PROCESS FOR MODI FYI NG DI ELECTRI C MATERI ALS FI ELD OF

THE | NVENTI ON [ 0001] The present invention relates
wgenroakily to a nethod for repairing and/ or nDECTRISHW6/032395

lowk dielectric materials. Mdre particularly, the

invention is a nmethod for repairing and/ or nodifying

o PROCIESE CoRRb bty e RIS ECR RS M TERIALS

application in the fabrication and repair of

sem conductor substrates, filns, and/or materials,

i ncl udi ng waf ers arflEERI IS THEANNGNIIAN OF THE

I NVENTI ON [ 0002] Semi conductor chips used in a

mul ti tude of electronic devices are conposite

substrates fabricated frommaterials including
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made porous. Utrafine feature sizes and high
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af orenenti oned porous nature of the devices have
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silicon-1level interconnects as conpared to

pne ve pirsefedapiiedridutorBUBSTAE S - filmhB candibrernatibls, WRRIeRg wafers
nature of the lowk dielectric naterials can pose

ah@ohips.cant chall enges to downstream _
el ectroni c- packagi ng processes and materials, facts
that are being recogni zed as i ndustry-w de

BACKGROUND OF THE INVENTION

[0002] Semiconductor chips used in a multitude of electronic devices are
composite substrates fabricated from materials including dielectrics and
organosilicate films. To minimize “cross-talk” between neighboring conductive
traces in solid state electronic devices, these materials are made porous.
Ultrafine feature sizes and high performance requirements in combination with
the aforementioned porous nature of the devices have resulted in mechanically
weaker low-k dielectrics and silicon-level interconnects as compared to previous-
generation materials. The inherently weaker nature of the low-k dielectric
materials can pose significant challenges to downstream electronic-packaging
processes and materials, facts that are being recognized as industry-wide
issues. Most of the problems that show up during low-k assembly can be traced

to typically lower interfacial-adhesion strength in a silicon stackup, and weaker
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I ssues. Most of the problens that show up during | ow k
assenbly can be traced to typically | ower

wonverokeni al - adhesi on strength in a silicon stackws2006/032395
and weaker bul k- mechani cal and fracture-strength
properties. These vveaknesses are well known in the

ustry and ese ef for a n

ol Rt od¥ RophiRge et TrbRB e ol festh Wb iRSsh g well
make t hem nore tol erabl e. ver roces
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or ous substrat es in s surfa def ects and
gﬁ%ﬁg ¢ Fompengate (A thRma of ﬁ!? fojgr E'ﬁu udi ng

re | acement of term nal net h funct| on
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invite absorption of water used during processing
eeftainigg of Hteéemwb@mtqsnw%@és tSHﬁa‘FFaf’%fPPféla”d changes in
di el ectric constant ﬁép i ncrease the capacitive
logalo syrfacg kehemisteyh e tsr fingluding, eplaceyent (aft terminal methyl
number of neighboring traces that can be placed in
foinetional tgyouns vithisnthehergenosiliaie . matrk | with Ingdioxilr prosips davite
i ndustry does not yet currently engage in repair of
ghsagptiomdfawate) udedrdydny puinessingeSych atréaaesthanges i increase
technol ogy has increased. Current research studies
thevmaieaniak sitaleghie donstentp f(iisincidasei thg capantive Saissdalk” in the
trinmethylchl orosilane (TMCS) and hexanet hyl di sil zane
hieidoid), sl @8 djnih theagember ehneighbainghiyacesxiat gaobesplaced in
with trinethylsilyl term nal groups. However, to date,

prorienityf it be dnntles matediadd Vélgientie fasicatien Imnﬂlstry does not yet
mechani cal strength of the matrix materials.

Aneantifionghye irrepair &f @Xgs brashl) damsget euBsip4ss,tiftest in such
repair and/or nodify lowk dielectric materials

@onBalegy BHS iiMd@eased. Current research studies have investigated use of
silylating agents suph as trimethylchlorosilane (TMCS) and hexamethyldisilzane
(HMDS) as capping agents which cap hydroxyl groups with trimethyisilyl terminal
groups. However, to date, none of the investigated agents restore lost
mechanical strength of the matrix materials. Accordingly, a need exists for new
processes that repair and/or modify low-k dielectric materials damaged during
processing restoring functionality and structural integrity. In particular, interest is
in systems and processes that minimize use of chemistries employing aqueous

media and/or processes that employ extensive baking to remove both water and

chemical constituents.



processing restoring functionality and structura
integrity. In particular, interest is in systens and

wonroraesas that mnimze use of chem stries enpCoyiSE®6/032395
aqueous nedi a and/ or processes that enploy extensive
baking to renove both water and chem ca

constituents. SU 004] In one
aspect, a proceggﬁﬁgwﬁﬁgﬂtﬁggayﬁggéﬁﬁg$§y|ng and/ or
repairing a damaged dielectric material, conprising:
ctin damaged di el ectri.c material havin amage.
quﬁéi i anR@apekisa Prccass s ciSeigReetior ociine Riief eptirng
i Si an alkox S|Iane silylati .agent  whereb .
P T bR %m?%ﬂa&m%mg&& ?éie'lﬁfﬂc
the sites and material contacted by the %gent b 4{
matesiabPREPg Q§B@6? sitgs Witp t?o’&e%@r'HP@&f&gBer tfigal iy GamRitging
and/or repairing dielectric materials, conprising the
3n cplkoxysilang dilwgting Agent wherebyrether ﬂgmag%q,,wgssaqeegnodlﬂed
characterized by hydrophilic damage; providing a

sidastardially repairingrthe sites @7d mataial £0 a@e@@w@ve ageny an

al koxysil ane silylating agent; and contacting the

EROO5T i al Wi tanothes aspecH, a whethedyist tiscloseddoramedifying and/or
cross-linked and rendered hydrophobic nodi fying the
repaiingalielectijs meaieniad, lcpmpeisimgrthe gtepleproyidingpd dielestric material
damage of the material. [0006] In an enbodi nent, the

o sttes chawtctarizatl byshypdrbphitie dafmage) pravidjagiac near-critical or
organi c, hybrid, interlayer, spin-on, or conbinations
supererdical {100 @3inptising aneathositeTet sllytdtleg ragant @and tdoatdcting the
or supercritical fluid conprises

material with the fluid, whereby the sites are cross-linked and rendered
hydrophobic modifying the material substantially repairing the hydrophilic
damage of the material.

[0006] In an embodiment, the dielectric material is selected from
inorganic, organic, hybrid, interlayer, spin-on, or combinations thereof.

[0007] In an embodiment, the near-critical, or supercritical fluid comprises
a member selected from Freon®, carbon dioxide, noble gases, nitrogen,
unsaturated aliphatic hydrocarbons, alkanes, carboxylic acids,
sulfurhexafluoride, ammonia, alcohols, methyl amines, derivatives thereof, or
combinations thereof.

. [0008] In an embodiment, the near-critical, or supercritical fluid comprises
carbon dioxide.

[0009] In an embodiment, the alkoxysilane silylating agent is selected from

n-propyltrimethoxysilane, n-propyltriethoxysilane, ethyltrimethoxysilane,



a menber selected from Freon(r), carbon dioxide, noble

gases, nitrogen, unsaturated aliphatic hydrocarbons,
walhk@Eresiid car boxyl i ¢ acids, sul furhexaf! uori depCT/US2006/032395

anmoni a, al cohol's, methyl anines, derivatives thereof,

or conbinations thereof. [0008] In an enbodi nent, the
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not her embodi ment, repairing conprises chemcally
g. ng hydr ophi | i ¢ damage sites conprising termn nal

%i OH) functional groups with an al koxysil ane
@(’ §1 at i né* ggether eHRadingentg repaiing lsemprses lehemipady mapping

hydrophilic damage sites comprising terminal hydroxyl (-OH) functional groups
with an alkoxysilane silylating agent comprising hydrophobic alkyl groups,
whereby the alkoxysilane silylating agent cross-links strengthening the material
substantially restoring the structural integrity of the material.

[0013] In another embodiment, repairing comprises chemically capping
terminal hydroxyl (-OH) functional groups with alkoxysilane silylating agent
substantially restoring the dielectric value of the material and whereby cross-
linking of the silylating agent substantially restores the structural integrity of the
material.

[0014] In an embodiment, repairing comprises substantially restoring one
or more of dielectric values, structural integrity, carbon content, hydrophobicity,
and interfacial surface water contact angle of the material thereby substantially
repairing the material.

[0015] In another embodiment, the dielectric value of the material is

restored to a value less than about 3.2.
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wher eby the al koxysilane silylating agent cross-Ilinks

strengthening the material substantially restoring the
weoerowrmeumal integrity of the material. [0013] PQAT/US2006/032395

anot her enbodi ment, repairing conprises chemcally

cappi ng term nal hydroxyl (-OH) functional groups wth

BRdSHEY 51 clt Fndthetefibogdilc cinssdAked Hr@e.gl oty duius

crosslinking of the silylating agent ntial l
s itbe ML of GEpieE H1an Gl vmtgtt THha WBfer el ”
I[90014] I n an enbodi nent, repairing conprises . .

QBZk ant i aryoth%rsqrataw@eahéem'r'%?w@r caMprises [ncgeasing the
val ues, structural integrity, carbon content,
swiace pHaIePbPRIGty. and i nterfaci al surface water contact
angl e of the material thereby substantially repairing,
[0048]at er inaAnotheD eRbodimetofdrairinanfitsinenernprisae substantially
dielectric value of the material is restored to a
resfodeg It bydrhphohidgity.af tiie materl by suhstantialiygpstoring the surface
enbodi nent, cross-linking yields a Young's nodul us
interfaeial wateheomtactaarigid ofdhe gnateialr t han or equal to
about 14.3 MPa. [0017] In another enbodi nent,
[oene] ri ngld amdther erabogimiest she imteréial m@terneontact agle is in the
hydr ophobicity. [0018] In another enbodi nent,

rafga fronnabdut B legrezstp nbsetD5sdayséemnor latley. r est ori ng
the hydrophobicity of the material by substantially

[0D20P! | NG It heobkr feattmdimént fasdinng wather coodrizes sabglaatially
of the material.

restoring the carbon content of the material.

[0021] In another embodiment, carbon content is increased to a value in
the range from about 3% to about 15% (mole-fraction basis).

[0022] In another embodiment, alkoxysilane is selected from the group
consisting of n-propyltrimethoxysilane, n-propyltriethoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, methyltrimethoxysilane,
methyltriethoxysilane, dimethyldimethoxysilane, derivatives thereof, or
combinations thereof.

[0023] In another embodiment, the near-critical or supercritical fluid
comprises a member selected from the group consisting of Freon®, carbon
dioxide, noble gases, nitrogen, alkanes, carboxylic acids, sulfurhexafluoride,
ammonia, alcohols, methyl amines, derivatives thereof, or combinations thereof.

[0024] In another embodiment, the fluid has a density above the critical

density for the fluid.



