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for reducing interconnect delay in integrated circuits
("1Cs") versus tradition dielectric materi al s.
Dielectric materials used in I Cs include inorganic

mat erial s such as silicon dioxide ("SiQ2"), which has
a k-value of about 4.0. Oher dielectric materials

i nclude spin on dielectric filnms and LKD fil ns
obt ai ned from spin coating, dip coating, spray

coati ng, chenical vapor deposition ("CvD'), rolling,
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k-val ues in inor guOW-RKEDELECTRRYMATERIASSE by
addi ng carbon to reduce polarizability, thereby

reduci ng the k-value. Utra-low k-values (i.e., <2.4)

can be achi eved by addi ng pogastkicROUNIs LKD
materials. Such porous LKD naterials are prone to
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The presence of “wat er as a k-val ue of about
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operations, at least a portion of carbon containing moieties can be removed resulting
in LKD materials having reduced hydrophobicity. When the carbon containing
moieties are removed from the LKD materials Si-C bonds are replaced with Si-OH
(“silanol’) bonds or groups and the resulting dielectric layer loses its hydrophobicity
as water molecules from the atmosphere form strong hydrogen-bonding interactions
with the silanol groups. The presence of water which has a k-value of about 70
results in a significant increase in the k-value of the LKID material.
Further, porous LKD materials tend to form voids after copper annealing
due to high tensile stress which destroys device yields. '
Therefore, there is a need for repairing damaged LKD materials such that
k-values can be restored along with restoring the mechanical integrity of the

damaged LKD materials.



damaged LKD material s. SUMWARY In a first enbodi nent a
process of repairing a plasma etched |owk dielectric
words/0ah3 havi ng surface-bound sil anol groups PGI/US2007/014435
di scl osed. The process includes (a) exposing at | east
one surface of the dielectric material to a catalyst
so as to form hydrogen bonds between the catal yst and
the surface-bound silanol groups thereby obtaining a
catalytic intermediary; and (b) treating the
dielectric material with a silane capping agent such
“that the silane capping agent reacts with the
catalytic intermediary and formnms surface-bound sil ane
conmpounds. The process in the first_ enbodi ment can
further include (c) reacti ngUMMARY: one al koxy group
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20  catalyst in (c) can be an organic acid.

In the first embodiment, (i) the silane capping agent can be a mono-, di-,
and/or tri-functional alkoxysilane, (ii) the catalyst can be ammonia, a secondary
amine, a tertiary amine, and/or combinations thereof, (iii) (a) and/or (b) can occur in
a non-aqueous medium.

25 In the first embodiment, the silane capping agent in (b) can be present in a
supercritical solution. The supercritical solution can include supercritical carbon
dioxide.

In the first embodiment, the water in (c) can be obtained from (1)
supercritical carbon dioxide, wherein the carbon dioxide has a moisture content of

30 from about 0.01 wt% to about 0.10 wt%, and/or (ii) injecting from about 0.01 wt%

to about 0.10 wt% water into reaction vessel where (c) is occurring.



supercritical carbon di oxide, wherein the carbon
di oxi de has a noisture content of from about 0.01 wt%
W eooafoa4s3 0. 10 wt % and/or (ii) injecting fronPEbhusi007/014435
0.01 wt%to about 0.10 wt% water into reaction vesse
where (c) is occurring.ln the first enbodi nent, (i)
(a) is preceded by plasma etching of the | owk
dielectric material, (ii) (a) is preceded by
phot oresi st ashing of the lowk dielectric material,
(iii) (a) is preceded by cleaning of the | owk
dielectric material, and/or (iv) (c) is followed by a
barrier |layer deposition on the lowk dielectric
material. In a second enbodi nent, a process of
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In the second embodiment, (i) the silane capping agent can be a mono-, di-,

and/or tri-functional alkoxysilanes, (ii) the silane capping agent can be selected from
the group consisting of n-propyltrimethoxysilane, methyltri-methoxysilane,
25  dimethyldimethoxysilane, trimethylmethoxysilane, n-propyl triethoxysilane, and
dimethyldiethoxysilane, (iii) the solution can be in a non-aqueous medium, and/or
(iv) the supercritical solvent can be supercritical carbon dioxide.
The second embodiment further includes forming alcohol as a by-product.
The water in the second embodiment can be obtained from (i) supercritical carbon
30 dioxide, wherein the carbon dioxide has a moisture content of from about 0.01 wi%
to about 0.10 wt%, and/or (ii) injecting from about 0.01 wt% to about 0.10 wt%

water into reaction vessel the process is occurring.
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(iv) the supercritical solvent can be supercritica
carbon di oxi de. The second enbodi nent further includes
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second enbodi nent can be obtained from (i)
supercritical carbon di oxide, wherein the carbon

di oxi de has a noisture content of from about 0.01 wt%
to about 0.10 wt% and/or (ii) injecting from about
0.01 wt%to about 0.10 wt% water into reaction vesse
the process is occurring.ln the second enbodi nent, (i)
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20 a (ii) for from about 30 seconds to about 60 seconds at a temperature of about 175° C
- to about 300° C. Further, step (¢) in the third embodiment can be carried out on a
hot plate.

In the third embodiment, (i) the catalyst in (a) can be present in a
supercritical solvent, and/or (ii) the catalyst in (a) can be present in a diluent. The

25  diluent can be selected from the group consisting of (i) inert gases, alkanes, ethers,
ketones, tetrahydrofuran, and mixtures thereof, and/or (ii) nitrogen, argon, pentane,
hexane, tetrahydrofuran, and mixtures thereof.

In the third embodiment (i) the silane capping agent can be a mono-, di-,
and/or tri-functional alkoxysilane, (ii) the catalyst in (a) can be a Lewis base amine,

30  (iii) the catalyst in (a) can be ammonia, a secondary amine, a tertiary amine, and/or
combinations thereof, (iv) (a) can occur in a non-aqueous medium, and/or (v) the
water in (b) can be obtained from (A) supercritical carbon dioxide, wherein the
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supercritical solvent, and/or (ii) the catalyst in (a)
can be present in a diluent. The diluent can be
waedosoora from t he group consisting of (i) 1 NnePCT/YsS®OT)14435
al kanes, ethers, ketones, tetrahydrofuran, and
m xtures thereof, and/or (ii) nitrogen, argon,
pent ane, hexane, tetrahydrofuran, and m xtures
thereof. In the third enbodinent (i) the silane
cappi ng agent can be a nono-, di-, and/or
tri-functional al koxysilane, (ii) the catalyst in (a)
can be a Lewis base amne, (iii) the catalyst in (a)
can be annnnia a secondary amne, a tertiary am ne,
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15 | OWkakergiel ectric material, and/or (iv) (c) is followed
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materi al . BRI EF DESCRI PTION OF THE DRAWNGS FIG 1

shows hydrol ytjg ﬁms%ﬁﬁbﬁdﬁﬁﬁ%b WINGS .

wel | -known in t art OWsS I n a reaction
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20 copropyitrioetiokysitanglik theyprgsanap of alewanbdse -a@ithgtoofvpm silaoke
compounds; B) shows the conversion of an alkoxy group into ah Si-OH group; and
C) shows the formation of a horizontal network between adjacent silane compounds.

FIG. 3 shows in A)-D) the formation of a horizontal network between
adjacent silane compounds in the presence of an organic acid.

25 FIG. 4 shows increased reaction efficiency in Si-OH capping when using
amine catalysts (data providéd by Gelest® brochure ’Silane Coupling Agents:
Connecting Across Boundaries™, page 15).

FIG. 5 shows on the top a Scanning Electron Microscope ("SEM") image
of 250-nm trench with etch back undercutting from hydrofluoric acid ("HF") etching

30 of an untreated plasma damaged dielectric, and on the bottom an SEM image of HF

undercut of supercritical carbon dioxide treated or repaired dielectric.
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adj acent silane conpounds. FIG 3 shows in A)-D) the

w0 ooosmod4an of a horizontal network between adjBCENS2007/014435

5

10

15

20

25

30

silane compounds in the presence of an organic acid.
FIG 4 shows increased reaction efficiency in Si-CH
cappi ng when using am ne catal ysts (data provi ded by

Gel est(r) brochure "Silane Coupling Agents: Connecting
Across Boundaries", page 15). FIG 5 shows on the top

a Scanning El ectron Mcroscope ("SEM') inmage of 250-nm -
trench with etch back undercutting from hydrofluoric
acid ("HF") etching of an untreated plasma damaged
dielectric, and on the_bottom an SEM i mage of HF
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Applied Materials, Inc.), Coral® (commercially available from Novellus), Aurora®
(commercially available from ASM), Orion® (commercially available from Trikon),
LKD 5109 (commercially available from JSR), and Nano-Clustered Silica (NCS-
commercially available from Fujitsu.

One of the challenges associated with the use of compounds such as
alkoxysilane capping agents is the consistency of capping and its uniformity of
metal-oxide surfaces. This relates to the key role water plays in the chemical
reaction between the alkoxysilane and the surface-bound Si-OH groups. As shown
in FIG. 1, water is needed to hydrolyze the alkoxy groups prior to condensation with
the surface-bound Si-OH groups in a hydrolysis step.

Differing levels of hydrogen-bonded water on surfaces, driven by
atmospheric moisture, directly affects reaction efficiency. Without the use of
catalysts, the chemical reaction between the alkoxysilanes and the surface-bound Si-
OH groups mandates the presence of some water. Further, if a consistent result is
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(commercially available fromASM, Oion(r)
(commercially available from Tri kon), LKD 5109
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Si 1 EAPIRUDISON $roepd intSECOY dithl thé hfkoRyFlane Eﬂb}ﬁ%agent.
enbodi ment, an upstream pre-treatnent of the
mat er i al 4N PARINEIRIBDQAMSRL. AB 4PSTCaH Brepieatmans siep mgludes using a
15C aﬁﬁhétﬁha\;'lgg tarLee"%\tls bhe dn}ﬁﬁe NBhieh 'a@ﬂs 2s Qrchféi st Qo $RRAHBI.KD
OH groups in the al koxysi | ane cappi ng .
agehﬂeﬂﬂhq another enbodlnent an upstream _
pre-tr eatﬂﬁ‘é%‘ilu@ﬁ@&n'b@%hf&@éﬂ fHih B 0915 }:yr?sq‘stn ?‘%\f'aHQn&t gas such
Lewi s base am ne acts as a tatalyst o treat
t hes hitfiogemaed/prérgon, an organic solvent such as alkanes, ethers, and ketones,

and various combinations thereof. The alkanes can preferably be selected from the

20  group consisting of pentane, hexane, and combinations thereof. In a more preferred
embodiment, the organic solvent can be tetrahydrofuran.

