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nodi fi cati on agent conposition to organosilicate glass
dielectric films. Mre particularly, the invention
pertains to a nmethod for treating a silicate or
organosilicate dielectric filmon a substrate, which
filmeither conprises silanol noieties or has had at

| east some previously present carbon containing

noi eti es renoved therefrom The treatnment adds carbon
containing noieties to the filmand/or seals surface
pores of the film when the filmis porous. These
surface nodified filns are used as insulating
materials in the manufacture of sem conductor devices

such asg, | [ [ . ' .

ensur o VARPEIAFASE TREAHERT oF St ecaive MR TERIALs
properties in these filns. Description of the Rel ated
Art As sem conductor devices scale to | ower technol ogy
nodes, the requBASKCGROPUND OFREHEIANYHNWAEIN di el ectri c
constant (k) has been identified to mtigate RC del ay.
Simlarly, as feature sizes in integrated circuits are
r ggiceod Themekhaos W th power consunption and signa
cross-tal k have becone increasingly difficult to

resol ve. To achieve |ower dielectric constant
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S%g Itr]:aét%naelnl decsj l“(':.[aulrbog cg}lt%&n{]ggm%{é%eg t%t}he 81m and/or seals surface

pores of the film, when the film is porous. These surface modified films are used
as insulating materials in the manufacture of semiconductor devices such as
integrated circuits ("ICs"), in order to ensure low dielectric constant and stable

dielectric properties in these films.

Description of the Related Art

As semiconductor devices scale to lower technology nodes, the requirement for
‘lower and lower dielectric constant (k) has been identified to mitigate RC delay.
Similarly, as feature sizes in integrated circuits are reduced, problems with power
consumpiion a_rid signal cross-talk have become increasingiy difficult to resolve.
To achieve lower dielectric constant (2.6-3.0) in dense inorganic materials, carbon
has been added to reduce the polarizability thus reducing the dielectric constant.
To achieve ultra low dielectric constant (<2.4) materials, porosity is added to the

.carbon-rich dense matrix. While the introduction of carbon and porosity have



reactive gases have been found to danmage the carbon at
the surface of dense materials. Porous filns having
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effects fromreactive etch and ash gases due to
di ffusion through the film which causes a greater
extent of damage at the internal pore walls. Once the
carbon has been danmged, the filns rehydroxyl ate and
hydrogen bond with water. Because water has a
dielectric constant of 70, small anobunts that are
absorbed for dense materials and adsorbed for porous
naterials cause the dielectric constant to go up
n|f 2l [
s A S R L
f pRkcessingtia®b also |b|eerdﬁlﬁhﬂiﬁi)e}d Sewdifieallyi dairﬁhg etdWﬁMashhgs e
are acceptable _and_ | ead to unvi abl rials. |t

quaPté‘(Fe&ﬁS?ﬂwléatvetbﬁén found & damags the cr gﬁﬁ at @F swifaqeof dens
tcé'ii?lﬁt Ppi%g\g il @ ﬁa\fn‘?é 1o'vﬁl\i§fetzﬁl\éeéon§bﬁg fatd év%n (11'161'9) and

ermsta ecr C ['1cations w | epto

“ de:lwerlbhneef&cw hheextivi\bich and hgr gashsadlm tbeleﬁﬁumrewm the

ts | di el t
CHlroghich SaiRP & o ofst & Urbinge SO0R BHa R Wil D@ e
| Barbh& Beech Qiﬁmfagé& H?é’fllhﬁ%l@(ﬁ@%ﬂ&té ahél‘h?dr@g?é%ﬁﬁddﬂl%lth water.

met hods and in timzation of both the dielectric
aBdcavec haredr bas a pxebq@mq Gostant of S bmpth prppets ghat pgyabserbed for

LB Pl BT B S R SR s o

.ogo U 8ignfHi @R PIAISS Iposdusufidteiifs toMass vﬁﬂrh(ﬂﬂedad@&r ﬁmfealmg/\due

dielectric constant materials for use in sub-
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roceéssing steps, such as plasma etching and.
photoresist reanaI usi ng plasma or wet strip nethods,
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f aRdAea PWakd b Bt 0icdbRC@MD ) pplibRions will help to solve
these problems.A While there have been previous efforts to apply low dielectric
constant materials to integrated circuits, there remains a longstanding need in the
art for further impfovements in processing methods and in the optimization of
both the dielectric and mechanical properties of such materials. Device scaling in
future integrated circuits clearly réquires the use of low dielectric constant
materials as a part of the interconnect structure. Most candidates for low dielectric
constant materials for use in sub-100nm generation ICs are carbon éontaining ‘
SiO, films formed b3; either CVD or spin-on methods. During subsequent
processing steps, such as plasma etching and photoresist removal using plasma or
.wet strip methods, significant damage occurs to these low-k materials, that causes
fluorine addition and carbon depletion from the low-k material adjacent to the
etched surface. In addition toa higher effective dielectric constant, the resultant