[0019] In another enbodiment, the interfacial water
contact angle is in the range from about 80 degrees to
wahoort02944 degrees or better. [0020] | n anot her PCT/US2006/032395
enbodi nent, repairing further conprises substantially
restoring the carbon content of the material. [0021]
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conbi pati ons ther eof . [0023] In anot her enbodi nent,
ar-critical or supercritical fluid conprises a

r selecte fromt up c i sting, of Freon
g@:&% n di d%iqe %O%P@Jgﬁggtﬁh% qc{;fééﬁea %%@Scarbmsyhc acid
cqrbo§¥llc aC|ds sul fur hexaf | uori de, anmoni a,
sglegirgitom aeatigyACihaRdivsormaigacidat i ves t her eof , or
conbi nati ons t her eof 0024] I n anot her enbodl ment ,
{00281 vi 'Hﬁ’@%@ﬁ%m‘l&m%fo\ﬂée medifiariis |a@aalcae¢issaje;/ct¢<b|from
the fluid.[0025] In another enbodi ment, the fluid
RGHANCk @thangt. ixaprenanel, @écgmbmaper@%’@@r@ﬁ n the range
from about 800 psi to about 10,000 psi and a
{Q029%r at urle anathenembadigeertts e didlectric mMateda is prebieaned prior
300 OC.
to contacting with alkoxysilane silylating agent in the near-critical or supercritical

fluid.



[0026] In another enbodi ment, the fluid further

conprises a nodifier reagent. [0027] In another
wenhodesemmt , the nodi fer reagent is a carboxyl PCTAaS2@6/032395

sel ected fromacetic acid and/or formc acid. [0028]

I n anot her enbodi nent, the nodifier is an al cohol

combi nat | ons BEFABFSCRUTISN OF THE PREVRRR: . nont

the dielectric material is pre-cleaned prior to

contacting w th al koxysilane. silylating agent i he .
FR30TC: 1 ¢ o o Caipietes apreciation) of ineaip el b Terelly
OF THE DRAW NGS EOOSO] A nore co I% a greci ation, of .
eiaine HEIRIANGA [ B oIy HSsSIRaN M dhe peoabmaningecraying
the follow ng description of the acconpanying draw.n
innwhilghclike nu@eraisrdn Aiderent foyres eRrtesent i §ag’@pﬁf§%‘éH”%S or
the sane structures or elenents. [0031] FIG 1

elemests at es use of surface interfacial water contact

angl e as a neasure of damage (e.g., hydrophilic

R0he) afdGel dustatgsuseHf QU@@%HWFQF@C%W§?$&PQ’EG‘C¥ angle as a
and/or material. [0032] FIG 2 illustrates a reaction
resswe ahdamagee(e.@f hydfdpbilict taroags) eesddipied ovith a dielectric
nodi fyi ng and/ or repairing dielectric substrates,
$ubsirate, dimol/ and/orahateriall s, accordi ng to an enbodi nent of

t he i nvention.

[0032] FIG. 2 illustrates a reaction vessel and system of a flow-through

design for modifying and/or repairing dielectric substrates, films, and/or

materials, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] While the present invention is described herein with reference to
the preferred embodiments thereof, it should be understood that the invention is
not limited thereto, and various alternatives in form and detail may be made
therein without departing from the spirit and scope of the invention.

[0034] The present invention relates generally to a method for repairing
and/or modifying low-k dielectrics, including, but not limited to, e.g., substrates,
films, and/or materials. More particularly, the invention is a method for repairing
and/or modifying low-k dielectrics damaged by (e.g., plasma etch) processing.

The invention finds application in the manufacturing and repair of semiconductor



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0033] Wil e the

present invention is described herein with reference
woaod7hesnu ef erred enbodi ments thereof, it shoubPdThis2006/032395

understood that the invention is not limted thereto,

and various alternatives in formand detail may be

made therein w thout departi fromthe, spirit.and
SYBFRD MageRtP RN S FonT RS oF eD R ik HeTorh B Eqnects
rel ates generally to a nethod for repairing and/or
angdne &g | ow-k diel ectrics, including, but not

limted to, e.g., substrates, filns, and/or teri a%s.
[083& par t Thaiterm yLow-Kediglgeigat A8 rihe degn ri%t‘ﬁ@ﬂr?%?m refers to
repairi ngi and/or nodifying |owk dielectrics damged
sbstraies,. ims| asdar materalphaviea s diglecireconsiamt(kd He'%vvna%wt
application in the manufacturing and repair of ) )
F2 ifiheok ofi §iG2)s Lbwtk dietesiriasninelyees et arer el ingited to, inorganic
sem conduct or chi ps and wafers, interconnects, and the
(hoiearbop 065 silithie-basedh tietastricsdi asparie r (carboasbased) tdiglggtrics,
is used herein refers to substrates, filns, and/or

hyhtie r(inafganitaniganich ditiesitréast oF combinatians thekgofbbpwvs distegtrics
3.9 (the k of SiC2) . Lowk dielectrics include, but
fimde uset as,i wig. ednteplayenqoganiec-lgvetn dietedirios ¢i.D) and spin-on
silicon-based) dielectrics, organic (carbon-based)
dileletieies (SOB) inhyapticohdlicturdgaicks,-ut geennof) linditexl thetatd.ddaterials
or conbinations thereof. Lowk dielectrics find use

%, ussBistediHekélh ak@éndedrto betreprebentatiye, tiotliraiting cs
(ILD) and spin-on dielectrics (SOD) in sem conductor

[@os6res, m&%@ﬁ@_lm HielictrR@ indrie} dut Mré edtalinsiteaando, e.g.,
uses listed herein are intended to be representative,
iRGgahicBxide3Tporous oxides, oxide-like materials, glasses, silicates, or other
inorganic materials having dielectric (k) values in the range from about k=1.3 to
about k=3.9. Representative inorganic low-k dielectrics include, but are not
limited to, e.g., NANOGLASS® (NanoPore, Inc., Albuquerque, NM), Fluorinated
Silicate Glasses (FSG) (Intel, Santa Clara, CA, USA), and like materials.

[0037] Organic low-k dielectrics include, but are not limited to, e.g., polar
~and non-polar polymers, benzo-cyclo-butene (Dow Chemical Co., Midland,
Michigan, USA), oxazole resins, aromatic ethers such as SiLK™ (Dow Chemical
Co., Midland, Michigan, USA), Fluorinated Arylene Ethers also known as
FLARE® (Honeywell Morris Township, NJ, USA), polyimides, cyclic olefins such
as polyquinoline, conformal coatings such as parylene® (Parylene Coating

Services Inc., Katy, TX, USA), poly tetrafluoro ethylenes (PTFEs), or like

materials.



[0036] Inorganic lowk dielectrics include, but are

not limted to, e.g., inorganic oxides, porous oxides,
woxiaiardiltke materials, glasses, silicates, or BCH®IS2006/032395

inorganic materials having dielectric (k) values in

the range from about k=1 .3 to about k=3.09.

Wﬂfgnagﬁyq\fﬁ &i%\@é}ﬂ@é‘b&gblgé/% ﬂﬁﬁ&i@l&i%}%@%@n%é@@ dielectric
b@‘g%gal:ﬁ RUEHRGILS: B’fglrg}tgé %@Ale'bﬁsg%aﬁlc élﬁ{?a[tg eg(ﬁa&%§e(%)SGs)
gﬁ'{'ngtwlgh& sE lo%?ﬁﬁo]tn %(?@é,?blgegﬁl?ﬁsk és Igﬁ d'i-h(% _oﬁ(gfdgﬂg-%lloxane
RBUHERS s PR ¥ Wl it BB I i . v,
IR BUSAPame Sh b AR B . o,
@Wﬁf*s&é@o&m”%%&%@%ie@"éﬁy%aﬁ%gf%gﬁﬁ‘%a’ne (HSS0Q)
%{lﬂ orﬁ&y‘fs&%&@@ Ch§§ eﬁi/g}oer%gfl(&;o)buéﬁﬂe;)(/PECB) poly aryl
tetrafl uoro ethyl enes PTFEs) or lik

aihers (PAES), stranesyaatyratedi icopopyeen Btﬁf&eﬁk@nﬂﬂilée materials.

fam |y of 1inorganic-organic dielectric materials, _
M9 di ng, Theuerm odamagn’ ea/or odanaaged asrthetaraissre uged berein
gl asses (0SGs), 3-nethylsilanes, silicon oxycarbide
fafermie gisicrs) and/prashiemicahclangessio dirlgaticrybyinates, Emsoand/or
known as HOSP(r) (Honeywell, Morris Township, NJ,
wstyrialsehaigetegzddonaenre @dhymfsth@ tatlawing ratative tass (Jnglamaged
(Honeywel | , Morris Township, NJ, USA), silsesqui oxanes
lem}rebeiaedl’dcmr,ol .eli)glecrénses ogen el cdenti toXessethaRSBOUt 3%
(mole fraction basis), (ii) increases in dielectric (k) value to greater than about
k=3.2, (iii) increased hydrophilicity (decreased hydrophobicity) as assessed by
surface interfacial water contact angles below about 45 degrees, and/or (iv)
decreased structural integrity and/or strength as assessed by decreases in
Young’s Modulus values to below about 10 MPa. Damage indicators described
herein are intended to be representative, not exclusive.

[0040] The term “repair” and/or “repaired” as the terms are used herein
refer to structural and/or chemical changes of dielectric substrates, films, and/or
materials relative to damaged controls characterized by one or more of the
following: (i) increases in carbon content values in the range from about 3% to
about 15% or better, (ii) dielectric (k) values of below about k=3.2 or lower, (jii)

increases in, or restoration of, hydrophobicity (decreases in hydrophilicity) as

assessed, e.g., by increases in surface interfacial water contact angles to values
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and met hyl -si | sesqui oxane (MSSQ, perfluorocycl obutane

(PFCB), poly aryl ethers (PAE s), siloxanes (saturated
weiizbizmesrieoxygen hydri des), and |i ke naterial s. PCO@32]06/032395

The term "danage” and/or "damaged" as the terns are

used herein refer to structural and/or chenmi cal

irhthegrange droth ebeutt 80°Ctosasit 198¢ ©F beftb, 'Eﬁd/cﬁ“tﬁ/é #creases in, or

mat eri al s characterized by one or more of t _ ]

festdratiorngf, iserligtural entbritd mnd A FREEH F'the %?»élé&ﬁébéf@{irate film,

control: (i) decreases in carbon content to |ess thaf

ahd/ot nidfter(alseadsedsdd, ¥y.0 8% Youngls M})dlIJIEQ %ﬂ%g%régter than or

dielectric (k) value to g_re_ater&ésg:an about” K=372,

fual Yo bBEGEAS : |ihdiChth¥s ib&G h&fei int b
ﬁ?f%ar%%ﬁgg?tgﬁﬁwgés{q&a%g@&gg %y surf'ace .ﬂ?‘%ﬁ%m gjded to be

HBFentRilh ARbt S, PO 2PMbiet? of %I%&ﬁ%ﬁﬁ@%ﬁ#ggms

(1v) decreased structu_raIYln egrity aI AL

'S ul.us .
RPN (ERRIERAE I R o MG Bl it
B0 B SoB R BB Rl SSELLY e or o

#hepe are used herein refer to structural angl/or
cﬁem’ cal changes of dielectric substrates, fil s,

' [ d ed nt r ol
RRAYE o IRk o i R e tce e b ratar coipct angle
' j b t | u in the range from
B6E 9561, il sty acaesersingidogres e wiemage {ajandlor

k=3. 2 I , (111) Increases
HBSE T Hoter Gy SR RoSrylar aBnms DG rateiie msausl s repair

dr ilicit as assessed, e.g., by increases in
t %PPQ? OWtﬂ?te?%/%IEi%H thgatietid-sglift dnterfags)icorelatesy wlithedégree of
t he nge, from about 80 to about 95 or better, and/or
rkyp(go\;\ﬁiﬁgy Qettabilify) or gydrophobicity of the substrate, film, and/or material.