During an upstream pre-treatment with either a neat Lewis base amine or a
Lewis base amine in a diluent, the physical state of the neat Lewis base amine and/or
the Lewis base amine in a diluent can be either liquid or gaseous.

25 In a fluid state, the neat Lewis base amine can be in supercritical form and
the Lewis base amine in a diluent can either be in supercritical form or can be in
liquid form under ambient temperature and pressure conditions.

In a gaseous state, the neat Lewis base amine can be a gas under ambient
temperature and pressure conditions or can be converted into a gas by tuning the

30 temperature and pressure to convert the neat Lewis base amine into a gas. Further,
in a gaseous state, the Lewis base amine in a diluent can be a mixture of gases under
ambient temperature and pressure cortditions or can be converted into a mixture of
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The diluent can be selected fromthe group consisting
of an inert gas such as nitrogen and/or argon, an

woe@ania4zol vent such as al kanes, ethers, and REL/US®E7/014435
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and various conbi nations thereof. The al kanes can
preferably be selected fromthe group consisting of
pent ane, hexane, and conbi nations thereof. In a nore
preferred enbodi nent, the organic solvent can be
tetrahydrofuran. During an upstream pre-treatnment with’
either a neat Lewis base amne or a Lewi s base am ne
in a diluent, the physical state of the neat Lew s
base am ne and/or the Lewis base amine in a dil uent

can be either uid or.%gaeous In a fluid stat

ne&'t‘seEQW%"‘Bg,%}ée 'gmpﬁ@%rg Srosyure B EpRYST e dreviy E?ﬁeeﬁ%me and

t hehel Alieht eS8 nARtuRCof ghsds.di | uent can either be in
supercritical formor can be in |iquid form under

anbl ent {[OGPES-HERMENS REPCEISCAE PecapifidutiabaRy syitable temperature,

gﬁ%&ﬁre Sdrtt npﬁmotihﬁtn%uch%%@a RaSRerAlld6F 561 aB6uP0°48 %o about

anbl e erature and pressure conditions or
caa0%°eccaimmpssseb offremabguat). p parsunl Hybarhanddapa timepegiod of
ANfrol SRS Sel AR IAnORRL Lowt ® base am ne into
a gas n a gaseous state, the Lew s base
anm ne i nTalnemdwebasewnnhewlacwbxtiaﬁmtmh 1gaaselectmxﬂdonor ora
e conditig

c R aPemtl R e, AP FRELBE e ianbiRhR
teasaahﬁtourae samldmymuge tértayceiviaes, anl erdreaticsarhimes. More

di.I ent into a m xture of ses. Th .
0 o piRFeraRS i cyis BEtarilh %y Andighar affoS roERtRy e Eewis base
SUain@lds @ah BBEEAEY fiom he@Bsuy Considhitlg o€ triciBly1aimihe ' diethyl amine,
such ag at at er ture of from about 0° C to about
2ofmethylamige,di @ﬂuve PPEHMIIUR- 0.5 bars - 150

bars, andhk@lewds bés%nﬂﬁéd Qe Héfusfad %xﬂbﬁﬂiabﬁ: xﬁ@ﬁqﬁé&n@es such
about 30 m nut es. W S base anmi ne, whic

def§ FNEINGToE aaﬁuté? b& ?lzmlt d80%rwith SECEe P%BWW Brefarably in mole
DI e85 2hlging BRCARM: 011081bBR hpUP_consi sting of

primary am hes such as ammoni a, Secondary am nes, .
terti ary Asrshaws,in ﬂ\@ 2rtherhewis base améne sepves q@raecfa@arlm lby forming a

f_gvgmatéﬁlﬁ%%tgﬁeedlfr? vith, h%e S@ﬁ%‘r@lgg%‘é B a]f?tet?cgi?lge{%edltagﬁis formed

g ﬁépg%%rybaemines such

se am ne from
c Obsxagse mbydrbgen baidigldenctopa] bativeemhe [aawis base amime tahy ithe Si-OH
am ne. dinmethyl am ne, and amoni a. The Lew s base
B can be used in any suitable nole percentages
s uc h The formation of this hydrogen bond drives the reaction forward in capping

the Si-OH groups with a silane capping agent. The catalytic intermediary is itself
highly susceptible to reaction with the silane capping agent. The reaction produces
the corresponding alcohol as a byproduct and the amine is freed to again hydrogen
bond with additional Si-OH groups.

The silane capping agent is present in SCCO», thereby ensuring that the
silane capping agent wets substantially the entire surface of the damaged porous
LKD material as supercritical fluid have zero surface tension. The SCCO; can be at
a pressure of about 10 — 250 bars and at a temperature of about 0 - 250° C. The use
and characteristics of SCCO; is well-known in the art as a tuneable solvent as
evidenced by U.S. Pre-Grant Publication 2005/0227183 of Mark Wagner et al.

The silane capping agent can be present in a dense gas solution such as a

liquefied gas solution or a supercritical solution. The dense gas solution can include
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as ranging fromabout 0.1 to about 100% w th SCCQ2,
and nore preferably in nole ratios rangi ng from about

w@2mspe4gbout 10% As shown in FIG 2, the LewGI/Daxa7/014435
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am ne serves as a catalyst by formng a catal ytic
internmediary with the Si-OH groups. The catalytic
intermediary is forned because a hydrogen bond is
devel oped between the Lewi s base am ne and the Si-CH
group. The formation of this hydrogen bond drives the
reaction forward in capping the Si-OH groups with a
sil ane cappi ng agent. The catalytic internediary is
itself highly susceptible to reaction with the sil ane

cappi ng . ..Jhe reaction produces the .cory ondi |

My E M o R R R S R T A A R

hy éRa&tidaP RfdrotTubroaaidohs OHEC S); AYlreflasdethefd € HFR’ &) Lor liquid
cappi ng agent is present in SCCO, thereby ensuring .

t hat suprEcTEicabhe (- appYdgCarhent sufB @3 PERIR-afi ieanatly eypgilane
entigfing kedn@Esh BE pleltnt IR ARGRELrO8F AidbbiE P@f&ﬁb@' théSsilane
supercritical fluid have zero surface tension. The
SCoampiRgagane calt bapiesen i figuigior sppereritical carbog digride.and

at a temperghy Eﬁ.b?ﬁig@%%é{&h@sccé? Qan fnclfdborndsst MG additives such
characteristics o iIs well-known Iin the art as a

t uaeabb-sobyenty a chelaing ggentandipriasutfaganer o-Splyants, chelating agent,

Pu ?Jui gl.ﬂﬂc?ﬁtgﬁ)g/%/b%%ﬁ a%&%bgﬁ ll’l\%ré( ﬁé?egl@ %,r60§t Sqlto I)Téq(eoung etal.
si lane” cappi'ng agent can be présent I n a dénse gas
sol ut i on Thecb-satveat tamgpreferatdy da selscted fiionm thergraup consisting of

i tical lLutiagn. T d .yt i
T A AT,
hepedthne) hegkhe( mSHang, propatis, dinvdthplfigratagiidé, N-ahethylpyrrolidone, and

hydr of | ugrocay bons ("HFC.s"), hydrofl uorqethers

€ E;yé.es ’er.oglfqr? a{ﬁf%‘agt;’glf rsolyent Eaénllil. eq?caecgﬁ'.om the group
hy 85ReainBOTacsbRe) issprépy? RfR8ol, Hirh@hPdéimyshide, &iid ane
cappi ng agent can be present in a mxture of the

abé\i’éﬁ.tgﬁf ferid®l y, the silane capping agent can be

present e lchéidtifly Q%erﬁ U&?'ge&“érﬁﬁlgl_%e seRERATr¢th e Sup kBnsisting of
sone enbodi nents, the SCCO2 can”include one or nore
adegrbpxpic apidsh Meregpreterahly.the chelatingrgeats qag bggelected from the

an c . 8, i d

2Pt Bnin ot ABhic ERESOM R b B B APEU amflY

6, 60BoBdic acadsDeYoung et al. The co-sol vent can

preferab he |l ected fromt.he drou istin f. .

Rvar of | L SSTRORT cof par P ul e LeSE R} BloboRbisting of non-
hejomiid compalsds puchpanpiatdmdrgiaemonium salts and phosphate esters, triblock

copolymers of polyethylene, polypropylene, polyalkyloxide materials, triblock
neutral surfactants, and polyoxyethylene alkyl ethers.

The presence of such a nucleophilic-electrophilic interaction between the
catalytic intermediary and the silane capping agent promotes a reaction between the
Si-OH group and the silane capping agent to form a silane compound and the
corresponding alcohol.

The alcohol such as methanol formed in the capping reaction is a byproduct
which can be discarded as waste or separated by using any well-known separation
method.