structures are susceptible to void formation, outgassing and blister formation. The
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-agent treatnent, the resulting
sAgdltlbnaigm it \you-ld be dpse@b@uﬁme repaired low-k material was found to be

etched surface. In addition to a higher effective
dielectric constant, the resultant ' structures are
out gassi ng andpri/US1006/001561
formati on. Thevoids in turn may cause an increase in
| eakage current at el evated voltages and reduction in
br eakdown vol tage. The present invention describes a
way to reduce the damage and resulting issues by
treating the wafers with silylating agents by a vapor
deposi ti on process such as chem cal vapor deposition.
One way to approach this challenge is to repair the

damaged area on dense surfaces, in the case of
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ructure Is

resistant to void formation, which generally occurs in untreated porous low
dielectric inter-level dielecfric regions during copper annealing processes.
Silylating agents (“surface modification agents™) can methylate the surface of
SiO; based materials. Contemplated exposure includes vapor exposure with or
without plasma. Normally, SiCOH based porous low-k materials are susceptible

-to void formation in ILD during Cu damascene processing. After a surface
modification agent treatment, the resulting structure is significantly more resistant
to void fermation. Without being bound to any specifié theery or mechanism, it is '
believed that plasma damage causes carbon depletion in the dielectric, by
replacing Si-CHj3 bonds with Si-OH bonds. In damaged poreus dielectrics, the
pore surface is now covered with Si-OH bonds. In the presence of tensile stress '

.(such as after Cu annealing), adjacent Si-OH groups can condense, thus causing
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to void formati on. Wthout being bound to any specific
theory or nmechanism it is believed that plasm danage
byPCT/US2006/001561
replacing Si-CH bonds wth Si-OH bonds. I n damaged
porous dielectrics, the pore surface is now covered
Wth Si-OH bonds. In the presence of tensile stress
(such as after Cu annealing), adjacent Si-OH groups
can condense, thus causingl ocal densification. The
evol ving reaction products and the stretching of the
nol ecul es due to the new |links fornmed, causes voids to
occur near the center of the ILD space. Surface
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annea_lng ing the trenc
andteriabth extéraalsuessis expaedidf yi ng treat ment is conduct ed
by exposing the wafer surface to the silylating agent

inliquid or gas formfor a period sufficient to
CeHP ELﬁ{Cfcetnli‘&ilflcatlon treatment performed after dielectric trench and via

formation and etchmg and ashing steps repairs carbon depletion and damage to
‘the low-k materials. By this means, voids are deterred and the later can withstand
internal stresses caused by annealing treatments to the metal filling the trenches

and vias.

The surface modifying treatment is conducted by exposing the wafer surface to
the silylating agent in liquid or gas form for a period sufficient to complete the. -
reaction with the damaged low dielectric constant region. Optionally, further
treatments can be done, e.g. a high temperature bake to remove remaining solvent,
“excess surface modification agent, and by-products. Also, optionally, a wet
cleaning operation can Be performed immediately after the surface modification
agent application, or after the baking step, using a commercially available

chemical compatible with the low-k dielectric. Additiohally a dehydration bake



reaction with the danmaged | ow di el ectric constant
region. Optionally, further treatnents can be done,
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sol vent, excess surface nodification agent, and

by- products. Also, optionally, a wet cleaning
operation can be perforned i nmediately after the
surface nodification agent application, or after the
baki ng step, using a conmmercially avail able chem ca
conpatible with the lowk dielectric. Additionally a
dehydrati on bakenmay be perforned before the surface
nodi fication agent treatnent, to increase
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- that the effectiveness of silane based surface modification agents is enhances byA

an activating agent such as an amine, an onium compound or an alkali metal

hydroxide.