The greater the damage to the substrate, film, and/or material, the more
hydrophilic the material, which correlates with a contact angle 25 at the liquid-
solid interface that is less than that measured for an undamaged control. The
more pronounced the damage, the greater the difference from the control value.
Likewise, successful treatment effecting repair of a dielectric substrate, film,
and/or material increases the hydrophobicity at the liquid-solid interface
correlating with a contact angle 28 greater than that measured for the damaged
substrate 20, film, and/or material. Difference between the measured values
relative to controls approaches zero as repair is effected, and can thus be used

to assess effectiveness of the repair and/or treatment.
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restoration of, structural integrity and/or strength

of the dielectric substrate, film and/or material as
wagswaeed4 e.g., by Young's Mdul us val ues grelCemSkaN32395

or equal to about 14.3 MPa. Again, indicators

descri bed herein are intended to be representative,

not exclusive. O her par ag&ters of dielectric

substrates, films, and/or ials being treated may

| i kewi se be nonitored and/ or neasured in assessing

degree of repai r as will be selected or underst ood by

t hose of skill in the art [Oorjllj Fl G il us}

[9942]1 suﬁPH@@tslﬁﬁ%t?%Eqré'Fe\ﬁé‘f i \%B'Hf‘h@fe HAYr 8 compressmle

(contact angle) as one nmeasure for assessing de

erdiswigtied fﬂenaﬁa%ﬂwém ahgasesn neargriicgk fluigs, anscitupﬁgcﬂt'ca' fluids

substrates 20, filnms, and materials, as well as repair

inpladiagf bubaet dititaghin.e BiEonBe nqb!m.g@sgw carbpRt dpxide e(CO2),

correlates with degree of hydrophilicity (wettability)

mitrogsrd fmwmamratpd@hpha@ Rydseearaors (6.9 pihyiang).crlkanes (e.g.,

material. The greater the damage to the substrate,

éthiane, propkrey, butane),i derivatives theieof kgids epleratrituaraethane, methyl

material, which correlates with a contact angle 25 at

arhimeb) and thedike)) alavhelsf earboxyiatacids, belfishexediboti¢ieatammonia, or

nmeasured for an undamaged control. The nore pronounced

édmbidatitgahelcdt \ierainahe tilorl dérisitgr(pniseselaated bbeve the critical

control value. Likew se, successful treatnent

@éﬁ:ﬁigt(b prgorr fﬁ@"ﬂéat aligai.gl & sy i 1|°’h¢§ R Jehsity (dcmor the neat

I ncreases the hydrophobicity at
rface correlating with a contact
A8 Sy aPby ¢ %M ila

er than that nmeasured for the danmaged

Pe :[(E)X(M'W')]

(1]

where V. is the critical volume (m!/mol) and M.W. is the molecular weight (g/mol)
of the constituent fluid (“Properties of Gases and Liquids”, 3ed., McGraw-Hill, pg.
633).

[0043] Carbon dioxide (CO,) is an exemplary solvent fluid given its useful
critical conditions (i.e., Tc= 31 °C, P, = 72.9 atm, and a critical density (pc) of
approximately 0.47 g/mL, CRC Handbook, 71% ed., 1990, pg. 6-49), and low
surface tension exerted on pattern features (about 1.2 dynes/cm at 20 °C,
Encyclopedie Des Gaz’, Elsevier Scientific Publishing, 1976, pg. 338) of
electronic substrates, materials, and/or films. Densified COz further exhibits a
100-fold better diffusion compared to aqueous fluids [see, e.g., Chemical

Synthesis Using Supercritical Fluids, Philip G. Jessop, Waltner Leitner (eds.),
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substrate 20, film and/or material. Difference

bet ween the neasured val ues relative to controls
wapprgaches zero as repair is effected, and caRCThS2006032395

used to assess effectiveness of the repair and/or

treatment. Sol vents [0042] Solvents sel ected for use

?Zree{s. 7Y&6 P e JFtHCioE BRI AR P Slgeri et o
eonf(i&% bér:]r?b aft EH 'aﬂalo'r ﬂ'mltlﬁegi'oﬂ%f.tpé'%)ar%%% (tlzlalﬁt?ﬂx to??ct R ’éié%ectric
%Pﬁgt aé%@é)%ﬁmgr%foz& |%| ee?é%f 'bg ﬁyrﬂég ?%ﬁ (églrs%(r&%ﬁ(i&egn elf addition,
%@”ﬁ”f?t KR S48 oot e Sl ey /e8] Propessing of
nmb

evag@vg“nba%%rraﬁexa HERpr A EIBr s (p) i 5 sel octed
W o Tk b e, o o
Phaitcr '“"cﬂgq' S0BHLID (31t PrararAIA 1 Soatel GAGeeh aMore

/m)I of the constituent fluid ("Properties

ht
8?“@'@6& Sme@twﬁﬁﬁden%@w COmeee soleried|up tggabosfs,@@ °C with a

[ 0043] Carbon dioxide (CQ2) is an exenplary sol vent
pragsereginvien ranrge fieer appous BoPirshto abeidi 3009nesiy iMest partipularly,
310C PO =72.9 atm and a critical density (pc) of

mmqggﬁum gi dempified §Qzare GREAech ifb dwsk rangeifsemerbhout 20 °C to
1990, 9. 6-49), and | ow

about 25 °C with a pressure of about 1100 psi and a density exceeding the ”
critical density of pure CO. (i.e., p. > 0.47 g/cc). Suitable temperature and
pressure regimes above the critical density may be selected from plots of
reduced pressure (P;) as a function of reduced density (p;) where the
corresponding reduced temperatures (T;) is identified. In general, densified
fluids at supercritical fluid (SCF) conditions need only exceed their critical
parameters. Thus, for a CO,—-based system, above a temperature of about 31
°C, a pressure for the SCF system need only exceed the critical pressure of CO..
As will be understood by those of skill in the art, addition of modifiers (e.g.,
simple alcohols) typically causes an increase in the critical temperature and
pressure of the solvent mixture; conditions are adjusted accordingly to maintain,
e.g., the near-critical or supercritical conditions. Many temperatures for SCF
systems are practicable if the density of the solution mixture is maintained above

that needed for solubility, meaning many density increases may be exploited in a

densified fluid by effecting changes to pressure and/or temperature in the
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surface tension exerted on pattern features (about 1.2

dynes/cmat 20 0C, Encyclopedie Des Gaz", Elsevier
waebwresfikc Publishing, 1976, pg. 338) of el ecPCOMISL006/032395

substrates, materials, and/or filnms. Densified CO2

further exhibits a 100-fold better diffusion conpared

tsgstenueSimiiar bt gasatrsefocte cin beCHETh&R N @(ﬁi ﬁ&aaé SvHeFe Pgher
Supercritical Fluids, Philip G Jessop, Wlt

ldehsifies magbe. éxthle@)és‘a fUEt'SﬂnonQQ resl @é?&gpfeﬂg)gﬁégtp

rapid transport of reagents, rmva ypr
penetration and/or infiltrati on of the porous rmtrl X
of lowk dielectric substrates, filns, and/or

materials, being mdi‘fiﬁﬁiléqﬁg/ag%n#epal red. In

addi ti on, solvents and e invention are
readily recovered foll ow ng processing of the various
mat eri als, substrates, and/or filns. [0044]

f I ted . :

Jaumg = ey’ BrodlSinhl SRR IS SRLEC KR 9 daecri
1 \%o] ticula ,

PSSR PR dRklors Mot b PenedRe FulfBen msthgsgﬁqmt and

et et s Ro@tg'th”vaéé‘fw e S Aaweeaba more

Pt e Focf At e

h | d t ure

BB, Fo 8080 R 85" 2B Bipvin o ohblnd ol v i
ressure r mes above the critical density may be

g%ﬂl%%‘i 'eg W'ﬁb YArigUs stylging agarnde whighears selibjepn-the gelegted near-

ion of reduced density (pr) where the
@ﬁP@LéB?Bﬁ&Pﬁ@?”P% Jlids. t Sityating @oests(ased) ini eonjunction with the

i dentifi ed. dqeneral densified _
invention are selecte from the group of alkoxysilanes including, but not limited

to, e.g., n-propyltrimethoxysilane, n-propyltriethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, methyltrimethoxysilane, methyltriethoxysilane,
dimethyldimethoxysilane, ~derivatives thereof, or combinations thereof.
Concentration for alkoxysilane silylating agent is selected in the range from
about 0.0001 wt% to about 10 wt%. More particularly, concentration is selected
in the range from about 0.0001 wi% to about 5 wt%. Most particularly,
concentration is selected in the range from about 0.0001 wt% to about 1 wt%.

[0046] In the repair process, alkoxysilanes attach to terminal hydroxyl
(-OH) functional groups, which are characteristic of the damaged material.
Hydrogen leaves the terminal hydroxyl groups whereby alkoxysilanes bearing
hydrophobic alkyl functional groups cap the surface oxygen, simultaneously

linking to neighboring surface alkoxysilanes, effectively cross-linking across the
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fluids at supercritical fluid (SCF) conditions need

only exceed their critical paraneters. Thus, for a
wamymasad system above a tenperature of abouPCBUS20&032395

a pressure for the SCF system need only exceed the

critical pressure of CO2. As will be understood by

%@?Sf:v,' Ueri %‘fﬁgi ki boafdiinh! 8 GeidtBill Ghf Buurmipg the
LN t [y : _
eBnbest “hibae. | BERG 1S BRB LI EE hudPlhobis , stete.

o mai ntajn

EaRaPRaRIAY oiinyirdatesh skBR e el Bsamaley B e, 268sses
G v, BB USGAN SRS APt PORIo S 19 S9N b Face)

many density increases may be exploited in a densified
intariage 19 the featefialg thenaergalted: dntgrfecial wates c@ntsct angle”. Cross-
tenperature in thesystem Simlar or greater effects
bkingoehasactenistisefithe alcpxysilanasiylaiies @gahigre furthenseirelated with
may be exploited as a function of pressure and/or
s@stantiat imerovemepitaitinn and{enresteretians| of et @8-, peybes seeents,
damages the silica structure of dielectric substrates,
diatestricavalyesantyung'sf Mpewlus bgnd/eppibier nhysical frieeeriies Igpnsistent
groups and internal nethylene groups with hydroxyl

witio thespreedam dgedgcanditianyeséemenistrated in Exampip$ ptesented herein.
organosilicate structure. Lowk dielectric materi al s,
Aybstsr aee avoidad/ lnavirdg | puterdiairetg egertiraten gofpley. wastec fpyoducts
processing are nodified and/or repaired in conjunction
inicbipstlé owith Selectert isolyenaig@oids, Wiuluaiingar buts nbtubinded rto, e.g.,
the selected nearcritical and supercritical fluids.
Firhath@EHio@sitgRNTEMGSE dindnheenjethadisiiane (HMDBR For example,

HMDS generates ammonia as a byproduct of the silylation reaction which in turn
reacts with carbon dioxide producing carbamate species that can further react to
form insoluble urea species. In contrast, silylating agents described herein
produce 'byproducts (e.g., alcohols) that are readily soluble in the solvent fluid

and easily recovered following processing.

