smut h,
gal i um and at Pl’iéq g‘i" Aring ep @50‘@8%&& ﬂéﬁ?agief eéb‘éoat ed

alum num T&@dhgﬁdg)tmgpt al" also includes all oys, netal/nmetal conposites,
nmetal ceramc conposites, netal polyner conposites, as well as other netal

conposites. Annealing may be done to by heating at tenperatures of from
about 150 dnyst anssher embodiment e weholean pyngdgmicals such as AP395 or dilute

HF is performed after the bake step in the above-mentioned embodiments. The
wet clean is useful to remove any resist residues remaining after the ash.
Untreated low-k dielectric materials after etch and ash are prone to attack by the
wet clean agents. The toughening agent treatment significantly improves

15  resistance of the low-k dielectric to attack by wet clean.

Depending on the process flow, a copper surface may be exposed during the
toughening agent treatment, especially at the bottom of via. In addition to
removing native oxide from copper surface, the wet clean can also remove any
( reaction product between toughening agent and an exposed copper surface.
20  Specifically, a wet clean using AP395 can clean a copper (or any suitable metal or
metal alloy) surface that is previously exposed to a toughening agent treatment
using DMDAS.

Thereafter the vias and trenches may be filled with a metal; and the metal
subjected to an annealing treatment. As used herein, the term “metal” means
25  those elements that are in the d-block and f-block of the Periodic Chart of the

Elements, along with those elements that have metal-like properties, such as
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C for about 10 seconds to about 60 m nutes. These tinmes and t&gﬁﬁé@hghgﬁ are
not critical as long as annealing is perforned. In yet anothe T t
the wet clean can be perforned before the bake process in the first

cont enpl at ed enbodi nent. The high tenperature bake step is perforned after
the wet clean. An 15 advantage of this nethod can be that the wet clean can
renove excess toughening agent and any reaction product with any exposed
copper surface, before it is "hardened" by the bake process, This can
result in lower volatile conponents in the dielectric material and a

cl eaner copper surface. Both can result in an inproved long term
reliability. In another contenpl ated enbodi nent, an 20 additi onal
dehydration ngglﬁaﬁi gécrrngﬂ‘uﬁpqﬁstuslg)gergnt &e%?&'% “(f'ngle MBI N to 120 mn
IS perforneé ore"t he tougheni ng agent treatment. The dehydration
bake renovesleareptsithatdiave dectahse fibleg thedd, Hd, ﬁhna@é@otbai‘alsmrr@m@hmhel c. Renoval
of noisture fromt ielectric i or ou n treatnent renders
the treat meft® lﬁ'f)sr(éﬂg‘? %S@F?tvéA‘suf ?{elg’nt 8?@5?‘%2% é‘gé?’% REht, the

t ougheni ng a@aEhtsARIIMASE Ele@fonk FillRgQlé dﬂdldw ormmcsafra@daﬂrgemem&lam damaged
organ05|llcate glass dielectric filmt pl asma ch 1s derived from any

of the aBové® Fkérﬁqmédnqlbﬁgamlﬁgh@g@ﬁ@nd thﬁ aa“‘t‘Q‘iﬁ d’a?felzgi wotalsar ch 2007
brocedure, it ARNAS Ll Uofipdl! @i i Wilhtin dafeh nPhiRged 11 A pl asma

generating c slic pl asma enhanced chem cal vapor deposition
(PECVD) systtismgof, :nlver saapdrcopper partdailgérenated akmg'emmn cﬁhepmsmf ‘metal’aalsb ar gon vapor

are passed thro enerati ng,chanbe energy source
is activat ednctl‘b&JgPB mﬁg‘g niﬁ%“ﬁposftf‘ﬁe"ﬁ Sﬂa@é?scopg’ofl et lﬂﬁéﬁFto hel p pronote
the formati gajyer RbApEHHRtes, Ebweurab BHePmbE] CMieRad AfindaRAg Maf bagsmnt s derived
fromthe tougheni ng agent osition; for exanple, the ion fragment CH3Si +

i s generlat edyfheying ammm@meaﬁ frormabst 59 OC'{mfﬂ@uﬂ%ﬁeﬁf 20%co250i t h si | anol

groups to f BETor about 10 seconds to about 60 minutes. These times and temperatures are

not critical as long as annealing is performed. 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

15 advantage of this method can be that the wet clean can remove excess toughening
agent and any reaction product with any exposed copper surface, before it is
"hardened" by the bake process. This can result in lower volatile components in
the dielectric material and a cleaner copper surface. Both can result in an
improved long term reliability. In another contemplated embodiment, an

20  additional dehydration bake at from about 100 °C to about 400 °C from 1 min to
120 min is performed before the toughening agent (TA) treatment. The
dehydration bake removes any moisture adsorbed in the damaged low-k
dielectric. Removal of moisture from the dielectric prior to toughening agent
treatment renders the treatment more effective.

25
In an alternative embodiment, the toughening agent composition is provided by
exposing the etchant-damaged organosilicate glass dielectric film to a plasma

which is derived from any of the above mentioned toughening agent. In a typical
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hydr ophobic Si-CH3 noieties. Any of the above nentioned toughsning ag& 10
conpositions can be used for this plasnma i nduced surface trea rrefdrch er
sui t abl e t ougheni ng agent conpositions for a plasnma i nduced surface

nodi fication treatnment include G - Cl12 al kyl and aromatic hydrocarbons. The
nost preferred hydrocarbon is nmethane. O her reagents for plasma i nduced 15
t ougheni ng agent conpositions include al dehydes, esters, acid chlorides, and
ethers. Suitable al dehydes include acetal dehyde and benzal dehyde; suitable
esters include ethyl acetate and nethyl benzoate; suitable acid chlorides

i nclude acetyl chloride and benzyl chloride; and suitable ethers include

di ethyl ether and anisole. A wide variety of single wafer or nultiple wafer

(batch) pla il iBctie il i PlaBddaf 8 $Pasnial RRGathSt €S
i nclude so g??g%égomn%%?%g%?g§%g$§?ggﬁbhlas 1§I?hg Ga?%ﬁic§£L3%1 phot or esi st

asher, PECVOhaitel,soth a5 plegpersinhamed shemieatyapercieposisort (PECAID) dystdmivat eri al s
P5000, or r activeﬁ(y1£gch %"RIE%% s%ste . Broad%% t% t(gy%tions for
the plasma PIFORRYLIZMQUERCPIAG ABTH EOTPRYS %aﬁgaﬁ%ﬂd&‘? LRe 8 per at ur e,
20C t o 450ChelptashaWRhisrat@ipWhambd) 2Man RIFHBRY sPires Blkvatél] @Tréate 25 100 ton;
plasma treatnment tinme, 5 seconds to 5 mnutes; and surface nodification

flow rate, Rgema; thomgor sasis inchided taplp progwwie the Eormation ebplasmadden) | 100-
2000 : , ' i ' t the i ti
scem ?I%%I%?ls%éﬁgs%%qzomg Hg%’%n‘{é% ﬁ%ﬁg%h tﬂp&rugﬁérﬂﬁgag{?ﬁﬁ e tnvention

is also con ated 't o enconpas i mpar €1 ng ydr ophobi ¢ surface
to silica diehpusitiongfdriekarsplepbe mmdragardl GH;Sioisgenaatsd frahet her danaged or

not, by appligation ove-descri bed. . pl.as surface treatnents.
SeniconductBpﬁﬁévﬁﬁagﬁb%ﬁﬁégﬁﬂﬁﬁﬂygggU?@a“W@ﬁHﬁ?ggqﬂﬁﬁg) hods are also a
part of thenpiresiRmic $iNVEhbRAes. An§dF 8¢ a8bw) Métioned loayRningddpdnimat eri al s maybe
utilized or 1ncorporated into any suitable electronic conponent. Electronic

conponen® s, cBPasyrme Ayt ke wsgd farthis plasma indugedywrfare fyeatmenight to conpri se any
di el ectric conponent or |ayered dielectric 10 conponent that can be utilized

in an el ect b?hneir %ﬁipa%feetguﬁ{egl%lé% ént cc:gr?l%()esr{rt?c;n%tf()erda plasma induced surface
modification treatment include C; — Cy; alkyl and aromatic hydrocarbons. The
most preferred hydrocarbon is methane. Other reagents for plasma induced