The silane compound formed in the capping reaction described above,
effectively "caps" the Si-OH groups on the surface of the LKD materials due to the
covalent bond formed between the oxygen atom from the pre-reacted surface-bound
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pent ane, hexane, nethane, propane, dinethylformam de,
N- et hyl pyrrolidone, and diethyl ether. Mire
wpe@Beoald y, the co-solvent can be sel ected freem/ukm®o7/014435
group consi sting of acetone, isopropyl alcohol,
di met hyl f ormam de, and di net hyl sul f oxi de. The
chel ati ng agent can preferably be selected fromthe
group consisting of carboxylic acids. Mre preferably,
the chel ating agents can be selected fromthe group
consi sting of dibasic carboxylic acids such as oxalic
acid and am no carboxylic acids. The surfactant can
preferably be sel ected fromthe group consi sting of

1-%0 g O{‘%%gﬁg %llégg ?tro?rifrggxahg § %ﬂ B‘é‘égaig‘ém t%qjorm the final

DOlsMBtd”snyaae-bom&l yikme Ryhpoend.pDukAg kiis exppieg reat@on e from the
tribl ock neutral sur f act ant

t?ifp o heraup feras @ngr@ﬁg%t ohgﬂmﬁt%é)ln%%)ﬂ}?et BXLE}D groups of the

nusik%sa?mahe @h&éwmmhglth&si-ot % m 2BovRAtMARAd With the silicon
cat al i ¢ interned rary and the sil ane Cappl ng agent

5 pr em egthg stlangagenh npwlofs one aHox g erawp wswitipe an the feemation of the
i, %@i&t ﬁlfaﬂe Eeﬁ'\ (ﬁ a:r@ 'H%%HH ‘Zﬁ ﬂ’fé% dap&i-oH
0 su c anol

correspon Ing alc The as met
f ogrmgsithat efresusfagpibegnd.eacti on is a byproduct which -

can be di 'THe?h g@ggqg‘ac%ﬁ td(é%cqg)eﬁ %Ee A F%b %féétn@g% gépﬁirs the

wel | - known "se t1ron net conpou
f odmdgemLKDanaapplsrtg copsettingthel8sOH gredpabnte silane compounds that

effe I| the Si-OH groups on the surface of .
10th§ 'I%H %ﬁ%eﬂego%%%mtpé t he coval ent bond forned

bet ween tithe fawzgem cftthercdtalgtic ﬁhenm(ﬁanyeaﬁteqﬁlmary reason the
sur f ace- boundSi - rou and th n _atom f

m.t he
si F%RPé"%EFBﬁﬁ‘?f@P%?Qs %?rmamgarr F‘Wahy Qlxtif ée““"“ ? discussed
SUhba\easheWth BIdG.ane Tthe rfa%smgl redetibh e i Be sﬁles)st g order of
e

reaction the H+ fromth group forns
by pragaitede fastepwben Weipg 3drFé?V‘6Paf’cerPémaF R‘Eﬁ(‘y‘hﬁ Puﬁrﬁéyteﬁ reggfion
15 al h%éﬁ(s%b!ié&?vet@ﬁéﬁmn Pic. OLV)" ng the Si-O to forma

coval ent bond wth the silicon atom of the sil ane
agent noWhedemnasiva @tms@algtlg ipermessigry jim grompted during the pre-

f Otrg%h{n pstgé e&%glr'l %be %g&?htehylgg% %ré%ﬁgn can be enhanced in
t htd_rmaroé bethrKinctes tampmji umformnty of cagpmg if a pre- treatment stcp with neat
Lewis base amine and/or Lewis base amine in SCCO; is utilized.

20 While not wishing to be bound by theory, it is believed that the Lewis base
amine acts as a catalyst in the capping reaction of the disclosed embodiments. A
catalyst by definition is a substance that increases the rate of a reaction without
being consumed during the reaction.

Therefore, the Lewis base amine can be recycled during the capping

25 reaction to perform the same catalytic function thereby reducing the costs associated
with capping the Si-OH groups. However, as ammonia is an inexpensive gas, it can
be flushed out after a pre-treatment step.

The silane capping agent is preferably a multi-functional alkoxysilane.
More preferably, the silane capping agent is a mono-, di-, and/or tri-functional

30  alkoxysilanes.

The silane capping agent can preferably be selected from the group
consisting of n-propyltrimethoxysilane ("n-PTMS"), methyltrimethoxysilane
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The cappi ng reaction descri bed above thereby
effectively repairs the damaged LKD materials by

W@ w8024 g t he Si-OH groups into silane conpoR@ES100Z014435
vertically cap the Si-OH groups. The formation of the
catalytic internediary is the primary reason the
cappi ng reaction proceeds at a faster rate than the
hydrol ytic reacti on di scussed above (shown in FIG 1).
The capping reaction rate can be at | east an order of
magni tude faster when using a Lewi s base am ne than
the hydrol ytic reacti on di scussed above (shown in FIG

The formation of the catalytlc internediary is

retr. de .
abﬁ’v@&%n S dimgl o] PhBSh, e thimehrsrailane
| NCtTVINES” fn-p@bplthemekymaﬁam BT‘ES'Q”HMWIH&tHIfxym]ane
ca pl n re-treat nent st ep w th_neat Lewi s _base
arTP ga#‘&/ ostprefasakly thesilpae capmipgis 7-E TS pr YEMS.

Whi | e nml‘thﬁﬁHeﬂ& Eﬁxgba%ehpéﬂﬁdoemée& YRy suilable Hole percentages such
believed that the Lewm s base am ne act's as a catal yst

5 i nas agingdpimgbeedte] tatwut 19 & t 3O candanprsargembly from
A gahloYsio bufgbeition is a substance that increases
the rate of a reaction w thout being consunmed during
t he reacfFoonulaThHesteivar for 1M¢serauempsrpba®esmnnezme beaction

T a0 R B 00 R b i

assgmnnted wi th capping the SI-CH groups However, as

amoni a i s an i nexpensive_gas, it can be flushed out

after a pre-treatnent stgp. The s{l| ane cappi ng agent

is preferably a nulti-furctional al¥oxysilane] More

prefefably, the 3il ane cdppi ng agenq IS nmonp-, di-

and/of tri-functijonal al oxysi| ames-siHh@® Si | aNfewis Base Amine Catalyst
cappi hgXsBirentOidan prefergbly be/sel €cted fromthe >
group| consilatol ng [of n-prgpyl trimeth Si | '
("n-HTMS"), nethyl trinmetoxysil ane("

di net hyl di net hoxysi | ane (" Dl\/vaB‘bpyltnmethoxysﬂane
tri nmet hyl met hoxysi |l ane ("{TMVE"), N
n- propyltrlethoxy5|lane ("n- PTES"),
dlnethyldlethoxy3|lane (" DVDES") . Mos} preferably the
sil ane cappijng is n-P™ME or MIM5. The| sil ane cappi ng
agent can bg used in any Suitabkixe nol g percentages
such

O—Si—O0 + OH

/ |\/ methanol

n-propyl-dimethoxysilyloxysilane

(1)

The X3Si-OH shown in formula (i) is not necessarily identical to a surface-
bound Si-OH group as the surface-bound Si-OH group may have the Si bound to a
moiety different from Hj, such as C, N, O, etc. The X' in X3Si-OH shown in
15  formula (i) can be hydrogen, an alkyl group, etc.
The pre-treatment steps(s) and/or the capping reaction described above can
take place in one treatment chamber or a series of several treatment chambers.
In a preferred embodiment, the silane compounds can be horizontally

networked in the presence of water and optionally a Lewis base amine through
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as ranging fromabout 0.01 to about 10 %to SCCO, and
nore preferably fromabout 0.1 to about 3.0% Fornula
w@ egog/osaaswn for illustrative purposes, sumrariRPEFUSINGT/014435
reacti on between a free X Si-OH group and n- PTVS
(i.e., the exenplary silane capping agent): The
XaSi -OH shown in fornmula (i) is not necessarily
identical to a surfacebound Si-OH group as the
surface-bound Si-OH group may have the Si bound to a
noiety different fromH, such as C, N, O etc. The
"X* in X Si-OH shown in formJIa (i) can be hydrogen,
an al kyl group, etc. The pre-treatnent steps(s) and/or

t he capping reaction described abgve can
on é°’i“? %ﬁlfameaem%ﬁﬂ% %F“rab%F‘?"e%do%ﬁe“E g\/ Q&ggr A ‘éa{iﬁ%ﬁ‘ftadl acent
Ch&as roups afe &hﬁ&@ﬂ IfRn Bf@@@‘slﬁﬂresxﬂﬁbﬂ aﬂtdxﬁ@oups on the capping

conmpounds can be horizonta net worked int
pr @8eHE thag havghecpomerfyriaps Pm gsypagt fdhf canpingreaptiion

t hrQuohf R AL ARARdrdntaf ﬂm&%gtcgﬁbe Cfeattld 19%53‘?1%8¢:nce of the amine

adj acent Si"- OH groups. These adjacent Si - s are
5 emdelystivhew msingdy S-Q8 group of a saphed snlanekmaytsg'rldum aligaxy group

tpg‘rf)tncaﬂgﬂ a:%gntacqggédssniatﬂ@t Tﬂ?ﬁ?orﬂﬁﬁ@ﬁe%&l@ﬂ%%egvg%gdad?a%em silane

€ capping reaction ernative
hocompnuads prefevahik oogurs ana Hep subsageant nmtherwopq: dewnibed pre-

cat al st when a single Si-OH group of a

m.n
aﬁrﬁgtye%t ‘écﬁgaprpé %/t PR th an al koxy group on an

adj acent The{pecostal actesorkihg betwaen adjat:ait snehmmpmglds can be

bet ween adj acent sil ounds rabl occu i.n
gt R et R AR Sl R AR S

a 3 dffeapf d?ﬂotﬁit oPsvatethe hg&i‘olyi.’z@ mlg@mkaﬁrawmdéslgmnb@bwﬁmuowed by

adj a nt si € conmpounds an e acnl eve \ reactin

r e§? Fataﬂ%fn deﬁog &WVRIERaES & Spodhets %qehagaw, a Lewis

ef i:)%étdrﬂﬁe 38R u&tasqfcam;se RIbRinpYRF 8beiadeh ee@klbﬁ&d&%n Si-OH
to Si- groups | owed by condensation of Si-

gr 8Ups présodivaee! Mmdeql kexysHangsp Thifcondensation awpﬁn again produces
15 Le e dPRIForRITAESICERE] a8 GbypRodicgat al yst al Iowi ng for

accel erated reaction between Si-OH groups and
un- hydr o/Wherdusing 8 sypsir¢atiead fluith wates san ba sraimdmed into the treatment

50, PO 10, 0 BRS04 o
becarlbbn ddlm'@us'edtis)a bheeragegdecdrbon dioxide which includes about 0.01
wt% to about 0.10 wt%, and more preferably a moisture content of about 0.07 wt%,
20  and/or (it) injecting about 0.01 wt% to about 0.10 wt% water, and more preferably
about 0.07 wt% water into reaction vessel where (c) is occurring. Alternatively, the
water can be obtained from the dielectric material itself either by atmospheric
adsorption or a pre-conditioning step.
Once the water is introduced into the treatment chamber, the water reacts
25  with at least one alkoxy group on the silane compounds converting the alkoxy group
into an Si-OH group while forming alcohol as a by-product.
The Si-OH group forms a catalytic intermediary with the Lewis base amine
in the same manner as described above such that the catalytic intermediary reacts
with an adjacent alkoxy group in a horizontal networking step forming an -Si-O-Si-

30 bond linking the adjacent silane compounds. This horizontal networking step also

generates alcohol as a by-product.
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chanber in any suitable manner such as by (i) using
SCCO wherein the grade of carbon dioxide used is a

wheosneyes gr ade car bon di oxi de whi ch i ncl udes BODUS2007/014435

0.01 wt%to about 0.10 wt% and nore preferably a

noi sture content of about 0.07 w% and/or (ii)

i njecting about 0.01 wt%to about 0.10 wt % water, and
nore preferably about 0.07 w% water into reaction
vessel where (c) is occurring. Alternatively, the
wat er can be obtained fromthe dielectric materi al