Substrate and/or Material preparation

[0047] In some cases, improved results (as measured by interfacial water
contact angles, dielectric values, structural integrity improvement, cross-linking,
and/or other associated factors) for dielectric materials and/or substrates
modified and/or repaired in conjunction with the invention may be achieved when

substrates and/or materials to be modified and/or repaired are cleaned with a
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invention are selected fromthe group of al koxysil anes

including, but not [imted to, e.g., .
wao2pr7apyiisr i met hoxysi | ane, n-propyl triethoxysi Pames2006/032395

ethyl trimet hoxysilane, ethyltriethoxysilane,

met hyl tri met hoxysi | ane, nethyltriethoxysil ane,

dieamingydgéineClbaniyg réracess eleh lawaldr\fﬁécésgﬁnb%gldugé Fnd/or other

conbi nations thereof. Concentration for koxysi
sohtghriidnity thgeniay nteérecih@d tHe checd {neén &P Ulsrface
0.0001 wt% to about 10 wt% More particul ar

3004408 S 6L 0D TR Ao i

HAGiBRENRdUBBrAtes Sfﬁhgcér?d}*or' rﬁs%lﬁgisr F)Hfs ﬁg} ?ﬁ%ﬁgé have been

0.0001 wt % to about 1’ wt % " o ox
FESS SR AN A ) B AR LB
' ﬁ%@lfi@ﬁf@’ggﬁd/m V\E%th thiY g[kggzéqla ? gmgtlr{ggaiqqt anmo?lg approach,

hydr oxyl groups ereby a ySi f
M@@P@dﬁo%@%a{eﬁﬁgér Q%aﬁgmrg ﬁ@fjg lﬁ}grﬁlﬂgggﬁgg gl&tg,:al or

oxygen, sinmul taneous

e [ e, sl rumer
. §1?’?§55' |f\8$lp87at<?ch{aQ%L§1nﬁy&P Wﬁg&a %dﬁr%lgjfgasrtarp%troeach Isubstra’[es

d bstrat terial
LB S R
I t ot i qui d-sol i
(ke Bty rﬁ;”sﬁn%ﬁ@aﬁf”age@e%olwé flist and aFying Nader inert (e.q.

- cal,l terfacial water contact angle
'&8 Ca> %Wﬁlan%fﬁapae?@?tfaé@n@fd%tlmfaaatpd@muw araferably dilute,

ily | egentsmfurther correlated with
%gbs{ 2(519 g‘l" WA \RYEeitEe; With amaten to rmaisirsizat padentia for etch

.g., carbon contents,
d%ngage to important structures or pattern features (e.g., vias, trenches, and/or

other chip features) of the substrates, films, and/or materials being processed.
As will be known by those of skill in the art, changes in critical dimensions (e.g.,
width, depth) of structures and/or pattern features or other surface phenomenon
may be measured in conjunction with, e.g., Transmission Electron Microscopy
(TEM) or Scanning Electron Microscopy (SEM) analysis, other chemical and/or
instrumental analysis techniques, and/or comparison with substrate and/or
material controls. No limitations are intended.

[0048] Cleaning and/or rinsing (e.g., pre-cleaning) of substrates and/or
materials may be done using any suitable solvent including, but not limited to,
alcohols (e.g., methanol, ethanol, isopropanol), carbon dioxide, and aprotic

solvents including, but not limited to, cyclohexane, alkanes, ethers, or
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di el ectric val ues, Young's Mdulus, and/or other
physi cal properties consistent with the pre-damged
woandioéam, as denonstrated in Exanpl es presenPed/US2006/032395
herei n. Agents are avoi ded having potential to
generate conpl ex waste products inconpatible with
' ids, lu u I
Fg&ﬁfﬁaggnss%&%gt. E?éé'}r]]ﬂ'@r oélailﬁan@ﬁéq%) Erth%'d M&.heeod and/or
th I e
IR %%%%hﬁ@%asﬁm%t%ﬁaﬁ%ﬁ%ﬁf%@e b Agpiegising tike
act.i on i.ch turn reacts h carb |
e 'Hga%@zj{wsaﬂf&%%%@e?le@a@ b o e " Ful fy e ot or
|nsol bl e urea.specie In co S lela
spafbus Bictale buitordid fiayt BaibebgRhoRthition gRhidh, eg.
| cohol s) that ily soluble in the solvent
V‘H‘Qﬂ‘"ﬁﬂ(ﬁ'“@%@‘? @"‘S:é eigred fol | owi ng processi ng.
ubstrate and/or Mteri aratign [0047] In sone
f%%‘e‘*ﬁ i wd\ﬂesté%r Feeegﬁmss?m*a@ @r’gbéraﬁ'%n%y eignt Wteac pagtic acid,
wat er contact angl es, dielectric values, structural

Qi RGiely Aoy oliBhBelecied TeaaRIYs. TRFge oakienally igiraruced to the

associ ated factors) for dielectric materials and/or _
seiwentr Buid donipiliate, duomAte: sataygeai andipr accelaiplendesiied reaction
with the invention may be achi eved when substrates

gfﬁmtstrleﬁaﬂ@udlagsbwtdmjélnn@du i ed-.almirolysis.cpelymedzatios, and/or
cl eaned with acl eaning agent. C eaning renoves etch

aregs-dnkipg ook gbé nglkexysilanee ssilxlating r agertie randéort attienaassociated
that may interfere with the critical chem stries .
thenistriesur fRwthehy diaaiifiep neagentst meludpigy se.gal methanek sethanol,
associated with nodification and repair of the

sopfopahol, and/ob stheasekectelli reagents,nmday be raptienallyl istroduced to the
Vari ous approaches have been

solvent fluid to promote dissolution of the active reagents in the near-critical or
supercritical reaction medium. Concentration of modifiers is selected in the range
from about 0.0001 wt% to about 10 wt%. More particularly, concentration is
selected in the range from about 0.0001 wt% to about 5 wt%. Most particularly,
concentration is selected. in the range from about 0.0001 wit% to about 1 wt%.
No limitations are intended.

[0050] A system for modifying and/or repairing electronic substrates
and/or dielectric materials will now be described with reference to FIG. 2.

[0051] FIG. 2 illustrates a system 100 for modifying and/or repairing
electronic substrates 20 and/or dielectric materials, according an embodiment of
the invention. System 100 includes a processing chamber or reactor 10 suitable

for operating at selected temperatures and pressures. A selected solvent fluid is

introduced to system 100 and reactor 10 from source 30 (e.g., gas cylinder
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successfully tested to clean substrates and/or test

materials in preparation for nodification and/ or
woepEin4mit h the al koxysilane silylating agent PCTAUS2I¥6/032395

approach, substrates and/or test materials are cleaned

in conjunction wwth a near-critical or supercritical

and/bapump). Pikoxgsilane sigbnd BEENt 8 ikPodiRBE f source 40 (e.g.,
appl i gatl on nunber 10/851, %88 i ncor por at egﬂ?}erel n i n( g

hibéing ot fluigtvwesseiN tarRichR 103RRIPRF Bf a %)‘L‘JP@ Yt 652 %?%ﬁ(&% form

materials are pre-cleaned with a dilute prepar

Witdrtné |sericicd s@vsht (fidk. . Aliteiia g\@g x: Ibyla{tlhgsédé?xt W']é;ﬁb@ mixed in

pure solvent fluid and dryin

fahSiO L Packr MU BY %ﬁ/enpﬁlﬁ‘ie Srh %y%og% ﬂ?ﬁ{ﬁl t’?‘)rql%h) rée 40.

but is preferably dilute, e.qg.,

SR S ) e
€GmpBoneny. "ﬁem%hf%mcpﬁ@on g/ 85v1§%s? Sﬁr g)@ééerﬁ%%rfess el 100,

t he substrates 7 or

lﬂﬁlﬂﬁﬁ'@ﬁ%ﬂi arﬁﬁoWeEblet?edelﬁPgraisMgbtﬁgfsg%é%ngcb\%lé s\;@rﬂ)@nﬁd E:gndwt 34

hanges In ¢ i ca

QPP o SR S UE el Ton it comebiipine @%tct‘é?rm s
M

fﬁ“h%‘rnf%ﬁ%&ﬁ G REANS aﬁgrﬁf% m‘%&f«iﬁ% b seRBed vaives
I echni ques,

%&S’ﬂ‘sﬁw@ ”d’é’r%dﬂ pedt B exariile. iiher smbedmenls, source 40

tatl ons are intended. [0048] C eaning

rBﬂ%I/béar dfsipﬂ§?q1 g°’°( as ot tgy e Jireghy rigfineomits usaitreent39s permitting

be done using any suitable

[ or S mafy
'E%‘?R?éﬂ?”‘i WS’PGWWQ ofi3ilylaing agent incgithes, premixed or pure form to

reactor 10.

[0052] In the instant embodiment, operating temperature for reactor 10 is
selected in the range from about -40 °C to about 300°C, but is not limited thereto.
More particularly, temperature is selected in the range from about 25°C to about
150 °C. Operating pressure for reactor 10 is selected in the range up to about
8,000 psi, but is not limited thereto. Contact time between the dielectric
substrate, film, and/or material with the solvent fluid comprising the alkoxysilane
silylating agent is selected in the range from about 1 minutes to about 48 hours,
but is not limited thereto. More particularly, contact time with the substrate,
material, and/or film is selected in the range from about 3 minutes to about 30
minutes, but is not limited thereto.

[0053] As will be understood by those of skill in the art, system 100 may

comprise any of a number of elements, components, vessels, and/or devices
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al cohol s (e.g., nethanol, ethanol, isopropanol),

carbon di oxide, and aprotic solvents including, but
waavo7teaitted to, cycl ohexane, al kanes, ethers, PCT/US2006/032395

or conbi nati ons thereof. C eaning and/or rinsing of

treated, nodified, and/or repaired substrates, filns,

R i B Bt SERLPE aHE EnbFRhEE ol ey Aty be
SRR b AP o RO o
d NEAF
9%%@&%?570 %@*Ff %”%”'Cﬁ%%ﬁﬁ’ﬁéyg% ngiiph 3&%?{“'895“’”
%a/l } %, afn or other g ect ed reag SasslTBY,
IS5 QSnB‘l”F‘Q'”Ent PORITE NS 1 Pre¥iRg-s SPUERNTs KRy 6” ssUr '“9'
b i T RO o o L 0
hydrol ysi s, _pol yneri zati on, and/ or cross i nkin
‘é?edt%@“%f Kigian. s eXpmpieatt Age 8@6\?(9 CIHigMER 'OBFH@F"pera ure
associ ated chem stries. Further, nodifier reagents
ofneagtor it ISeC@T[I’O”ﬁ@tIIh £96junctigm %@ vaqg;gﬂvqﬁygg(gewces and/or
and/ or other selected reagents, may be optionall
systeroginchigling buheoklimifechio, 16.qii heatsrsybeiiersehet angesp, or
of the active reagents in the near-critical or

likgpdavigeist i loaithercerahadimentsdflvigs emmireyest hesewitih msgy be collected
nodifiers is selected in the range from about 0.0001

it Waste rabervoirs Or wthgr dobtainmpeintt drccolieclign sysiement Fent éxample,
is selected in the range from about 0.0001 wt%to
sdheant(sh naapdbeMesbverad tframl the | waste atieant batflash distillation and
selected in the range from about 0.0001 W% to about 1
retcotrerbld andfur tredyicteds Rasidues badide diastes in the waste stream may be
collected following separation and/or recovery of the solvent fluid. In other
configurations, devices and/or systems for transferring, coating, cleaning, rinsing,
and/or repairing substrates, materials, and/or films may be coupled within system
100 and/or effected in conjunction with computer-control as will be understood
and/or implemented by those of skill in the art. No limitations are intended.