15  toughening agent compositions include aldehydes, esters, acid chlorides, and
ethers. Suitable aldehydes include acetaldehyde and benzaldehyde; suitable esters
include ethyl acetate and methyl benzoate; suitable acid chlorides include acetyl
chloride and benzyl chloride; and suitable ethers include diethyl ether and anisole.
A wide variety of single wafer or multiple wafer (batch) plasma systems can be

20  used for this process; these systems include so called downstream ashers, such as
the Gasonics L3510 photoresist asher, PECVD dielectric deposition systems such
as the Applied Materials P5000, or reactive ion etch (“RIE”) systems. Broadly,
the conditions for the plasma process are within the following ranges: chamber
temperature, 20C to 450°C; RF power, 50W to 1000W; chamber pressure, 0.05 to

25 100 torr; plasma treatment time, 5 seconds to 5 minutes; and surface modification

flow rate, 100 — 2000 sccm; inert gas flow rate (typically argon), 100- 2000sccm.
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el ectroni c conponents conprise circuit boards, chip packaging,gjgelﬁzggic
conponents of circuit boards, printed-wiring boards, and ot he? s s of

circuit boards, such as capacitors, inductors, and resistors.

El ectroni c- based products can be "finished” in the sense that they are ready
to be 15 used in industry or by other consuners. Exanples of finished
consuner products are a television, a conputer, a cell phone, a pager, a
pal mtype organi zer, a portable radio, a car stereo, and a renote control.
Al so contenplated are "internediate" products such as circuit boards, chip
packagi ng, and keyboards that are potentially utilized in finished
products. 20 Electronic products may al so conprise a prototype conponent, at

any stage ofrye geNgl ARMBptecidtOM OB GRRhE is IRE %bnt&xﬂ{)lfa{eﬂ% efdoRpasp mock-up. A
prototype may or nay not contain all of the actual conponents intended in a

fini shed pr owtheds of immartingpr lodophplic Ferfads 4o silicodieleemigpidbmamosoushat  ar e
constructed_out of ¢ i t.e I i ler.. t 0 L. jnitia
effects on 8?#%?“08 ?r%’g?ig%}eghe\ri\ﬁigﬁgeg%gé)?h%t’ %Q}{pﬁﬁt}oél quﬁ figégotsotg %'E‘.QS%EFeedct ronic
product s anglasmapeHtes tigatiyitsC Semidoadudtérderiees onTat efanafasturddayérged conponents,
and conponents that are Ianinatgglin preparation for use in the conponent
or produét . these motheds ap 2lsp g part-ph EreseSeB AN HEABN- | i mi ti ng exanpl es serve to
illustrate the invention. EXAMPLE 1 5 A series of 6000A NANOGLASS E
nanoporous silica films, comercially available from Honeywel l
| nt er nat i ondkeatddriieledtriGSlayery wad mateGalsinhayrheiudi]izedeoraneoparetdd iaeny a 200 nmm
silicon subst. e.and t hen expos to.a CAE8-based etch,and 02- based ash
rocess n- MvBle Rt EheRART Pt S e A0 00 Ta. 1 and
TA-2) were agxlei@hBglthonfi té Corghaiang dRigtHccompoRendpplayedd dieldcie wafers in a
standard spi n-on dieIectric,fSOD) coater, and _ the wafers were hot
10  component that can be utilized ih 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
15 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
"intermediate" products such as circuit boards, chip packaging, and keyboards

that are potentially utilized in finished products.

20  Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up mock-up. A prototype may
or may not contain all of the actual components intended in a finished product,
and a prototype may have some components that are constructed out of composite
material in order to negate their initial effects on other components while being

25 1nitially tested. Electronic products and components may comprise layered
materials, layered components, and components that are laminated in preparation

for use in the component or product.
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pl ate baked at 125C, 200C, and 350C for 1 m nute each. Fil mt?’gﬁ%neﬁ? @nd
refractive i ndex were neasured using ellipsonetry. Elenental oS 9 n was
anal yzed using FTIR Dielectric constant was neasured on an Hg probe at 0.1
15 MHz. Thernmal stability of the filnms was eval uated by thermal desorption
mass spectroscopy (TDVS). Single level netal Cu damascene structures were
prepared w th 3000A NANOGLASS E filns as the ILD and 2000A TECS oxi de a cap
| ayer. Cu annealing was performed at 200C for 1 hr in a N2 anbient,
following which, a focused i on beam scanning el ectron m croscope (FlB-SEM
was used to 20 inspect for voids in the ILD. After Cu chem cal nechani cal
polishing (CWP), 25 die per wafer were electrically tested using an
automati c prober. The properties of as-cured NANOGLASS(r)E filnms are
presented in Table |I. Table 1. Ceneral properties of as-cured NANOGLASS(r)E
filnms 25 Palberfllewinpomhdiniiag Reauples sePesrte ilDistatette inBEion0A  Refracti ve | ndex
Ellipsonmetry 1.24 Dielectric Constant M M@ 1vHz 2.2 30 El astic Mdul us

Nanoi ndentation 4.5 Gpa Hardness Nanoi ndentation 0.4 Goa Thermal Stability
| sot hermal TGA <1% wei ght | oss 31 OAMPLEN 2007 Fromthe FTIR spectra of
NANOGLASS E it is observed that the etch and ash processes caused a 30-40%

reduction in G H and gg-c content and a significant rise in Si-OH and H OH
bonds conpafedriesei0088 NANOGLASSE naneporonsigiHeniibng, commgisilyt r eat ment s

ool G SR ol O BB, NGNS T, T 2 e

t han TA-1. ontoa 200 mm silicon substrate and then exposed to a C4Fg-based etch and O,-
based ash process in a TEL DRM-85 etcher. Two types of toughening agents

10  (TA-1 and TA-2) were evaluated. The toughening agents were applied to the
wafers in a standard spin-on dielectric (SOD) coater, and the wafers were hot
plate baked at 125°C, 200°C, and 350°C for 1 minute each. Film thickness and
refractive index were measured using ellipsometry. Elemental composition was
analyzed using FTIR. Dielectric constant was measured on an Hg probe at 0.1

15 MHz. Thermal stability of the films was evaluated by thermal desorption mass
spectroscopy (TDMS). Single level metal Cu damascene structures were prepared
with 3000A NANOGLASS E films as the ILD and 2000A TEOS oxide a cap
layer. Cu annealing was performed at 200°C for 1 hr in a N, ambient, following
which, a focused ion beam scanning electron microscope (FIB-SEM) was used to

20  inspect for voids in the ILD. After Cu chemical mechanical polishing (CMP), 25

die per wafer were electrically tested using an automatic prober.

The properties of as-cured NANOGLASS®E films are presented in Table 1.