SUMMARY OF THE INVENTION

The invention provides a method for treating a silicate or organosilicate dielectric
film on a-substrate, which silicate or organosilicate dielectric film eithef
comprises silanol moieties or which silicate or 6rganosilicateAd_ielectric film has
had at least some previously present carbon containing moieties removed

therefrom, the method comprising:
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organosilicate dielectric filmeither conprises
silanol noieties or which silicate or organosilicate
dielectric filmhas had at | east sone previously
present carbon containing noieties renoved therefrom
the nethod conprising:a) optionally dehydrating at

| east a portion of a silicate or organosilicate
dielectric filmon a substrate; then (b) optionally
appl yi ng an activating agent for a surface

modi fication agent conposition to the silicate_or

ofa) aptderially slehydraiieg deast & peitiomof asdiraiecy cEgpmEsilictag
the, siligate or..organgsilicate dielectric filmwith a
sﬁ?kﬁ%g I??%ﬁ?ﬁ%%’%%%nt conposition in a vapor or
g@y ©ptisnadlyapplyinhal &itivatifiCagaut for@sutfact hbdificatton ggant
conposition conprises a conponent capabl e of
afpesitiongodie siticate oy organgsilinat diplsstEcid®: tenponds
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e or organ ectri I'mvia
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conditigns .sufficient to (i) or (ii) or (ijj):. (I dd
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04 ﬂg:‘shér‘f;tﬁ‘tn?oi%iélo‘?%&ﬁds‘-‘crédtéﬂy Rimdvial df @eRIn uthBaL
pores t he si

I cate or organcsilicate dielectric
f inlomtiesvirem thheilichteror osgaposibicats distectrid film Yias8ylation) said

ordoE Rt SR Buet Eondor ook SR et ep ilce

p_g? e&d @H‘rbérh&n‘@éihi!n% e 0 AEAINGE drcMmosiliehte didlédtric film,
film when the filmis porous. The invention al so '
pPbvi des a net hod of preventing voids in a damaged

S hbi seasBrBle pores of the silicate or organosilicate dielectric film, when the
film is porous; or 4
(iii) first add carbon containing moieties. to the silicate or organosiliéate dielectric
film, and then seal surface pores of the silicate or organosilicate dielectric film,

‘when the film is porous.

The invention also provides a method of preventing voids in a damaged silicate or
organosilicate diélectric film on a'substrate, which silicate or,orgénosilicate
dielectric film either comprises silanol moieties or which silicate or organosilicate
dielectric film has had at least some previously present carbon contéining ‘
moieties remoVed therefrorﬂ, the method comprising:

(a) optionally dehydrating at least a portion of a silicate or organosilicate
dielectric film on a substfate; then t

(b) optionally applying an activating agent for a surface modification agent
composition to the silicate or organosilicate dielectric film by chemical vapor

deposition; then



organosilicate dielectric filmon a substrate, which
silicate or organosilicate dielectric filmeither
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organosilicate dielectric filmhas had at |east some
previously present carbon containing noieties renpved
therefrom the nethod conprising: (a) optionally
dehydrating at |least a portion of a silicate or
organosilicate dielectric filmon a substrate; then
(b) optionally applying an activating agent for a
surface nodification agent conposition to the silicate
or organosilicate dielectric filmby chem cal vapor

deposition: .then(c) contacting the silicate or

o ORblac R e SR x P PR R lloria bl i surtace
nagbdifictibh @ferR 86MboSAHPES bﬁérﬂieal%gef‘&fpogﬁbn%?Hférsurface
deposi tion of the surface nodification agent

c rRsBiGatips azens cemposition toathe sidicaterog argaabsilicat diclectric film,

i.el.ect ni ' \ in th face nodification
e el e e s P amgment

alckpabiet ofrafkydatingl oflagflhtig SiahalN@bictiBd 81 BRds Bleal®@BYSemoval of
crgg?ed'byB?eé%Lala%fm%%rbon cont ai ni ng nnletleg ?rom

t FRFOER coRtainme poighieslremithg silieate o @gémSiliqatefdielngtviic dilm via
Sk QLY Ld: A ' i.ng.conduct ed _under

oo B < o R P P Ty o acd
moarboi esntyioingheoisiids to aliesilitat® bgeaasdsilicat deldittil edhtuugh
filmthrough %td#§ﬁ§¥ a gortion of a depth thereof,
Tﬁte]e?sﬁ\a}é’ﬂftg)é‘rf’ A ®Povi des a nmethod of inparting
hydr ophobi c properties to a silicate or organosilicate
dielectric filmon a substrate, which silicate or

of BaHysntioncfartherdirevides 2 inettodl afimpartiep hmephéweF;ope?ies toa
Sk:h- | mieti.es. ofr. i.ch.silicate or organgsilicate

o PR PR M Pt ioStte BHER P Do o
porzansyilicags dielactio Tl dithBcdMiriked §RnbEABIEEs 5NGhLh s8ithte or
the nethod conprisin :‘Lg% optionally dehydrating at

| glgg?osgiciggp&iplggpi@{il@ B attleasp poroe grenisislyipreseat carbon
containing moieties removed therefrom, the method comprising:
(a) optionally dehydrating at least a portion of a silicate or organosilicate
dielectric film on a substrate; then ‘
(b) optionally applying anractivating agent for a surface modification agent
composition to the silicate or organosilicate dielectric film by chemical vapor
deposition; then A '
(¢) contacting the silicate or organosilicate dielectric film with a surface