“itself either by atnospheric adsorption or a
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pre-conditioning step. Once the water is introduced
into the freatnent chag‘gﬁ_f? t he ter reacts w

h a
| east one BEITRRAHPNGFRRIP HRIng; stiankcrppids 48 the sutface of the

COMKED imatétidld Sredhl@i ¥n A)QFFIGN? Ovidteml suac &bt 8POHEgroups
form ng al cohol as a_ by-product. The Si-OH group forns

a demafatalysicinternegiaries it ewisthase pmines thatdm tumirpact with n-PTMS
theo heR{1a c%d&nﬁnﬁﬁde@%ﬁscﬁ&? Yifatiive]) that the

catalytic inter feacts wth an adj acent al koxy
gr oup i n B andr@)afiitiGi Zrdeswekthﬁgorszcmalfr@mmglga@ﬁscnbed above by
i . e )
oSSO0 RGBS g AR LFRTRRHRS g s
as cambyurpxiscrdantt\mﬁfhwaueeamﬂ thax & ddnshend oﬁthé arethoxy grolipsen the
on

ounds. t he surfac rials age )
S P ARRERH Sugh dotfpquhal ARl AL T e TR b, R o SEQH sroup while
gr prgtucin@rmethaidlay aiby-protiestmedi ari es with Lew s base
amnest ron.react. with PTMS tqQ formt
Osilane c ﬁgaeﬁgia(ﬁgbeﬁ é@&gg% rgﬁa\f@}a‘fytga mame%a%fwth the
FI Gew?s 6iRS afiifkein the siiae naanéods deeénvyddbage G&ﬁﬂhhbﬁd catalytlc
above by using n-PTM5 as the exenplary silane ca

agéfermediargyeasts withsan adiagentapetheny groMpivAGSTIZeME hejpprking step

Vegrnifg 6R -$ib01Siabod ERMing ﬂ% &jadeREsiHRL REMPoFHdRYPRi@Rorizontal
t he adj acent silane conpounds are hydrolyzed and

cofvyarkipgistepalsmeesieratys getbapolasial ky-produeici ng net hanol
as a by- I?Irthgf&te thle@c}ge Qérg\gyzéﬁdts ﬁaﬁ Eg h&llzéﬁ: .‘PéJcR/oﬁ%'Tﬁ form a

a catalytic intérmedi ary ew s amne
t ha- cbmsmmi sEnctas. dﬁmchortx@dtaalbmcewsrd;c& céprmd silage compounds

¢ atfgmy S a n%ld%t & Enzr%g rlys alaWnBt orl] gr?sgérr%mgﬁx m.:‘luoze 9fthe LKD

- Sma@r&l buba]srﬂrdstdﬁks tihg mdtbamdalmngthSJfItMEKmmpmﬂs

;I'rglt ﬁ aﬂglr I égrq(ggﬁryengl?%{rj%%tng p%(gceegs g repa Elgearpqasma etched low-k
dielectric material having surface-bound Si-OH groups is disclosed, wherein this
process includes exposing at least one surface of the dielectric material to a Lewis
base amine, a silane capping agent, and SCCO,. Hydrogen bonds are formed
between the Lewis base amine and surface-bound Si-OH groups and the silane
capping agent reacts with the hydrogen bonded Si-OH groups to form silane
compounds (see A) of FIG. 2). Optionally, horizontally networked silane
compounds can be formed in the presence of water or a Lewis base amine as
described above (see B) and C) of FIG. 2).

In anothervembodiment, organic acids can be used to catalyze the reaction
between water and substantially most of the residual alkoxy groups remaining on the
capped and/or horizontally networked LKD materials. In this embodiment, organic
acids catalyze a hydrolytic reaction between water and the residual alkoxy groups as
shown in A) of FIG. 3 such that Si-OH groups are produced as shown in B) of FIG.
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Therefore, the silane conpounds can be horizontally
networked to forma 2-di nmensional structure. The

whorosmensxnl | y net wor ked capped sil ane conpoundBCT/U82087/@14435
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rigid 3-dinmensional structure that not only restores
the k-value of the LKD material but also restores the
nmechani cal strength of the LKD material. |In another
enbodi ment, a process of repairing a plasm etched

| ow-k dielectric material having surface-bound Si-CH
groups is disclosed, wherein this process includes
exposi ng at | east one surface of the dielectric
material to a Lewis base ami ne, a silane capping

agent, and SCCO Fydrogen bonds are formed between
t hé- Bifdi eppnps of afliaeend stlans rompaungd arrdhen cenqegsest toform the

anfodifsht A leAPSKCRREBA GO hnd Wnt@) Jdlﬂ)ﬁb!ﬂlfﬂﬂ@n
bonded Si - OH groups to form sil ane cgggounds (see

of FI G Jdhe oganioaeifl cgn be applicdrio dhe LKEbmatsriabm %ﬁqrai?h £ashion in
m‘%ﬁepm lpﬁlai Qa{t ged I&ngfg %%ISSR Gxethg I&txﬁ:«{ter%l 1$trcated

ase am ne as SCI‘ see B and
Fl @uthz)w ofganerasii¢he BKbbuiatesial candhegansed veith 8§C&mn@ beated to

h tmeen wat er and
sugs %%?&%%ﬁoé Fgw?ﬁ %gl al koxy groups
remai ni ng'herorgdmc adppeh ndediin hmy swtableainble pretamtages in SCCO,
LKD materi al s. [ odi , 0y gani ¢ _aci,ds. .
¢ nrPoRsTanding s aitqbk O TR APREe: arl (K el in mote ratios
r effodGDS &b kK@%, groups as shown in A) of FIG 3 such
t hat Si- roups are oduced as shpwn.in B) of
Ha 3 o TReRrg, a0 ot B e Gren s o B Bk ady vgtg about 7,
t hmregﬁmﬂsmupt@ abiitd, i@ nkuRt pGethBlly upSoVdblt 1.

descri bed above and as shown in C) and D) of FIG 3,
The or garihe OEAMc acifs ean besstacisd fremtheetoup crpsisiingef aqtic acid,

a gffldtbadefte Qbmntr{cm&%leaéﬁr cmeadlal dthét fuﬁ?théidgéﬁzﬁed or

cappi ng step. After the LKD naterial is trea
t hparsiala halogemdted wﬂeamd@anéwemmeﬂ camahingfionsithereef. vﬁntarpreferred

S%@&Qﬁeﬂ? E}f,g g gﬁﬂlcdi'cﬁd/ tl;éeus‘é '39 qh ﬁgﬁéo%g sQﬁmBHe Si -

gr oups IC aC| can e used 1 n any sul table
mol e per Mﬁrﬁg&ﬂ gmt@@amotgaﬁohd asa r%sngm ghef hxﬂmkybo weaction

0 SR TR SR TR B e fomin
ac+8li-0sSi hgkagep Kia hrfat up to about 7, m)r e pr ef erably up
to about T%’ L?&g ma ena erlseu]; )rlg? !(1¥ayepo %ygxbsool'}l a semiconductor wafer)
having the Si-OH groups are placed on a bake or hot plate for about 5 seconds to
about 5 minutes at a temperature of from about 100° to about 350° C, and more
preferably for about 30 seconds to about 60 seconds at a temperature of about 175°
C to about 300° C. The heat treatment condenses any Si-OH groups by removing
water so as to form -Si-O-Si bonds.
In another embodiment, the Si-OH groups can be condensed to form -Si-O-
Si- bonds while producing water as a by-product in a dense gas environment, such as
in SCCO,.
The final treated LKD material is substantially free of surface-bound Si-OH
groups due to the capping treatment (see A) of FIG. 2), can be horizontally
networked to form -Si-O-Si bonds (see 2) of FIG. 2), and is substantially free of

residual alkoxy groups (see A) and B) of FIG. 3).

14



The organi c acids can be selected fromthe group
consisting of acetic acid, trifluoroacetic acid,

wa pooglbmedaceti c acid, citric acid, other fullBCT/US2007/014435
hal ogenated or partially hal ogenated weak aci ds, and
various conbinations thereof. In a preferred
enbodi nent, the organic acid can be used as an aqueous
solution. After Si-OH groups are obtained as a result
of the hydrolytic reaction catalyzed by the organic
acid treatnent, the Si-OH groups can be condensed
formng -Si-OSi- linkages via heat. The LKD materi al
(usually as a layer or Iayers on a sem conduct or

waf er) haying the Si roups. are placed on a bake or
ot 1l at o TGRS AT 0 BUTH S8™ bp BB Sob A SR8 o5 errate
t efRainwnd &Earﬁf)er( Qﬁkl@éoéligbb n?ozﬂd HoPizemalhetRofKingstepfdThe

nmor e eferabl about econds to about 60
se@e sgffonph & r%wnSereswvwo\mteqw byprpductsaai besdeyre in the

C sihGchedd ﬂhfcf-‘éﬂa%yr of Qﬂ d9RsEs BARY ggte gﬁsﬂl@%@& #¥atment

removing water so as to form-Si-O S bonds.
5 aneh#raberétibodi ment, the Si-OH groups can be condensed

to form -x 5i8lsse égzﬁﬂ)% VAN Baddl B gde“ GloAShyie2 Sucﬁh b§§e52 or Lewis bases

by- product” I n a dense gas environnent,
SC@(f&tlcallwelfhanad: therreatqfdeaq&ibn rbatveerenallkqxs'sm tand surfhdeybound Si-

f e haq S r ou t oY
tr S Reonp 3O P b1 RS el B e
neGsapling AtanlﬁDthneSthrodS@tﬁhﬂdéﬁ@é ]ih)gede),F\Hﬂlmﬁ)the hydrolysis
and is,.subst.anti aI free, %ﬁgr ESI al ko

10 (s Step Ablscgﬁs&dg oyg a @o»\g) in r&eggtﬁs l%(%/ 1:og%f>ﬁgrmer during the

Cagapifing edatti6] thereby Mndifify theMRcoNsiskAPRE désaltifgeRbMgvor humidity
chanber(s) as the capping and horizontal networKking

st PO he condensation of Si-OH groups renoving wat er

as a byprlﬁdu&hoﬁwn{wea@@@@aﬂpﬁh% mcﬁusﬁ(zfélésla@@éasfémmer of
chanber or on a heat or bak ate outside of

t r SMEATRde BREBRIy loyyer t?@pw@&@gwera%@ dor t\he&v@%%@w catalyst
15 (i u?duce@ AP EFAX Y dn RAERSIh a% h&Wsid B Aﬂdfb%hepékﬁsx)on

enhance the rate of reaction etvveen al koxysi | anes
supfarsgtigseitiae SCCODtheyelyupentribigtingtowhe ingreasE reactiomrate and

Rgrg 2%%%%9%8%&?% %%Lé RLF(%;SS 'iﬂgu n éﬂcﬂlé &?usg\g%gylr ii)E?’quid phasé repair
Wi phmesses.he hydrol ysi s :
The Lewis base amine catalyst induced capping reaction as described above

20 preferably provides a) more complete and consistent repair of the LKD material, b)
lower temperature repair resulting in lower pressures needed for the treatment
process involving SCCO,, c) minimizes the necessity of moisture control, and/or d)
a faster repair process compared to the hydrolytic reaction discussed above (shown
in FIG. 1).