Table 1. General properties of as-cured NANOGLASS®E films

25 Parameter Technique Result
Pore Diameter BET 20A
Refractive index Ellipsometry 1.24
Dielectric Constant |MIM @ 1MHz 22

30 Elastic Modulus Nanoindentation 4.5 Gpa
Hardness Nanoindentation 0.4 Gpa
Thermal Stability Isothermal TGA <1% weight loss
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The dielectric constant (k) of the lowk filmis high (> 3.0) ,after b and
ash processes. This is expected to be due to the noisture ad rl\g?rlcbﬁ @{) t he
Si-OH 10 groups. The toughening agent treatnent reduced the k to a near
post-cure level. Table Il shows that after etch and ash NANOG.ASS E fil mwas
hydrophilic and had a high etch rate in nost wet clean chem stries, making
themunsuitable for wet clean. TA-I treatnent nade the fil m hydrophobic as
well as resistant to some of the wet clean chem cals. 15 Table Il. Effect
on NANOGLASS E filnms of exposure to various wet clean chem stries after
etch-ash (control) and after etch-ash and TA-|I treatnent (TA-1) Wet C ean
condition Etch rate (A/nun) DI water contact angle (degree) 20 Control TA-1
Control TA-1 No wet clean <10 122 A (Dflite HF) >1000 O 33 112 B (Agqueous

acidic) 5 Ogps é—é@R mﬂg@ . i 10 D
(Organoam ngsom}gle <%%Cf93%7 g‘gggt’% rlysg)? E?ﬂ?%@@%ﬁ?ﬁ??ﬁ m at 400 C
show t hat eypnicessesocausdd a/2il-4d% Ireducs@remi @3] and STA> dontent andbal significants sinmilar to
the filmafter, etch. an . TA-2 treated fil 0 si,gnificantly
oroved ¢ hEs oI BN HEgThors fosteiaen petoreb B helo BB T ¥ he
control €asggdnt tréatméhis RGulted RUT PRI aRN closd 18Mhdtiof aMhs-vgkdls can be seen
in the ILD space after Cu annealing. No voids were observed prior to the

anneal i ng. fiBpfAGrwasysere ¢Hestygdn rpleaishgsabepandsedusing i apd Wr t h por ous
| ow- k mat er | 4 Matsushita, N Chashi, K Inukai, H J. Shin, S
Sone, K SUE’?UE"‘RSQ@EWQ%M, | . Matsunoto, and N. Kobayashi, Proceedi ngs of
| EEE I nternational Interconnect Technol ogy Conference, 2003, 147 (2003);
and J. C. LiThe diglecthic constant (k) of the low-k film is high (> 3.0) after etch and ash

{ processes. This is expected to be due to the moisture adsorption by the Si-OH

10  groups. The toughening agent treatment reduced the k to a near post-cure level.

Table II shows that after etch and ash NANOGLASS E film was hydrophilic and
had a high etch rate in most wet clean chemistries, making them unsuitable for
wet clean. TA-1 treatment made the film hydrophobic as well as resistant to some

of the wet clean chemicals.

15
Table II. Effect on NANOGLASS E films of exposure to various wet clean
chemistries after etch-ash (control} and after etch-ash and TA-1 treatment (TA-1)

Wet Clean condition Etch rate (A/min) |DI water contact angle (degree)
20 Control TA-1 Control TA-1
{ No wet clean <10 122

A (Dilute HF) >1000 0 33 112
B (Aqueous acidic) 5 0 <10 118

55 C (Semi-aqueous fluoride) 25 14 <10 <10
D (Organoamine) 70 23 <10 47

TDMS spectra of the dielectric film at 400 °C show that evolution of volatile
species in TA-1 treated film is similar to the film after etch and ash. TA-2 treated

film shows a significantly improved thermal stability with low volatiles.
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Augur, B. J. Daniels, S. L. Shue, C H Yu, and M S. Liang, eed! of
Advanced Metal lization Conference 2002, 637 (2002)). Tensile g?ﬁasf%?mthe

Cu anneal treatnment is expected to be the driving force for void formation.
The 10 wafers treated with TA-1 or TA-2 showed no voids even after the Cu
anneal. Thus, "repairing" the C-depletion danage is proven to be an
effective way to toughen the porous lowk material against void formation
due to external stresses. Line-to-line |eakage current was not affected by
t he toughening agent treatnent. 15 Control wafers showed a w de distribution
of serpentine resistance. The high resistance tail was found to be due to
defects such blisters, Cu corrosion, and pitting which were |ikely caused

by oI ST € 1 1 3RRRAEIcHscARIRARbul foRtcRttOfRent), OMINGR RAIAGRDE skindal ed vaf er's

showed tight resistance distribut ce noisture entrapnent and

associ at ed deflebtspaweafer CuiamcalingdNo Widd wenewliscavedagios apticianagabng.was not
affected by _the toughening agent treajnent, .the . treated cq . capaci tor
structures ﬁ%&’é Oﬁfeg}?g’r‘m@ﬁ%‘ie eﬁ%éepf"geqlf RGEPuslY th Rgrgs ?%‘Y%rmr%ee?agsct s. The
effect of proeesMibBeurgeN. GHBRICKOMmuRNANGG. AB%( 8) SdnegRdSwlodagK. si nilar Si-
based filns has been disclosed. A post-ash treatnent w th tougheni ng agents
TA- 25 150r Misewe, hddataynetot and b diebriashh Bprseedings BAERR I@}ﬁmafa?ﬁiged material. A

i o r esul PHEERRH PR AEeH RSN T Rl G R RE, Mher connect

which result i'n yi e on i nterconnect
t est struct wugst, B33 Raidirsch. Se7C. EXAVRnE M. 5000w, Piosgdgigsio€on fil s,

commercial ly avail.abl e .from eywel r ional ..Inc. of nnyval e,
Cal i fornia, "\ﬂé@mﬁﬂmghf)‘ﬁm& Cg‘?‘?‘?ﬁ%’rc@?b%%l%g?@hha?ge%ﬂ? ﬂnfss @8’3&#%9 net hod.
The films Weh@nftH §athieniNg eRpectdo be tHRl @i fORTEGS oM@ ormBtvE qlei Nt 0 t he
films by sequentially subjecting themto the follow ng processes: Etch:

1000W 40/7T/ Padreire ith 3ds t enbly 3thowed pavpidy oeaicaitep thedAgyanneal.

Thus, “repairing” the C-depletion damage is proven to be an effective way to

toughen the porous low-k material against void formation due to external stresses.

Line-to-line leakage current was not affected by the toughening agent treatment.
15 Control wafers showed a wide distribution of serpentine resistance. The high
resistance tail was found to be due to defects such blisters, Cu corrosion, and
pitting which were likely caused by moisture trapped in damaged ILD region.
Toughening agent treated wafers showed tight resistance distribution, since
moisture entrapment and associated defects were eliminated. While median
20  capacitance was not affected by the toughening agent treatment, the treated comb

capacitor structures had a higher yield due to fewer pitting/blister defects.