- modification agent composition by chemical vapor deposition of the surface
modification agent composition to the silicate or organosilicate dielectric film,
wherein the surface modification agent composition compfises a component
capable of alkylating or arylating silanol moieties or bonds created by removal of
carbon containing moieties from the silicate or organosilicate dielectric film via
silylation; said contacting being conducted under conditions sufficient to (i) or (ii)

oor (iii):



dielectric filmon a substrate; then (b) optionally
applying an activating agent for a surface
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organosilicate dielectric filmby chem cal vapor
deposition; then (c) contacting the silicate or
organosilicate dielectric filmwth a surface
nodi fi cati on agent conposition by chem cal vapor
deposition of the surface nodification agent
conposition to the silicate or organosilicate
dielectric film wherein the surface nodification
agent conposition conprises a conponent capabl e of

al.kyl,ating or _arylating silanol., noieties qr bonds . .
o (D480 Bhn Bt o et o Bist iR et e eeteig fim
t HerosgH ht10dse a PortRIAFAQRDH halesr, drel ectric filmvia
silylation; said contacting being conducted under
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of thle silicate Qr organosilicate dielectric filn or
( e siliqats ot organpsilicatssheledtie &ilmi ng noieties to the
silicate or organosilicate dielectric filmthrough at
| east a portion of a depth thereof, and then seal
surface pores of the silicate or organosilicate

dielectric fibm%’z&ezsml PTI ON OF THE DRAW NGS .
Figure 1 is a 1 i INGS equi pnent

configuration for perf orrri'ng the inventive method.

Figure 2 is a schematic representation of another
efjiguprbin a sbamagareprdsentatiarr offrer dquipmeny colféguiratioanor ve
nBélj?&-g"ling the inventive method.

Figure 2 is a schematic representation of another equipment configuration for

performing the inventive method.

Figure 3 is a schematic representation of yet another equipment confi guration for

performing the inventive method.

DETAILED DESCRIPTION OF THE INVENTION

In the context of ;he present .invention, dielectric materi‘als haviﬁg low dielectric
_constants, typically below 3 are especially desirable because they typically allow
faster signal propagation, reduce capacitive effects and cross talk between
conductor lines, and lower voltages to drive integrated circuits. This invention
relates to both porous and non-porous dielectric materials. One material with a

low dielectric constant is silica which can be applied as a foamed dielectric



Figure 3 is a schematic representation of yet another
equi pnment configuration for performng the inventive
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context of the present invention, dielectric materials
having | ow dielectric constants, typically below 3 are
especially desirabl e because they typically all ow
faster signal propagation, reduce capacitive effects
and cross tal k between conductor |ines, and | ower
voltages to drive integrated circuits. This invention
relates to both porous and non-porous dielectric
naterials One material with a IOM/dieIectric const ant
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intended to encompass any other suitable form or shape in which such silica

dielectric materials are optionally e'mp]oyed.' Nanoporous silica is attractive
because it employs similar precursors, including organic-substituted silanes, e.g.,
tetramethoxysilane ("TMOS") and/or tetraethoxysilane ("TEOS"), as are used for
the currently employed spin-on-glasses ("SOG") and chemical vapor disposition
("CVD")silica SiO,. As used herein, the terms “void” and “pore” mean a free
"volume in which a mass is replaced with a gas or where a vacuum is generated.
The composition of the gas is generally not critical, and appropriate gases include
relatively pure géses and mixtures thereof, including air. The nanoporous
pblymer may comprise a plurality of pores. Pores are typically spherical, but may
altemativély or additionally have any suitable shape, includiﬁg tubular, lémellar,
discoidél, or other shapes. The pores may be unifofmly or randomly dispersed |

within the porous polymer. It is also contemplated that the pores may have any



i ntended to enconpass any other suitable formor shape
in which such silica dielectric materials are
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because it enploys simlar precursors, including
organi c-substituted silanes, e.g., tetranethoxysilane
("TMOS") and/or tetraethoxysilane ("TECS'), as are
used for the currently enpl oyed spin-on-gl asses
("SOG') and chem cal vapor disposition ("CVD') silica
Si 2. As used herein, the terns "void" and "pore" mean
a free volune in which a nass is replaced with a gas
or where a vacuumis generated. The conposition of the

