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SI LYLATI NG AGENTS CROSS REFERENCE TO RELATED APPLI CATION 1o This application
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 O 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 having
reduced hydrophobicity. These filnms are used as insulating nmaterials in the
manuf acture of sem conductor devices such as integra ‘gmﬁgéf@%@i ("1Cs"),
in order to ensure low 25 dielectric constant and sta ic
properties in these films. Description of the Related Art As feature sizes
inintegrated circuits are reduced roblenms with interconnect RC 30 del ay,
power consunptREi’rAIBﬁNGéPQWG]éff@sIsOWp aKIDIREGE TBEe MTEREMSRYSRYPy  difficult
to resolve. It is believed thabItHATINGHCENTSN of | ow dielectric constant
materials for interlevel dielectric (ILD) and internetal dielectric (1MD)

applications wll help to sol ve these probl ems. While there have been
previ ous s t jals to integrated
circuits, or further

i nprovenents in proce55|ng 5 nethods and in the optim zation of both the

dielectric and nmechani cal properties
10 This application claims the benefit of U.S. 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 a 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
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 naterials as a part of the

i nterconnect structure. Mst candidates for |ow dielectric constant
materials for use in sub- 100nm generation ICs are carbon containing Si02
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 formgt.i The. voi ds. i.n. tur cause an i ncrease
in | eakage ?E%i%5P“%%¥9éﬁ§g%"9§£P363§“% e?bﬂﬁ%ﬂ?ﬁznﬂﬁybreakdomn vol t age.
The present abply@bhORIARFL (! SBRS titese PrYIch. VEkliLGRert heveledhgeevaiid resul ting

issues by treating the wafers with silylating agents after the damage is
caused. 20 FHertsiweapply lnwrlielegiegrongtaasmaterapiasinfograted Girculls ther¢ He has been

reported to b ﬂg . et I 4 . .In this
regard, seer?5£g§§§§g§§gg |gfgﬁkgﬁfﬁgﬂﬁﬂéﬁg@gﬁﬁﬁgPQé?pkfa%gfiguchi, and O
Escorci a5 Pmoxtlesldiand i the Bptroizattohefitiottathe 8@tdcaicyand2ch@teal pageles and A

Mat sushita, N. ashi. , .Inukai, H. J. .Shin, S. .Sone, K. Sudou, K M sawa,
i aumat & sueals Texish DR n Bin? iRt o5 S BkEHy RSP F onal

| nt er connectysd eCIBRQliflBdtric 6613 AT MAEHals 399 Bart dAthe (H&OSInecZstkiugy. nat i vel y,
post-ash treatnents that replenish carbon have al so been shown to restore
hydr ophobi ciM§st sandidagaader lpwedielparieeensiant watggala far uspistubldpmg t r eat ment s
that repleni I _ : )Leity and

| ower o of GERRIES aEAfoct SR REAT SR AN Fomb ) Offer XIS BRRRELG (Y Snd
T. Liu, 10. MetlhodSshuringGubsbquéhienceSinglstepyatuch a5 pldsmdtohing\and=. Wi, F. M Pan,
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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 I. 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 |ater approach is that it allows the
use of well- established etching and ashing 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 i ng ocesses. Silylatin nts (“toyghenin ent s" an net hyl ate
the surface/df™ma Y%Q_pﬁgéaé “ﬁ&%ﬁ?ﬁ%@&ﬁﬁ*@ﬁﬂ%&?‘é&ﬁ %ﬁ%@?&ﬁﬁ"%’h_@ﬂ udes vapor
exposure (WdstbrOhydropHobRiY aid RWERIhe diddédiriCORblafi) P AsEHP Btftdehiscal CO2.
Normal |y, Si COH based porous |owk nmaterials are susceptible to void

formati on i that teplegishicayochavenlspdiens shoven t9restars Sydrgphokigigrang 19Wsigheni ng agent
treat ment, I I 1 J n'f'c(g{}jﬁy Hegk stant to void
f or mati on. Wﬁgﬁﬁuhﬁnﬁglngfgﬁg%%%ggeng'ss'%%th?c t g’of;';rﬁpg(r?u’ggc \anism it is
bel i evedst h@sai pC.a8n@han8afeY an s éCloaMb d Wl €pMePargWilrt aed 8iMl ectri c, by

repl aci ng Si,- CH3 bqn with_Si- onds, | d )us . di el ectrics, the
por e surfacéz‘?’ éom*alog%\?%‘r‘%SW‘P‘F%%&P%IIOB’@H;E’.Z @ﬁggg@@g?@ég@e of tensile
stress (sucag B0, Schivhb, aRAFaN BtorbAgh BeitonducttHngrRatdsal, g8()condense,

t hus causi ng$l ocal densification. The evolving reaction products and the

stretching 66 (2008). nbn advantage afide lasertapproadvis thag Kallpwp thedise ehwsks voi ds to
. | . i . t id
Pormation atuPiE EihifladdiSpin PrEPREE. TR A8 RARUGBENST DTS o1

condensab i Orepair dabgeorassed Th e pefons 8iCWQH dafedrl owik matedaesingatposcastir . The
t ougheni ng treat ne vi.a formation and

erformed after. dielectric trench an
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film, thereby 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
Si0; 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-CH3 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 w t hstand
internal stresses caused by annealing treatnents to the netal filling the
trenches and vias. The toughening treatnent 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 be. perforned f t he, tqu j ent. treatnent, t.o increase

ef fecti venel re@IaC{qgénTSggbﬁéﬁ?Wgs B}gghgt@wgt&‘%ﬁ%@ ?%‘@F?‘V&?\%SS of the

t ougheni ng ageidns! TR BRI ffmMeonV@e hotedewtsi Ng  unpatt emed | ow k
dielectric filns subjected to etching and ashing processing followed by the

t ougheni ng agent treatnment. A successful toughening agent 20 treatnent

results in &Hgfoﬁgﬁ&%gﬁa%ﬁﬂ}t??xgﬁrgrﬁiraﬁy (ﬂ@le&H@heﬁ%ng%im%%(ﬁpangy FTIR,

EDX, or XPS techhiqu y, a water contact angle iIncrease is
seen, Whi chtchiogand sshatgesseps hepahy darbpddplation and danade to ke lpwsk - t r eat nent

surface. The to eni.ng agent. . treated fil.m al so sho a |ower .dielectric
const ant exFPgﬁ?gggyﬁ?%ﬁf@ngﬁ@Egﬁagﬁgﬂ{@@qh%kﬁﬁfgﬁwﬁﬁﬁﬁﬂi@%%W%d/ashed film
that is not skdsealcatked by Whidilih@Hel@BhI e B altal fillthgthé treionedaniadigy. s, the

ef fecti veness of the toughening agent treatnent iIs denonstrated by

reduction or_elimnation of voids in the lowk dielectric in narrow spaces
bet ween Cu Hhelugkening trefment isondyctedbiaeiposing devealer surfacn todhs ng

el ectropl at g, ag%%[iquia%ggé?slf%ﬂn?&alﬁ%&sﬁﬁ&fehﬂtg cﬁﬁafé%ethEn trenches or
r UWARY OF

vias after expos to reactive solvents. S THE 1 NVENTI ON 5
10  reaction 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 filmon a
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 fi.lm. after. beLng subjecte 0 at l.east one et chant or ashing
reagent , bu%‘ﬁl@&?‘@ﬁﬂe%t’é’lpg‘tm%f’g%o%gﬁrda%‘f%ﬁ%‘%é@’wﬁé@ré’ﬁgee g9 EGNFEOh a et al
with a toughpobféd Rp&¥te 0GRV dIlas.at a concentration and for a time
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 assség%@?qﬁ b!FGl‘}f% NVEﬁ%OWe 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 yjas and trenghes i e organosilicate gl ass dielectric film

D5 nd subj Lbt MEMRPrORdenrosp R Y dels et fosP et ARSIt | east one
treatment  whigeth dneiRMRSIliedte bRESdieR RO Hirh @R aQlibdfalY WhitH ofgMvbifitdtag car bon
containing noieties and reduces hydrophobicity of said organosilicate glass

di el ectric slabdiclsctoy filhesbecnpgtierned Orfomnvies pidenshes thersingpnd ectric film
53 0N AIPRRLSHET P AN e L
di el ectnbc bhd rgatigntfwHi¢H teenol beat Véaatsa portdort ofgreliessyextifting cardoal ; and
containing 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 invention provides
a mcroel ectroni c device produced by a process conprising: a) applying 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 fjl illing.the vias,.and.trenches with .a netal; and e)

aubj ect | ng EHs ety e grasoniifibedhdidREng HENFIR3 Mgtnfe BB pri N o
THE | NVENTI &Yn%;d%ittdﬁ%t 8 @B R¥iratith dnl ot @EEPdriddrefRbdivend indléRt @Rt ric material s
having low dielectric constants, typically below 3 are especially desirable
because t helydrophabigityf the gsggnosilieate plass deladtip fillagat i on, reduce capacitive
effects a”ddj:ﬁﬂiggtﬁ@i&ﬁﬁ%’é’ﬂ%s%ﬁth%&%%ﬁ lines, and | ower voltages to
drive integrated circuits. One material ‘'with a low dielectric constant is
silica whi ch) shjectieg thp pictad do arsarmeflowtesdtngkingl 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
into a sili qfe Hivehesmtprowidedd Bidrédlectdnic Aevit@paiaded byaGRO¢RIS OF

nanonet er-scale pore structures, relatively |ow dielectric constants ("k")
are achi eve@mMpisiiioul d be wunderstood that unless the "Si Q2" functional
group is spegific i J Y Sikdca’ 1s enpl oyed, the
term"sili cgﬂp%?ﬁ@s?d/or ertg%lf%?k%%?g%@%%%@&lﬁm%&ﬁ%ﬂlb%t'é g’r ence to porous and
non- por aos H) o pattéinl afwjasiasd irenchesimdhe orgamfsidicateglass dielectric film,

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 nmaterial, e.g., any suitable starting materi al
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 may be described as applying to and
producing a "filni 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 optiopally enpl oyed. Nanoporous _silica is
attractive "Heg§ %die_l“wzﬁ?‘gglér? ﬁ‘ielf%#“ %ﬁ%f}?#%%?ssfr Iﬁaﬁ(gmﬂari'sncﬁl% poke
or gani c- subsgfniditte delgiveR R di€le@ric cors@intsAMet B¢ biel @ndt {holiM¥s') and/ or
tetraet hoxysilane ("TEOCS'), as are used for the currentl¥ enpl oyed

1

spi n- on- gl ayndssstpodShaunless thed 19iPR "dinctipaplgron i§ persifiGally meplionad' ) si|jca Si 2.

As used herein, .the terns, void" gnd "pore:. nean a free 20 volume in which a
mass is repPheRhefFh sHiggal eé’i‘pq%g’rtge 56%\"7a ilian 3 dsgLhrgeiny é&?xaw% conposi tion
of the g3s w§thGeRRNad loypodils atll nbh-patous dieRbc@io MIMBYis alténdgdseefdrne! ude
relatively pure gases and nixtures thereof, including air. The nanoporous

pol yner may dietaepic fHms preparaddryi thg ingentiys msghode foasanergani of WeTgalicspher i cal |

but may al ' P [t | ke [ , 1 ncluding
tubul ar, | a%@hﬂ%&% M‘%E@%&?S g%ﬁ%#l&g% Sgﬁﬁgﬁ?ﬁgggg.ﬁﬁﬁ%b%%rozgﬁdggy be uniformy
or randon y sifiicepbassé dielasiridpracursves. Jostoubl gsl hammdersidoditkat shesuse ©6nt enpl at ed
that the pores may have .an appropriate di er. It is further

cont enpl at edMBWAaE %HPS eéealgfg/%% ﬁ@t&b‘%ﬁé%g%%/lm?ﬁ%hﬂte&heﬁ ?ﬂrogﬂftﬁtag?ﬁ pores to
create aoSt ehénasseWtlebl@abe Hiefcérﬁ}ﬂﬂﬁy pRbERE oPthe iBRAGLIEEbOr " open”
porosity. Nanoporous silica filnms have previously been fabrjcated by a

nunber of neessobied as applsingtagné pidp¢ing a Blay'dut giswtended thabmplipie i ons” and

met hods for ﬁflr% ggnr& 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, by the
followng co-owned U S. patents 6,048,804, 6,022,812; 6,410, 149; 6, 372, 666;
6, 509, 259; 6, 218, 497; 6, 143,855, 6,037,275; 6,042,994; 6, 048, 804;

6, 090, 448; 6, 126, 733; 6, 140, 254; 6, 204, 202; 6, 208, 041; 6, 318,124 and
6,319,855 all incorporated herein 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. 10/078919 filed February 19, 2002; (for exanple
NANOGLASSO and HOSPO products commercially available from 15 Honeywel |
International Inc.). The dielectric and low dielectric naterials may be

lied b t face, t :
Cont i ng, " cRUFELT Ty At B era 4 oepre bk p SHRAE B 7 onto the

surface, dricomieb®d of WperBpstbsigl. 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 oxi des for exanple, Black

Di amond, com%r@labsp @%E ﬂrb\lxlogoe} iy @@H'ﬂ&féaﬂy&wa'nah&er dfHfethodsOr al

conner0|ally a Aur or a, Is commercially
avail able f Bomb@&mccanbhséd plceuursmﬁuoniposlsonscauumetﬂloaﬂs Iﬁyf foemiagl| abl e from Tri kon.