The effect of process-induced damage on NANOGLASS® E and other similar Si-
based films has been disclosed. A post-ash treatment with toughening agents TA-
25 1 or TA-2 was able to restore properties of an un-damaged material. A successful
application toughening agents in SLM structures was demonstrated, which result

in elimination of ILD voids and higher yield on interconnect test structures.
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10 (20sec) Ash: 400W45ml/ 100sccm 02, 40C (20 sec) A toughen?g agent -
treatment was perforned using 27% DVDAS i n 3-pentanone. Afte §6 n coating
t he toughening agent naterial, the filnms were baked for 1 mn. 15 each at
125 C, 200 C and 350 Cin N2. The following results were noted: Measurenent
Pre-Etch & Post-Etch & Post- toughening Ash Ash agent treatnment Dielectric
Constant (k) 2.7 3.0 2.81 FTIRCH SiOratio) 0.0235 0.017 0.020 H2O Cont act
Angl e 104 26 85 Breakdown strength 5.51 4.1 5.12 (MW/cm 20 34 29 March
2007 EXAVPLE 3 6000 A NANOGLASS 1.9 films, comrercially available from
Honeywel | International Inc. of Sunnyvale, California, were formed on S
wafers by a 5 standard spin coating nethod. Filns were cured in N2 at 425
T. Plasma danage was induced into the filns by sequentially subjecting them
to the follow ng processes: Etch: 1000W 40nmr/| Gsccm

CAF8/ 200sccnCQ 300sccmAr / 100scemMNgx AP ED0 (20sec). Ash: 400W 45mT/ 100sccm
02, 40C (20 sec). Toughening agent treatnent was perforned using 27% DVDAS

in 3-Pent angimA HOSPAl{cEH fitRE, Qoﬁﬁﬁ?duﬂ% atvﬂﬂ'abq@ﬂ&he}mnegwagﬁﬁémﬂﬁmr ial, the
filmse were baked for 1 mn. ‘“each C, 200 C and 350 Cin N2
Inc. of Sunnyvale, California, was formed on a Si wafer by a standard spin

5 coating method. The films were cured in N at 400 °C.

Plasma damage was induced into the films by sequentially subjecting them to the

following processes:

Etch: 1000W/40mT/10sccm C4F8/200scecmCO/300scemAr/100scecmN2, 40°C
10 (20sec)

Ash: 400W/45mT/ 100sccm 02, 40°C (20 sec)

A toughening agent treatment was performed using 27% DMDAS in 3-pentanone.
After spin coating the toughening agent material, the films were baked for 1 min.

15  eachat 125 °C, 200 °C and 350 °C in N,.

The following results were noted:

( Measurement Pre-Etch & Post-Etch & Post- toughening
) Ash Ash agent treatment
Dielectric Constant (k) 2.7 3.0 2.81
FTIR (CH/SiQ ratio) 0.0235 0.017 0.020
H;0 Contact Angle (°) 104 26 85
Breakdown strength 5.51 4.1 5.12
(MV/cm)
20
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The follow ng results were noted: Measurenent Pre-Etch & Post-gg/%h 8%®c}st-
toughening Ash Ash agent treatnment Dielectric Constant (k) 77 gigreh 1.94
FTIR (CH SiOratio) 0.0078 0.0027 0.0054 Breakdown strength 4.51 1.22 3.76
(MV/cm) 20 EXAMPLE 4 25 Pl asma danmage was inparted to a commrercial porous
CVWD low k dielectric film by sequentially subjecting themto the follow ng
processes: 35 29 March 2007 Etch: 40nT, 1400W60 Ar/ 80 CF4 /20 02 40nT,
1400W 20 s Ash: 400W 45niT/ 100sccm 02, 40C (30 sec). 5 A tougheni ng agent
treatment was performed using 27% DVDAS in 3-pentanone. After spin coating
t he toughening agent material, the filnms were baked for 1 mn. each at 125
C, 200 Cand 350 Cin N2 The followng results were noted: 10 Measurenent
Pre-Etch & Post-Etch & Post- toug { h Ash agent treatnment Dielectric
Constant (k) 2.36 2.76 2.39 FTIR %}%M“%Llrigtsi 0) 0.02473 0.0149 0.013

ek, <08 DSB8 s s L RE bl 4 WwiaLsss

International Inc. of Sunnyvale, California, were formed on Si wafers by a
5  standard spin coating method. Films were cured in N, at 425 °C.
Plasma damage was induced into the films by sequentially subjecting them to the

following processes:

Etch: 1000W/40mT/10sccm C4F8/200sccmCO/300sccmAr/100sccmN2, 40°C
10  (20sec).

Ash: 400W/45mT/ 100sccm 02, 40°C (20 sec).

Toughening agent treatment was performed using 27% DMDAS in 3-Pentanone.
15  After spin coating the toughening agent material, the films were baked for 1 min.
each at 125 °C, 200 °C and 350 °C in N,

The following results were noted:

Measurement Pre-Etch & Post-Etch & Post- toughening
Ash Ash agent treatment

’ Dielectric Constant (k) 1.83 2.69 1.94

( FTIR (CH/SiO ratio) 0.0078 0.0027 0.0054
Breakdown strength 4.51 1.22 3.76
(MV/cm)
20
EXAMPLE 4

25  Plasma damage was imparted to a commercial porous CVD low k dielectric film

by sequentially subjecting them to the following processes:
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International Inc. of Sunnyvale, California, were prepared ush&gﬁla 2007
conventional bake process of 125 C, 200 C, and 350 T. Instea ar%p
conventional furnace cure at 425 C (60 mn), a W cure at 425 C (3 mn) was
used. Plasma damage was inparted by sequentially subjecting themto the
foll owi ng processes: 20 Etch: 1000W 40mT/ | Gsccm

CAFg/ 200sccenmCO 300sccmAr/ 100scecnN2, 40 C (20sec) Ash: 400W 45mI/ | OOsccm
02, 40 C (30 sec) 36 29 March 2007 A tougheni ng agent treatnment was
performed using 27% DVDAS in 3-pentanone. After spin coating the toughening
agent material, the filns were baked for 1 mn. each at 125 C, 200 C and
350 Cin N2. Copper single danmascene patterned structures were created
using the Wcured NANOGLASS as the dielectric 5 material using conventional
approach described in Exanple 2. Prior to netallization (PVD barrier and Cu
seed deposi Eichn4@umill 130081166 Arog) @F4 £2§)0.50md, dA00Wh20 svaf ers were coated with
t ougheni ng en 0 by a bagke to 350 T. After netallization, all
sanpl es w@%#ﬁ?gﬁ{%ﬂﬁf@%r@z%@ (r“rk%.se%ocused ion beam scanni ng el ectron
m croscope was used to determ ne presence of voids. 10 The followi ng results
were noted: a. Blanket wafers Measurenment Pre-Etch & Post-Etch & Post -

t ougheni hg AAstehasing agent treptmeat WesRerfopned wsing 373 BHARA]AR 3(nentapore. 2. 85 2. 25

FTI R CH Si Opraf 19} (QiiB08% (Buf0iRe QP AidteriBl, BRAMR L bARAE PP 3- 07 4. 77

(MV/cm
each at 125 °C, 200 °C and 350 °C in N,

( The following results were noted:
10

Measurement Pre-Etch & Post-Etch & Post- toughening
Ash Ash _agent treatment
Dielectric Constant (k) 2.36 2.76 2.39
FTIR (CH/SiO ratio) 0.02473 0.0149 0.013
Breakdown strength 5.06 3.07 4.77
(MV/cm)
EXAMPLE 5

15 6000 A NANOGLASS films, commercially available from Honeywell
International Inc. of Sunnyvale, California, were prepared using a conventional
bake process of 125 °C, 200 °C, and 350 °C. Instead of a conventional furnace

( cure at 425 °C (60 min), a UV cure at 425 °C (3 min) was used. Plasma damage
was imparted by sequentially subjecting them to the following processes:

20
Etch: 1000W/40mT/10sccm C,Fg/200sccmCO/300sccmAr/100scecmN,, 40 °C
(20sec)
Ash: 400W/45mT/ 100sccm O, 40 °C (30 sec)
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15 b. SLM patterned wafers EXAMPLE 6 20 Pl asma damage was i nduced into
6000A furnace cured NANOGLASS filns, comercially avail abl e 29 dhar¢ho2®7wel |
International Inc. of Sunnyvale, California, by sequentially subjecting
themto the follow ng processes: 25 Etch: 1000W 40ml/ 10sccm
CAF8/ 200sccnCO 300sccmAr/ 100scenN2, 40 C (20sec). 37 29 March 2007 Ash
(one of the follow ng processes) 02 ash: 400W45ml/ 100sccm 02, 40C (20s or
70 s) 5 or N2/H2 ash: 500W45mlI/ 500sccm N2 / 125sccm H2 10C (45 s or 135
s) Tougheni ng agent treatnment was perforned using 9% DVDAS i n 2- hept anone.
After spin coating the toughening agent material, the filnms were baked for 1
mn. each at 125 C, 200 C and 350 Cin N2 10 The following results were
noted: Ash Type k (w thout toughening k (after toughening % Reduction in k
a ent treatfviensherjpg agant treatmentyasperfopaedusyg 25%3@%6% n g??rge%ong-. 11 2.42
iéi (])_g, 7Oz§ft§r s%l?h go‘aﬁﬁg ?}1%'t&lgh@%ﬁyggel}x?nt%tel?ial?ﬂle%ilﬁxs%r@baklé@/fdilzl Iill§15 s 3.23 2.7
each at 125 °C, 200 °C and 350 °C in N,. Copper single damascene patterned

structures were created using the UV cured NANOGLASS as the dielectric

5  material using conventional approach described in Example 2. Prior to
metallization (PVD batrier and Cu seed deposition and Cu electroplating) some of
the wafers were coated with toughening agent followed by a bake up to 350 °C.
After metallization, all samples were annealed at 200 °C, 50 min. Focused ion

( beam scanning electron microscope was used to determine presence of voids.

10
The following results were noted:
a. Blanket wafers
Measurement Pre-Etch & Post-Etch & Post- toughening
Ash Ash agent treatment
Dielectric Constant (k) 2.1 2.85 2.25
FTIR (CH/SiQ ratio) 0.0082 0.0045 0.0075
Breakdown strength 5.06 3.07 4.77
(MV/cm)
15
b. SLM patterned wafers
( EXAMPLE 6
20

Plasma damage was induced into 6000A furnace cured NANOGLASS films,
commercially available from Honeywell International Inc. of Sunnyvale,

California, by sequentially subjecting them to the following processes:

25  Etch: 1000W/40mT/10sccm C,Fg/200sccmCO/300sccmAr/100sccmN,, 40 °C
(20sec).
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EXAMPLE 7 Pl asma damage was i nduced into 6000 A furnace cured NANOGASS
films by sequentially subjecting themto the foll ow ng proce2%dtrcl?ZO0E ch:
1000W 40mr/ | Gsccm CAF8/ 200sccenCO 300sccnmAr/ 100sccmN\2, 40C (20sec). Ash (one
of the follow ng processes): 38 29 March 2007 To test the effect of queue
time before toughening agent treatnment, the sanples were held in anbi ent
conditions for tines varying from1l hr to 360 hr, after which the

t ougheni ng agent treatnments were perforned. Tougheni ng agent treatnment was
performed using 4.5% DVDAS in 2-heptanone. 5 After spin coating the

t ougheni ng agent material, the filns were baked for 1 mn. each at 125C,
200Cand350C nN2. The following results were noted: Qtine (hr) k (post
toughening agent) 1 2.24 3 2.28 27 2.31 72 2.29 240 2.38 360 2.32 10
EXAMPLE 8 Pl asma damage was i nduced into 6000 A furnace cured NANOG.ASS

films, Ash (one of the following processes)

O, ash: 400W/45mT/ 100sccm 02, 40°C (20s or 70 s)
5 or
N2/H; ash: 500W/45mT/ 500sccm N, / 125scem H2 10°C (45 s or 135 s)
Toughening agent treatment was performed using 9% DMDAS in 2-heptanone.
After spin coating the toughening agent material, the films were baked for 1 min.
( each at 125 °C, 200 °C and 350 °C in N,

10
The following results were noted:

Ash Type |k (without toughening | k (after toughening |% Reduction ink
agent treatment) agent treatment)
02,205 298 2.36 20.8
05,305 3.11 242 22.2
0O, 70s 3.53 2.63 25.5
N,/H, 45 s 3.04 2.5 17.8
Np/Hp 135 s 3.23 2.7 16.4
15
EXAMPLE 7
( Plasma damage was induced into 6000 A furnace cured NANOGLASS films by

sequentially subjecting them to the following processes:

20
Etch: 1000W/40mT/10sccm C4F8/200sccmCO/300sccmAr/100scecmN2, 40°C
(20sec).

Ash (one of the following processes):
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15 comrercially avail able from Honeywel|l International Inc. of Sunnyvale,
California, by sequentially subjecting themto the follow ng BY dtases2@?
Etch: 1000W40ml/ 1 Gsccm C4Fg/ 200sccnmCO’ 300sccenmAr/ 100sccmN\2, 40C (20sec).
Ash (one of the follow ng processes). 20 Tougheni ng agent treatnent was
performed using 18% DVDAS in 2-heptanone. After spin coating the toughening
agent material, the filns were baked for I mn. at various tenperatures on
hot plates. Carbon restoration was neasured as the anount of carbon added
by toughening agent treatnent as a percentage of the 39 29 March 2007

anount of carbon |ost during plasnma damage. The anmount of carbon was
nmeasured by FTIR as the ratio of CH (2975 cm 1) peak to Si O peak (1055
cml). The_follow results. were noted: .5 Bake Tenperature % C Restoration
K val ue  7eTelesknS chit of ghu timabs OTE%g%%%e“&%ﬁﬁgp%éﬁﬁ?ai“éplesl75 C 136 2.5
200 C 127 2y3@ helfAR afnbictil céndRtiond T thmebRAryfnglPorn 308 t§>34(RMr, 2ftdrAvhicib0 C 103 2. 2
Wiil e the present invention has been particularly shown and described with
ref erence t thefoushenipgegeahbedinaripivsre perforned. be readily appreciated by those

of Toughening agent treatment was performed using 4.5% DMDAS in 2-heptanone.
5  After spin coating the toughening agent material, the films were baked for 1 min.

each at 125 °C, 200 °C and 350 °C in Nj.

The following results were noted:

| Q-time (hr)] k (post
toughening
agent)
1 2.24
3 2.28
27 2.31
72 2.29
240 2.38
360 2.32
10
EXAMPLE 8§

Plasma damage was induced into 6000 A furnace cured NANOGLASS films,

15 commercially available from Honeywell International Inc. of Sunnyvale,

( California, by sequentially subjecting them to the following processes:

Etch: 1000W/40mT/10sccm C,Fg/200sccmCO/300sccmAr/100scemN,, 40°C
(20sec).
Ash (one of the following processes).