[0054] As will be further understood by those of skill in the art, treatment
with alkoxysilane silylating agent to repair and/or modify dielectric substrates
and/or materials can be coupled with, e.g., pre-treatment cleaning and/or rinsing
with various solvents and/or reagent fluids to remove residues, post-ireatment
rinsing with various solvents and/or fluids to remove process reagents, and/or
post-treatment heating (“baking”) to cure substrates or materials. No limitations

are intended. For example, post-treatment heating (“baking”) to cure substrates

or materials may be done in reactor 10 or in a process chamber separate from,
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[0050] A systemfor nodifying and/or repairing

el ectronic substrates and/or dielectric materials wll
waaw7mesdescri bed with reference to FIG 2. [ 086LjUSEI0G032395

2 illustrates a system 100 for nodifying and/ or

repairing electronic substrates 20 and/or dielectric

oateupled &, sgsteor 100 GAlRcorgighegbneat wif ) By

System 100 ?ﬁcludes a prog233|ng chan%%?ﬁg? &gﬂ%%o ﬂTﬁeOf

skill trathleearf are evieomphbsull dreipel ect ed t enper at ur es and

pressures. A selected solvent fluid is introduced to

fo085M 100TW¢oﬂcﬁﬁﬁ§;°6xérﬁpIE§°€}§ OHferBedOtd CordmotddS further
cyl i nderand/ or punp Al koxysi | ane S|Fylat|n agent I's

URESIeEMaRY Jf&l%?r%%&ﬁﬂﬁvé%oﬁe g., mxing or fluid
vessel) to reactor 10 in either of a pure formor a
prem xed formw th the selected solvent fluid.

Al ternatively, silylating agent nmay be mxed in
transit to reactor 10 as solvent fluid fromsource 30
flows through source 40. System 100 is equi pped with a
rupture disk 50 or simlar safety or pressure relief
conmponent. El enents, conponents, devices, and/or
systens of system 100, including fluid and/or reagent
delivery systens are |linked via standard conduit 34 or
pi ping 34. Introduction of fluids and reagent
constituents to reactor 10 is further effected and/or
control |l ed by opening and/or closing of selected
valves 38. No limtations are intended. For exanple,

i n other enbodi nents, source 40 may be di sposed so as
not to be directly inline with source 30 permtting

i ndependent introduction of silylating agent in either
prem xed or pure formto reactor 10.
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[0052] In the instant enbodi nent, operating

tenperature for reactor 10 is selected in the range
wénremoabout -40 OC to about 3000C, but is not PCWUS2m®6/032395

thereto. More particularly, tenperature is selected in

t he range from about 250C to about 150 OC. Operating

pressure for reactor 10 E ﬁlgl_%c.!ed in the range up to

about 8,000 psi, but is not ed thereto. Contact

time between the dielectric substrate, film and/or

material with the solvent fluid conprising the

RSB S o e, e 35 ?*@e'ﬁgﬁ%[‘s%[ﬂfe? ¢05hRing
[ h

h KoFRIERS FoRa b aﬁ‘\é#)ﬁéjsoé" hinioe B reé&fOé&bZ%ﬂPwapure-
e T Al by Sl S0

rst ood b hose of Skl Il in. the stem 100
RIS T ptec Ml Atas=s BRbEertian i oSBTt
vessel s, and/or deviceswithout limtation. For
%l%ﬁ%waéeams &uwnaq!@rytt@ﬁﬁewswﬁ@ ¥esseb4Q Was chargedwithe5
controlled in conjunction wth ranmabl e pressure
ek Qf feagpBrHede 8- FE@PM’V'B]Q"@W@P’&(" ?) (Galestdigi.ces
and/or systens. |n addition, systens and/or devices
Pbiladelnfin. iif) andaifsiflelz®n fReasior 40 wag, Preiesurized with solvent fluid

m xi ng, pressurizing, heating, and/or storing fluids,
eQmprsing carhnd dipxidedpaepressuse of 8300 psig @chlenrnwdmeemwwn
Wi thout limtation. For exanple, in one or nore '

footie QHATMS eagent ierthe neangridicelf orrseipetcoiticdl Golvent fluid (reagent
controlled in conjunction with various heating devices
fiwid) afrabeoyt0.6dsviva bLtidinog limbed theottol iimbthedtdsts, sabsirates 20
heaters, boilers, heat exchangers, or

were subjected to n-PTMS reagent (mixed in the solvent fluid) further comprising
various modifiers (equal weight percentage). In other tests, substrates 20 were
subjected to an optional pre-clean step, as described hereinabove, prior to
treatment with alkoxysilane reagent. In other tests, substrates 20 were treated
“as received” with alkoxysilane reagent, i.e., absent any pre-clean step.
Temperature of reactor 10 for repair of substrates 20 was selected in the range
from about 25 °C to about 150 °C. Contact time with the reagent fluid including
any modifiers was about 30 minutes, but is not limited thereto. All concentrations
for n-PTMS and/or modifier reagents were variable. Thus, no limitations are
intended. Table 1 lists contact angles, dielectric constants, and carbon contents

measured for the dielectric substrate repaired with the n-PTMS reagent as a

function of repair temperature.
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i ke devices. In other enbodi nents, fluids enployed
herewith nay be collected in waste reservoirs or other
woani7aemment or col |l ection systens. For exanpl 8CT/US2006/032395
solvent (s) may be recovered fromthe waste stream by

flash distillation and recovered and/or recycl eg.
RebidlUes BBAef afiBREesnd MidIB&r tatitd TREBIIRYG 36r damaged
cbarce vl o anechond o, SRRl AL (FE5TS

§3¥It¥ma§or. transferring, coating, cleaning, rinsing,

£

a2

nell ~
Il

1/ - : Y 4 H L o M RV
T H SUDST | y LerTars,; OO 1111

?é;”pﬁgé cgﬂé& l{(g%lmvvi tthin Eg‘,"’gt?%r’ﬁ“%& and/|or D?ef] %ﬁt ed i gf;?:&
conj ungtion with ¢orguségr - cont gy as Wi 17, De atomic %)
under stjood and/ or |i npl enented by those of skill i& tTAe
artl-1 Ng | imPIME | ong.saee@.8ont|ersded.4.4°00543. 1A som 1| be3+o03
further und@f&tood by those of skill |[in the art,
t r eat ment 2WPA%al koxysi | and silyl ating a¢fEne.1to|repair
angior— ot ellectric substrates gnd/or patedials
cah-e codhes ' with, e.g., |pre-treat qent%f &&hi ng 3-5;0-7
and/ or |ri Q@or@g}g;wi th varioug solvents |and/ or reagent .. o
TTyixdS|TO [RRYE I €SI UUES, [poSt=treatymeng st g W
varioug sobvents and/or fluids to renove process -
reagent|s, 28Qdasigr post -t reatinent heatijng ("baking") to
culld substrRiMEs of 3Tat€PFAl|s 92.Ble 113i°mi{t a3.0oNns13Ar¢ 5.0+0.6
i nt ended. . E@ Cexanpl e, post/-treatnent| heating to
(" baki r.g"f %RS'%W > _substra gg_g.r_n:ao_t_%ri als may e #AKAS
i n1Peadt of]{éwgm i 1°8E0%8cas $38hdM0er seWat@®% from or
coupl ed t g500p¥gt €m 100. Al conf4 gurdtions as wjll be
coqige Ml atnad M3y T NQ36+ @53 5K1 bk 318 3tNe a3 §5 A3 & 7.2% 1.1
enconpassetboler ei n. [ 0055] |The foll ow ng exanpl ¢s are
intended 2399psiginnte a further
Controls

A Undamaged 97.2° n/a 2.68 = 0.01 5.1+04

to
2.82 £ 0.04
B Damaged 4.4° n/a 3.67 £ 0.07 3.0+ 1.1
to
4.13£0.19

*Interfacial water contact angles.

**n-PTMS reagent = 0.01 wi%. Acetic acid modifier = 0.01 wt%.

A Average values for all samples tested. Values are not corrected for measurement artifacts or relative
sensitivity factor differences. Measurements made at room temperature.

AA Average carbon (peak C) content values, as measured by XPS, for all samples tested. Values are not

corrected for measurement artifacts or relative sensitivity factor differences. Measurements made at room
temperature.

[0057] Results show the damaged substrates 20 were repaired in
conjunction the n-PTMS reagent and near-critical or supercritical CO, solvent
fluid, restoring the contact angles and dielectric constants of the treated
materials to near undamaged control values. Contact angles of the treated
substrates 20 relative to undamaged controls were in the range from about

92.2% (Sample 1-1) to about 96.6% (Sample 1-5) of the undamaged control
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under st andi ng of the present invention. EXAMPLE 1

[ 0056] Exanple 1 describes repair of dielectric
weoeubstmaties 20 treated using an al koxysi |l ane r eagaIsSL006/032395

(e.g., n-PTM5) as a function of reactor 10

tenperature. Mdifier reagents including water and

G564 (Iela\ﬁlng Jyéga:t rgt?ﬁ'id%ﬂh%}év&%g%lﬁ rbﬂ‘l&dli']étlgp of the

pr ono al'yze ynmeri zat1on ana

?58?@&5 ln'?éﬂ‘eﬂ:% gml&&ﬁc%bh%éﬁt '0@91 t?@aqgcﬁlgamb% rﬁé@ﬁﬁlls%l%tive

prem Xi Nng~Veéesse was c ed W

{ecp bRl PRl %ﬁt&%%wg‘%la(ﬂﬁi%)fmm about
E5 0% Rarile E2DuBRERT S R To8hE T ZLﬁOﬁ?@'n@f’fPefgaenfpﬁadbon
Sl ev!??L%éa(nf%%gﬁr%ﬁiﬁfsa%é%&%?WFr%'&t”% FARE 07 PPtk 65%

(drEde J-2)th T4 thofBapiite 2-6) O Ber FisAmedsy coBire elisedelaing

to n- PTMS reagent mxed in the solvent fluid) further
FeripIans, rﬁgea}'ae |ﬂaﬁ}§afhﬂm Ganians cerRg z%ﬁeme@h&estored by this
percentage). In other tests, substrates 20 wer
Wﬁ]oé’ctFélﬂ’thﬁbOa‘iﬂ“@ﬁwfbﬁfa\treqﬁpémc@é‘éﬁl%ﬁ é‘-‘peXP&§tQS’é§éW”!?éd
her ei nabove, prior to treatnent with al koxysil ane
mg\éﬁhfesultﬁ other tests, substrates 20 were treated
‘as received" with al koxysi | ane reagent, i.e., absent
any pre-clean step. Tenperature of reactor 10 for
repair of substrates 20 was selected in the range from
about 25 OC to about 15CEXAMPC&E2act tine with the
reagent fluid including any nodifiers was about 30

m nutes, but is not limted thereto. Al
concentrations

[0058] Example 2 presents results for n-PTMS repair of damaged

dielectric substrates in conjunction with use of a low-temperature repair and a
high-temperature “bake” (cure), according to another embodiment of the
invention. A dielectric substrate 20 damaged by, e.g., etch processing was
introduced to reactor 10. Premixing vessel 40 was charged with ~5 pL of
reagent grade n-propyltrimethoxysilane (n-PTMS) (Gelest, Inc., Philadelphia, PA)
and 10 pL H»O to initiate polymerization and/or cross-linking of the n-PTMS
reagent. Reactor 10 was pressurized with solvent fluid comprising carbon
dioxide to a pressure of 2500 psig achieving a concentration for the n-PTMS
reagent in the near-critical or supercritical solvent fluid of about 0.01 wt%, but is
not limited thereto. A low operating temperature of reactor 10 for repair was
selected in the range from about 25 °C to about 40 °C, but is not limited thereto.