As used herein, the i n-on ,nat. anic materia
"spin- 25 oﬁmgwﬁﬁﬂéﬁﬁ ﬁeﬁa osi e g ﬁ”?ﬁ%#ﬁﬁﬁ#?“@@ﬁ%ﬂ@?ﬁﬁ%’“n%ay be used
i nt er changeaglogmad 0.9, phhtslen48!80a 6,67 812 QSFYSIOalﬂd 6BTRGS6] 6(509 25fat can be
spun-on 8 to a substrate or surface usi ng f he spi.n _coatin pI|cat|on

process. Ex&R3B487:d%1435855; 6.8A7.BA% SeP42 Fuptisd Mo moPP.448:4, éﬁe conpounds,
such as et ylyghkexang, zozﬂstzbg;bﬂ '6%%‘1‘%%@@%19&5‘?5‘1%1&5#' Ofherein

phenyl si | sesqui oxang,” et hyl phenyl $i 1'bxane, phenyl's qu|oxane
S|Iazaneopobymﬁbsnusmimnate 5 polyners and nlxtures t hereof. A contenpl ated
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 yner backbone where
chronophores can be attached. Spin-on-glass materials al so includes sil oxane
pol ymers and bl ock pol yners, hydrogensil oxane pol yners of the general
formula (Ho-i.o0SiA.5-2n)x and hydrogensil sesqui oxane pol yners, which have
the formula 10 (HSi G .5)x, 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-i.0SiOL.5-2.0)n(Ro-i.0Si G .5-2.0)m and organohydri dosi | sesqui oxane
polymers of 15 the general formula (HSi OL.5)n(RSIi OL.5)m where in is greater
than zero and the sumof n and.in js gteate. t han about fou&magd R is alkyl

or aryl. Sor®?aSEsiae or syipsh YpE edBE SR EAPPHEAPRPICCRh e amp m of n and

i n from aboyfiichRuYksell Gompbistdls coRPRse Bk MefBomPoinds] suck @s Methylsilgkmep or a
Co-Cl12 aryl group. The " organohydri dosil oxane and

or ganohydr i desihylsilsesquiossam ehevyisylakans, pheaylsifpesquievanat i vel y denot ed

o on: bol _ . ; Cdasi | |
2D O DOl YR RO ARE L PSR D ot bl | oxanes
propyl hydr i goBiretxaidanix tiredttiéngbih ydcordanplhted sitesne piianydikydr i dosi | oxanes; and

al kyl hydri dosi | sesqui oxanes,, such as nethy] hydri dosi | sesqui oxanes,
et hyl hydri d@sihydies %&&ﬂ@,haﬁﬁowsﬁ?&?‘i @8‘%‘%&5@%@?‘&‘5 ®E, 25

t-butyl hydr ic%ﬂdpﬁ&qyEméchdah%?w-&yglaés%ﬁéﬂiaﬁﬁﬁwi@meﬁﬁloxﬁm conbi nati ons
thereof. Several of the contenplated spin-on materials are described in the

fol | owi ng i Pebmerpaddieck nehangrs hairegenspptane aelymets ofithe gamert formalagi n

P 1, D615 85 8L Bt SR E0B Gp300, 397
6, 218, 4906; GHSHEY,sNIVherb xTidGreBebthan bhdut Byud.7 AlsolihGudadairecdpobyprs efat i on seri al

no. 10/001143 fil eq Novenber 10, &00}%@9@5’ 1/ US00/ 1 5772 filed June 8, 2000,
and PCT/ USoGp8iosesilsssuigrans and af afkox yhydgdosiloxane or

hydroxyhydridosiloxane. Spin-on glass materials additionally include
organohydridosiloxane polymers of the general formula
(Ho-1.0S101 52.0)n(Ro-1.0S101 5.2.0)m, and organohydridosilsesquioxane polymers of

15  the general formula (HSi0 5),(RSi0 5)m, where m is greater than zero and the
sum of n and m is greater than about four and R is alkyl or aryl. Some useful
organohydridosiloxane polymers have the sum of n and m from about four to
about 5000 where R is a C;-Cy alkyl group or a C¢-Cy; 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 in the
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
conpounds, organic dielectrics, and nanoporous dielectrics. Conpounds that

o oOnS! dar A0 o SRTRCLR! o IS ARSI RS B0 R e
6,172,128; 6,51597812.S. birertapplicafibh SiabRy. ingloohs3 104 B0df¥erf1iol 2ob1January 15,
2002; U. S pa en§x§§%7lcatlon serial no. 09/538276; U.S. atent appllcatlon

serial no. POE/Y 216l Tuna Be?2R00aansl RGHIISEM 08 filed ﬁ@uaUQW,Sg%BS 1; and
U S. 60/347195 filed January 8, 2002; PCT Application PCT/US01/ 32569 filed

Cct ober 17, S3ffibis ofRfzdandRpdridosildxahe Bﬁrdrgﬁ%ﬂ&aﬂax?esfdslc@ldbaememm 31, 2001,
which are all 20 incorporated herein by reference. Suitable
or ganohydr i doE1nssagRe sitexansRolymey ﬁlf‘édhaﬁéﬁém‘sﬁfuhé\/tée favEcat H@i ng gener al

f Ogﬁl[ gg 5[ ?a%étgoﬁéie&t}%nﬁ cng.%;’rrcl)lr'gfr?r)ru gc:@evw[f a1$ic§l'a%?/ §em1condu_ct§|r G 51

For mul a (3) iritegrhtied Slrd;lst]smpﬂ%vaum&@]eﬁd&lmja‘fs ﬂéoellemtkmlt( ad mhmmdncton he sum of n
and m or the _sum 000,, and m or vy

0l ot on By dine IR ek vkt B BERE oo Prre e SRR Pt " i Ther

an buried 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-Si; 5]n[R-Si0 5]m Formula (1)
[Ho.5-Si15-18]0[Ro.51.0-S101.5.1.8]m Formula (2)
25 [Ho.1.0-Si1.5]a[R-SiO01 5]m Formula (3)

10



5 anount of |ess than about 40 percent (Low Organic Content = LOSP) or in an
anount greater than about 40 percent (H gh Organic Content = HOSP); R is

sel ected 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 i N ra of between ab 5 Ie 15 percent to about
25 nol e percent. 'ﬁ“§bhg%ﬁégg%§ﬁB%dlnents, 3%?3%‘ fresults are obtained

with the nole percent of carbon containing substltuents are in the range of
bet ween abowtheBB:npl e percent to about 75 nole percent. Nanoporous silica
dielectric filnms with dielectric constants ranging fromabout 1.5 to about

4 can al so g susrst rmdanr e dulifor -2 Yahé z iNNGB RBER 830 bdiit 5800, iahd® are | aid 20
down as a silicon-based precursor, aged or condensed in the presence of
water and  RExisesglesior SrE hakGaTbon GORIBMIECOBSHUINATATE BTGSSALAR Fithst 2R he por ogen

and to formyald%ridds tﬁan%b;@ath pelBf Ebbi gD BBAGPL POUPFEinGRIPOST 1 0N

conpri ses nononers or epol y ve the or mu Si-Ly, wherein
Ris i ndepeamenmtlgyemltmabdut 4‘Orpmqeat @igh @rgmms(;ormeryF HOSLpE ishydr ogen and

nmbi nat th h | k
carboxy,  ansEEieLpa s bvtrdEd PP B BT B e R B eor . 15 an
i nteger r angﬂ@g b{lfyp@slr(q)y] PeryDUlkehyl @[ﬂdpsy(vhg,l anyllﬂsopﬂabe@ey rangi ng fr om about

2 to about 4. her nanopor ous conpounds and nethods can be found in U S.
patents 6, 1?3101%17}'15 Gydodl sgroepmwlsmbenyl stogns3 bagyl greups, 80, 347; and

, 380, 279, %ﬁ}ﬁﬁhla{ﬁ glloﬂﬁé) Ht‘l)lfa%grﬁﬁl gﬂ)%f)? Ay ﬂh@n&d?ﬁjeﬁyl g?cm:p'sf, &hd mixtures

thereof; and wherein the specific mole percent of carbon containing substituents is
a function of the ratio of the amounts of starting materials. In some LOSP
embodiments, particularly favorable results are obtained with the mole percent of
carbon containing substituents being in the range of between about 15 mole

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: R,-Si-L,, 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 having at | east
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 vi.n t l.east one bridge. .15 For exanple, an

adanant ane BFqﬁf5WﬁW§5ﬁ@lﬁgmﬁgﬁ%ﬂﬁangohw QHQPQPPﬁSFBQ%Pd%ﬁFfe a

napht hal ene nfe@ivas baitbefoudindl Spdtérds SPI71 GITHYPIIDE; 6,2¢4,7196; consi dered a cage
structure under the scoge_of this definition, because a napht hal ene conpound

or an aronfild18hiG6H tish 3 ¥b2 Wewhich e Bpapordted hsredn 8% one bri dge.
Cont enpl at ed g?ge conpounds need not necessarily be limted to being 20

: 193¢515p .
conpri sed SOl e y of carbon atons, but may al so include heteroatons such as

N, S, 0, P, etc. Heteroatons may advantggeously introdygce non-tetragonal
bond angfe TRERRPANASK SALCSHECUTR ¢ Ha$ee‘§ﬁléﬁ‘{let6nc§l}’3§? F‘l"ﬂ@h‘f‘g &Hd derivatizations

of contenpl giGfled GRABELL TRALRESeatll) ari 1R h DRclBRIRAR AL E: lehi@ho Many

substituents and derivatizations are appropriate. For éxanple, where the
cage conpounwssarmangedBuctethat dtvedsiongyhidgpemilently hgrheelgiive Pemetgbst i t uent s may

be I ntr oduC etk G SAEn, FPUHAIdbY olBedWALARD L CnSRLIER! S OT Vi C
ver sa. Alterng}lvely, hCases wher e po%arlty I’'s desired, polFar side groups
may be addedompoundeompgeesagimalitycf rings fosmd®Pby eovaleatly bourideaghgt ed t hat

and ol edr opFTAT N FOtRsSre 1SS A EPTaRCS0l Ehtien A eRie SAE Poinct | onal
groups may ReaishithaREv1BmE REn £RIE:vE ABARIMIRE W Rhht padsthef tRfubh HRT €