gas is.generally _not. critical,.and.appropriate gase
ool Bty purte: sad Burial nARRIPBLI R a8 Sty
| DG4 NEh 8djacent PBred 2NERAE AUBrubRkd WRE alfiniff@RNPamEent df
plurality of" pores. Pores are typically spherical, but
magnrgcted on Sopengipprasityaddi ti onal | y- have any suitabl e
shape, including tubular, |anellar, discoidal, or

ot her shapes. The pores may be uniformy or randonly

- diNEREpETBEs Widdfilinst i@ e PRIVASIS] isde) TRYTicateld by rainsieer of methods.

contenpl ated that the pores nmay have anyappropriate.
diSaitehle silicon-bpsedpuequrrer CoBReLRpNISANE dngtheds Tax forging
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| owi ng
c byaefesticéhSeimpat ent s 6, 048, 804, 6, 022, 812; 6, 410, 149;
6, 372, 666; 6,509, 259; 6, 218, 497; 6, 143, 855, 6, 037, 275;

B TR e e TR

| ReppBeR®t adhhe el dilidon-beéedeciogdiacenmont} iwigned pending

'd,:{{e)lﬁeCt . 3 glnd 'L)r?\éver(ijzil %%0?%/6172(3:91%&&125 %g’tl)rﬁar%lolrg?a&ie; (for

i gRAteT APRIAEY :
example NANOGLASS® and HOSP® products commercially available from
Honeywell'lntemétional Inc.). The dielectric and loW dielectric materials may be
applied by spin coating the material on to the surface, dip coating, spray coating,
chemical vapbr deposition (CVD), rolling the material onto the surface, dripping
the material on to the surface, and/or spreading the material onto the surface.
Dielectrics useful for this invention include CVD deposited materials, such as
carbon doped oxides for example, Black Diémond, commercially available from
Applied Materials, Inc., Coral, éommercially available from Novellus, Aurora,
which is commercially available from ASM, and Orion, which is commercially
available from Trikon. '
As used herein, the phrases “spin-on material”, “spin-on organic material”, “spin- -

on composition” and “spin-on inorganic composition” may be used

10



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

wa@esoab1sko. 10/ 078919 filed February 19, 2002; PC¢T/082006/001561
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exanpl e NANOGLASS(r) and HOSP(r) products commercially
avai | abl e from Honeywel | International Inc.). The
dielectric and low dielectric materials nay be applied
by spin coating the material on to the surface, dip
coating, spray coating, chenical vapor deposition
(CvD), rolling the material onto the surface, dripping
the material on to the surface, and/or spreading the
material onto the surface. Dielectrics useful for this

R L S RS BB o o spunon
CRINRILS AL bY s:d¥RE heRkehd §MtARRli :ppliddibe prddess. Exgnples of

Coral, commercially available from Novel ['us, Aurora,
whilictn-based eomppwidsicoympaivesilaxisne comprrnASNuCk: pymetiylsH oxane,

B R e e e

Oh@eHYigheis 6 aak, methgPhogysibesquasiaht, gilizaan polysmirs silivate

I norgani ¢ conposition” nmay be use Lnterch?ngeable and
r pplymepspndipisaursnibgieobnd CapE dlagasROlYReE Scan be

S - ; . t e AL HSI j
cg‘g@ﬁ%s‘g%é i'ca %%%par g@é@?&%&%@%ﬂ%ﬁ Bgﬁ' ﬁlg%ﬁ based -
C clmpaiopHsres oapise sieached. dSgAnenegasp mmettls alse incheles siloxane
met hyl si | oxane, t hyl si ] sesqui oxane, phe si | oxane
DREITICE artop Rl RAPERENF BBl the el Simua
ISRHE. ' ' icXhh @B PReROWHIME Ve the formul
R e ol ot o

s(HSERRR, whergnes gicatep dranyebouisionn zakse inahdedrgreapolymers of

"t ranspar.ent". pol r_backbone. onophor es -can
b@%pg%@ﬂg@flwgg?ﬁ%ﬁ_a&a 53 yrﬁ;%(ﬁéaﬁgh‘;;’%ng:ago i ncl udes
S'h?r&a‘@@yleyd@mbwmraﬁe.as@nbincgms pedtarialy sidithordtlp grethelel oxane
pol ymers of the general fornula.ékb-i.oSiO .5.2.0)cand