25 One of the advantages of using SCCO; in the above-described
embodiments is that the capping reaction can occur in the presence of SCCO,.
Therefore, both the Lewis base amines and the silane capping agents can be applied
simultaneously to the LKD material in SCCO,.

Although SCCO; is the preferred supercritical solvent in the embodiments

30 described above, any other suitable supercritical solvent can be used to perform the
same functions as the SCCO,. Other supercritical solvents that can be used in the

embodiments described above include any solvent that is in supercritical form and
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step di scussed above and shown in FIG 1. This negates

the role of water during the capping reaction, thereby
wO 20080023g3 t he i nconsi stencies resulting from pROr/US2007/014435

hum dity control. In addition to increased capping

efficiency (i.e., as at |east an order of magnitude

i ncrease), lower tenperature requirenents for the

Lewi s base catal yst induced capping reaction results

in a higher fluid density and better transport

properties of the SCCO thereby contributing to the

i ncreased reaction rate and inproved repair in

nano- porous LKD naterials versus vapor or quui d phase

| Gt BB Gores 2t Lo MALeriis chAeteeh g avp v gplyent is

prg‘msﬁmﬁ,aﬁ)nmrpgmonpl ete and consi st ent repalr of the
LKD nateri al , )b | ower tenperature repai.r
qi

ul
| ower pr 48807 eaibadiseasty the poinhel w@sméﬁfww sibove-descnbed

| NP ProellsEl carfde &%mr&ﬁﬁ o? BRIQeSsEsRh  poskbtch cleaning, and/or
nmoi sture control, and d) a faster repalr process

5 compsiream efometabbaryier émptsﬁ@nrlealaq ProduetianeefdSisd above
(Shovvn_ ' 'ThEIagb el)iesc Pﬁqgg% aﬂq)\é I’ﬁ&f‘&xt%fs a ﬁ{gtgwgfer or batch
in t he

bove- enbo Iments ist
capmcngs reacti on can occur in the presence of SCCQO2.

Ther ef or %,heké?l{]fbrég?l‘?{)ﬂa‘?@ﬁr??gg%ﬁ 13%‘{1 ov@r&s lﬁl\?et Cs}i %}ﬁe@? can be any

cappi ng agent's "can be applT sI nmul taneous
L Kbaditibeall yplisedreqBpaient fox sﬁriglel ghafs@rardssing Ise lgrgedsahe equipment

ercritic sol ven nents d rj be
10 5 B VoSS parrertiR] sqti e SRy FEATBISeP o A RTAN e
us 636l 22P£6,786,149 hed6Mes,078) bdedhmcafpotdted bcélerentd.her
supercriti 'sol vent s t hat .can be sed in.

C th
rbod: meReEhe Gt A5 cbRS e PHES R 1o iFPebingdEsTRa sghed low-k

| S dielechriMateriald Ka¥ing Qx"rﬁb%%ﬁd‘sx%@ﬁkf P@ cilBe Bél*f&%‘le@fupstream
LKD materials. Preferably, the supercritical solvent

i sOEdeRHItRMEPT KarieYR Wassrprocessing s€Pebodi ment, t he
15 Poi nt of goppl @Ejﬁ%&rﬁi‘et‘aﬁm‘g%tﬁ@f&‘éﬁk%&@é&x@%t&?a%hﬁge

processes can own-stream of dielectric etch
poperfenmsdd ip|vasnhtypesniiplesma prciosainging vapeus types ofietgh gas

SRS, B PRI ol s peD pata o oo s
wafdse aff arhmboia fonr'J etching organic l_ow-k dielectrics", 6,841,483 tntled "Unique
process chemistry for etching organic low-k materials", 6,620,733 titled "Use of
20  hydrocarbon addition for the elimination of micromasking during etching of organic
low-k dielectrics", and 6,337,277 titled "Clean chemistry low-k organic polymer
etch”. See also U.S. Patent No. 6,909,195 titled "Trench etch process for low k
dielectrics” and U.S. Pre-Grant Patent Publication No. 2005/0026430 titled
"Selective etching of carbon-doped low-k dielectrics" for an exemplary description
25  of the plasma etching process.
Subsequent to the plasma etching of the low-k dielectric material,
photoresist ashing can be performed in various types of plasma chambers using
various photoresist stripping gas chemistries. The photoresist ashing process is

often referred to as a "dry" "cleaning" step. See, for example, commonly assigned

30 U.S. Patent Nos. 6,949,411 titled "Method for post-etch and strip residue removal on
coral ﬁlm_s" and 6,777,344 titled "Post-etch photoresist strip with O, and NHj3 for
organosilicate glass low-K dielectric etch applications”. See also U.S. Pre-Grant
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process. The equi pnent that can be used in the

above-descri bed process can be any traditionally used
weouwspomms for single wafer processing so | ongp@wUS1907/014435

equi pnent can wi thstand supercritical conditions. See,

for exanple, U S. Patent Nos. 6,561, 220, 6, 736, 149,

and 6,486,078, herein incorporated by reference.

Further, the above-described processes for repairing

pl asma etched |owk dielectric materials having

sur face-bound silanol groups can be performed upstream

or downstream of various wafer processing steps. For

exanple pl asma etching of the lowk dielectric

eri an .be pe i_n varl s types of pl
e beeptkutEnrign o OPNOT sl rih s Pl HESenShe Brcthaand
Se@pgpirﬂhs'em I PafefNBN6 328331 ained "khify d@%&ﬂbna’-\ﬁéh cleaning
969 titled "Use of ammonia for etching orf(g)tgnlc

| ofekhadh fer a dempsesne procgas(’ fapan examplary” deseripieonpeiobe photoresist
ch r et ch| ng organic lowk material s",
6, géﬂcl)%é%é tgélgtl ed "Use of hydrocarbon addition for the

5 el i m nat fogenstalieleanmneagieesy caube perfenmesd ungtreimed dlamioov-k
! Ome!fccgﬂ CGleﬁgltr c%ss a%ﬂ:g foq e%%n% ?e7z?xtnh{on ass%%ﬁ'i) B' Iéatent No.
Paﬁ,éﬁﬂ 2&6 titied QMhtldsﬁﬁattd aﬁpedltﬁsTﬁoe nlehniag dow K debsctri¢ and metal

b Bl gtk So st s Jubsrept batad Pl i Ve 29051937381

of tifled tethddfericleaning ndikeadtitet and 10S. RaterRed18,487477 titled

10 (o et SiganinecysRgeaPoreRe [k AR LSRG o foFan cxemplary

madédctigtion maecgreasﬂalséleash%woc@w be performed in
vari ous tyges of pl asrra chanbers using vari Qus

phot or esisParEieF aypi dRpogien PRITPS AN Reperfpsmeg orapasan of the

asfywit diEI0GAS Sepatr éﬁﬁ&&@ 58¢,96f &tniple,as. sapredeam Patent Publication
"cl eani for exan‘pl e, comonly assi

U. No. 2@@%@,[ B eg titlgd Qﬂgcuqsog_cqmpcps@éonspfg{ fqg'mupg)yamaqum -containing
15 pogirxé?%gg t%ﬂﬁuﬁf &}rﬂadhf?%' &H@errﬂﬁﬁ%ﬂh cgppé}%@tlallleeh @mlcolg']lductor

4 t1t st-etc otoresi st str
@) dmcwﬂexthtS"(ﬁrgidﬂ&stueoaNe @o@&,gzeﬁ udﬁd("ldltagm;mrmchLD

et P ns" See , S, Pre-G ant Rat en .

p BPRER BRI Sipey B8 sDiaor el FeiblR Ofiliou of e barier

rretalyeddemdxt@ppmﬁ@sms" and U. S. Patent No. 6 323 121

titled " ost etch cl ea thod for a

darmscend SHPYE EuEbRAGr gl s HRRTEr S RRE PG PrOfspfian be
20 phpérdsrfddsih addition to the above-described processes for repairing a plasma etched

low-k dielectric material having surface-bound silanol groups.

EXAMPLES
Further to the discussion above, silicon wafers containing patterned

25  dielectric layers composed of porous low-k films are cleaved and a series of wafer
coupons are subjected to various treatment processes. Prior to cleaving into dies, the
wafers are patterned using standard Reactive Ion Etch ("RIE") processes which
plasma etch features into the wafers through a pattern of openings in photoresists
coated onto the dielectric layers. After patterning, remaining photoresists are

30 removed using an oxygen containing plasma or by fluid based processes. The RIE
and plasma strip processes chemically change the dielectric layer in close proximity
to the patterned areas causing an undesirable increase in dielectric value. This
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ashi ng process. A general cleaning process can be
perfornmed upstream of the lowk dielectric repair

wpe@smex43 See, for exanple, comonly assi gned RLCBUS2007/014435

Patent No. 6,277,203 titled "Method and apparatus for
cleaning low K dielectric and netal wafer surfaces".
See also U. S. Pre-Grant Patent Publication No.