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 also be groups that are
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/US01l/ 32569 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 qr ,structural iLeties. [neludi i 1. and

hal ogenat ed?mhgﬁﬁ@ge Pt ér?ﬁaﬁ%?per?prgﬁ%?%ﬁtﬁflgpgm%% %‘3@ rr?snrcgudrefz%e g%ﬂiS nmany

confi gur at i @Rfips,ind€ledshingarl dievidphiliy gRiups. drhoal didsodseppiegiarid.thdvbr eover ,
alternative poﬁyners may have yvarious fornms, such as |jnear, branched,

super - br anéHEHON graups BAY b H%Wd%&e.ca%‘é’niﬁﬂué‘g (A&rtofasiiiie of cont enpl at ed

pol yners sg§g§h§i i B8bANYErv Ay RidnakicYioREkiwgen 400 Dal ton and 400000 Dal ton
or nore. Additives can al'so be used to enharice or inpart particular

propertigs, (:%?T %ﬁ%&@g?%&ﬂ{oy&@ké JeskRAn bllail AGROLM T B droupsnc! udi ng

stabilizers, pi gnents, plasticizers, surfactants, and the
| i ke. Conpathabhme attached e & polymer bickbongoindrtbersforsa natbforinlnenofedousn to gi ve a

desired propert) dhesi on pronote can_ also.be used. Such, pronoters are
Lypi 11 ed” by TSRS e SPesrmauhiren oxsRPpa il BaTeaoRHiE B Wi ¢ n

avai | abl e hygheRxhé clotiliakingda hi eyt bhdpartGRthdEacRb&RENth @R 1fdr dhother f ace, such
as silicon dioxide, that was exposed to noisture or humdity. Polyners for

mi croel ect r Spgkborgesnifermm prntker deeiof ypidyintgmolacnlapowiddijenal cidgeneral Iy 13 | ess
a1 B B §00nD BBk B B B e U
her ei n can Mdescaibel inndetuiiriy PWAYISS01/32569 filed on October 18, 2001, which is herein
incorporated by reference in its entirety. Contemplated polymers may also
comprise a wide range of functional or structural moieties, including aromatic
systems, and halogenated groups. Furthermore, appropriate polymers may have
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 surface, a wafer
or layered nmaterial. Typical solvents are also those solvents that are able
to solvate the nononers, isoneric nonomer 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 polar and non-pol ar conpounds or mxture thereof. As used
herein, the term"polar"” neans that characteristic of a nolecule or

conmpound t hat tes an .u aI charge rt.ial rge_or t aneous
charge 15 d?%gf% 3tﬂp8hpéelfe nﬁg ??8?”‘??8183’1’8}&3?‘8%‘“?%@6 aétécdlllaég' P' conpound. As
used her ei ngieldch® ihREBYerHiON- 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 conmpound. In

some conte @Lﬁ%@ﬁbg%b&f@&gﬁndfa &saeéc}és&f Pdin 881 V. eﬁz{Hd lmﬁgng gécorrp” sing at

| east two solvents conpri se ose so vents that are tonSidered part of
t he hydr ecamteatesizasd tlo;becsblvatedIovdm(ﬂvedhl;tdny)manabkersobfeﬂltvsmtosg as thet hose sol vents

that conpri arbon .and hydr n. houl d und od that a majority

of hydrocar 5?§Hﬁ’§5IS91€H?%S cépé’g H@%’%ﬁ%f‘é?bs TRAGWRIHE Ce’tah"ié 8r %f %yeéedf ew hydr ocar bon
sol vent s t hatatGRy! Bypil s6106Hs S81aRM tIRRE sslvedty BlaOGabbIe o oW atetes are general |y
broken down into three 25 cl asses: allphatlc cycllc and aromatic. Aliphatic

hydr ocar bon mesPYEH: SOmERC MOBMET B tuses adpobareght Caramnplated solsemiels and _
conpounds ”}?cﬁlfo%raﬁ QBB SN ixo %?blghe/w Sfﬁsgah%lsﬁ@ hﬁvvgaeocar al i phatic

hydr ocar bon so vents are mot consi ere bon sol vents
are those swbmehzeslathdeSlmdmnperaumt suchas thetchitiead tdmpeu:autmonr taat(mn oriented in

aring structure with erties.simlar to alipha drocarbon sol vents.
Aromat o hyddueonouBr SBnem SR e itEngsRl BhpE R Tfe solVent A5

also comprise any suitable single polar and non-polar compounds or mixture

thereof. As used herein, the term “polar” means that characteristic of a molecule

or compound that creates an unequal charge, partial charge or spontaneous charge

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
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 common bond and/or multiple rings fused
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 napht hal ene, ethyltoluene, ligroine. Particularly

contenpl at ed sol vents .i nclude,. but are t limted.to nt ane, hexane,

hept ane, cy8P§W%%8H8P“6@%QBh%?H$%Pﬁﬁﬁ%?ﬂgyF%ﬁﬁksﬁ&“ﬁ¥%{ﬂﬁﬁ%ﬂ%r conbi nat i ons
t hereof . 15 hidoedrbeH sob@ise MibahedhpirbacionBblvents hitahsdelseBihts gat SOl vent

m xture may conprise those solvents that are not considered part of the

hydr ocar bon C@’@}’Kﬁi’rﬁen?ra%{ fhyeeir more ypw3tHsRIed bands vithe Yingle Hag or Y Bleas acet one,
3- pent anone’ringé Sita, dﬂye}WOﬂ@éﬂya!nd/o?m%iplgﬁﬁ%r}ﬁseﬁqg%&m. l'i ke, al cohols,
S, € s an I ot

ket ones, este t he amnes. In yet er contenpl ated enbodi nent s,
t he sol vént Contesplatehltydmocathonsolvents owinde italveng, 20ersppixiyleat.i maxydéneany of t he
sol vents nentioned herein. .In nreferyred, enbodiments, .t he sol vent conprises
wat er, et haff5! qfﬂeof) ol & ,naphél&aeﬁosr? Yeng?ar??ﬁléh% alNeRe SUP AR PEHANS: ¢ o uene,

et hers, cychef®¥assHiRand)HépidrR! AcHaBf ®ctanélRIoByatE, MyihkayBG@ne,and ani sole. 25 It
is still further contenplated that alternative |ow dielectric constant

materi al mafiexadeege dpdprane @epiddecane SXlorsipefehtdimethylpentans e, where the
| ow di el ectr n j ' 0$Ef 24 SusBEhaNvidlcatohess, softeners
or other pr %@%%@ggﬁ%é’%ﬂ%%%gkﬁgghhéngﬁﬁgﬁl F% ot her cdses where t he
di el ect rioc mettatadi lekdrdcsrbphg benveoe) 1:2-disretoliensancf B2 4;triadthythieorenps onot er s may
advant ageou?rlliXerglnsBln(%Xﬁ(gr'osclan%, ISSE){)llltlylbglgzlglelé, methylnaphthalene, ethyltoluene,

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

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

combinations thereof.

15 Inother 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

15



cases, the addition of detergents or antifoam agents nmay be desirable. In
general, a precursor in the formof, e.g., a spin-on-glass conposition that
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 ning solvent and | et e the pol i zation process, .as needed. O her
curing 15 né@f ay ﬁ%?qjigg'ngh%f'gcctafeﬁ © yetﬂ‘?eplleiﬁc{n(f ‘?ﬁg‘?@jﬁﬁ Sl%?%roélﬁ e, g.,

ul travi ol et smeb@®GLITEGE, adlR8iBh pfontdt@WMEs aBkgousienplbfed. Inkeill dherowned U. S.
patents 6, 204, 202 and 6,413,882, incorporated by reference herein, provide

si | i con- bas &asepribeaddilinn ofsieisagsntsi o5 38tiaAw agenthyak be desieblenimgensttlnanopor ous
silica diel I i adi I | 7k b pol ymers or
ol i goners pggééﬁﬁofk”ﬂﬁggﬁfgggéégﬁﬂggﬂ 3%??.&%%“@%fgﬂﬁ% &Eg%.goﬁatent

6, 495, 479, micy taieyakli lsolyemts,hagmdiep teex subsiate, o ploei pol yomsizad endret hods f or

form ng nanoparous silica dielectric fil degr.adi.ng. or _vapari zi ng one or
nor e corrpoﬁﬁlﬂg"t?fftorfB{VﬁWerF?oﬁ?lég8 4 "ﬁayt%zo B‘%@c%‘ﬁgl(?%nﬁ g%cf@?‘?‘qﬂﬂg U. S.

patent 25 5n3Rme&dcARpefdsbes form ng a nanoporous silica dielectric filmon
a substrate, e.g., a wafer, by applying a conposition conprising

deconposabl e pol yner and organic_polysilica i.e., including condensed or
pol yner i zed Véhen; forming shoprnanopareusidmsi qig, Vhereindhprrseursasns epplitdfa her condense

di ol bct v 1aguRR S BECORBEE PrihlGher BT RRARCAR aBRE ¥R 38 e e,
agi ng, curi mgse datalyzasindzwiten cause polymerization/gelation ("aging") during an

initial heating step. The film is then cured, e.g., by subjecting the film to one or

more higher temperature heating steps to, inter alia, remove any remaining

solvent and complete the polymerization process, as needed. Other curing

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 others. Substrates 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 oxides), a polyner-based ckagi,n rl oard .interface such as found

in a polyi n%’%‘-“ﬁé'%f‘e‘é’“?ﬂ" &‘%3‘&?&%&{ Spdege e pé’f)ﬁﬂ‘rca’ %‘2&‘%?0‘311"?56“3% B9 der bal |

surface, gl assonddatid@pilimEsStoFoieha psrofdiyletiridgayed he "substrate"” may even be

defi ned as anot her polyner chain when considering cohesive interfaces. In

more preferred enbodi nents, the substrate conprises a material conmon in

t he packagi Repcasses for epplicetipoel riedunsdn &1 # substrae@gings cwing pleparzaten,copper ,

gl ass, and anether. . [ } f e i ng processes
endiri} C{Léé ggn(s} %ﬁ%@%ﬁ%&&%‘g&%ﬁﬁy Q{a%plg%n Lhasd il

such as epgglflon of I'ques,” and via and trench
formati on by .Pafatedisrd, 589,489 and #[037,205, avicnpioftgrsaSobsiates agd waend to renove
carbon contai ni ng noi eti es which are gS,hgdrqfhobi? ggoqﬁ; tﬁon1the

or ganosi | i cﬁ?@elﬁplégeé hredt BaY FPrEPTSe|aRy desifgPle s ef ally sRlid gteri si l anol groups.
Undesi r abl e pprRRRfY d8SrabRSHUbdtrat 18 brd BEulRORAPAK! filhfsagi8ss, Stk di el ectric
filnms contain silanol groups. Silanols, and the water that they can adsorb
fromthe ai iplastie nietajior goates! metekz abeampasitemateriak tlp preferresl embogdigenthus wi | |
raise 17 the dielectric consi. of ] ang. w resistance to
wet cl eani nghe ¢ Setﬁai?es?orn? pglssg%%%fﬂ?ér]nc?rﬁég&\}%bg{g}eﬁllgggv\gﬁrlﬂaf%%méﬁesg when t he
trenches angaskagingdiiracelsidt sdowmd ih aaoppdradilvan dickellajr goldgdattd an anneal i ng

treatnment, netal shrinkage . L
leadframe, a coppergsurface 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 naterial between the vias and trenches. In
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 renpve hydrophobic functional groups. mage .t 0. organosilicate
gl ass di el e&ts ‘%‘e?W¥ﬁ%nSE’HF?¢1t§e gﬁ?ﬂ @Sﬁﬂﬁ&?"gﬁf r?isrsﬁwgg? ‘G’?ﬁ A Meocesses results
from the apphdrfidiic®sinPincRIG V% Y& oRltRENMAIs0aMléDihetichtlicognd eagart s to etch
trenches and vias into dielectric filnms. Plasmas are also used to renpove 20

phot or esi st filled with@unetalgnd spbipcied fogwn appeakipgiremgnle skl enkees. The pl asmas
used are YRiGald drbOHPRESH £l utena} FARTRRSu DRI I Rl 8 formhy A 0GEN,
carbon, argon, heliumor nitrogen (1n the formof free atons, conmpounds,

i ons andhor insidedhe diekeytric 2atEiad betwteen thefvidsasd thinabks.ar e exposed to t hese

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 t hengbReLoRambdycllsdrbMetiihd 6fgahdsflidate glith ARMREiCRIFRGEs mhde parti cul ar,
silica based dielectric filnms which have organic¢c 18 content (such as nethyl

groups bondeebstantigly fewofsjlapgleandwater By ragre adthplougheperepiif®mas. The
organi ¢ groyp.d,s C;H'Pbrg&cﬁl?cﬂmlng ieggg aﬁpﬂm%as%' dl@‘ fro ob§?t’ %heg roup remalns on
ace whers t rerly

the dielectric sur e organic grou resi ded.
10  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 surfaces) to
remain 5 hydrophobic. Loss of the hydrophobicity nakes the dielectric
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 hanal and, 2-pr nol : al coholani nes _such,.as am ne; am nes

such as ¢ri Goreranenas PshRERue SraR QARG atdiuBRcERdaI

di et hyl et hyly ipBlinAS  THe ok gl @ Sursis ORI dived dhite U0 laad atsilarmionsi-OHi ami ne aci ds

such as ethylenediam netetracetic_acid "EDTA"; ,organi.c acig%gﬁgch as acetic
as

acid and f grovpaemaingion thediclestamsuifee wherg therorganic,sroup frmgey
t et t hyl i o - - 2 d
etramet hy %msgl?kﬁ%rﬁgﬁaﬁkeésnsch%Eg&gﬁ%o@@'(%p&egma%%s)&y kdiiih C aci

phosphoric aci ric acid, ride salts such as anmmoni um
fluorides amgdibplsdic. siush ofitheiydophabieitymyakes sthicdlecleatic castaaimaser{fie anmoni um

hydr oxi de; and hydroxyl am ne; omrerci al . forpul ation vel oped for post
etch wet cl Oa"ﬁfiﬁé’cé'lfc“r\én%{%{‘?@&@@(@?lsészéf i‘%ﬁsuﬁ(ggrf’p%?tsséfg% 630 ( EKC Cor p. ,
Haywar d CA) maddlsfCT-CM 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 m xtures derived
t her ef rom aWet cheraicplj tkeatmengs 31p alsp yagd 1p.dC pendyetiamfer gisapweroseat i oned probl ens