hyaiesgleyisidositergne pRlamersfl theraeneral i have t he

.f ?ﬁg}ﬂs‘?@,5-2,o)n(R0_1_OSi01,5-2_o)m, and organohydridosilsesquioxane polymers of

the general formula (HSiO, 5)a(RSiO1.5)m, where m is greater than zero and the
sum of n énd m is greater than about four and R is alkyl or aryl. Some useful
ofganohydridosiloxane poiymers have the sum of n and m from about four to
about 5000 where R is a C;-Cyg alkyl group or a C¢-Cjs aryl group. The
organohydridosiloxane and organohydridosilsesquioxane polymers are
alte"rnatively denoted spin-on-polymers. Some specific ekamples include
alkylhydridosiloxanes, such as méthylhydridosiloxanes, ethylhydridosiloxanes,
propylhydridosiloxanes, t-butylhydridosiloxanes, phenylhydridosiloxanes; and
alkylhydfidosilsesquioxanes, such as methylhydridosiisesquioxanes,
ethylhydridosilsesquioxanes, propylhydridosilsesquioxanes,
t-butylhydridosilsequioxanes, phenylhydridosilsesquioxanes, and combinations
thereof. Séveral of the contemplated spin-on materjals are described in the

following issued patents and pending applicatidns, which are herein incorporated - ’
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(HSITQ,5)x, where x is greater than about four. Al so
i ncl uded are copol yners of hydrogensil sesqui oxane and

wa@rooal1bisxy/ hydr i dosi | oxane or hydroxyhydri dosi | BREDNS2006/001561
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Spin-on glass materials additionally include

or ganohydri dosi | oxane polynmers of the general fornula
(Ho- LoSi Qu™. oMRo-i . 0Si Ch?. cOm  and

or ganohydri dosi | sesqui oxane pol yners of the genera
formula (HSSQ )n(RSTO 1 )1ln , where mis greater than
zero and the sumof n and mis greater than about four
and Ris alkyl or aryl. Sone useful

or ganohydri dosi | oxane pol ymers have the sumof n and m

f iR RRGKL iof Gl eh%ee%bog} 5;5%19 B §6§ 4%1-i 8,385 .565.% 528 457;

al kyl group or gr oup

orﬁgb?ﬁol%@drﬁ 5339018, (20 @@mmlm I@mmmm 855;
SR, P oAl ChepPead et d DLk Fied S e i 2001
swcT/BS00R 5Ny f1d 1S i2oow an eq:%ﬁgwg}ggg@og%ggmw981999;
al I?l}?{ ‘Iaf%gﬁ?(}}gfggagﬁ?@%g%gagnd gg@}psggxane resins can be utilized for

W@éﬂﬁ&ih@ M&’g&@ﬂ&d&%%&’fﬁﬂﬁ $hat are useful in the fabrication of a
et hyl hydr1 dosi | sesqui oxanes,

pr sty oy dlecdosic HS‘eseqiunmramIromc devices, particularly semiconductor

oADK AR BYERE Stecesits fos lseram a7 semiconductor
t hexihp@ﬁent8$ﬁitﬁfcﬁﬂ1g ®drd gk %y@;se Hﬁlc@trﬁg}a§&k @ &Wagé kahg

‘a ée descri bed in the fol 14? | ssued” patents an
T

Hdshejclapiop lavgts: oﬁbesema@ﬁh #losidereing r¢sm:kameram @mmanble'

é%%é@%%ﬂ*% Y0Fiat e bE LY o Ser AT RIS 166 G as
6 p&B1IBRE: baﬁecﬂdxﬁnpkﬁﬂlds Glidhhtf1RMased dddpdias, s@idehZols 1,
S. at.ent atlon serial no. 10/001143 filed
H‘g S’l‘tfgafgg eCpstety ISaXan9ReroYs dieleggics. emgourdydlat are

aB&usR@Ta %Q&fb@@wﬁﬂl RCord AUEM ddsilod AR TesipPdyilsl ONS Of

org anogédr|d05|loxane and~org 2n05| [ oxane resi’ns can be
ueontemplgteddierein are; dmg:lQ;Sag ijSS Ipeteatsed, Hidl ade 6, FA1L689; t hat

aEQ7§'§§§ UB 15@ SEEGU§ pp i& on%rérlg]fNo 60/350187 filed January 15,
20Q2, U.S. patent apphcatlon serial no. 09/538276; U.S. patent application serial
no. 09/544504‘; U.S. patent application serial no. 09/587851; and U.S. 60/347195
filed January 8, 2002; PCT Application PCT/US01/32569 filed October 17, 2001;
PCT Application PCT/USOI/50812 filed December 31, 2001, which are all

incorporated herein by reference.