2005/ 0279381 titled "Method for cleaning

m crostructure” and U S. Patent No. 6,457,477 titled

- "Met hod of cleaning a copper/porous Iowk dual

damascene etch" for an exenplary description of the

general cleaning process. A barrier |ayer deposition

process can be perfornmed downstream of the | ow k

di drmege may algeaffechmsekanical gipectsiafithefilmpné negatiyely impact

Pr gu@egmm%a% dtubl i cation No. 2006/0102895 titled
"Precursor corrp03|t| ons for formng

t ant al umTdenwafenconpohs hsesl in dhefExamples described belownage substantially
barJeneir fil ag&ﬂﬁcopper- netal | i zed sem conduct or

deVi ceczs]tt?lﬁ)c ures” 'and U. S. Patent No. 7,049, 226

Stitled "Integration of ALD tantalumnitride for copper

of F hhePMi&adﬁde@ymstream processes can be
perfornmed in_addition to]laé(%g above- desc”glgt rocg(snstelsmoc

toa

for repai’t MIEFTSOPPULYAS B T I R eSS

matieted Mithvd MgidShiletsas (ﬂuhpdﬂtﬂ:t Sd thafRbcdubRyy ESleatE?(AM?ésESre gauge,
Further to the discussion above, silicon wafers

10 o ARAPIFCRIGIGsatal s 38E canEPle. fiy MEtpreyRf SCC@npRb JTHS was added to

25

30

POERUEsSM6 & phdssii® dTaBott! IBBURAE TRE nfd16 Rltio st iRPTMRS RISCCO, was
coupons are subjected to various treatnent processes.

Pr pbeuti00% | Bag/vesseliwasdedd atghe @f%ermftmd dgrepgrature prbpressure for

u (w

5 BRI, SOSLAR 0e Sle ( ) BAGERRSER o o
pairtlets rwh)l‘e sopahiamegesly mephvingfbed fom theautdt sieh dhatlaeconstant
dl eleesg&rélvg slnq n {amedAfAEf?e aegﬁtttgng (ﬂghuu'i %gﬁ'n{k c?x%han es of
ph8 ST esi s ar é Iehoved 2ust n n’oxygen con aln%

pl astsganviallppufd SCAOH Amédiwps ormﬂpl:ee:s theTetdehtRhﬁ)féS@Cle a&smtoppcd

? PRI T S DORRR G5, o e warer

u n de@pdna(bé;emea campRy ahdanl ideheedl runtrea/taﬂ geupohfuattairad eample) were

ne\égglpﬁ%qegf i ecgegg&%g k'ﬁ:aSOhltl otr %O %Lcotn g klftleg]rgmgval the
coupons were immediately rinsed with de-ionized ("DI") water.

After drying, each coupon was cut across its cross-section and analyzed
using an SEM. Trenches about 250-nm in width were measured for undercutting
from the HF acid etch on each coupon. On average, the untreated samples were
measured to have about 50-nm of undercutting. On average, the repaired samples
showed an undercut value of about 10-nm. For evaluative purposes this indicates
that the repaired sample was at least about 80% repaired.

FIG. 5 shows on the top an SEM image of about 250-nm trench with etch
back undercutting from HF etching of an untreated plasma damaged dielectric, and
on the bottorn an SEM image of repaired dielectric having reduced HF undercut due

to the HF etching.
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subsequent netal |ayers. The wafer coupons used in the
Exanpl es descri bed bel ow are substantially identical
wo eoosna4anot her. Exanple 1. Repair of Plasna BPChuUS2007/014435
Damaged Lowk Dielectric with Supercritical Fluid
Process, wafer coupons A wafer coupon was placed in a
pressure vessel heated to about 160° C fitted with two
fluid inlets, a fluid outlet, a thernocouple, a
heater, a pressure gauge, and associ ated val ves and
controls. A mxture O SCCO and n- PTM5 was added to the
vessel to a pressure of about 175 bar. The nole ratio
of n-PTM5 to SCCO was about 0.05. The vessel was held
at the fr gITEn |oe t enper at and pressure for
AR 4+ = ; % SCCO was then

added t hwc@fpoﬂl’bﬁas(lfeawaﬁasl d@k@ttfed%bb@uﬁlsmﬂlpteneqms\lvyver after
removing fluid fromthe outlet such that const ant

pr 8dditipd o aS Crkiand - REMS, the sample vias OPte,/rtle?ftet) the tgperature and

vot;w&auem hBaHa%00C sHdbbaN] 7 5bdrY, rBiPettiviERr fabe«,utd OWRshutes.
onpl ete, the addition of SCC2 was st opped and t he

5 ve@&f@!’ TRBISS A5 Kie%sé@eﬁ 8bgemyith pueg $eSPhdht sampledvas Gehed with

Th gb(”t %aﬁt"ﬁ @K gg&gﬁ—lﬁ E?Bﬁbﬁ QQ %ﬁﬂl £ ET]ﬁ)er Mtreated coupon.
i dent1 ca tre coupon untr eat

t hen pl a@e(dmmat@nlawanmewmeﬂt:bs SEM mstncalt@t arsa)verage undercut
se v,

SRR Bh 305 5Bk e CUBRASGHRL TR B Hofrened
eacouppnupdicativegsarcoveralt repag aftaboatr2096- sect i on and

anal yzed using an SEM Trenches about 250-nmin w dth

were measured for undercutting fromthe HF acid etch

onEgamplecd @m CdthlyasER apper of fteh Inintizpet ddws RNk Rstrivewieh

me suredtt about 50-nm of undercutting. On
av Tt i “8¥"8anpl es showed an undercut val ue

of about A]-QafBﬁbouﬁ&Hn @Hs’vlﬂ)luaéd WM& fressRASaSsdling thé)Piesfir€ Sessel was
that the repaired sanple was at |east about 80%

r epeateklp abopl 66 G Apixirer SGCefpe 21l eI AriiRe Wps added to the

15 abBt&Es@@ Qe:f&@i Al PHE preds i v@is%lajtﬁ%lﬁo WBEEH P)‘Stﬂdri‘ OThE Ridle fraction
HF et ch |2‘g an untreated plasm damaged dielectric,

andf the tiefBy baninerie 6 Gl anshet 031 dyfiarholiling teeessdl et the
haX p&n&ﬁgﬂt‘é& gréglgmlé%gﬁ I ergtld? FOQ atagft {Fxmutcs e vessel was

etc I Ng pendence epal r OCGSS
flushed with pure SCCO; to remove the triethyl amine while maintaining the

10

pressure at about 175 bars. After sufficient fluid turn-over to ensure free amine

20 removal, n-PTMS was added to the pressure vessel at a mole ratio of about 0.05 to
SCCOa,. The vessel was maintained at the aforementioned temperature and pressure
for about 10 minutes after which it was again rinsed with pure SCCO, while
maintaining pressure at about 175 bars. The treated wafer coupon was removed
from the vented pressure vessel.

25 The treated coupon and an identical untreated coupon were etched in about
a 1% by weight aqueous HF solution for about 60 seconds. After drying, the
samples were analyzed by SEM. The untreated coupon had an average undercut
value of 50-nm and the treated coupon had an average undercut value of 27-nm. For
evaluative purposes this indicated a repair of at least about 50%.

30
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A coupon was treated as described above in Exanple 1.
However, after addition of SCCO and n-PTMS, the sanple
woR®s04y3 hel d at the tenperature and pressur ePCF/USIOT014435
160° C and about 175 bars, respectively, for about 10

m nutes. After rinsing as described above with pure
SCCO, the sanple was etched with about a 1% by wei ght
aqueous HF solution along with a separate untreated
coupon. Exam nation and measurenent by SEM i ndi cated
an average undercut val ue of about 50-nmfor the
untreat ed coupon and about 41-nmfor the treated
coupon |nd| cating an overall repair of about 20%

co;gpg&cmga]mla@qqobggsagpressure vessel and the

pressure vessel was heated to about 160° C._ A m xture

Of SCCO arft Wafraonpen Was RBCohin aprgatire yessple Phreesouppn was pre-
Vesgtledith frhﬁlﬁ LEFRAUES MO, #5H dbahed nlifuttd filfowelDy a rinse with |

bars. The nole fraction of the triethyl amne to
5 wapuehE€0n. ofterhe pre-tieataenipndrinsgesteps| thacouprn was treated with

TS S OEES AL AN A AU e

r eouEDH Was then ertehy:Id veth HEChh iCbetarmnmalamn iarsgnaf lreenount of a 95% by
pressyr Af t ffici | pi .

t ur émxi'u(g ? grbi}ueo rpg@ygac etic ag d anlé z’itgén %}Eovﬂ\elafgactlon of the
adavedk aoid theSGT @5 sas aboue O ’]%ite @upmh evas aricated ofithathe atid mixture

10 0; SStAROHE P GBINCE Al s e VP SUB PR ool §GC0g After the

m &;éht@& calip&i waktenhoviet ﬁfmmgwngbdpresis?gb \ét’cshél idrereated@upon and
whi | e maji nt ai ni ng pressure at ou
t r 8atdepticakytirea ﬁaﬂp%ye?e&m%dnfa Biha heée ?lggt aqueous HF

Pr eSIHHGA fOEH8t 60 IBnls. EARSIrSRIED B teéa@ecﬁahd @ftRthied®oupons were
untreated coupon were etched I'n about a 1% by wei ght

aq aeyyzedmdsmeasureshby HEMa s urgtgated sonpen hag gpaverage undercut
15dr 365?&9 of gb&%%ﬁg\fﬁé’ ReAOPLNHBH hgb! anaVeragd ﬁnder?ut value of about

untreate coupon had an average undercut value o
501fAmmnHor mluateamm%wtbmn izdtedra rgpair afjat leasi ebeutt80%.

val ue of

a repair I?{«a@ﬂ% gg@te&a out %%86 Egsrc%?& ﬁiﬁt'ég%og&gi 3LRY a repair
Caleiel/gfal 18w abwtc&D‘%EtrKﬁbomawmgémdetbwtlmemeellnecﬁ for ¢hwtt1¢ast about
Su BS%Cr%'pSh %‘rsﬂljng Lé’l }n%th%h%%scrsoeg%bove in Example 1.