In exemplary tests, substrates 20 were treated with n-PTMS at a (deposition)
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for n-PTMS and/or nodifier reagents were variabl e.
Thus, no limtations are intended. Table 1 lists
woanmi7aes7iangl es, dielectric constants, and car BOWUS2006/032395
contents neasured for the dielectric substrate
repaired with the n-PTMS reagent as a function of
teppénature wp2s aCcu Obnf%ﬁbtimeﬁvith(iﬂétré’é‘den@ﬂgihjﬁ(faél%ut 30 minutes,
I e

di el ectric constants neasured for danage ectrics

et isrrot imtled tHeestor ERMEfates LD ’ hiip 8}
(n-PTM5) silyl at iong agéar‘lt . *Iwrﬁrgfgg%%%hggt@égoﬁpg%ﬁata
ap&aturd TMthB Thgd @ 3 S of i

ITDd!I)fi eurr I: 0. O%ﬁ‘;wt ‘V?ﬂ%yg\%lgbggéba bu@eug'ﬁp grbg? ?B{s"g'r%slcé%ss,"

!iﬁﬁhgacm&@baﬁégﬁa Qitd0ds (RO Er%Sféh%bEQétgggﬁé%{b%g?@%tgggi_ng the

artitacts or relative sensitivity

SR 055 4 ORISR e
e e L
e E e R E e O

ai i n_ G unction the n-PTMS reagent and
ﬁ@g?é@ﬁgﬁt@gl B%Rre supercritical CO2 solvent fluid,

restoring the contact angles and dielectric constants
of the treated materials to near undamaged contro

val ues. Contact angles of the treated substrates 20
rel ati ve to undamaged controls were in the range from
about 92.2% (Sanple 1-1) to about 96.6% (Sanple 1-5)
of the undamaged control val ues foll ow ng treatnment,

i ndi cati ng successful hydrophobi zati on of the
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damaged interface. Dielectric constants of the treated

sanple materials relative to the average damaged
woanmi7roek7ival ues (k = 3.9) were in the range fraaraisewws/032395

73.6% (Sanple 1-3) to about 88.8% (Sanple 1-1)

followi ng treatnent. Carbon content values (neasured

Fablet 2nContéct wagles) dieldefric’ 86rdtarits Oam@RAMonO QbR b S ured
hef)e tamd1fblibwvngargpar d Gikelerlrid BELSIRASSTRERE 598l RImperature
uepasiton§ olvitieWnqgopyiericimikysilareY eRlpTigs) Niofak %g/ a high-
tennderaiure Bakd@urd)f ectively restored by thi's nethod.
Further optim zation of treatnent conditions is

N AR [ aYaYulok|

sxppes €d TreedtHédtNer] | MEERN& AnGRR™ ST EpfalleiE 21T 9% hon
Exanpl ¢ 2 presents results for n-PTMS gghalk of  content
damage(l di el ectric |subefbreat es i M) UNCkion W {AoMR®) an
of2-a | owt erprsat urje BapPai 1 og@d 13 Bl UG A8T5EE et UT €95 04
"bake" | (cur2®)°C; accqrdi ng t o anot her | enbodi nent | of "t he

i nvent | on,25@ pHY%e| edtri c substrate 20 damaged by, e.g.,

0

eteh B chéeq) Pake;\vnva‘ introduced to réeactor 10

PIEAi X ng Q/EE B 4 wds ‘chafhbab8pt h 28200401 | r cBGeNES
grade p- prggydsigr i met hoxysi [ ane (n-PTMS) (Gelest, Inc.,
Phi | adel pteoachik®) and 10 ml_ H2O to|initiate |
p&-yey i zat-Poms;and/|or 386r0S$al .o PKHT| Ofo Joli§y gg- P
reagent. Reac€or 10 was pre

8 -
ssurized/w th solvent fluid
conpri i Egg‘?fé’g on dioxide to a pressure of 2500 psig
P

schi-evi A = Slgcntraf :yzgn r—the nt PTANB reage t in
i . o 3
t K& nelar - chobatal ¢r &fper ¢P443F €48 ° boRPEAOBI U d of
about 0. Obsodtpyy; but is _
150 °C bake
2-5 n-PTMS; 44°
40 °C; - - -
2500 psig;
175 °C bake
26 n-PTMS; 45°
40 °C; - - -
2500 psig;
200 °C bake
Controls
A Undamaged 97.2°¢ nfa 2.68 £ 0.01 51+04
to
2.82+0.04
B Damaged 44° n/a 3.67 £ 0.07 3.0+1.1
. to
4.13+0.19

*Interfacial water contact angies.

A Average values for all samples tested. Values are not corrected for measurement artifacts or relative
sensitivity factor differences. Measurements made at room temperature.
AA Average carbon (peak C) content values, as measured by XPS, for all samples tested. Values are not

corrected for measurement artifacts or relative sensitivity factor differences. Measurements made at room
temperature.

[0059] Results again show low-k dielectric substrates 20 damaged during
etch processing are modified and/or repaired using near-critical or supercritical
COs and alkoxysilanes such as n-propyltrimethoxysilane. Contact angles of the

treated materials relative to undamaged control materials were in the range from
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not limted thereto. A |low operating tenperature of

reactor 10 for repair was selected in the range from
wahor022540C t o about 40 OC, but is not |imte#8CT/US2006/032395

thereto. In exenplary tests, substrates 20 were

treated with n-PTMS at a (deposition)tenperature of 25

&BouC8A1336 t(Shipre WLa)hto! BSouteament (Sdriphid ¥85 RRE LM Bmaged
{ 3

m nutes, but is not limted theretfo. Substrates

WBhBolSVAIEES feIRWiNgG traatrssht. (éHerQO@fnfg%%g%ﬁ:{ g&ﬁgt%tjs b the

the range from about 150 OC to about 2
GRbtdd 38mpleOfRtdridd ?&ﬁfﬂfér fhedﬁgﬁggﬁd ohfts! géluég%vere in the
t gthening 't he

treated substrates, ereystrgn ‘g b
. ¢ J
PR ARt S S5l 20 Y SRR el o e
or _substrates .
%"é@%é’?%%%%Qﬁ%&;‘@e%sa@'é@ﬁﬁéﬁe?%%ﬁhyﬁ?bl pop gf[uetmere in
' i.Qh- . Y .da ; act .
e iigB i B2 GRS ) B8R é%waal,‘%d%alh%f‘éﬁwndamaged
, [ |.ow ir of dielectric »
SRR Bl ToRop8 A elipionsithet SPEMiraipa o TisRuptponditions
- | trineth i -PTVS) followed by a
%%@%@%gtet?ﬁﬁ}eﬁ'ﬁé%&e?%@%; * | n%erfaci al wat er
contact angles. D Average values for all sanples
tested. Val ues are not correct _ed f?r [reasg_r;e][renénces
i f | ati t t actor differ .
ﬁl/lre;lsu?gtrr:n?; :r:d: Qrerzgﬁih@%&' ) %ture. DD Aver age
carbon (peak C) content val ues, as neasured by XPS,

for all sanples tested. Values are not corrected for
measurenent artifacts or relative sensitivity factor

0960 oncdzxample Supresents §-MEMSE repair sestlissop damagea dielectric

substrates subjected to an initial pre-clean step. In exemplary tests, pre-clean
solution was a dilute (1:1000) HF solution (HF:H;0) prepared in deionized water.
Substrates were immersed in the HF solution for about 60 seconds, rinsed in
deionized water, and dried under nitrogen gas stream for about 60 seconds. In
alternate tests, pre-clean solution was a surfactant solution, as described in
co-pending application number 10/851,380. State of repair was assessed by
eprcleing substrates repaired in conjunction with n-PTMS to an HF etching
(1:100 HF:H,0) solution (“HF Dip”) for 60 seconds, rinsing in deionized water,
and drying under nitrogen atmosphere. Evidence of etching and/or degree of
etching was indicative of no repair or partial repair. Absence. of etching was
indicative of complete repair. Table 3 presents HF etch (“HF Dip”) test results
(nm) listing average critical dimension changes measured for sets of from 8 to 10

vias of varying size (i.e., 250 nm, 500 nm, and 1 um, respectively) present on the
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[ 0059] Results again show | owk dielectric substrates
20 damaged during etch processing are nodified and/ or
woepEieed4 usi ng near-critical or supercritical PCOUS206/032395
al koxysi | anes such as n-propyltrimethoxysil ane.
Contact angles of the treated materials relative to
. . mat/er.d . al L an

PR S A e g 2y ESS L Buequn o el changes
fr Bdeeth ot ARG R Y Shes S s i B Sopiunetion it
%gﬁfteq sanple materials relative to the danaged