Suitable organohydridosiloxane resins utilized herein have the following general

formulas:
[H-Si) 5]a[R-Si0) 5]m : Formula (1)
[Ho.s-Si1s- 1.8]1n[R0.5-1.0-Si01 5 - 1.8]m Formula (2) ‘ '
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variety of electronic devices, mcro-electronic
devi ces, particularly sem conductor integrated

w@Roosu0t538 and various | ayered materials for el BCI/USINE@001561

and sem conduct or conponents, including hard mask

| ayers, dielectric layers, etch stop layers and buried
etch stop | ayers. These organohydri dosil oxane resin

| ayers are conpatible with other nmaterials that m ght
be used for |layered nmaterials and devices, such as
adamant ane- based conpounds, di amant ane-based
conpounds, silicon-core conpounds, organic
dielectrics, and nanoporous dielectrics. Conmpounds

t efably conpati bl g
h%&ﬁqayﬂﬁggo§ﬂfk&ane resin Iayers coé?enplated her.ei n
are disclosed in U.S. patents 6,214, 746 6,171, 687,
6[H:52,518B-516; 466i@12, Us Appl i cdorsiagdlial No.
60/ 350187 filed January 15, 2002; U. S pat ent
appkicgat i on serial no. 09/538276; U. S. patent

. application serial no. 09/544504; U. S pat ent.
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f bf ?@h $erdchidasiic that 20041 cditdi nﬁ@pionaatw:mmafé’(ﬁfésbﬁﬁn Lith&&n
il ed Decenber 31, 2001, which are all |nco%jsorat ed

hél‘nélllﬁi ahyess dhasy dboueAl sirena bl Grgamie FpRicP DI ghi an-

fﬁﬁl'oﬂﬁt g&:&%@gﬁ &ﬁ:@]ag ?Sf&ge{tgﬁgfoﬁgor Iﬁg?t @rs@g R is

1s&8ected &on{ dﬁb&ith@dﬁntbuﬁsubsst}lmd Fromal hed bﬁ)l{:hdd alkyls (methyl

'SFQ’? 'bBF fB?ﬁ[ %‘?”aﬂgl@l %ﬁffP%s @ﬂylm@fémmfwl)sum of -

8816al OJIJAﬁceﬁ QlipsX ary¥s @AchyE ckuph ey ARQsips8 t o
abou aﬁ%s yC m&"l(r)grr psl grysse@ect% Sl?ch thgttggcarsbon
c oaphthaleng gmpst arttluemnyl giogpparekphenanthreayk grewpsaypnd mixtures

‘thereof; and wherein the specific mole percent of carbon containing substituents is
.a function of the ratio of the amounts of starting materials. In some LOSP
embodiments, particulaﬂy favorable results are obtained with the mole percent of
carbon containing substituents being in the range of between about 15 mole
percent to about 25 mole percent. In some HOSP embodiments, favorable results
are obtained with the mole percent of carbon containing substituents are in the

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

Nanoporous silica dielectric films with dielectric constants ranging from about 1.5
to about 4 can also be used as one of the layers. Nanoporous silica films are laid
down as a silicon-based precursor, aged or condensed in the presence of water and
heated sufficiently to remove substantially all of the porogen and to form voids in
the film. The silicon-based precursor composition comprises' INONOMers or
prepolymers that have the formula: Ry-Si-Ly, wherein R is independently selected
from alkyl groups, aryl groups, hydrogen and combinations thereof, Lisan | |

electronegative moiety, such as alkoxy, carboxy, amino, amido, halide, isocyanato

t
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amount of | ess than about 40 percent (Low Organic
Content = LOSP) or in an anount greater than about 40

w@eovosamts7§ H gh Organic Content = HOSP); R is sSeCBUSB®A6/001561

fromsubstituted and unsubstituted, normal and
branched al kyls (nmethyl, ethyl, butyl, propyl,
pentyl), al kenyl groups (vinyl, allyl, isopropenyl),
cycl oal kyl s, cycl oal kenyl groups, aryls (phenyl
groups, benzyl groups, naphthal enyl groups,

ant hracenyl groups and phenant hrenyl groups), and

m xtures thereof; and wherein the specific nole
percent of carbon containing substituents is a
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materials. In sone nmbodi nent particularly
f diiseebreging Sigm EbQ!lllt 8 £ bb(mt He d)thmmnbpm‘om)d:cengmmdemd
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are obtained with the nole percent of “carbon:
cSRHERthi ng substituents are in the range of between
about. 55 nol e percent to about 75 nole percent.