E)Pe i ”Vﬂl'a.t i ?e%}n(pxriﬁ?g\;}eglﬁge ﬁmgﬁftg‘ftrepkmxa\;is Et@gltngyﬂ{eoc%% -afs REPREI T i es to
ganosi I'i cate glass drelectric filns present~ on a substrate during the
process of fbéibi bcadprasgiva thegmilt anghkand temsvelotzatévdrowps in silica based
dielectric films, especially porous silica films. Again, this damage will cause the
films to lose their hydrophobicity. Wet chemical etchants include, for example,
amides, such as N-methylpyrrolidinone, dimethylformamide, dimethylacetamide;
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 505,
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 to at | east 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 filmand

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 tougheni ng agent conposition includes at |east
one toughening agent, i.e., a conpound or charged derivative thereof,

suitable fo novi noI i etjes fromthe damaged si electric 15
Pl opt i otpgr o paige BeaRBm fllubionaho s roGet S PR el ¢ Fiim & s
then subj eghpshih©hdeéphobRBOFE!ISG!E ProahdbilRAe 4rb aibldraid filnisheesemugheni ng
agent conposition includes at |east one toughening agent conpound having a
formul a as PBRIsBREratextyring shepregespajrfabriqating @ panigondictor gt fad®aceeyclic; (2)
R3SINR SiR3, (3) (R3Si)3N, (4) R3SINR 2; (5) R2Si (NR' )2; (6) RS (NR' )3; (7)

RxSi dvy, RXSi ( OCOR
)Y, ( 1%) Wgh%"%t#?%%hfb(@%‘ &ﬁ%’ 8@1]6 ?éps Silcg)h ﬁlgtg f%aﬁgm%lg]%ér eof , \(/\/ner ein
X is an int ggtesrdmlaagbrfgm]‘xfmrb&mg@ulﬂectgduosat Rastiong etghxntbamjmnm fromlto 3 25

such that y=4-x; ths an end ntly selected from ogen and a
hydr ophobi cr‘?i‘lgﬁfﬁnl? ﬁ@?eeﬁaiﬂ mﬁﬁleﬂ% GFibiHbEecisd do ah anspling ?eﬁtlﬁﬁ'ﬁ 'r‘i]g@ntly

sel ect ed &h@g @’eﬁ%n%fosfﬁ'bﬂ%ﬂé eorfmst?afnbﬁﬁnd:fm'tﬁﬁe piolerradkiklio aryl and
conbi nat i on 0 t hereof group may be H, alkyl, aryl, or carbonyl

such as CORresODNK leasOsmme offthe cRbomenptaieing meeticsio thaptgengailiogiecdlasas COR,  CONR,
CC2R In gnotf ?egnfcﬁfgl%} %l‘d'lf'i‘&easkhl% Ol%*g&ﬁo%ﬂ%h@@oﬂﬂ%@@ﬁos%%e L%Adsi’” includes at

| east one o I"'owm ng nrng -agen
acet oxyt ri mdidneglrii filannand (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’SiRj, (3) (R3Si):N;
(4) R3SiNR’;; (5) RaSi(NR’),; (6) RSi(NR’)3; (7) R,SiCly, (8) R.Si(OH)y, (9)
R3SiOSiR’3, (10) R(Si(OR’)y, (11) R,Si(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, diacetoxydinethylsilane,
met hyl tri acet oxysi | ane, phenyltri acetoxysil ane, di phenyl di acetoxysil ane,
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 net hoxysil ane, , trinethyl methoxysil ane,
10 nethyltrichlorosil ane, dinmethyldichlorosilane, trinethylchlorsilane,
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 Iyl di formam de, di net hyl silyl di acetam de,

di met hyl sil yl di i.s te tri hyl silyltrii,socyan

2.t ri met hyl Sy Jake aamand BH M e caROFLRFE R OBy SINR:

2- (trimet hylcg,RY The ®ahdybeati or Earbdriyt istét 8yIGR) QONRyTdaROI e,
trimethylsilylpropiolate, trinethylsilyl(trinmethylsiloxy)- acetate,
nonanet hyl tri sil azane, hexanet hyl di sil oxane, trinethylsilanol, 20

triethylsil i lsi . - e j
diphenylsiIgﬁ%gyg%?&%?@?%gﬁﬂggggkpghggﬂg%% %hoxyggﬁgﬁgﬁg%ﬁf?ﬁfgrosiIane, and
conbi nat s onshet foBowing tougheniag aigeni oengpobadi aemxytimdethdsilangent i on t he

t ougheni ng agent conpt.i ses i met hyl di acet oxysil ane. (ptionally, the
t ougheni ng & ‘i’ﬁys‘ﬁ%’ﬁp‘ﬁﬁfe&?’%’ﬁﬁﬂ%ﬁnﬁéﬂ&"y&ﬁ%i é%etthyg‘ﬁrllc[téa?lg%e’sol vents i ncl ude,
for exanmpl e mdigliinetoxysildiR] ShenfikiRe®xysyAl, dipheRadiacet@dilarepbi nat i ons

thereof. 21 The toughening agent conposition contacts the damaged silica

di el ectric mathrtagthaxysilaeg, damethydisthoxysilaugs trimethylgthopysilarfa. 1f in the form of
a plasm, t ST, dehiM N ReSitliRR a hydrocar bon,
an aIdehyde?ﬁgﬁhggtef%9§ﬁﬂgf¥e§%y gﬁﬁ%%ggloﬁﬁinatﬁ%ns t reé?i The terns,
"agent" 1or ‘hageitishlotsil@iendistethyldichlerosilanestsingtdryédildrsilape, msthylsyameyus wi th t he

terms, “r ea%?rrrllétillylglian::,rt%ran%ﬁl%s?lhr';e, Hg)l(aef‘nse%hyldisilazane,
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 includes one or
nore tougheni ng agents able to renove silanol groups fromthe surface of 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 I
(1-13): (1) [-STR2NR -]n where n >2 and may be 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) R3SICSIiR 3, (10) RXSi(OR )y, (11) 15 RXSi (OCOR )y, (12
RxSiHy; (13) R SI[OC(R )=R']4_x and conbi nati ons thereof, wherein xis an
integer ranging froml1l to 3, y is an integer ranging froml to 3 such that
y=4-x; each i s an.independently sel ected.from.hydr n.and a hydrophobic
organi ¢ ni ﬁ??o%ﬁ@"ﬁ 3@?8&&9@’8?‘8&&?@#@‘5%@?garf‘?ﬁfgﬁﬁﬁagﬂe?ﬁtpcs "¥t%ed fromthe
group of or ﬁaﬁiu,cvagef&tgae,sanawElagﬁlh.nﬁi@theabﬂfybfapﬂwha, legnbéanatei ons 20
thereof. The R group may be H, alkyl, aryl, or carbonyl such as COR, CONR,

CORR  The Rdeningy froan apikape compeindya hydroeaeds, araldelyde amgter.anetherhe al kyl

noiety is functi | r i i I Sui tied fromthe
group consi g?‘?#g&g@ d&%‘:f)g? gﬁegg%elq%? gd%%eﬁegﬁﬂw,ﬂeieﬁ |0§E1611):% kyl and

conbi nat s ongorRfAletddas bBosynoaymbustwathehatesns, dreadeki/|or sagents, rameges i n si ze from
C, to about Cis.. The. aryl noiety is substituted or unsubstituted and ranges
in size froft 1§e0m§15§5ci. C18. Preferably the toughening agent is an

acet oxysil ane, or, for exanple, a nononer 22 conpound such as

acet oxytrimet hyl sil ane, acetoxysilane, diacetoxysilane, triacetoxysilane,

di acet oxydi detuitghls fdugheningregenyfamposition incjudes apeor meyg dopghening agantsxy si | ane,

1 oty et RORgR TionE st BT P O e T e Chonyai | ane,
t ri met hyb mebipgaxysilidasnglass bixtldopid filncthhior Bsiebiemddp rendenigtdnyhdbichlFor osi | ane,
trimethylc hley?arrrsl;i)l!a,%ntgﬁghrégltng%lggrit lisaanceo’mp%iugg El:?\%tllgs eil l“o%rr]lﬁla selected from the

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

cyclic; (2) R3SiNR’SiR3, (3) (R3Si)sN; (4) R3SiNR’,; (5) RySi(NR’),; (6)

RSi(NR’)3; (7) RiSiCly, (8) RSi(OH),, (9) R3SiOSiR’3, (10) RSi(OR’)y, (11)

15 RSi(OCOR’),, (12) RySiHy; (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,
CO;R. 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;3. The

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

Preferably the toughening agent is an acetoxysilane, or, for example, a monomer
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trimethyl sil ane, hexanet hyl di sil azane, hexanethyl cyclotrisil 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(di met hyl 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 | oxane, trimethylsilanol, 15 triethylsilanol,

L1 pheny! S1 Lanel gl AU SLUREND SN0k e S GOV lck A0SR

trlnethoxy3| triethoxy ane ahe, d CObi nat i ons

t hereof . | ntnabaﬁxﬂﬁ)l‘aﬁal\ldfabétyxﬁiﬁnetﬂym mteﬂhgltrﬁa:ca@laymlang agent is

nethyltriaceéo si | ane. preferred enbodlmg t. ougheni ng agent is
Mrichine

di net hyl di a®8¢ %‘ier%ﬂ@lanﬁoﬁ N&F&V]tdi‘aﬁﬁtéﬂ‘ysflﬁ%f’gh@ﬁ aNenc| ude

mul ti functi apadmysiehdesiamd ifihflie@BxRASKY ﬁlet@&nﬂﬁ%&yé@ﬁﬂel n detail in US.
pat ent 6, 208, 01 i ncorporated by reference hérein, as described above.

Such nul §i f dimgthyldiaietimuysikoe tnmdihb’hmlnqxdﬂlaag,emthylmlqyesﬂaa@pI ied in either
vapor or |i %}nﬁ Cﬁl)d%gmorosgftlrlleo nar‘%étl)rfylgﬂlgrrslllé)q% 1\1/1\”6 gcez%nec& g'nyYs?lg 25 Sui table

co-sol vents ohe |sopropylketone 2-
hept anone, &manylalmaehexaméthgl‘dhﬂa&,nea&xdﬁahylbjzw@tnmmzdn&r, ail in co-owned U.S.

patent 6, 395, 6 e . di clos re of corp ted by reference
herein. For bis ’é‘ IY m‘%f@ ]B%%Ibi‘ﬁ\aé]@g{’]léinlm 132“?08 014, certain

preferred syid &ﬁﬁtl&ﬁnﬁn@jﬁ@kﬁy‘ls‘%@ﬁé %(@i%ﬂ%y&n%&)bhé}@léﬁaﬁé’\ﬂ or nore functional
groups and react wth surface silanol fdnctional grou ps while mnimzing
t

mass pr d8entrisgdimsthylamingsilaner dioethyksilyldifameanudé dofe Ylléllsfldllamtalaﬁd i ncl ude,
€. g., surf a%lme%flylg{}%nsocya}{te?%me ysisﬂyltms%pyagéil tf‘ glmet 151 or)](())frl)esnt Eue%re]- as
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. Ina