P61YS% ues were in the range from about 91. 3%
(Sanple 2-1) to about 99.7% (Sanple 2-3) of the
undamaged control values follow ng treatnent. Carbon
content values were in the range from about 71%
(Sanple 2-2) to 76% (Sanple 2-1) of the undanmaged
control values follow ng treatnent. Further
optim zation of treatnent conditions is expected to
further inprove results. EXAMPLE 3 [0060] Exanple 3
presents n-PTMS repair results for damaged dielectric
substrates subjected to an initial pre-clean step. In
exenplary tests, pre-clean solution was a dilute ( 1
:1000) HF solution (HF:. H2O) prepared in deionized
wat er. Substrates were inmersed in the HF solution for
about 60 seconds, rinsed in deionized water, and dried
under nitrogen gas stream for about 60 seconds. In
alternate tests, pre-clean solution was a surfactant
sol ution, as described in co-pending application
nunber 10/851 ,380. State of repair was assessed by
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exposi ng substrates repaired in conjunction with )

n- PTM5 to an HF etching (1: 100 HF: H2O sol ution ("HF
woizpd7jo2das 60 seconds, rinsing in deionized waPer/,USam6/032395
drying under nitrogen atnosphere. Evidence of etching
and/ or degree of etching was indicative of no repair
Jableadt iCGriticalePimensiohbsringes elestifdd 1'692!3@5}“1‘1 NSHCAR ¥Rd 1000
ofn @attpireviasr epaiamagabdisicdirer SeHased ol (istda treatment
Rigihiens edth nEIWS . e(g Nfdpalr), sdilufed (BYETR GG Gid. | ﬁea TB and/or
(:Me0)SHP Bt (REY I N D‘EP%’Q fc%ﬁ'lﬁa?é wﬁﬁ%ﬁb Faté cORtdls

vias of varying size (i.e., 500 _nm and

respect muRatyant Pr €sent | on [neSUDS[rd[ e Criticpl

di nigmstdcM) € @rdocol 4 dt h) and "underjcutti ng” (s de-wall)
changRegufap Vplatie®r n f et w5@smMea*s). ,| \s0@bmawes [T R@Nia*A
Wé’r"é!: Geans P &S RepaiEdif In@3.7 ond.6nmh |SENS a.2R0 w81 S . 138Dk @9.8 nm
'p)d"Pt"ch%‘?a"[ﬁ'%ﬁW%n changes nmeadured for 250 nm 500

?ﬁa'r Bo nm pattern Vi as of damaged diel gctri ch
wit

. WY £t _i:‘:""i FenAs 1
s R
BemirNoa#iDip) and/ or ( [1: 100) HF etgh (i.e., HH Dip), as
(,Se;l;amnécmrt h-PIMBRepatrt o @0AE7Een Y .7 HPF0 fre Pl ERS¥27.1 nm

E'ﬁ g{rﬂ‘éFNPeSWFtagsC'ﬁnomthe averages of 8 to 10 vias

ik, Rig) o :\\/prfma net_critli cal
r{é&‘éed Volume™ %%emm\l ah g 500 nm Viaty |,£1080 pm Via*A
I I LFrFl. e o1 - t
&“é’)%%éﬁﬁrggﬁ“wﬁ%ﬁg; o , SNt ues"'ﬂe'ts{?r SHEF O tr SREAEIRY nm

o EDPPl 1 | ess val ues neasured for treatnent| protocol

(PIF Cldan,e-PTMS Rape@tHFENT | 1)5.8 = 52.6 Ak €At 3T E 235 dm | 25.0 £ 42.2 nm
Pips¥le tiF @gay, No=PTRISgul ar Vol ume ={50 nL n- PTNB reagent
B.GP@hrNOrHF D'W—)I’)ﬂ pr pm ypd in 5 m_ prem xing cell

qY' 9% BTRB™ eagtrit: Bwent raABiEA.1 nm
& * ")33”’5 mL n- PTVB r¢agent + 10 [nL H2O

pr €M XedHMDSD "L PTENT XB8Khrt ¥iaia 500 nm Via*A 1000 nm Via*A
(No HF Clean, HMDS Repair, HF 456 # 13.4 nm 81.2+22.2 124.4 + 34.9
Dip) — (No HF Ciean, No HMDS
Repair, No HF Dip)

(HF Clean, HMDS Repair, HF Dip) 78.8 £19.1 nm 80.7 £ 28.9 113.2 £ 37.3
— (No HF Clean, No HMDS Repair,
No HF Dip)

Controls 250 nm Via*A 500 nm Via*A 1000 nm Via*A

(HF Clean, No n-PTMS Repair, No | 26.4 + 19.4 nm AA | 22.3+17.6 nmaAA | 43.1£40.4 nm aa

HF Dip) — (No HF Clean, No

n-PTMS Repair, No HF Dip)

(HF Clean (1:1000), n-PTMS 144.2 £26.8nm 0 | 159.5+32.4nm O | 204.8 + 59.1nm ¢

Repair, HF Dip (1:100)) — (No HF

Clean, No n-PTMS Repair, No HF

Dip)

* Errors represent cumulative values from the averages of 8 to 10 vias measured.

A Values represent average net critical dimension or undercutting values for the set of 8 to 10

vias measured, i.e., values measured for treatment protocol 1 less values measured for

treatment protocol 2 , i.e., [(treatment 1) “-“ (treatment 2)], respectively.

** Regular Volume = 50 pL n-PTMS reagent + 100 pL H,O premixed in 5 mL premixing cell
achieving about 0.1 wt% n-PTMS reagent concentration.

**Reduced Volume = 5 pL n-PTMS reagent + 10 ML H20 premixed in 5 mL premixing cell
achieving about 0.01 wt% n-PTMS reagent concentration.

AABest case control values. Comparable results are indicative of good repair.

0 Worst case control values. Comparable results are indicative of poor repair.
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achi eving about 0.01 wt % n- PTMS reagent concentrati on.
DDBest case control values. Conparable results are
wonadi7oasiltve of good repair. 0 Wbrst case contr 8CT/US2006/032395
val ues. Conparable results are indicative of poor
repair.[0061] Results show subjecting damaged

§00813Ct r | (Resultst siIveSs i dﬁ#ﬁ@dé@'o@eléﬂri@ Qlir5le828nd/or
step with a cleaning solution, agent, and/or process

hiasriaNe to tahprencl@dViBtd L Rdth Ma ‘él’éaﬁﬁ@esélwﬂﬁg féq‘?ggi 5r]109§r18 {)rlo%ess

materials. Pre-cleaning on other “types eria

MASBVEDtheRRIMVES FeafH dn serié\Npes o &%gﬁﬁ% g?i%{igg%g%r?-ﬁl%aning

presents n-PTMS repair results for

SHBETer AJRS of AfHE R HSésoﬁtStte?l%BIe%Péﬁgt ures (i.e.,

trenches) subjected to an I nitia re-clean step. In
exenplary tests, pre-clean solution was a dilute
(1:1000) HF solution (HFi H2O prepared in deionized
wat er. Substrates were i M%ﬂ%jf1the HF sol ution for
about 60 seconds, rinsed I n deiohized water, and dried
under nitrogen atnosphere for about 60 seconds. State
of repair was assessed by exposing substrates repaired

nj ungd i wi,th n-PT an HF etching (1:100 HF

[f882P oL b hgmtesbints Nisiats SPadit pevulis ror ddmaged dielectiic

I.0pni ze ter . and dryi under nitrogen atnosphere.
T L R A e S
l.ndj cati,ve of no repair or partial repair. Absence of
%F'ﬁh‘?aﬁ’g“ﬁ%s ?fi‘ FEPOREY sty PEGRISPRISOIYtiEpAYas a Tiiuied(14000) HF
%{'}ESG %ﬁt HE et ch é HF Dip") test results |isting

PrJEF HaQ)RESPart i delbied Wakkye Sunsieaten were immessed in the
I_?I|f__fr?_m8to 10 (300 .

solution for about 60 seconds, rinsed in deionized water, and dried under
nitrogen atmosphere for about 60 seconds. State of repair was assessed by
exposing substrates repaired in conjunction with n-PTMS to an HF etching
(1:100 HF:H,0) solution (“HF Dip”) for 60 seconds, rinsing in deionized water,
and drying under nitrogen atmosphere. Evidence of etching and/or degree of
etching was indicative of no repair or partial repair. Absence of etching was
indicative of complete repair. Table 4 presents HF etch (“HF Dip”) test results
listing average critical dimension changes measured for sets of from 8 to 10 (300
nm - 400 nm) pattern features (e.g., trenches) of the substrate. Critical

dimension (e.g., width) and “undercutting” (side-wall) changes to pattern features

were measured in conjunction with SEM analysis.
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nm- 400 nm pattern features (e.g., trenches) of the

substrate. Critical dinension (e.g., wdth) and
wouandaeeutt i ng” (side-wall) changes to patter nPCeaS206832395

were measured in conjunction with SEM anal ysis. Tabl e

4. Critical D nension or Undercutting changes neasured

300 - 400 nnlﬂ pat tern t .enc gqeédm?%l%ggﬁgﬂr (300 — 400

Tabla ot icak BT el
nnggqqt@ﬁgtr@\mqh@srp SRRE elec pg% a Byvg\gs isteiq) 8 tment
%3@; clgﬁn nd/or

?FBPEO S* Er rors

ns Quith pPdMS disgh) re Hb/fﬁlPt
represent cumilative values for the set of 8-tg 10

(Dﬂﬁ ) HF gchdonp 2. vﬁstcﬁ’”;lﬂ?é%t"’r‘
trenches medlegt@ent D val ues repré’ggﬁkm@@%ge (lereuting

criti r‘al[(p';qtoﬁ‘?lﬂ.)c' (Wﬂtoﬂ'—ﬂl )]lnrlgr eutt-Rre—va 73.. hanges
of 8 to 10 t PARRREs measur ed, i .0 Ues for 0 400
1Tr¥ £ Trench* A
(S BRERET PR NE RIS R DI ESMo VA UEE 13006 [7.8h MENT 289+ 4.3 nm
dMALREPPTMS Rdpal® No HF(dig)eat ment 1) "-" (treatnent 2)],

(HES@&QRép@ﬁI NE DIPPREs HF ckae Noont r pl 4@l 1iesnm CoppdPdbl4€ nm
nrRIME RepainNe HFMib)cat i ve of good frepair 0 Wrkt case

control val u&@"t"@e‘)rrpar abl e resu té‘fﬁr‘éocl'?fﬂl ch i39|9;;n%2m

[aTaYals Qha r Dacnl 'l-

MF € 7 |pé SO e Pe R LG m aa
[eah on_éﬁg'\’%s%pf? r :)w repair val pes of
etween abou Yo an about 750/( of the undamaged

(NSORE Cehis NoRtATMScRepsin HK Dipy— &Neptrct edb7tfor $Upmher  pbitfi /7@

%&%ﬁ@_&?g@'ml | e t)hg\g)&r eferred e”bOd!o?E“c of fﬁ,hno
amfNojn b Sgtﬁa 6(§é1§b a70+ nm
qﬁﬁg‘g‘% ' t

ﬁ“IN‘b'éPQYﬁ) pé‘ ose ski II d in the art|that many

nhnnnoe an

'}y
e (i ﬁmegs: R @g"@:%ﬁ&mh@g@ 5o 10
fren qa% alues'tér tBRREN PR CGI 193¢ 4R al@dsGor treatment protocol 2, i.e.,

[(treatment 1) * (treatment 2)], respectively.
AABest case control values. Comparable results are indicative of good repair.
0 Worst case control values. Comparable results are indicative of poor repair.

[0063] Results for damaged dielectrics with trench feature patterns show
repair values of between about 45% and about 75% of the undamaged controls.
Further work is expected to further optimize results.