20  Toughening agent treatment was performed using 18% DMDAS in 2-heptanone.
After spin coating the toughening agent material, the films were baked for 1 min.
at various temperatures on hot plates. Carbon restoration was measured as the

amount of carbon added by toughening agent treatment as a percentage of the
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10 ordinary skill in the art that various changes and nndificgphﬁns 5&% be
made w t hout departing fromthe spirit and scope of the inven arch S
intended that the clains be interpreted to cover the disclosed enbodi nent,

t hose alternatives which have been di scussed above and all equival ents
thereto. 40 29 March 2007 What is clainmed is: 1. A nethod for deterring the
formation of stress-induced voids in an organosilicate glass dielectric
filmon a substrate, which organosilicate glass 5 dielectric film has been
patterned to formvias and trenches therein, and which organosilicate glass
dielectric filmhas been thereafter subjected to at | east one treatnent

whi ch renoves at | east a portion of previously existing carbon containing
noieties a glass dielectric
film and mﬂn&ﬁggfggbgﬁﬁgtrenghﬁk&xg%gm%ggﬁe?ﬁgéggfkg?G???Ted mnth a 10
metal , and wieassbedriptEIIR R thet tation o HEB(29 Heme Jfpeak tosSib) reek £056 smdh anneal i ng
treatnent t he nethod conprising contacting the organosilicate gl ass
dielectric L %ﬁ' after beln subjected to at | east one treatnment which
removes previ® éPV““%??@?P“@ @ﬁ? on containing noieties, but before said
vias and’trenches h LLmuJJL41_a%LaLT_m1th a tougheni ng agent
conmposi tion at a concBaterkempsraterad%)G Resteraion [Krsalgelr i od ef fective to restore
at | east some of thel carb®n’Cont ailni ng 66noi et 6591 0| t he organosilicate gl ass
dielectric filmand | ncr d@®éCt he Rydr ophobi city2.80f| the organosilicate gl ass
dielectric film 2. [The mekkod of [cTaim [ whefeiy the treatnent which
renoves at |east a POTTT O3 9¢0 Of |Previgusly B $i1jng carbon cont ai ni ng

noi eti es and reduceS‘ﬂyUHWBmeurC1Ly uul ard lgsHUbi|icate gl ass dielectric

filmconprises at |e@ast—op& Ateteh fent, an ashing treatnent, a
wet stripping treatnen%—jg@%tean-r" frig7”nnf hd PECVD treatnent. 25 3.
The nmethod of claim whe28i 6 the lor gad®bilic Tz3nl ss dielectric film has

been 250 °C T 121 2.19
300 °C 127 2.17
350 °C 103 22

While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
10 ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is 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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formed froma spin-on glass material or a chem cal vapor depozbt’n\gad rrz(ﬁﬂelrl al .
41 29 March 2007 4. The nmethod of claim 1l wherein the toughe r‘é}b

conposition conprises a conponent for alkylating or arylating silanol
noieties via silylation of the organosilicate glass dielectric film 5 5.
The method of claim 1 further conprising the subsequent step of renoving
unreact ed tougheni ng agent conposition, reaction products and m xtures
thereof. 6. The nethod of claim1 further conprising the subsequent step of
heating the increased hydrophobicity organosilicate glass dielectric film
10 7. The nmethod of claim1l wherein the organosilicate glass dielectric film
is nanoporous. 8. The nethod of claim 1l wherein the organosilicate glass
dielectric {hLm tinsdRstantially non-porous. 9. The nethod of claiml
wherei n the tougheni ng agent conposition conprises at |east one conpound
having a fornmula selected fromthe group consisting of: [-SI RZNR -]n where
n >2 and mayba mathdd for detBfinyRhéiondatidnRISirgs3hhduzed Rai8s MRi?2; R2Si (NR ) 2;

RS (NR )3; RxSidy, RxSi(,f X SIOSIR 3;, RXSI(OR)y; RXSi (CCOR )vy;
RSi Hy; R SipeeqaRilicavelqsy Sg%ﬁ& fﬁgmﬂ hAOPERS Wltlﬁéﬁgrgwgsﬁm@rggasg x is an

i nteger fangiefBmk M hhs blerhatiéried td HrfARids Bh& FEAcheSihGle] ahd @Mch to 3 such
that y=4-x , each R is an independently selected from hydrogen and a

hydr ophobi comganpsilicate glass diejectri® filishas pderoyenqafiessubiacted tpegiileasimieet y, and 42
29 March 2(')t(i)fgatment which removes at least a portion of previously existing carbon
containing moieties and reduces hydrophobicity of said organosilicate glass
dielectric film, and which vias and trenches have been thereafter filled with a
10  metal, and which metal has then been thereafter subjected to an annealing
treatment, the method comprising contacting the organosilicate glass dielectric
film, after being subjected to at least one treatment which removes previously
existing carbon containing moieties, but before said vias and trenches have been
filled with a metal, with a toughening agent composition at a concentration and
15 for a time period effective 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.

2. The method of claim 1 wherein the treatment which removes at least a portion
20  of previously existing carbon containing moieties and reduces hydrophobicity of

said organosilicate glass dielectric film comprises at least one of an etchant

treatment, an ashing treatment, a wet stripping treatment, a cleaning treatment and

a PECVD treatment.

25 3. The method of claim 1 wherein the organosilicate glass dielectric film has been

formed from a spin-on glass material or a chemical vapor deposited material.
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R' is an al kyl or carbonyl group. 10. The nethod of claim11 wherein the

t ougheni ng agent conposition conprises 5 at |east a conpound 2¢Martle20Fr om
the group consisting of acetoxytrinethylsilane, acetoxysilane,

di acet oxysi | ane, triacetoxysilane, diacetoxydi nethylsilane,

met hyl tri acet oxysi | ane, phenyltriacetoxysil ane, diphenyl di acet oxysil ane,
nmet hyl tri et hoxysi | ane, di nmet hyl di et hoxysilane, trinethyl ethoxysilane,

met hyl t ri nmet hoxysi | ane, di net hyl di met hoxysil ane,, trinethyl nethoxysil ane, 10
met hyltrichl orosil ane, dinethyldichlorosilane, trimethylchlorsilane,

met hyl sil ane, dinethylsilane, trinethylsilane, hexanethyldisilazane,
2-trinethylsiloxypent-2- ene-4-one, n-(trinethylsilyl)acetam de,
2-(trimethylsilyl) acetic acid, n- (trinmethylsilyl)im.dazole,

trimethyl si ‘I‘yﬁ hsrggthasd %ftcéalmtlrWh@?‘ﬁ)ﬂl‘f‘s‘i"}lgl}e(lmglaﬁ@‘ttI‘i9‘|n§i’5|1%9<‘y§°mpoﬂ,s€§ ate,
hyl |, 15
nonanet hyl t g r@ @%tgpg%kﬂ%tﬁta%tﬁfﬁug mm& bl giaylbﬁ bf @eol

triethylsila ut yl di met hyl si | anol
d|phenyIS|Iagedmdkmegkmsdmkhnyﬁnﬂane tri et hoxysil ane, trlchlorosilane,
hexanet hyl cycl otri sil azane, bi sdi net hyl am nodi net hyl si | ane,

bi sdi et hyl am nodi net hyl si | ane, tris(di nethyl am no) net hyl sil ane,

tris(di net hyl g mahdhsmydis 1| ARger co ph§1§1§ i uByeq Bt @Q:ESJf}élﬁ‘@wing

di met hyl si |yl di f or mami de, di methylsilyldiacetan de

di met hyl si | yireacteddeyeheniag agent gempgsition, jaction edyeiraddanixhestbamsefat i ons
thereof. 11. The nethod of claim 1 wherein the toughening agent conposition
conpri ses dinethyldi acetoxysilane. 25 12. The nethod of claim 1l wherein the
t ougheni ng ag&etmﬂmmmfsﬂatiinolnfucthelmommisingahessubseqnentstcbexfheaiingrthﬁn t he group

conS|st|ng of ket t.hers, esters, ydrocar bons, and conbi nati ons
thereof . 43M5%a5H Sﬁ'ﬁmﬁbg’?c‘tylgrga‘f‘i’?éh%%ﬁadk?ﬁe"g?c M1 wherein the toughening

agent cegposition contacts the organosilicate glass dielectric filmin a

state selected fromthe group consisting of liquid, vapor, gas, and plasna.
7. The method of claim 1 wherein the organosilicate glass dielectric film is

nanoporous.