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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R Si(OH)4_x Formula Il wherein x=1-3 and each R is independently sel ected
noi eties, such as H and/or an organic noiety such as an al kyl, aryl or
derivatives of these. Wien Ris an alkyl, the alkyl noiety is optionally
substituted or unsubstituted, and nay be 10 straight, branched or cyclic,
and preferably ranges in size fromd to about C18, or greater, and nore
preferably fromC 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 fromC5 to about C18 , or greater, and
nore preferably fromC5 to about C8. In a further option, the aryl noiety
is a heteroaryl. 15 In another enbodi nent, al koxy sil anes nay be used as the

t ougheni ng a .9 .S abl e al kox such (CR' )4 X
wherein R a@ﬁwﬁa%%%ﬁgﬁtwlbth?é‘? Qe édn%%Pgl[C*lona B%a%daref-ft c}il/ or an organic
noi ety SUChs&&cé—@ﬂﬂokﬂimtl@faygroﬁps dEﬂld Maﬁmizﬁfg rﬁissbﬁ%&ﬁ,ou&de&he i ndependent | y

sel ected 20 al kyl or ary When Ror i s an alkyl, the alkyl
noi ety is opirychHal fF%’““SQIb@fihﬁflth@daI@rmﬂH%Bgt’ |5Prfﬂ°§éllawnﬁi§9°’@€ns§t rai ght,

branched or  gyclibie aidoisRi&f £rably ranges in size fromCl to about C18, or
greater, gﬁtmré&p?ege?gf‘ fromC to about C8. When Ror R is aryl, the

aryl noi gty preferabl g govg)sts of a singhguamematic ring that is
optionally substitut ed or unsubstitut ed, and ranges in 25 size fromGC5 to

about C18, or greater, and _nore referabl fromCh5 to about . In a

further opt Metein ¥rel-Arapd epgd %ﬂ%/‘nii‘*é’eadqligt’ é‘i"lﬁ‘é‘l"@/‘l“me‘ﬁﬁa suchasd! padiPtoups
| ndependent Ly orgafl 3%&9 sﬁd’h%aﬁ‘aﬁ&?tag%( br a&vatbes PHRRY! wrBRRNYhn and/ or

derivatives t rovi | east one Ris organic. |In one
enbodi nent , alkgh, theFallgﬂ my asrceatlométyrwbstmaqcﬂoxaumubstmuﬂt apdmay bsur f ace

nmodi fication a thhtrl % si | ane. Eh n‘gdlrrent a
sui t abl 35 Si Ftéﬂgl%g%r%‘ﬁ"a?ﬁbcg ’taﬁ'g%f |r%ﬂ$e?11§'ss%eﬁg°m g LML O nul a of
greater, and more preferably from C; to about Cz. When R s 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 C,3, or greater, and more

preferably from Cs to about Cs. 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
R,Si(OR’)ax
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 Ror R’ is an alkyl, the alkyl moiety is optionally
substituted or unsubstituted, and may be straight, branched or cyclic, and
preferably ranges in size from C; to about C,g, or greater, and more preferably
from C; to about Cg. 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 Cy3, or greater, and more preferably from Cs to about Cg. In
a further option, the aryl moiety is a heteroaryl. Thus, the R groups independently
selected from H, methyl, ethyl, propyl, phenyl, and/or derivatives thereof,
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RxSi (NR2) 4-x Formula 111 wherein X= 1-3, R are independently H, alKkyl
and/or aryl. Wierein any R are alkyl and/or aryl. In preferred enbodi nents,
Ris selected fromH, CH3, C6H5, 10 and R2 and R3 are both CH3. Thus
tri-functional toughening agents include, ens.,

tris(di met hyl am no) net hyl sil ane, tris(dinmethyl am no)phenylsilane, and/or
tris(dinmethylam no)silane. In addition, disubstituted silanes nay be used
such as hexanet hyl cyclotrisilazane, bisdi nethyl am nodi net hyl sil ane, and

bi sdi et hyl am nodi nmet hyl sil ane. 15 In yet another enbodi nent, a suitable
silane according to the invention has the general fornula of Rx Si (ON=CR2)
4x or RxSI[OC(R )=R"]4 _Fornmula IV 20 wherein x= 1-3 and the R groups are

i ndependent | | kyl. and/ o .aryl,. may .be H, al ,_aryl, al koxy or
aryl oxy, anB%lqié'l‘_‘!ieﬂé tBleat R {{d? O‘ééli"f)'o qe_emb?ﬁﬁ%ent’%ﬁfl#ig{:%gﬁ?‘f agent s
include, pYmetHyk LAY hihifeddiBhdl ¥luFhdeyhddti b B et 1saR@h ffrindethoxysilane. _
trimet hyl sil oxypent - 2- ene-4-one respectively. 25 In yet another enbodi nent,

a suitable silane according to the invention has the general formula of
RxSi  ( NCOR2)n anogthep emBed&imeNC@puitableodlanhenceidingde the ipyerioghesihe ar e

i ndependently H..al kyl and/or aryl. Thus surface nodification agents e.g.,
di et byl &1 1 G S o™ i et hyl si 1yl di acet ani de.

di met hyl silyl dii socyante, pt&hgethylsilyltrii g 5 In yet a further
embodi nent, a suitable silaﬁ%hgg dfding to thzgﬁﬁggnﬁion has the general

formul a of
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, CHj, C¢Hs,

10 and R; and R; are both CHj. 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) 4. 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

RXSI (NCORz) 4-x O RxSi(NCO)4.x
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Rx Sid 4-x Formula V 1o wherein x= 1-3, is H, alkyl or aryl . In one
preferred enbodinent, Ris CH3, Thus tri-functional surface nodification
agents according to Fornula Vinclude, e .g., nethyltrichlorosilane. In a
nore preferred enbodi nent, the capping reagent includes one or nore 15

or ganoacet oxysi | anes whi ch have the foll owi ng general fornula,

(R1)xSi (000R2)y. Formula VI Preferably, x is an integer ranging in val ue
from1l to 2, and x and y can be the sane or different and y is an integer
rangi ng fromabout 2 to about 3, or greater. 20 Useful organoacetoxysil anes,
including multifunctional alkylacetoxysilane and/or aryl acetoxysil ane
conpounds, include, sinply by way of exanple and without I|imtation,

met hyl tri acet oxysi | ane " MTAS" di net hyl di acet oxysi | BJ}QAS),

phenyl triac S@Eﬁ Z’:}e HEB ag%&}?ﬁ?%@g@é&‘%@gﬁﬁ%‘?{ f%ﬁ@”@‘é‘?ﬂ%. nati ons 25

t her eof . Ophidaitaativn adeh® ihelu@)elgi,ng agents are mixed with a suitable sol vent

such as 2- heptano applied to the nanoporous. sili c,]agf,,urface inthe form
Yig1

of a vapor 6im%k§yl$i{]}’z‘ﬁf%{na@ﬂﬁfa dmsthydsilyldipcetapmide, digpatisislyidisaceiodi ment, a

m xt ure of 9 - | silazane (HVDZ) and 50% 3- pentanone i s used. The
liquidis Sg@ﬁ%thggfgggg&%@% a surface, substrate or wafer. The coated

surface i5s then baked on bake plates at up to 425C. Baking is then foll owed

by PVD barrier a Cu-seed. 5 deposi.tion. In anoth cont enpl at.ed enbodi nent
a mixture off y‘fﬁiia#g‘fﬂi‘ﬁ?Iem%gglgieBE?ﬁ"I%&’aFeSl X8) l%taei%e- Bé’ﬁrftgﬁglﬁéh}es used. The
liquidis speferaldeaugslopn to a surface, wafer or substrate. The coated
surface is then baked on bake plates at up to 425C. This baking step is

fol l owed by PVD barri R;Siag, Cu- seed depd@irnulanV

10 wherein x= 1-3, is H, alkyl or aryl . In one preferred embodiment, R is CH3.
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)<Si(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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10 I n yet another enbodi ment, a wet clean using chem cals such as AP395 or
dilute HF is perforned after the bake step in the above-nenti oned

enbodi ments. The wet clean is useful to renobve any resist residues

remai ning after the ash. Untreated lowk dielectric nmaterials after etch
and ash are prone to attack by the wet clean agents. The tougheni ng agent
treatnent significantly inproves 15 resistance of the lowk dielectric to
attack by wet clean. Depending on the process flow, a copper surface nay be
exposed during the toughening agent treatment, especially at the bottom of
via. In addition to renoving native oxide from copper surface, the wet

cl ean can al so renobve any reaction product between tougheni ng agent and an

exposed copper, surface, .20 Specifically, ,a,wet clean usj AP395 can clean a
copper (or i‘ﬁ‘;}‘dsacﬂdtt ‘H}‘g‘eﬁetl’ég CB‘?temH@{egleh':?P?IB%?}‘t’§d‘?lf‘§‘56e°ﬁ:tg/f i s previously
exposed t0 RelAMHNENLiNGaRIGIMDYY St 3080 B-pettndie iOMIASThellgiieafspr the vias

and trenches nmaybe filled with a netal; and the netal @ subjected to an
anneal i ng t P@ﬁ?‘i@'h@.a snefages substratear wafar nEhecopted surfacg is thep Baked 98 { hose

el ements t h%&ke lgte{ {'[ u{pqg 495021' %ﬁﬁm?%qh%n;t%lllﬁ%gd g}f, PVbleani%riaﬂg '(fil-&p@r t of the

El emrents, al'ong w hose enents t ave netal -11 ke properties, such as
27 silicen dasbsg@nhnmninather Amtengyeated enbodimenthemptingsd " d- bl ock” neans t hose

el ements that have electrons _fillj the 3d, 4d, 5 and 6d orbitals

sur r oundi ng%frﬁ‘“éﬁylglﬂﬁqt%’%ﬂme (Plflw\@g‘élﬁgw Pen%‘oﬂgﬁdlsﬁcg ;USF ﬁ,q?‘ H&SIBhr ase

"f-bl ock" mMRgnsd PRSEsurBtE R Dr biRtaB MR @hRE bin®its if ihkh baigdiohe 4f and 5f
orbitals surrounding the nucleus 5 of the el enent, including the |anthanides

and the act bakapates frupite A2 &€ Thisdieking sige if@BovedibY,RY Ddiarrigs and Eypper

al um num tip i.sputh, galliumand alloys thereof, silver coated copper,
and sil ver éggf%ha%%%hinun1 The term"netal" also includes alloys,

metal /metal conposites, netal ceramc conposites, nmetal polynmer conposites,
as wel | las dt hetrnotberaimodimos, 4 est.cleannsia chemninay bechde d’395 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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10 by heating at tenperatures of from about 150 C to about 350 C, or 200 C
to 250 C for about 10 seconds to about 60 m nutes. These tinmes and
tenperatures are not critical as long as annealing is perforned. In yet
anot her enbodi nent, the wet clean can be perfornmed before the bake process
in the first contenpl ated enbodi nent. The high tenperature bake step is
performed 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
wi th any exposed copper surface, before it is "hardened" by the bake
process. This can result in |lower volatile conponents in the dielectric
mat eri al and a cl eaner copper surface. Both can result in an inproved | ong

termreliability. Jn anather, con | at ed, enbpdi.ment, an ,20 additi onal
dehydrat i onSﬁ‘ﬁ?%aréigefmwl&bé\ﬁusi%%q%“t%e i8R dgkiec L 120 nin

i s performedichRhiRigat hhie dedhnening taonl)4d (SHNnd 6ESLIEB burrddidingdrhydr at i on
bake renoves any noi sture adsorbed in the damag’ed | ow-k dielectric. Renoval

of noi st ur e nelornafitee deraentc sivgedoharein, thephrateglidinckgmegesthose r eat nent render s
the treat msréfe sghaet‘fh];\?ec&%léc\ﬁ%ns ﬁﬁinl gl\lle? éghgggﬁﬁgfs\égn&mﬂ'% etﬂ‘g?ﬁqr% he

t ougheni ng agen onpositronis p exposing t etc %&r?t-darraged
or ganosi bi caf the@leaset, dhodhdiag thie darftlianidet endithp betarides. Bhifeded metdBri ved from any
of the above nmentigned foughening agent. In a typjcal 28 procedure, the
organosi | i célicé“‘gll UMyl el EPPREE FYTH ’i“st_“blbé?é‘ﬂh’igghlémb?’ésar@ybener ating
chanber, sughr&y, Avel Ra8 BHRNEALiIEHRFAEAAIMARS. FIRP@fHH tnefl(dsCVD) system
the vapor of a toughening agent conposition and argon vapor are passed

t hr ough t hénghidss alfoygemnetrdmetabcannasticss metahesiaralg cRmpesitesgyetaburce i s
SELvaCed gL lePle SRy L8 LGRS DRI ke ot e
from t haot obgheqingat egpeiatureosifosn tbaun 156 W tombanyd 58,°Ct be200T thr2dgnent CH3SI +
's generat eqC ffcgroarl?out 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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met hyl silane (CH3Si H3). This fragnent reacts with silanol groups to form
hydr ophobi ¢ Si-CH3 noi eties. Any of the above nentioned tougheni ng agent 10
conpositions can be used for this plasna i nduced surface treatnent. O her
sui t abl e t ougheni ng agent conpositions for a plasnma i nduced surface

nodi fication treatnment include C1 - Cl12 al kyl and aromatic hydrocarbons. The

nost preferred hydrocarbon is nethane. Other 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 et hyl ether apd isole... Awde varjiety of single fer or multiple wafer
(bat ohy pl a8isede dhsarenisiisaie et digfror My BRpr dalsimapsie oL e

include so grinhRe sdenirst p18aMA @hbfded ch&hichl vagor depBsis @REBD)-3otkfh; phot or esi st
asher, PECVD dielectric deposition systens such as the Applied Materials

P5000, or r8®capereofiadpughering pst Eompasitionangd argep yapenare pasped theweht i ons f or
t he pl asna el ] (eS| T Canfd r erature,
20C 10 Z5ocge%§£§%\ﬁg§%a%ag’b%gﬁwhﬁ%§%7 S%‘?‘é?%&ﬁ%@%@@%“‘%%@ 5 100 ton:

pl asma t 5 eaphmms; the agon assie rwhdisd toohdp promotethe fandtisnpf gleenarddief i cat i on
flowrate, 100 -.2000 sccm. i.nert gas. fl ow.rat typi cal | rgon), 100-
2000scom | 2815 5P Shipte Sapnds derb sl e n iR AT 2 a1 5o

cont enpl at edohfos@ine FRI|ImpIEEhE /FStrnehhOBLSiT RGeAerBikdBORNObDI ¢ surface to
silica dielectric filnms, porous and/or nonporous, whether damaged or not,

by appl i cat msthylsilanh@ThbEVe- this frrgmend reapls a5 thesilgngl fgaeves te amnent s.
oart of t he TSRERRER Ol bl R BT B Blftng SR ERIRET, O ol ey
be uti | iizedcanpdsitions par bd exdd iferithis piwgma sndutadbduefaed eedtmenti ¢ conponent .
El ectroni ¢ conponents, as contenplated herein, are generally thought to
conpri se an¥)tl9eir glllitea%sertioggh%(rjlmrr%%ggnqtcor?lgos!it?gnes rfc?rda p?liaserrllaei(r:lEllrlc!e((:l surface
modification treatment include C; — C; 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, S0W 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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10 conponent that can be utilized in an el ectronic-based product.