[0064] While the preferred embodiments of the present invention have
been shown and described, it will be apparent to those skilled in the art that
many changes and modifications may be made without departing from the
invention in its true scope and broader aspects. The appended claims are
therefore intended to cover all such changes and modifications as fall within the

spirit and scope of the invention.
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therefore intended to cover all such changes and
nodi fications as fall wthin the spirit and scope of
woheo7ioavamt i on. CLAIMS W claim 1. A process fBCT/US2006/032395
nmodi fying or repairing a dielectric material, _
conprising: contacting a dielectric material having
damage sites with a near- OLAIM&al or supercritical
fluid conprising al koxysilane silylating agent whereby
W claidgmage sites are nodified substantially repairing
said sites contacted by said agent. 2. The process of
CGaiml, wherein said dielectric material is a |owk
dielectric material selected fromthe group consisting

o A proceaitof mbdling bf Idoairn g DaBleEnl RARALI bapndhid ' @

dielectrics, interTayer di

d'f e'c%ﬁfdchﬁéa dM e @RIt Hé\ﬁng? ngfr}]\gaé cs)"rtrgpsr \INI-Sﬁgg nESREMTEI or

Claim1, wherein sald repair I 2 i onal
gr oupr?%laI| %u)l/&g@ﬂ) : n%?ﬁ(&ﬁgén?ég{ﬁ@ %%Q%?V?’th?%dqamage
r ou ,
%%%;é{r antia e{djédrggtsﬁ of |ygr§B %ﬂ%ﬁ Sﬁlﬂo%t% %Pﬂ}tagéd_sbé(i St?'d_ agent.
material. 4. The process of Claim1l, wherein said
repal ring conprises chemcally cappl ng term nal

4 ké%iéﬁegs %ﬁw Z%vlh%ﬂe"f‘r'aa% ehlests ma 52 foust dietasgic
y]hla“% % ue o 5.? er| al ~and wher eby

cr o 'g‘ FHRIRY @%SEP%’ GanE P%@ 'H@W'%%H@P@ﬁ%lfﬁgwc
Jlglggt%s? Shyi)plg dletleclfrlcgsulr ?erlaly[e]E gl‘%{elc%r%sogplrsl %Inddlelectncs or

combinations thereof.

3. The process of Claim 1, wherein said repairing comprises chemically capping
terminal hydroxyl (-OH) functional group(s) by action of said alkoxysilane
silylating agent comprising hydrophobic alkyl groups substantially restoring

hydrophobicity of said material.

4. The process of Claim 1, wherein said repairing comprises chemically capping
terminal hydroxyl (-OH) functional groups with said alkoxysilane silylating agent
substantially restoring the dielectric value of said material and whereby cross-
linking of said silylating agent substantially restores the structural integrity of said
material.

5. The process of Claim 4, wherein said dielectric value of said material is

restored to a value less than about 3.2.
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material. 5. The process of Claim4, wherein said

dielectric value of said material is restored to a
woabu@2kmass t han about 3.2.6. The process of Cpairms2g06/032395

wherein said cross-linking yields a Young's nodul us

value for said material of greater than or equal to

about 14.3 MPa. 7. The process of Claim1l, wherein

said repairing conprises substantially restoring the

By dFrenirobéss 6nClaim 8 alvkeramtsid é\’osQMnl%H?ﬁegif%té's nggélg’s modulus;

restoring the interfacial contact angre _ _
valueforedaid fhaterize op?r%‘éﬁ}? $ha ordoftiaMoaboi 4 8iNips al d

interfacial contact angle is in the range from about
80 degrees to about 95 degrees, or better. 9. The
process of Claim 1, wherein said repairing further

e e T A G S e S R

PR s S T G gﬁé@ﬂﬁf’a’ W?Shé‘raigﬂ c
_ m SO A8 ol el
R e AP el % < oot octed T rom the

group consi sting of n-propyltrimnmethoxysilane,
n-propyl triethoxysilane, ethyltrinmethoxysil ane,

Bt bR S S o e e T et kY Pl s In the range
BBk 47 debaBh e oot ooaiiredts o Rl cr 1 t1cal s or
supercritical quiEJI ’

9. The process of Claim 1, wherein said repairing further comprises

substantially restoring the carbon content of said material.

10. The process of Claim 9, wherein said carbon content is increased to a value

in the range of from about 3% to about 15% (mole-fraction basis).

11. The process of Claim 1, wherein said alkoxysilane silylating agent is
selected from the group consisting of n-propyltrimethoxysilane,
n-propyltriethoxysilane, ethyitrimethoxysilane, ethyltriethoxysilane,
methyltrimethoxysilane, methyitriethoxysilane, dimethyldimethoxysilane,

derivatives thereof, or combinations thereof.

12. The process of Claim 1, wherein said near-critical, or supercritical fluid

comprises a member selected from the group consisting of Freon®, carbon
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conprises a nenber selected fromthe group consisting

of Freon(r), carbondi oxi de, noble gases, nitrogen,
wansetoasat ed al i phati ¢ hydrocarbons, al kanes, PCT/US2006/032395

carboxylic acids, sulfurhexafl uoride, amoni a,

al cohol s, nethyl am nes, derivatives thereof, or

%@5%“25%6 B kb RIASAETyBloc S, dapes
E%v'iiﬁ ag@ﬁusq?fwﬁie&aﬂ%wﬁ o B PR e

ure in the ran fro ut 800 psi to about 8000
|va YiP Geteg rcgms) t'Pﬂ {H% Q?ange from about -40 0C
to about 300 OC. 15. The process of Claim1, wherein
said fluid further conpri ses a nodifier reagent. 16.
rocess sai ﬁ nodi fier rea egf

The rei
1 T4B bfosss gf Flaiach heciia Eogduid s & A stsve the aie
conS|st|ng of formc acid and/or acetic acid. 17. The
Ny der §fd #Yidi m 1, wherein said dielectric materi al
is pre-cleaned prior to contacting with said
alkoxysilane silylating agent in said near- critical or
ercrltlcal fluid. 18. A process, conprisin
Wi dhrergsa of Clairach, mherein saidiflyid mprﬁgssiaf@ loxide at a
characterlzed by hydrophilic damage; 'Wproviding a
preasurerin tHegang® frogugiaug B0 peidp abpuii 39Q9c9ﬁp and arigmagrature in
al koxysi | ane
the range from about -40 °C to about 300 °C.

15. The process of Claim 1, wherein said fluid further comprises a modifier

reagent.

16. The process of Claim 15, wherein said modifier reagent is a carboxylic acid

selected from the group consisting of formic acid and/or acetic acid.

17. The process of Claim 1, wherein said dielectric material is pre-cleaned prior
to contacting with said alkoxysilane silylating agent in said near-critical or

supercritical fluid.

18. A process, comprising:
providing a dielectric material having sites characterized by hydrophilic

{

damage;
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silylating agent; and contacting said material wth

said fluid, whereby said sites are rendered o
waoyadirgpkmbi ¢ substantial ly repairing said hydr epniuszme/032395

damage of said material. 19. The process of C aim 18,

wherein said al koxysilane silylating agent is selected

f r orRrowidingr supeareriical tomsupercritical dpidl tompRdiRg>a4S bik8Rilane

n- propyl tri et hoxysil ane, ethyltrinethoxysil ane,

silyigtingragenh@ngsi | ane, net hyl tri met hoxysi | ane,
rre)??ﬁtyl triethoxysilane, or conbinations thereof. 20.

The qontanting szid Giaaerial Mith whigrfriid wRedbPed Shéd bFkendered
or supercritical fluid is selected fromthe group

bydireplsbia gulsstarktiatip rdpalringCedlid RYHrEhiRlE 85mago Bt &idfRRSHal.
nﬁTrggen, gunsat urgt ed aliphatic IIi)1_ydrocar ons, aﬁ%gnes
carboxylic acids, sulfurhexafluoride, ammonia,

al cohol s, nethyl am nes, derivatives thereof, or

tantThe ardce’s of BRiAATE, wherkin 4518 aﬂ{o%ﬁ%ﬁe%g)(lé?ir?d Retbis

wherein repairing conprises cappin _ g I
suletited from the GPoPSorBIstiRG oﬁﬂﬁééyﬁh%ﬁoggg]@'ﬂ%: " ydr oxy

(-OH) functional groups”by on o ( 180X%ts1ielr:in§
olopyRiRonAaERs, ot RrimEit Rl RReS Sl S BT,

repairing furthe mprise croSs-_I RS Lating

i j Xysi | an. .
e e AR o R B S PR Being eteckgr 1 ¢y
of said material. 23. The process O aim 21, ' wher ei n
said structural integrity conprises a Young's

20. The process of Claim 18, wherein said near-critical, or supercritical fluid is
selected from the group consisting of Freon®, carbon dioxide, noble gases,
nitrogen, unsaturated aliphatic hydrocarbons, alkanes carboxylic acids,
sulfurhexafluoride, ammonia, alcohols, methyl amines, derivatives thereof, or
combinations thereof.

21. The process of Claim 18, wherein repairing comprises capping of said
hydrophilic damage sites comprising terminal hydroxyl (-OH) functional groups

by action of said alkoxysilane silylating agent.

22. The process of Claim 18, wherein repairing further comprises cross-linking
of said material by action of said alkoxysilane silylating agent substantially

restoring the structural integrity of said material.

23. The process Claim 21, wherein said structural integrity comprises a Young's

modulus value of greater than about 14.3 MPa.
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nodul us val ue of greater than about 14.3 MPa. 24. The
process of Claim2 1, wherein repairing achi eves a
wdizel7aesnic value for said material of |ess thaaTaisenes/032395

3.2. 25. The process of C aim 18, wherein repairing
conprises an increase in interfacial water contact

angle of said material to a value in the range from

about 80 degrees to about 95 degrees or better. 26.

2he TRE precEss f Claidi 21, dhere RS dRirhgSRintbvies %at%iéllgetgg Value for

further conprises substantially restoring

§818 nedbridllof AL dhamPhsddtalo. 27. The process of O aim 18,
wherein said carbon content of said material is

increased by a value in the range of from about 3%to
about 15% (nol e-fraction basis). 28. The process of

5 21T cplReF Ly i LML PR Bk g
A A4 1 e 5 T B

In the range Trom

[ he range,from about -40 OC to about
%Bg@%& %gﬂ%g%pq{egéeee&org@t@.ai m 18, wherein said
fluid further conprises a nodifier reagent.3 1. The

process of Claim 30, wherein said nodifier reagent is

carbaoxylic | d selected fromthe group consisting

2 Ty Ribest PhClaim) 8, wheten esid iRangfurtioogmeisess of
said dielectric material is

%b%iaﬂtié@hr \gfogllrnggae carbon content of said material.

27. The process of Claim 18, wherein said carbon content of said material is
increased by a value in the range of from about 3% to about 15% (mole-fraction

basis).

28. The process of Claim 18, wherein the fluid density is above the critical

density for the fluid.
29. The process of Claim 18, wherein said carbon dioxide has a pressure in the
range from about 800 psi to about 8000 psi and a temperature in the range from

about -40 °C to about 300 °C.

30. The process of Claim 18, wherein said fluid further comprises a modifier

reagent.
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to contacting with said al koxysilane silylating agent
in said near-critical or supercritical fluid.
WO 2007/024714 PCT/US2006/032395

31. The process of Claim 30, wherein said modifier reagent is a carboxylic acid

selected from the group consisting of formic acid and/or acetic acid.
32. The process of Claim 18, wherein said dielectric material is pre-cleaned prior

to contacting with said alkoxysilane silylating agent in said near-critical or

supercritical fluid.
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