8. The method of claim 1 wherein the organosilicate glass dielectric film

15  substantially non-porous.

9. The method of claim 1 wherein the toughening agent composition comprises
at least one compound having a formula selected from the group consisting of :
[-SiR,NR’-]n where n >2 and may be cyclic; R3SiNR’SiR;, (R3Si);N;

20 R3SINR’y; R,Si(NR’)y; RSi(NR’)3; RySiCly, R,Si(OH)y; R3SiOSiR’s;
R,Si(OR’)y; R«Si(OCOR’ )y, R,SiHy; RySi[OC(R’)=R”]sx and combinations
thereof,

wherein x is an integer ranging from 1 to 3,

25  yis an integer ranging from 1 to 3 such that y=4-x ,
each R is an independently selected from hydrogen and a hydrophobic organic
moiety;

R’ is hydrogen, or an organic moiety, and
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5 14. A nethod for formng a mcroel ectronic device which co [ ses: )
appl yi ng an organosilicatg glass dielectric filmonto a subs??éb§“3b$XE
formng a pattern of vias and trenches in the organosilicate gl ass
dielectric film and subjecting the organosilicate glass dielectric filmto
at |l east one treatnent which renoves at |east a portion of previously

exi sting carbon containing 10 noieties and reduces hydrophobicity of said
organosilicate glass dielectric film «c¢) contacting the organosilicate
glass dielectric filmw th a toughening agent conposition at a
concentration and for a tinme period effective to increase the

hydr ophobi city of the organosilicate glass dielectric film d) filling the

vias and trﬁn%@%salWlBP%ﬁbd}ﬁﬁ eglm and 15 e) subjecting the nmetal to an

anneal i ng treatnent ¥hod of claim 14 wherein the treatnent which
renmoves at least a portion of previ ously existing carbon containing

noi eti es and reduces hydrophobicity of said organosilicate glass dielectric
filmconprises at |east one 20 of an etchant treatnment, an ashing treatnent,

a wet strippyNGhetdc@RdBTlaima Whean thGoudHeRMk AR caﬂﬂﬁo@tld?i-:&\@rtséﬁat ment. 16.
The net hod of claim 14 wherein the toug enln agent conposition conprises a

conponent  f dfrleast k gorapqung selected Qp@tthﬁgogp PN mgr@f aeqtesytymethylsilapeat i on of the
25 or_ga_nOSI Iti e?o@(é/gbglsaﬁ&efg g% f‘aﬁEr cetb larfle7d1ag_é? dl %ﬂf‘s‘ﬁi eCl aim 14 further

conpri si ng sequen ep of r unre ougheni ng agent
conpositi onmethghﬁidemxyspranel,qmbnylamdetmystlmreedlphdfrgrichaﬁetoxymhna9 March 2007 18.

The Mo bbbt S GRTRELELTY Lhe SubaeauEnt ot ep of healing Che
net hod of Chﬁ{h?ltﬁﬁeﬁﬁﬂk’isﬁhﬁb ahﬁetwlmwlﬁaé tthaspintRIx9alahbc filmis
nanoporous. 20. The neth of claim14 wherein the organdsilicate glass
di el ecti®c met}wltnchlorosﬂane dlmethyldlchlorosﬂane trlmethylchlorsﬂane methylsilane,

dimethylsilane, trimethylsilane, hexamethyldisilazane, 2-trimethylsiloxypent-2-

ene-4-one, n-(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic acid, n-

(trimethylsilyl)imidazole, trimethylsilylpropiolate, trimethylsilyl(trimethylsiloxy)-

acetate, nonamethyltrisilazane, hexamethyldisiloxane, trimethylsilanol,

15 triethylsilanol, triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane, hexamethylcyclotrisilazane,
bisdimethylaminodimethylsilane, bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide, dimethylsilyldiacetamide,

20  dimethylsilyldiisocyante, trimethylsilyltriisocyanate and combinations thereof.

11. The method of claim 1 wherein the toughening agent composition comprises

dimethyldiacetoxysilane.
25 12. The method of claim 1 wherein the toughening agent composition comprises

a solvent selected from the group consisting of ketones, ethers, esters,

hydrocarbons, and combinations thereof.
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substantially non-porous. 10 21. The nethod of claim 14 V\,here'bﬁgéqh 2007
t ougheni ng agent conposition conprises at | east one conpound rﬁb %
formul a selected fromthe group consisting of. [-SIRZNR -] n where n >2 and
may be cyclic; R3SINR SiR3, (R3Si)3N, R3SINR 2; R2Si(NR )2; RSi (NR ) 3;
RxSiCly, RxSi(OH)y; 15 R3SIOGSiR 3; R Si(OR)y; RSi (OCOR )y; R SiHy;
RS[OC(R)=R']4_, and conbinations thereof, wherein x is an integer
ranging froml1l to 3, y is an integer ranging from1l to 3 such that y=4-x ,
20 each R is an independently selected from hydrogen and a hydrophobic
organic noiety; R is hydrogen, or an organic noiety, and R' is an alkyl
or carbonyl group. 25 22. The nethod of claim 14 wherein the toughening

agent CONPOFY thRMGRSPSE F5h @}?Jie@acﬁé toﬁgﬁ:éﬂméoa'é%_cl%glkgﬁi&qcéﬂt&@ the group

consi sting of, acetoxytrinet ane, ~acetoxysi di acet oxysi | ane,
t ri acet oxy sthk argenosilicateeglass vkl eottihiiing inl aastase selentechfyorn theagrevpxysi | ane,

penyl tracet oxysj.| a dj phenyl di acet oxysi | ane, 45 29 March 2007
net hyl tri et?%‘g?%l?a (g\tﬁ@u‘cli?'ﬁ%(frh%sd?@tﬂi 5i lane, trinethylethoxysilanc,
met hyl t ri met hoxysi | ane, dinethyl di net hoxysilanc, trirnethyl nethoxysilanc,

met hyl trichiorosil ane, dinethyldichlurosilane, trimethylchlorsilane,
net hyl si i ant4 A ethad far fegmiag a mieroplsettaniq davicgdhicheomprisetiy| di si | azane,

2-trimethyl si t-2- -4 PRTAEN ) oY Vil Shiiyikd-acet am dc,
2-(trimethy s"’ilp v eagé’é%ﬁngﬁg‘é‘#%?B%-ed‘?ltgcrtf‘ércﬁ%’ﬂ%i s;‘f’% ?/arr%’dazol e,
tri met hyl si byfbpniapi phtdre of vias amd tigrdched iyltle orgarebihights iglasxgiglectaic dtlas e,
nonanmet hyl trisi| azane tri si | anol

ronamet b L SLbazariy hesamei iy CLGxnen ELITAI S Loncl,
di phenyl si | anRHk@hoveb bi IRRS BPSMRl APRviously existing carbon containing
10  moieties and reduces hydrophobicity of said organosilicate glass dielectric film;
c) contacting the organosilicate glass dielectric film with a toughening agent
composition at a concentration and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric film;

d) filling the vias and trenches with a metal; and

15  e) subjecting the metal to an annealing treatment.