Contenpl ated electronic conponents conprise circuit boards, chip packagi ng,
dielectric conponents of circuit boards, printed-w ring boards, and ot her
conponents 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 Electronjc products. na lsa ¢ ri.se rot ot ype conponent, at
any stage o&he 8’3’\?@ ‘Bﬂm ec q?%ﬁf"ttgﬁgé'ﬁﬁtﬂ% 18 ?ggg?nt?%pl%feﬁé “LCAP&up nock-up. A
prot ot ype meyethods off@paftitlg L9atcphbbialshriAk té Silicaditleatic FOmp,Poediss i ntended in a
finished product, and a prototype nay have sone conponents that_ are

const r uct ed aesier mmpewHpadiether diraaasdionnot by mdisstionef fegphoye-dreriped ni ti al
effects on gfagr% s PITR ARG efits MRk inft R GRS d%§ic!éJBrtIC§Ha¥utI‘a91%Pe%qui I ectronic

products and conponents nay conprise | ayere materials, |ayered conponents,
and conponeitese tnhthbdsaare alsamipastof theipmespntepeaméibn.on for use in the conponent
or product. 30 The followi ng non-limting exanples serve to illustrate the
invention. EXAMPLE 1 5 A series of 6000A NANOG.ASS E nanoporous silica

films, commykGiealdidectAy RivbsRh@natetias Haaweliked &tiﬁd’qi?c_irht@&ﬂ{to ahynC Of
Sunnyval e, California, were coated onto a 200 mmsilicon substrate and then

exposed to suiBhlelesionis compAnedElyoromiacumpoRshs s serismplatedhers®. DRM 85
et cher. Two Ly, ﬁéralﬁ{ thto\gl\grg Q@@drﬁ;ﬁis@%ﬁ?héle@%c(cxéb&n&?gr 1366:@31 dRLRiceval vat ed.
S re applie o the

The t ougheni ng age
10  component that can be utilized in an electronic-based product. Contemplated

electronic components comprise circuit boards, chip packaging, dielectric
components of circuit boards, printed-wiring boards, and other components of

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

Electronic-based products can be "finished” in the sense that they are ready to be
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  initially 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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wafers in a standard spin-on dielectric (SOD) coater, and the wafers were
hot plate baked at 125C, 200C, and 350C for 1 mnute each. Filmthickness
and refractive index were neasured using ellipsonetry. Elenental
conposition was analyzed using FTIR Dielectric constant was nmeasured on an
Hg probe at 0.1 15 MHz. Thermal stability of the filnms was eval uated by
thermal desorption mass spectroscopy (TDVS). Single | evel netal Cu
damascene structures were prepared wth 3000A NANOGLASS E filns as the |ILD
and 2000A TECS oxide a cap |layer. Cu annealing was perforned at 200C for 1
hr in a N2 anbient, followi ng which, a focused ion beam scanning el ectron
m croscope (FIB-SEM was used to 20 inspect for voids in the ILD. After Cu
chem cal mechanical polishing (CWP), 25 die per wafer were electrically
tested using an automatic prober. The properties of as-cured NANOG.ASS(r)E

films are pmrgseMoRthd fonlidhltRglexamiflbd &rve to BRRGERIthdind@RIohi s of as-cured
NANOGLASS(r)E filnms 25 30 Paraneter Techni queResult Pore Di anet er BET20A

Refractive IndexEllipsonetryl.24 Dielectric ConstantMM (c) 1MHz2.2 Elastic
Modul usNanoi ndent ati on4.5 (pa Fbrq@gggggﬁgindentation0.4 Gpa Therma
Stabilitylsothermal TGA<1%weight I romthe FTIR spectra of NANOGLASS
Eit is Observed that the etch and ash processes caused a 30-40% reduction
in CGH and & sefleca000A NMINOGLASIF T hiropodous silisefiing, Smktcatlg H- OH bonds

conpared to an as-cured film_The toughen| 5 treatnents resulted in
CH and i - esalhedim dppomellgnieRRHORH. 180 LUREYYaG Califora, were coated

onto a 200 mm silicon substrate and then exposed to a C4Fs-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 I.

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 2.2

30 Elastic Modulus Nanoindentation 4.5 Gpa
Hardness Nanoindentation 0.4 Gpa
Thermal Stability Isothermal TGA <1% weight loss
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film TA-2 was nore effective in replenishing carbon, and reducing Si-OH and
H OH bonds than TA-1. The dielectric constant (k) of the lowk filmis high
(> 3.0) after etch and ash processes. This is expected to be due to the

noi sture adsorption by the Si-OH 10 groups. The tougheni ng agent treatnent
reduced the k to a near post-cure level. Table Il shows that after etch and
ash NANOGLASS E fil mwas hydrophilic and had a high etch rate in nost wet

cl ean chem stries, making themunsuitable for wet clean. TA-1 treatnent
made the fil m hydrophobic as well as resistant to sonme of the wet clean
chemcals. 15 20 25 Table I1. Effect on NANOGLASS E filnms of exposure to
various wet clean chemstries after etch-ash (control) and after etch-ash
and TA-1 treatnent (TA-1) t Cean ¢ WEtch rate (Amn)D water contact

I d d - | TA-
(D1 ut o 1) ErontsdTIS soisi A DEBTRCLAPSRG) bt e eeh andasf®"=10122 4

processes caused a 30-40% reduction in C-H and Si-C content and a significant
rise in Si-OH and H-OH bonds compared to an as-cured film. The toughening

5  agent treatments resulted in C-H and Si-C content close to that of an as-cured
film. TA-2 was more effective in replenishing carbon, and reducing Si-OH and H-

OH bonds than TA-1.

The dielectric 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.

1
’ 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

’s 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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C (Sem -aqueous fluoride)2514< 10< 10 D (Organoam ne) 7023<1047 TDMS spectra
of the dielectric filmat 400 C show that evolution of volatile species in
TA-1 treated filmis simlar to the filmafter etch and ash. TA-2 treated
filmshows a significantly inproved thermal stability with |ow volatiles. 32
In the control case (i.e. wthout toughening agent), significant voids can
be seen in the ILD space after Cu annealing. No voids were observed prior
to the annealing. Simlar observations have been reported previously with
porous lowk materials. (See A Matsushita, N Ohashi, K Ilnukai, H J.
Shin, S. Sone, K Sudou, K 5 Msawa, |. Mtsunoto, and N. Kobayashi,
Proceedi ngs of | EEE International |nterconnect Technol ogy Conference, 2003,
147 (2003); .and J. C Lin, R, A uqur, B.. J. niels, S ,L. Shue, C H.
Yu, and M & theicaH ,(FC?’?eéb%e“fﬁhr?é‘gtoliéle%w5ﬂ%Slgﬁgﬁgﬁ‘foi(};lstﬁagrl?e ference 2002,
637 (2002)) theMEDSph& aFiek €5 anhdalifiy INtevoiddwerd bBsrvdd vt BEthie ahseatingect ed to be
the driving force for void formation. The 10 wafers treated with TA-1 or

TA- 2 showed Shuilarebepsvasipas hasethsen reparted pravipesly With ppipys low-gmateialy ¢ he

C-depl etion ' offf eetiv ¥k OudofUghen the porous

| ow- k mat er ﬁﬁggg?t%\%%l R%&Y?}P%}ghigﬁnggm%éﬁg, oﬁlég'tgé@nhllkoss% resses. Line-to-line
| eakage sur MisdwaphMatsimathf axdtNe K dbgydshie Ptoseglivegsiofl gERIG énernatiamat nent . 15

Control wafers sho i de di stribytion rpentine.resistance. The high
resi stance I&FrF?W\é\F?‘??Eﬂ‘\EIj‘%%C%%&H‘éC’%63déﬁe)_{,2to§§)38’&‘ﬂ}'6‘?ﬁ§?’§?§‘ Cu corrosion,
and pitti n&u‘gﬁﬂ,BhJ.VMn@elé,'SkE! Yhue2@SBAY BYani ™., Uidhe! Prapdedthes bf damaged | LD
regi on. Tougheni ng/[z% ent treated wafers showed t resi stance

(S

Nt I ght
di stri buti ofdvanosd ragion Gonfsrence gAeh 03 A RP08Y s okansil ereae fremitie wer e
el i m nat ed. d}}'}: ' : j ; LA AT oo e tougheni ng
agent treatmen h&[l %Qﬁggggéﬁe?%ﬁigbbgg%g& t rf&g%r(%ctoudr:é)s ﬁtg% a ﬁi gher yield
due to flewemwafirs treatg! With At odBA Ecthewed he veifl§ e afier the évemsedlnduced danmage
on NANOG_AS%rg E and. of her gi rin | ar, Si- . )
us, “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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based filns has been discl osed. A post-ash treatnent w th 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
denonstrated, which result in elimnation of ILD voids and higher yield on
i nterconnect test structures. 33 EXAMPLE 2 6000A HOSP silicon filns,
commercially avail able from Honeywel |l International Inc. of Sunnyval e,
California, was formed on a Si wafer by a standard spin 5 coating nethod.
The filnms were cured in N2 at 400 C. Plasna damage was induced into the
films by sequentially subjecting themto the follow ng processes: Etch:
1000W 40mT/ |1 Osccm CAF8/ 200sccntCO’ 300sccmAr / 100sccmN2, 40C 10 (20sec) Ash:
400W 45mT/ 100sccm 02, 40C (20 sec) A toughening agent treatnent was
performed using 27% DVDAS in 3-pentanone. After spin coating the toughening

agent material, the filns were bahﬁQAﬂﬁﬁﬁ; mn. 15 each at 125 C, 200 C and

350 Cin N2. The follow ng result ed: MeasurenentPre-Etch &

Post-Etch & z ugheni AshAshagent treatne | el i C. st ant
(2. 73 02, SUOBTHRSBPERR s RERIG9E0 o188 bR Hord BT ikbpfugndl a1 5n2685
Br eakdown stice80$hnyv4ld, £ aliforhid, 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 C4F8/200scemCO/300sccmAr/100scemN2, 40°C
10  (20sec)

Ash: 400W/45mT/ 100sccm O2, 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-Ftch & Post-Etch & Post- toughening
Ash Ash agent treatment
Dielectric Constant (k) 2.7 3.0 2.81
FTIR (CH/SiO 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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(Mv/cm 20 34 EXAMPLE 3 6000 A NANOGLASS 1.9 filnms, commercially avail able
from Honeywel|l International Inc. of Sunnyvale, California, were fornmed on
Si wafers by a 5 standard spin coating nethod. Filns were cured in N2 at
425 T. Plasma damage was induced into the filnms by sequentially subjecting
themto the follow ng processes: Etch: 1000W 40ml/ | Gsccm

CAF8/ 200sccnCO 300sccmAr/ 100sccnN2, 40C 10 (20sec). Ash: 400W 45mI/ 100sccm
02, 40C (20 sec). Toughening agent treatnment was perfornmed using 27% DVDAS
in 3-Pentanone. 15 After spin coating the toughening agent material, the
films were baked for 1 mn. each at 125 C, 200 C and 350 Cin N2 The
followng results were noted: MeasurenentPre-Etch & Post-Etch & Post -

t ougheni ng AshAshagent treat nent %gﬁ@@”ﬁ'f Constant (k)1.832.691.94 FTIR
(CH SiOratio)0.00780.00270. 0054 strength 4.511.223.76 (M/cm 20

EXAVPLE 4 6000 A NANOGLASS 1.9 films, commercially available from Honeywell
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 C4F8/200scemCO/300scecmAr/100sccmN2, 40°C
10  (20sec).