20

Example 5: Rapid Repair of Etch Damaged Low-k Dielectric with Catalyzed

Supercritical Carbon Dioxide.
A silicon wafer containing a patterned dielectric layer composed of a

porous low-k film was placed in a pressure vessel designed for processing the wafer
25  in supercritical fluid. The wafer was exposed to a series of supercritical fluid
mixtures for a period of about 1 minute each for each fluid mixture. Each exposure
was followed by a rinse with substantially pure SCCO, at static pressure for about 1
minute. The first fluid mixture was triethyl amine in SCCO, followed by n-PTMS
in SCCO; and then trifluoroacetic acid in SCCO,. After the final rinse with SCCO-
30 the vessel was vented and the wafer was removed and placed on a hotplate at about

275° C for about 2 minutes.
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A waf er coupon was placed in a pressure vessel. The
coupon was pretreated with triethyl amne in SCCO2 for
W@bwano243n nutes followed by a rinse with purePZO2007/014435
After the pre-treatnent and rinse steps, the coupon
was treated with n-PTMS in SCCO2 for about 5 m nutes
followed by a rinse with SCCO2. The coupon was then
treated with SCCO contai ni ng about a small anount of a
95% by wei ght m xture of trifluoronethyl acetic acid
and water. The nole fraction of the weak acid to SCCO
~was about 0.01. The coupon was treated with the acid
m xture for about 5 minutes followed by rinsi ng with

subst ant i SCCO2. After the treate on, was
removed f Tﬁ'ﬁﬁzﬁ%@dmf%waimﬂ’ég%‘ﬂéﬂ\%%@éﬁ §Vta tadping

co Hfé@ﬁlcaﬂfésﬁ} %r@;@éﬂdrE@io dErhiAd Bt e URIEctiB rvﬁlu%tdmﬁéjrepalred
in about a 1% by wei ght aqueous HF solution for abo

60 fitmansceomparable tathg idiglectrie salue @8 agn#tehed rﬁlm’(de@tably lower
co
G The Wel&Rf Glnke G SRAITRATE S e sitfeartliSrater.
5 about soAdhvfanhd abhwee-meeaow I@thymms Arecheaginancarperated by reference

:ZJ E ﬂg{hlgH.::ﬁ?nYl Péttg a rsg}?]gllé%t O?a a{}qefi e asﬁd%g‘%)ﬁu ?‘éég%@cg \I\g&ﬁﬁca]ly

detnd mdmeduztlbamdtdaedabdveen@emratekiéﬂrdm b trefdranoe pons entirety.

r eached | eyel ,of ,at | eas 00/ ut
oot ol ShREREinu B 1RS B dS ST he Wit et o Bief
r eﬁﬁlibbdllﬂl’fﬂnm ittib €0 behhdlstded eHat bathtneurd moddicatiohe mhy be

npl e, 5: d Repair of Etch maged Low .
10 é‘fS@E‘F‘? F"caWﬁL PECARPAFSY é‘athga%%‘f‘}}% t %ﬁl"“c%“ﬁﬁﬁfa“at“’“s and
Di ghodiffcatiBn$ hreit B8 cOAdiBEre8 Within tHeHirdieRHNUAEHSSIof the invention as
dielectric | ayer conposed of a porous |lowk film was
pl & E@EFql?Y%'eﬁi/ g gppenged higretQjesi gned for processing
the wafer in supercritical fluid. The wafer was
exposed to a series of supercritical fluid m xtures
for a period of about 1 m nute each for each fluid
m xture. Each exposure was followed by a rinse with
substantially pure SCCO2 at static pressure for about
1 mnute. The first fluid m xture was triethyl am ne
in SCCO foll owed by n-PTMS in SCCO2 and then
trifluoroacetic acid in SCCO. After the final rinse
with SCCO t he vessel was vented and the wafer was
renoved and placed on a hotplate at about 275° C for
about 2 mnutes. The repaired wafer was then further
processed and eval uated usi ng
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el ectrical testing procedures to deternmi ne that the
dielectric value of the repaired filmwas conparabl e

W@ eooBloe4di el ectric val ue of a non-etched fil mpemUS2007/014435
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15

20

25

30

notably |l ower than the dielectric value of a simlarly
processed but untreated wafer. Al of the
above-nenti oned references are herein incorporated by
reference in their entirety to the sanme extent as if
each individual reference was specifically and
individually indicated to be incorporated herein by
reference in its entirety. While the invention has
been described with reference to preferred

enmbodi nent Is.to be understood that variations

anav%a'illsiéraﬁw}%y be resorted to as will be

apparent to those skilled in the art. Such variations
and nodifications are to be considered within the. )
purvi ew dnd JEBacesstofirpRairing aplasgr eé%hedlépwdéélewt%@mnal

cl ﬂéﬂﬁg@@x@@&%nﬁ%ﬂ%& g\‘\ﬁﬁ;E éo?nﬁ;sﬁh%‘ED I's: 1.

proces repairing a plasna | ow Kk di eI ectric
rrat eri al (Hexippgng at reasiembcsurfdcq:,ﬁ)ﬂ the dicleptepwterial to a catalyst so as

) €

TP DB POSIEn Bl L3k BIBEHEARESofh Uil goues
hydmo@gmmmnﬂ@ mmmnmmwmm and the
surface- ilan t.h bt ai a
Catalyti 0O RS ryE RS ety ERA AR R foent such that the
di allamtdapﬁmgagemtl radctywvith the cdthlgtie iraegmpddiayy agd fornsystinface-bound

t he sil ane cappi ng agent reacts with the ,

cafl nGOMPOHPLY redi ary and fornms surface- bound si | ane

compounds. 2. The process of Claim1, further

conpri si ng: reacting at |east one al koxy group on
the surf&ce- b'é’GrPdo%&ﬂ aBBHpS‘MCBF‘P(‘B‘)“thh wat er

to form @c)s[bmmglat &ra%e Wﬁrﬁu oHYﬁé’ﬁGﬁ{ée%ﬂﬁd kitane
fornmed between cat al yst an he silanol grou

obeenpounds &f élp)ywnﬂe wamré@ ﬁ@m %P‘%m&ﬁ?‘kﬂhé’héﬁeﬁp 2 Bb_sdrogen bond is
Caf’(ﬁ'lﬁéﬁ'b%t Sf&r SI Pf;‘%r‘gng@@oﬁtqh?&@ﬁ lyghgﬁﬁéﬁfnedlary,

group on t e su ace- onpounds o
f oamd whemiriheicataital mtﬁ:emvx(liaw fsactamath a;dqdamt alkoxy group on the

surface-bou ane ¢ 3.

& SRS oG Puble ARBLRTERYE) Tormnp 0 Wb RAFREpBribompen
pr adjectnt surfaceshopad iladd mmhpmmlds'ent and/ or (ii)

present in a diluent.

3. The process of Claim 2, wherein the catalyst in (a) and/or (c) is (i)

present in a supercritical solvent, and/or (ii) present in a diluent.

4.  The process of Claim 3, wherein the diluent is selected from the
group consisting of (i) inert gases, alkanes, ethers, ketones, tetrahydrofuran, and
mixtures thereof, and/or (ii) nitrogen, argon, pentane, hexane, tetrahydrofuran, and

mixtures thereof.

S. The process of Claim 2, wherein (i) the catalyst in (a) and/or (c) is a

Lewis base amine, and/or (ii) the catalyst in (c) is an organic acid.

6. The process of Claim 1, wherein (1) the silane capping agent is a
mono-, di-, and/or tri-functional alkoxysilane, (ii) the catalyst is ammonia, a
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4. The process of Claim3, wherein the diluent is

sel ected fromthe group consisting of (i) inert gases,
wa@bdoanexss3 et hers, ket ones, tetrahydrofuran, anBCT/US2007/014435

m xtures thereof, and/or (ii) nitrogen, argon,

pent ane, hexane, tetrahydrofuran, and m xtures

thereof. 5. The process of Claim?2, wherein (i) the

catalyst in (a) and/or (c) is a Lewis base ani ne,

and/or (ii) the catalyst in (c) is an organic acid. 6.

The process of Caim1, wherein (i) the silane capping

agent is a nono-, di-, and/or tri-functional

aI koxysi | ane, (ii) the catalyst is ammoni a asecondary
atertlar am ne,. and/ pr copbi pati her.eo

(| |S?3°“€85>’ ANaFot (‘b‘)ryéBEﬂ‘?’ ai“ °5°W8Hb Hﬂ'é% EPn(P; gnd/or (b)

Thecairas as®ntqueb@ wiediumdher ei n the sil ane capping
agent in (b) is present in a supercritical solution.

8. The process of Cdaim?7, wherein the supercritical

sol ution ﬁowﬂ%ﬁécésg RECHikt | ,GtlerGRTROSIAAE R4pSiRg afent in (b) is
The process of aim?2, wherein the water in c% I's

5 obPEﬁSﬁ@dﬂfarSGmf(Crl)IC%hfsbmﬂ"r tical carbon di oxi de,
wherei n the carbon di oxide has a noi sture content of
fromabout 0.01 wt%to about 0.10 wt% and/or (ii)
i nj ecti n@.f r Gtheaiyoerss 0f Claink Powhereih dhe supetditigabsalatiary comprises
into reatctl rbgg%sel where (c) is occurring. 10. The

S‘é%ercr ?al meor vﬁ‘nerel n (i) (a) is preceded by
pI asma et chi ng of the lowk dielectric material, (ii)
(a) S prece eS| t ashi of the Lo . .
1002, 12, PLeCeUii b ot phest #LRahhL Ghel BECh Snga from
of stipeecrit Kar@bﬂ |d&ﬁ(t1d.|d @vHi&I]ﬁitheadarbcﬂfkﬁbﬁfde (ha¥ h nfdijturescontent of
fol | owed b%rpa grrier 03|t|o§1 on the | owk
¥

di Somabqut 4) % 49 abopf %yl BRElor §h) fnassiing; frgyn gbout 0.01 wt%

Pl &5 MBoue DR, Qiftds lddoq{emidwesmwefeadc) h2odcfting.
surface-bound silanol groups, conprising (a) exposing

at |l east one surface of the dielectric material to a

15sol uti on 169 ”pfﬂesﬂragesé o EPEMCY, iHebdh (5 Qh)i8 liﬁ'tzceaed by plasma etching
catal yst, and a silane cappi ng agent So as

hy of dxgéQWbbﬁGm!m metenial, b)) @ tsarrgeaded b nhmaoreswt ashmg of the low-
T RGECRE WerFd1! @W{q 9#}9&% 884 Adih cﬂ”tﬁé‘icf%lr&td'& tric material
?erms & ary,evdw’e &l a)t e catal %tl C ?%erme [ ary1 ectric matenial,
r eand/sr (iv) fv) ihfollomed by aczappemgyagleposition oh thenlow-k dielectric
sur face,bound
material.
20
11. A process of repairing a plasma etched low-k dielectric material
having surface-bound silanol groups, comprising (a) exposing at least one surface of
the dielectric material to a solution comprising a supercritical solvent, a catalyst, and
a silane capping agent so as to form hydrogen bonds between the catalyst and the
25  surface-bound silanol groups obtaining a catalytic intermediary, wherein the
catalytic intermediary reacts with the silane capping-agent and forms surface-bound

silane compounds.