15. The method of claim 14 wherein the treatment which removes at least a

portion of previously existing carbon containing moieties and reduces

hydrophobicity of said organosilicate glass dielectric film comprises at least one
20  of an etchant treatment, an ashing treatment, a wet stripping treatment, a cleaning

treatment and a PECVD treatment.
16. The method of claim 14 wherein the toughening agent composition comprises
a component for alkylating or arylating silanol moieties via silylation of the

25  organosilicate glass dielectric film.

17. The method of claim 14 further comprising the subsequent step of removing

unreacted toughening agent composition, reaction products and mixtures thereof.
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triethoxysilane, triohlorosilanc, hexanethylcyclotrisilazane,

bi sdi et hyl anmi nodi et hyl sl | ane, bi sdi et hyl am nodi net hyl si | ane 29 March 2007
tris(di met hyl am no) net hyl sil ane, tris(dinmethyl am no) phenyl sil ane,
tris(dinmethylam no)silarne, dinethylsilyldifonnam de,

di et hyl si |l yl di acet am de, di met hyl sifyl diisocyante,
trimethylsilyltriisoeyanate and conbi nati ons thereof. 23. The nethod of

cl ai m 14 wherein the tougheni ng agent conposition conprises

di met hyl di acet oxysi |l ane, 24. The nethod of claim 14 wherein the toughening
agent conposition conprises a solvent selected fromthe group consisting of
ket ones, ethers, esters, hydrocarbons, and conbinations thereof. 25. The
met hod of claim 14 wherein the toughening agent conposition contacts the
organosilicate glass dielectric filmin a state selected fromthe group
consi sting @§ THelfdthéh o MARA 14 fARer cBRPrifhABRRubRGuent BRp BERGEg @e Cl ai m 15
wherein the ctohant is a plasma conprising atons, lons and/or radicals

sel ect ed fr owraabes hydophobiois prgamnasijicete gtasy dislectricfdmi ne, hydrogen, nitrogen
and conbi nati ons thereof 46 29 March 2007 27. The nethod of claim 15
wherein the etchant is a wet etehant that Conprises at |east one agent

sel ect edsfr em Themehod pf €lains i 4 vhaginthe aigakusilitate ghavs dleteohid filnaw

al cohol am ne, an amne, a triamne, an acid, a base and conbi nati ons

t her eof . 28NaNRRIOY¥Et hod of claim 14 wherein the treatment which renoves at
| east a portion of previously existing carbon containing noieties and
reduces hydrophobicity conprises treatnent with at | east one agent sel ected
from the gr30pteonsthat ofideinf 14 whdnein theanrganosilicath glasndidicetnic fidm t r i et hyl ami nc,
N,N—diethylethé%gqfdianine di et hyl enetri am ne, am ne.

el hyl enedi aftTERERINRRPAOYsi d: organic, acetic acid, tbrmic acid,

t et ranetipyl ammoni um acetatc, sulfuric acid, phosphoric acid, hydrofluoric
acid; amonium fluoride, anmoni um hydroxi de, tetrarnethyl anmonium

hydr oxi de, 21. Themethod of claim 14 wherein the toughening agent composition
comprises at least one compound having a formula selected from the group
consisting of: [-SiR,NR’-]n where n >2 and may be cyclic; R3SiNR’SiRj,
(RsSi)3N;  R3SiNR’z; RoSi(NR’)y; RSi(NR”)3; RiSiCly, R.Si(OH)y;
15 Rs3SiOSiR’3; R,Si(OR’)y;  RiSi(OCOR’ )y, R,SiHy; R,SifOC(R’)=R”]s and

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 ,
20  each R is an independently selected from hydrogen and a hydrophobic organic
moiety;
R’ is hydrogen, or an organic moiety, and

R” is an alkyl or carbonyl group.

25 22. The method of claim 14 wherein the toughening agent composition comprises
at least a compound selected from the group consisting of, acetoxytrimethylsilane,
acetoxysilane, diacetoxysilane, triacetoxysilane, diacetoxydimethylsilane,

methyltriacetoxysilane, phenyltriacetoxysilane, diphenyldiacetoxysilane,
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hydroxyl am ne and conbi nati ons thereof, provided that the conbinations are
of agents that do not neutralize one another. 29. A nicroel e2?Malk2@Bvi ce

produced by a process conprising: a) applying an organosilicate gl ass
dielectric filmonto a substrate; b) formng a pattern of vies and trenches

in the organosilicate glass dielectric film and subjecting the
organosilicale glass dielectric filmto at | east one treatnent which

renoves at | east a portion of previously existing carbon containing noieties
and reduces hydrophobicity of said organosilicate glass dielectric film c¢)
contacting the organosilicate glass dielectric filmw th a tougheni ng agent
conposition at a concentration and for a tine period effective to increase

the hydmupidtriethaxysidnet tinethddistbokysilang, imethxisthoxpsilaoeric film d) filling
Lhe Vi as A bRARRGRAL DufeuRihleinc¥bont) DR i 2 O 2
methyltrichlorosilane, dimethyldichiorosilane, trimethylchlorsilane, methylsilane,
dimethylsilane, trimethylsilane, hexamethyldisilazane, 2-trimethylsiloxypent-2-cne-4-
one, n~(trimethylsilyl)acetamidc, 2-(trimethylsilyl) acetic acid, n-
(trimcthylsilyl)imidazole, trimethylsilylpropiolate, trimethylsilyl(trimethylsiloxy)-
acetate, nonamethyltrisilazane, hexamethyldisiloxane, trimcthylsilanol, triethylsilanol,
triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol, trimethoxysilane,
triethoxysilane, trichlorosilanc, hexamethylcyclotrisilazane,
bisdimethylaminodimuthylsilane, bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide, dimethylsilyldiacetamide,
dimethylsifyldiisocyanie, trimethylsilyliriisocyanate and combinations thereof.

23. The method of claim 14 wherein the toughcning agent composition comprises

dimethyldiacetoxysilane,

24, The method of claim 14 wherein the toughening agent composition comprises a
solvent selected from the group consisting ot ketones, ethers, esters, hydrocarbons,

and combinations thereof,

25. The method of claim 14 wherein the toughening agent composition contacts the
orpanosilicate glass dlelectric film in a state seleeted from the group consisting of

liquid, vapor, gas, and plasma. <

26. The method of claim 15 wherein the cichant is a plasma comprising atoms, ions
and/or radlcals selected from the group consisting of oxygen, fluorine, hydrogen,

nitrogen and combinations thercof.
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27. The method of claim |5 wherein the etchant is a wet cichant thal comprises at

least one agent selected from the group consisting of: an amid, an aleshol, an
alcoholamine, an amine, a triamine, an acid, a base and combinations thereof,

28. The method of claim 14 wherein the treatment which removes at least a portion
of previously existing carbon containing moieties and reduces hydrophobicity
comprises treatment with at least one agént selected from the group consisting off
ethanolamine, ethylenediamine, triethylamine, N,N-diethylethylenediamine,
diethylenetriamine, amine. ethylenediaminetetracetic acid; organic, acetic acid, formic
acid, tetramethylammonium acctate, sulfuric acid, phosphoric acid, hydrofluoric acid;
ammonium {luoride, ammonium hydroxide, tetramethy! ammonium hydroxide,
hydroxyl amine and combinations thereof, provided that the combinations are of

agents that do not neutralize onc another,

29. A microelectronic device produced by a process comprising:

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

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

¢) contacting the organosilicate glass dielectric film with a toughening agent
composition at a concentration and for a time period effective o increase the
hydrophobicity of'the organosilicate glass dielectric film;

d) filling the vias and trenches with a metal; and

e) subjecting the metal to an annealing treatment.
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