Ash: 400W/45mT/ 100scem 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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25 Plasma damage was inparted to a commercial porous CVD low k dielectric
film by sequentially subjecting themto the follow ng processes: 35 Etch:
40mr, 1400W 160 Ar/ 80 CF4 /20 02 40nT, 1400W 20 s Ash: 400W45mrl/ 100sccm
02, 40C (30 sec). 5 A toughening agent treatnment was perfornmed using 27%
DVDAS in 3-pentanone. After spin coating the toughening agent material, the
films were baked for 1 mn. each at 125 C, 200 C and 350 Cin N2 The
following results were noted: 10 MeasurenentPre-Etch & Post-Etch & Post -

t ougheni ng AshAshagent treatnent Dielectric Constant2.362.762.39 FTIR CH Si O
rati o) 0.024730. 01490. 013 Breakdown strength 5.063.074.77 M/ cm EXAMPLE 5 15
6000 A NANOGLASS filnms, comrercially available from Honeywell |International
Inc. of Sunnyvale, California, were prepared using a conventional bake
process of 125 C, 200 C, and 350 T. Instead of a conventional furnace cure
at 425 C (6@idN: BdmTa1400W 160148/ 80 CH2R20D{ &onii,NHogws20sed. Pl asna danage was

i nparted by sequentlaI%¥ subjecting themto the fol |l owi ng processes: 20
Et ch: 1000WAsbmifO¥Idemm e OACHEE FIDscecmAr/ 100scenN2, 40 C

5  Atoughening agent treatment was performed using 27% DMDAS in 3-pentanone.
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:

10

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

Dielectric Constant (k) 2.36 2.76 239

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/10scem C4Fg/200sccmCO/300sccmAr/100scecmN,, 40 °C
(20sec)

Ash: 400W/45mT/ 100sccm O, 40 °C (30 sec)
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(20sec) Ash: 400W 45ni/ 100sccm 02, 40 C (30 sec) 36 A tougheni ng agent
treatnment was perforned using 27% DVDAS in 3-pentanone. After spin coating
t he toughening agent naterial, the filnms were baked for 1 mn. each at 125
C, 200 C and 350 Cin N2. Copper single danascene patterned structures were
created using the UV cured NANOGLASS as the dielectric 5 material using
conventional approach described in Exanple 2. Prior to netallization (PVD
barrier and Cu seed deposition and Cu el ectroplating) some of the wafers
were coated with toughening agent followed by a bake up to 350 T. After
metal lization, all sanples were annealed at 200 C, 50 m n. Focused ion beam
scanni ng el ectron m croscope was used to determ ne presence of voids. 10 The

following results were noted: a. Blapket wafe remgnt Pre- Etch &
Post - Et ch & PouEient g gRBeA oA, AL PAATIE] PRt e AT IBHS BOTHPETe8hat ant

K2.12.852. 2% flef kit Gkt thd @h%ﬂ%&g@@&ﬁ@n@&fhﬁ%&@lﬁ Wére akiekavior Biaiengt h
5.063.074.77 WI/c 15 b. SL gatterned waf ers EXAVPLE 6
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 barrier 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/SiO 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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20 Pl asma damage was induced into 6000A furnace cured NANOGASS fil ns,
comercially avail able from Honeywel | International Inc. of Sunnyval e,
California, by sequentially subjecting themto the follow ng processes: 25
Et ch: 1000W 40mT/ | Gsccm CAF8/ 200sccntCQ 300sccmAr/ 100scenN2, 40 C (20sec).
37 Ash (one of the follow ng processes) 5 10 15 02 ash: 400W 45ml/ 100scem
02, 40C (20s or 70 s) or N2/H2 ash: 500W45mI/ 500sccm N2 / 125sccm H2 10C
(45 s or 135 s) Tougheni ng agent treatnment was perfornmed using 9% DVDAS in
2- hept anone. After spin coating the toughening agent material, the filns
were baked for 1 min. each at 125 C, 200 C and 350 Cin N2 The follow ng
results were noted: Ash Typek (w thout toughening k (after toughening %
Reduction in k a ent treatnent)agent treatnent) 02,20s2.982. 3620.8

02, 30s3.112.4222.2 02, 70s3.532.6325.5 N2/ H2 45 s3.042.517.8 N2/ H2 135

$3. 232. 716. 4Ash (one of the following processes)

O, ash: 400W/45mT/ 100sccm 02, 40°C (20s or 70 s)

5 or
N»/H; ash: 500W/45mT/ 500sccm N3 / 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 in k
agent treatment) agent treatment)
0,,20s 2.98 2.36 20.8
0,,30s 3.11 2.42 22.2
0,, 70 s 3.53 2.63 25.5
N,/H; 45 s 3.04 2.5 17.8
Ny/H; 1355 3.23 2.7 16.4
15
EXAMPILE 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/100scemN?2, 40°C
(20sec).

Ash (one of the following processes):
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EXAMPLE 7 Pl asma damage was i nduced into 6000 A furnace cured NANOGASS
films by sequentially subjecting themto the follow ng processes: 20 Etch:
1000W 40mr/ 1 OGsccm CAF8/ 200scenmCO 300sccmAr/ 100secnN2, 40C (20see). Ash
(one of the foll ow ng processes): 38 To test the effect of queue tinme before
t ougheni ng agent treatnent, the sanples were held in anbient conditions for
tinmes varying from1l hr to 360 hr, after which the tougheni ng agent
treatments were performed. Tougheni ng agent treatnment was performed using
4.5% DVDAS in 2-heptanone. 5 After spin coating the tougheni ng agent
material, the filnms were baked for 1 mn, each at 125 C, 200 C and 350 Cin
N2. The follomﬁng results were noted: k (post Qtinme (hr)toughening agent)

12.24 32. Zg‘ﬁb%‘% '&Zfz c2[ o%gueuqu‘r‘lég'lg3 ft%%ﬁ@%%%gég ?grnx%lnﬁerﬁ, ﬂ:@?xﬁ&e?amge Was

i nduced |ntg0 Fifndce cired
were held in ambient conditions for times varying from 1 hr to 360 hr, after which

the toughening agent treatments were performed.
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 N».

The following results were noted:

Q-time (hr)| k (post
toughening
agent)
1 2.24
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 C4Fg/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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15 comrercially avail able from Honeywel|l International Inc. of Sunnyvale,
California, by sequentially subjecting themto the follow ng processes:

Et ch: 1000W 40ml/ 1 Gsccm C4Fs/ 200sccnmCO’ 300sccenmAr/ 1 00sccmNZ, 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 1 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 amount of carbon

| ost during plasma damage. The anmpunt of carbon was neasured by FTIR as the
ratio of CH (2975 cn}l) peak to SiO peak (1055 cn11) The following results

wer e not ed: E% g g ggg ureW tora%gonK— ?e1§5 gﬁGZ.QS 100 C2. 82
125 C2. 74 1BBOEES5°42°% Fer Earbdn %38 550”1212, 19 300
Cl272. 17 3591e€s’L9§12b>2FMkdsehéllaaobfeHe(m97s Ei bl $idspdakerosgant icul arly shown
and described with reference to preferred enbodinents, it will be readily

appreci ated by those of
The following results were noted:

5

Bake Temperature |% C Restoration|K-value
75 °C 66 2.95
100 °C 2.82
125 °C 2.74
150 °C 65 2.72
175 °C 136 2.5
200 °C 127 2.34
225°C 127 2.3
250 °C 121 2.19
300 °C 127 2.17
350 °C 103 2.2

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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10 ordinary skill in the art that various changes and nodifications may be
made w thout departing fromthe spirit and scope of the invention. It is
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 What is clained is: 1. A nmethod for deterring the formation of
stress-induced voids in an organosilicate glass dielectric filmon a
substrate, which organosilicate glass 5 dielectric filmhas 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
noi eties an rﬁdu?eseg drophobicity of said organosilicate glass dielectric
film and ALK trenches have been thereafter filled with a 10
metal, and which netal has then been thereafter subjected to an annealing

treatment, the MEhHEthr@efRRirgSthd Hr@fidrasiistrog-ihfiee@vermpashd | cate gl ass
dielectric film_ after being subjected to at |east one treatnent which

renoves pr evigguaiilicateslass dislesiiclilpben & Bibstatni Whjchergarqsdicateglass hef or e sai d
Vi as andSt r ﬂ{%ﬁJEF‘r& fﬂﬁl\’l}ﬁls %@&ppattfeHeLi gcgti?gﬁltvtfhsaanﬁ%ﬁéh’es mewi"n 3n %gviﬁenl ng agent

conposition at a concentration an for a time period effective to restore
at | east soomandsilidaee glass ldedecodnfilai vsrbgen troieeftérassbjected lreatdeagboresi | i cat e gl ass
dielectric filmand .inhcrease the h dL0ﬁ$ bicjt%yﬁaf.the organosi li cate gl ass

diel ectric fEtenvhigh emavesatdesst a ppriph ok prokiepdy FXISHRE RO nent  whi ch

renoves at Lk&ashing nkfétidsAd reddcdinyBfoBMotIsIS] of s8iMiosdn08ilicA¢ Blags contai ning
noi eti es and reduces hydrophobicity of said organosilicate &Jass dielectric

film conpri digkectic filmnand whish giasand Eendhanhave beerethersafier flledadliag treatment, a
VoL oL Bl TR0 LS, RN p0d B FRRMR oo rent, 22 5
been 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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formed froma spin-on glass material or a chem cal vapor deposited materi al
41 4. The nmethod of claim 1l wherein the tougheni ng agent conposition
conprises a conponent for alkylating or arylating silanol noieties via
silylation of the organosilicate glass dielectric film 5 5. The nethod of
claim1 further conprising the subsequent step of renoving unreacted

t ougheni ng agent conposition, reaction products and m xtures thereof. 6. The
met hod of claim1 further conprising the subsequent step of heating the

i ncreased hydrophobicity organosilicate glass dielectric film 10 7. The

met hod of claim1 wherein the organosilicate glass dielectric filmis
nanopor ous. 8 The method of claim1l wherein the organosilicate glass

di el ectric -l‘h eltEO(f uft)Cﬁ%lIann{ wﬁé:rle% tfll {E)-ll Cri'lcl)us CI?t Cé)g‘l%gSlpglﬁ hé)rg I?SICS gl aim1

wher ei n the tou eni ng agent COITPOSI gast one conmpound
havi ng a fOE(bﬁiﬂ)(ﬂleﬁEﬂoﬁﬁlkﬂdtllflg’ oarylagngyilanigl mcﬁétmsS/ia $ilylatibn of tHe- Si R2NR -] n where
n >2 and naybe cycllc R3SI NR S| R3, (R3Si)3N, 20 R3SINR 2; R2Si (NR ) 2;

RSi (NR ) 3: Regenesiieaterglass dslgefric ilgsi osi R 30 RxSi (OR )y:; RXSi (OCOR ) y:
RxSiHy; RxSi[OC(R )=R' ]4_x and conbinations thereof, wherein xis an
integer ranging froml1l to 3, 25y is an integer ranging from1 to 3 such
that y=45x 5. BamohetRod of daim hﬂ&@emmsvlgshﬁ vibt@edtstam diyenoges and a

Pgd;gpgﬁﬁ;fugﬁ%gcggi %B%Wm& raé(arbt compomp gn reagte o1 pro (riuc?s an%rrgla)‘(mrgs trﬁgli'egk y, and 42 R

6. The method of claim 1 further comprising the subsequent step of heating the
increased hydrophobicity organosilicate glass dielectric film.