12.  The process of Claim 11, further comprising (b) reacting at least one
30 alkoxy group on the surface-bound silane compounds with water to form a silanol
group, wherein a hydrogen bond is formed between a catalyst and the silanol group
to obtain a catalytic intermediary, and wherein the catalytic intermediary reacts with

23



sil ane conmpounds. 12. The process of Caim 11, further

conprising (b) reacting at | east one al koxy group on
wao b@smouniince- bound sil ane conpounds w th wat erP€DUSIOTIV14435

a silanol group, wherein a hydrogen bond is forned

between a catal yst and the silanol group to obtain a

catal ytic internediary, and wherein the catalytic

internediary reacts w than adjacent al koxy group on

t he surface-bound sil ane conmpounds form ng a

hori zontal- network between adj acent surface-bound

sil ane conpounds. 13. The process of Caim 12, wherein

(i) the catalyst in (a) and/or (b) is a Lewis base

o b sdipont ol Ko Skt G (66 eratepaund Rbe SPrppwsIBPEE 2

bagérizdhtAlGhetWwork BERNEH adfactREQRAREboaAd Bifanea:ohffouhdd.y
am ne, and/or conbinations thereof. 15. The process of

Claim11l, wherein (i) the silane capping agent is a

nono-, diys, and/Rbcest bf EXHAL 120 Wderedh ?mésdaltaﬁ?ﬁ’m (d)'a)nd/or (b)isa
the sil ane cappi gg/ 8ent s sélect ed fromthe %
ep 1

5 cohsvithasg apfing; a Dithe petakystipdb) israa organic acid.
met hyl tri met hoxysi | ane, di net hyl di met hoxysi | ane,
"~ trinethyl nethoxysil ane, n-propyl triethoxysilane, and
di net hyI diet Atweypsodeanef Claimi I3, wheresmthetliewis base amiae is ammonia,

non- a ous a [ al
sof V&N » iy supgr cgrg}1 arggfn?éeasagworé&%% gggﬁﬁ%‘ek?ﬁ
process of Claim 11 further conprl ses form ng aI cohol
as a b roduct. 17. T es im.a12, wher
10t he Wat/eﬁ5 i s%glﬁtpa?cr?éﬂofﬁiiﬁﬁ“((ﬁl W Toeé? a ﬂte sigpe E%Prpb%agem isa
di monds diyasd/er fi-flietiond] tkoxdsidatief di)hs snilhrim.iap‘pmgagent is
cont ent ?f from about 0.01 }gt %to abou{m
antfigfted from the gEup GogsistiggPhBdrePdirsmet ’%Stlem‘am%ylm-
0. &Qmetx%mtee&memﬁdrneaﬁsmnaﬂeemtzt }rhﬁet%i)fsﬂﬁﬁe |nsgropyl

occurring. 18. process of Claim 12, wherein (i
( atrigthoxysidanee apd Wﬁéh)déwﬁmé‘b'élﬂﬁ"ﬁg(‘ﬂ? thetsglutigf ik in a non-aqueous

15 di fle@fthh, | nd/RYES 1 su Pééc‘n)tc&las)ol\‘e%t %rs%E)@rQQQCcharbon dioxide.

photoreS|st ashing o owk dielectric material,
(iii) (a) is preceded by cleaning of the Iow—k

di el eot g Tl Alese SRELAN 141N HES B a5 a by-

barrier Iayer p03| Ion on the
mapmdued. . 19. A process of repairing a plasma etched
| ow-k dielectric materi al
20 17. The process of Claim 12, wherein the water is obtained from (i)
supercritical carbon dioxide, wherein the carbon dioxide has a moisture content of

from about 0.01 wt% to about 0.10 wt%, and/or (ii) injecting from about 0.01 wt%

to about 0.10 wt% water into reaction vessel the process is occurring.

25 18. The process of Claim 12, wherein (i) (a) is preceded by plasma
etching of the low-k dielectric material, (ii) (a) is preceded by photoresist ashing of
the low-k dielectric material, (iii) (a) is preceded by cleaning of the low-k dielectric
material, and/or (iv) (b) is followed by a barrier layer deposition on the low-k
dielectric material.

30

19. A process of repairing a plasma etched low-k dielectric material
having surface-bound silanol groups, comprising:
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havi ng surface-bound sil anol groups, conprising:(a)
exposing at | east one surface of the dielectric
wOoraioendal3 t o a sol ution conprising a supercritPCHIUS2007/014435
solvent, a catalyst, and a silane cappi nhg agent so as
to form hydrogen bonds between the catal yst and the
surface-bound silanol groups obtaining a catalytic
i nternedi ary, wherein the catalytic internediary
reacts with the silane capping agent and forns
surface-bound sil ane conmpounds; and (b) reacting
al koxy groups on the surface-bound sil ane conpounds
with an organic acid and water to form silanol groups

via hydraolysis.. 20. The process of d.gi m.19, furt

cormpr i si f Ye’tp&smgas irERc RGO RgS of he ifleqHE dipserAl g fpolution
Vi dohpeikingQ ¢ éféh‘fi@ﬁl%]\&:ﬁt a dady R iidta dihae eb;yp;ﬁg kfeM 8o as to
a substantially caonpl eted horlzontal net wor kK bet ween

¢ hdomm by dregcTh oS berweRtch & s#pbishing th syrfagepoyndsilangl groups
of Og[a{i)ﬁlﬂg 2Qata ylﬁ:r ﬁie‘i’m@&ﬂarj SvHeftih 'tl?edca‘?éﬂ/tlé iﬂtelfn%rdlafrgf ?&cts with the
abou 5 econds to about m nutes at a enper ature of

5 r gilenebeappine@ent andfoons SW boungsilgng 90mmunﬁiﬁofmd

about 30 C

of about (15 EANGHs ARoB gty B RRSe Boyts LEARHORLds with an
Cl arganiDacid/ard edatcr(t@fomsmlaapkgredpsmna lmdrdyhst pl at e.

23. The process of Caim19, wherein (i) the catalyst

in (a) is present in a supercritical solvent, and/or

(i1) the 20at dahesprotess pfilaim 13, émelmrcbmpaisﬂig uent. 24.

The proc ss of, C.a

1000 ont oG B edenaing s ndl PG o1 BEy Aner Tl for vperas =

al lbgpeductthBRbs folnEhg BREbstiriallgbpeipiéted Borizaisl network between

m xtures thereof, and/or éll) nitrogen, argon,

pethesiEtaceboun 5'1%%9"8??598 ¥ uran, and mixtures

t hereof. 25. The process of C a|n119 mherein (i) the

si | ane cappln agent |s nono- ,

tri-functilonalheRTREsS & p&m@ 2q, Mlyerftlﬁ @)dapaqryfétour f) fog)from about
151 S sqel&isSo BGH rrﬂﬁes dtla tér)xgérgﬁxrg 8f BbSiboul 166+ Ptalab a%out 350° C,

amoni a, a secondary am ne, tertiary am ne,
comb(iiafor s ativet 80 keconids jo Ftwut 6@ senonds at atenmﬂaqmectfwbout 175°
rre@uoabo‘J QH v) thewater in (b) is obtained from
(A)” supercritical carbon dioxide, wherein the carbon
di oxi de has a noisture content of from about 0.01 wt%

b 0 d/ f
0701 vt 9605 aTBRCETG iban aterait e ROt pot prate

20

23. The process of Claim 19, wherein (i) the catalyst in (a) is present in a

supercritical solvent, and/or (ii) the catalyst in (a) is present in a diluent.

24. The process of Claim 23, wherein the diluent is selected from the
25  group consisting of (i) inert gases, alkanes, ethers, ketones, tetrahydrofuran, and
mixtures thereof, and/or (ii) nitrogen, argon, pentane, hexane, tetrahydrofuran, and

mixtures thereof.

25. The process of Claim 19, wherein (i) the silane capping agent is a
30 mono-, di-, and/or tri-functional alkoxysilane, (ii) the catalyst in (a) is a Lewis base
amine, (iii) the catalyst in (a) is ammonia, a secondary amine, a tertiary amine,
and/or combinations thereof, (iv) (a) occurs in a non-aqueous medium, and/or (v) the
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where (b) is occurring. 26. The process of O aim 19,
wherein the supercritical solvent conprises
waaseis i cal carbon di oxide. 27. The processPOf/US0aT/M4435
26, wherein (i) the nole percent of the catalyst to
t he supercritical carbon dioxide is fromabout 0.01 to
about 100, (ii) the nole percent of the catalyst to
the supercritical carbon dioxide is fromabout 0.1 to
about 10, (iii) the nole percent of the silane capping
agent to the supercritical carbon dioxide is from
about 0.01 to about 10, and/or (iv) the nole percent
of the silane capping agent to the supercritica

car bon .di oxi d t 3.,0. .28. e

o SN 66 eRiaes o) aprereiges 3508 dipii auiprey IR carbon
pl asdiddehash xﬁi@lsﬁfre cbRtehy¥fordl laab@m 01 wm&b beaﬂ 0. 10 wit%, and/or
(a)_is . preceded by photoresist ash

di éBbHv?qt@ngm'% ebat 0. Q5 P tp apoytd. bq w&é&&ewﬁmﬂéﬁ?ﬁmysml
of WHafe (YU cclinghgctric material, and/or (iv) (c) is

foll owed by a barrier |ayer dep03|t|on on the | owk
Sdielectric material.

26. The process of Claim 19, wherein the supercritical solvent comprises

supercritical carbon dioxide.

27. The process of Claim 26, wherein (i) the mole percent of the catalyst
10  to the supercritical carbon dioxide is from about 0.01 to about 100, (ii) the mole
percént of the catalyst to the supercritical carbon dioxide is from about 0.1 to about
10, (iii) the mole percent of the silane capping agent to the supercritical carbon
dioxide is from about 0.01 to about 10, and/or (iv) the mole percent of the silane
capping agent to the supercritical carbon dioxide is from about 0.5 to about 3.0.
15 |
28. The process of Claim 20, wherein (i) (a) is preceded by plasma
etching of the low-k dielectric material, (ii) (a) is preceded by photoresist ashing of
the low-k dielectric material, (ii1) (a) is preceded by cleaning of the low-k dielectric
material, and/or (iv) (c) is followed by a barrier layer deposition on the low-k

20 dielectric material.
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