10
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’SiRj;, (R3Si);N;

20 R3SINR’;; R,Si(NR’),; RSi(NR’)3;; R,SiCly, R,Si(OH),; R3SiOSiR’s;
R,Si(OR’)y; R,Si(OCOR’),. R,SiHy; R.Si[OC(R’)=R”}4 and combinations
thereof,

wherein x is an integer ranging from 1 to 3,

25  yisaninteger 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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10. The method of claim1l wherein the tougheni ng agent conposition conprises
5 at |l east a conpound selected fromthe group consisting of

acet oxytrinet hyl sil ane, acetoxysilane, diacetoxysilane, triacetoxysilane,
di acet oxydi net hyl sil ane, nethyltriacetoxysilane, phenyltriacetoxysilane,
di phenyl di acet oxysi |l ane, nethyltriethoxysilane, dinethyldiethoxysilane,
trimet hyl et hoxysil ane, nethyltrinmethoxysilane, dinethyldi nmethoxysilane, |,
trimet hyl met hoxysilane, 10 nmethyltrichl orosilane, dinethyldichlorosilane,
trinmethylchlorsilane, nethylsilane, dinethylsilane, trinethylsilane,
hexanet hyl di si | azane, 2-trinethyl sil oxypent-2- ene-4-one,
n-(trimethylsilyl)acetamde, 2-(trinethylsilyl) acetic acid, n-
(trinmethylsil, rlnethyIS|IyIprop|oIate

trinethyIS|P’¥?% %@ ﬁy?géqé) P-acetate, nonanet hyl tri sil azane,

hexanet hyl di si | oxane, trlnethylsilanol, 15 triethylsilanol,

tri phenyl silanol, t-butyldinmethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane,

hexanet hyl cyg I @fhichd Piim 1 J?he?@ﬁh@T‘?étBMé}féH]n@qgédf%éﬂ}%s%é@&ﬁnpnses

bi sdi et hyl am nodi met hyl silane, tris(dimethylam no)methylsilane,

tris(di net hytleast mo«)rppmm;llsshettadu &om the goap pcmstshyg afraertdgittimetbylsilane,

di met hyl si |l yl di f or na Si | i ac

di ot hyl < | 9% ﬁyglkeﬁéﬂﬁcgtowim ﬁ'ﬁ?ﬁ%tf”&?ﬂ £ fia e%’évﬁigflg‘g%lﬁ‘é““gbnbu nati ons

t her eof . 11lmethyRrificRtdxgsi1DE, ;mleaylma&emmnmendﬁphalyudimtw:@slmeagent conposi tion
conprises dinethyldiacetoxysilane. 25 12. The nethod,_of claim1l wherein the

t ougheni ng BGEREhepEES dimethyldiethewsilane, simsiethensidaiced from t he group
consi sting ﬁlfegl%ﬁh Uit sﬂmeﬁﬁnetﬁﬁaﬂeﬁl Qmﬁ&,qmm &etm%&ggb' nations

t hereof . 43 hod of clarml ereln t he gheni ng agent
conposi tip onmcthyttadtlsrosnlame dimgtiybki¢hldrositage, gtlmsﬁlyhthblrsel@m,|m>etlﬁyl$1hmc,n a state

PSR o Gt R B R e b S e

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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a) applying an organosilicate glass dielectric filmonto a substrate; b)
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 trenches with a netal; and 15 e) subjecting the netal to an

annealing trea nt. 15. .The t hod.of clai.m 14 wherein. the treatnent which
Fenoves at - Sabbe Bethgd BF BT AMHSREY g (B Sk eplG e Bigh SERHES: i n

noi eti es an¢hdREHnGSIHcatd¥EELRBIORTE il 104 staRiscletted B6RShE pape gl ass diel ectric
filmconprises at |east one 20 of an etchant treatnent, an aching treatnent,

a wet stri ppPusipting ebligiichtvaper gtseaid Plgsma r eat ment and a PECVD treatnent. 16.
The net hod of claim14 wherein the toughening agent conposition conprises a
conponent for alkylating or arylating silanol noieties via silylation of the
25 or ganési ll#cametlgiddssfodniigaaticiceletirbmiv ddvice Whieh pehprosgs:of cl ai m 14 furt her

conprising the subsequent ste f renmovi unr eact ed tougheni ng agent
conposi ti onap?pé’ g %Jhorﬁ?‘lf’dﬁ‘(f?‘g ggaﬁﬂdﬁ’?{égﬁ“ﬁ?ﬂ@(’fl e?%'g’ist.rgﬁﬂ 18, The nethod of

claim 14 fuby emingQ it 0TYidshad SURSRIHARE opheRilRhteBa% dRGectdesilni, ncr eased
hydrophobicit% organosilicate glass dielectric film 5 19. The nethod of
$

cl ai m 14 wheresubiccHes Bregagraesilisataglassglieledriafibn txatdeast eneltraafmentanopor ous. 20.
The met hod Qf; Gl @Bk 4t WAG G oidr 6 pPAARR Sl B b&rb8h Bsiaifling! €Ctric film
substanti al 'y non-porous.
10  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 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.

I5. 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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10 21. The nethod of claim 14 wherein the toughening agent conposition
conprises at | east one conpound having a fornula selected fromthe group
consisting of: [-SiIRRNR -]n where n >2 and may be cyclic; R3Si NR Si R3,
(R3Si)3N, R3SINR 2; R2Si(NR)2; RSI(NR)3; RSOy, RS (OHy; 15

R3SIOSIR 3; RSI(OR)y; RS (OCOR )y, R SiHy; RSI[OC(R)=R']4_, and

conbi nations thereof, wherein x is an integer ranging froml to 3, y is an
integer ranging from1l to 3 such that y=4-x , 20 each R is an independently
sel ected from hydrogen and a hydrophobic organic noiety; R is hydrogen, or
an organic noiety, and R' is an al kyl or carbonyl group. 25 22. The nethod
of claim 14 wherein the tougheni ng agent conposition conprises at |least a
conmpound sel ected fromthe group consisting of, acetoxytrinethylsilane,

acet oxysi |l ane, di acetoxysilane, triacetoxysilane, diacetoxydinethylsilane,
met hyl t ri aceg omeshéthdtof dlkhﬁlan furtha@ceinpKyiag thrnabsedughery bf hatiap theysi | ane, 45
met hyl tri et hoxysi | ane, di net hyl di et hoxysi |l ane trlnethylethoxy5|lane
nethyltrlnePﬁﬁ%?%ﬂn@ﬁﬁmOHWH%P%@Wﬁﬂﬁ%@ﬁ%%?gpkﬁﬁg M i et hyl met hoxysi | ane,
met hyl tri chl orosil ane, dinethyldichlorosilane, trlnethylchlor5|lane

met hyl sil ane, dinethylsilane, trinethylsilane, hexanethyldisilazane,

2-tri met byl $P] Thymethod 2f Slaimm&4 sheomemn the ofgandsitisateydlass diglectracefilanisde,
2-(trimethyl si acetic acid, n- (trimethylsilyl)imdazole,

tri met hyl si P§f ‘E¥5% Folate, trimethylsilyl(trinethylsiloxy)- acetate,

nonanet hyl tri sil azane, hexanethyldisiloxane trimethyl silanol,
triethylsilanol, trlphen silanol, t-buty IdlnethéIS|Iano

di pheny! si | dhethednethod of claimnigheyhsrein the organogilipais glesy diglectrie filmn) or osi | ane,
hexanet hyl cyglohfihisy AdEmR6us.

10
21. The method 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; R;3SiNR’SiRj,
(R3Si)sN; R3SiNR’y; RpSi(NR’)z; RSi(NR’);; R, SiCly, R,Si(OH)y;

15 R3SiOSiR’;; RSi(OR’)y; R, Si(OCOR’),. R,SiHy; RiSi[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 ,
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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10 bi sdi met hyl am nodi net hyl si | ane, bi sdi et hyl am nodi net hyl si | ane,
tris(dinmethylam no)net hyl silane, tris(dinethylam no)phenyl sil ane,
tris(di met hyl am no)silane, dinethylsilyldiformam de,

di et hyl si |l yl di acet am de, di nmet hyl silyldiisocyante,
trinmethylsilyltriisocyanate and conbi nations thereof. 15 23. The net hod of
claim 14 wherein the tougheni ng agent conposition conprises

di et hyl di acet oxysil ane. 24. The method of claim 14 wherein the toughening
agent conposition conprises a solvent selected fromthe group consisting of
ket ones, ethers, esters, 20 hydrocarbons, and conbi nations thereof. 25. The
nmet hod of claim 14 wherein the toughening agent conposition contacts the

organosilicat l.ass_di.el ectri.c ) Iectedfromthe group
consi sting B’feﬁi ﬁﬂ%?‘ﬁxys{}gba me ééletgﬂ’&ysb?rée t@etg ® met hod of claim 14
wher ei n t he nRiisRamethosysilapd, @aﬁahﬁeﬁwhcsdyngma,t Methymmusox@zm%er radi cal s

sel ected fromthe lﬁroup consi st nt%ﬂ ox%ggn fluori é‘rogen nitrogen
and conbi namesydrigiHarogidane, digiethyldigerosHang.gemst Y@F‘%ﬂr?ﬂaﬁﬂ»% lglahes he et chant

is a wet et ﬁpﬁéﬁtn 1;1{&3&, Jgﬁgglzisgﬁ%éﬁ%ﬁaﬂegﬁﬁﬁmﬁ%e ﬁ%etﬁ El‘? gnthr om the group

consi sting o n am de, , al cohol amne an-am ne, a triam ne,
an aci d, 5a baséonna-Eanbtihplailylimstamider é@tﬁ'lmeﬁlymlyl)‘ﬁhelcmtdmd of claim 14

i St ng. calBBROYBHY BTG orbr et e baap P Bt eBue R RnBb B Compr i ses

t reat nment %&éfatatnohﬁﬁahylaﬁaa@@er}fexaﬂétﬁyaa@doytahermhiamylsgmup consi sting of
et hanol am ne, ethyl enediam ne, triethylamne, N N 10 djet hyI et hyl enedi am ne,

di et hyl enet friekisignolgfriphenylsalangh Eh‘é&!]ldmthﬂ‘@f‘?laé’é’PF%YISﬂéE?‘HO »organi c, acetic
acid, form ﬁ'lrﬂgth&ysﬁﬁlte,r @fgﬁltoQyélﬁm%hll'&bﬁﬁﬁ&,q{eﬁam&wmwétﬁs11azane,

10  bisdimethylaminodimethylsilane, bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide, dimethylsilyldiacetamide,

dimethylsilyldiisocyante, trimethylsilyltriisocyanate and combinations thereof.

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

dimethyldiacetoxysilane.

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

20  hydrocarbons, and combinations thereof.

25. The method of claim 14 wherein the toughening agent composition contacts
the organosilicate glass dielectric film in a state selected from the group
consisting of liquid, vapor, gas, and plasma.

25
26. The method of claim 14 wherein the etchant is a plasma comprising atoms,
ions and/or radicals selected from the group consisting of oxygen, fluorine,

hydrogen, nitrogen and combinations thereof.
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aci d, phosphoric acid, hydrofluoric acid; anmmonium fluoride, amoni um
hydr oxi de, tetranmethyl anmoni um hydroxi de, hydroxyl am ne and conbi nati ons

t hereof, provided that the conbinations are of agents that do not neutralize
one 15 another. 29. A microel ectronic device produced by a process
conprising: a) applying an organosilicate glass dielectric filmonto a
substrate; b) formng a pattern of vias and trenches in the organosilicate
glass dielectric film 20 and subjecting the organosilicate gl ass
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 filmwith a toughening agent conposition at
a concentration and for a tinme period effective to increase the 25

hydr ophobi cp?.yTef méthed of @air0s4 Whersinah@étolsnt fdiaok @@tchht thatlcBimprisks at i [ 11 ng t he
vias and trenches with a netal; and e) subjecting the netal to an annealing
treat ment . least one agent selected from the group consisting of: an amide, an alcohol, 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 agent selected from the
group consisting of ethanolamine, ethylenediamine, triethylamine, N,N-

10  diethylethylenediamine, diethylenetriamine, amine. ethylenediaminetetracetic
acid; organic, acetic acid, formic acid, tetramethylammonium acetate, sulfuric
acid, phosphoric acid, hydrofluoric acid; ammonium fluoride, ammonium
hydroxide, tetramethyl ammonium hydroxide, hydroxyl! amine and combinations
thereof, provided that the combinations are of agents that do not neutralize one

15  another.

29. A microelectronic device produced by a process comprising:
a) applying an organosilicate glass dielectric film onto a substrate;
b) forming a pattern of vias and trenches in the organosilicate glass dielectric film,
20 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;
c) contacting the organosilicate glass dielectric film with a toughening agent
composition at a concentration and for a time period effective to increase the
25  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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