NaThephrpes “@igk sGactdice) ‘%@%& malefcuiewsanw Chodl b Rhd* Sre
constant s rangin fromabout 1.5 to about 4 can al so

benigadd tadedised wferehpageaippnd reﬁm@p@mdwlshawwatﬂcasnto
AR A8 A1 CIUIRRE PSR SRl fi o hore

condensed®in t ter an
S utdms:mfemmﬂlg/sysmrm ehmtbemmﬂﬁ arﬁagalsﬂrlyct@lel ca(gfa nid)€cule or cage

f d he fil The
R R R it v s TS P
OfwHeF &R BleYsiRibfird, R le AV 6r ctJPlgpoquH Hb‘%ﬁe aF%'lé}] Ls?.’u':h that a point

el ecte fS ?( g

wherein R is independentl rom a
argdategrwitipthic vieyuinoepamas ﬂﬂavc, drebiohané wnthomtfmsﬁng thrdmghsthe

R R O

t laﬁdl anly be>rériated) phitiaBY Sdturatay bﬁﬂlsaﬁ;%@mﬁha%%enlzplated
and y is an integer_ ranging fromabout 2 to about

: oﬁ%ﬂrstwa%ﬁdﬂeluée tdlepmandad srvmethers devingat lsastone bddgen

UFSr e RAHE 0 RathidafSdr difmdiane %bns%e%é‘cf" a Zé‘g% structure, while a

naphthalene compound or an aromatic spiro compound are not considered a cage
structure under the scope of this definition, because a naphthalene compound or

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

Coﬁtemplated cage compounds need not necessariiy be limited to being
.comprised solely of carbon atoms, but may also include heteroatoms such as N, S,
O, P, etc. Heteroatoms may advantageously introduce non-tetragonal bond angle
configurations. With respect to substituents and derivatizations of contemplated
| cage compounds, it should be recognized that many substituents and |
derivatizations are appropriate. For example, where the cage compounds are
- relatively hydrophobic, hydrophilic substituents may be introduced to increase -

solubility in hydrophilic solvents, or vice versa. Alternatively, in cases where

14



6, 313, 185; 6, 380, 347; and 6, 380, 270, which are
i ncorporated herein in their entirety. The phrases

w0 c@gaosrs uct ure”, "cage nol ecul e", and "cage BONpPsunEio1sel
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are intended to be used interchangeably and refer to a
nol ecul e having at | east 10 atonms arranged such that

at | east one bridge covalently connects two or nore
atons of a ring system In other words, a cage
structure, cage nol ecul e or cage conmpound conprises a
plurality of rings formed by coval ently bound atons,
wherein the structure, nolecule or conpound defines a
vol une, such that a point |located with the volunme can
not .1 eave, the, vo] une without passing through the ring.
Tr?é’laﬁﬁ}’ Efg‘lé‘*s‘é?fh/PBlaftsﬁé EFQUP§ wsheaﬂdﬁgyo e aped empewad Jf is

MFaRhd? ) : iC. rti S
o e ARl OB AT oy AR bRl hegaite
starenpsurusicophiticudd elegtrophibin gsuparidsloubhis€bh apsedised ot

at: | east, one bridge. .For .exanpl e, an adamant ane or

aiT R 2O s Hoo B bt i HEEReS o e £ i faci et

N RpdRkINadi SR SRR O 288 at R r@ée@i@ﬁ&ie&.)s.@z{gg ntS8RQNF are

not considered a cage structure under -t scope of
t KPEPEEidsnastdeseribeddn deted heraiawhn hlb de eraupsio ack ataclad to a

a ' [ ound do pot have one, or, pore than
SRR By 3RHES BRI €0 BEh AR SR g
neompsaid foymbend iyfie b toid FinbR ot RA SRS Mtk dss Bhking of
carpon atons, but may al so include heteroatons such as -
N2t igast @ne part gf the bagltbong aitnigscley anetherhaglfemesiag form another

s o e SRR IR BRY T SR Sl BB ana

c yatiasioph af tdscmgleculespolicmspounts sfealshdivee in eaggni zed

G 3SR B B Tl ‘Whish Setseere ansoroneied by

Lgéflaﬁ??égigﬁtg fé&gﬂit‘e‘gﬁ rﬁgétgﬁélggi’éﬁrméﬂs e doktRE § WIBY range
of functional or structural moieties, including aromatic systems, and halogenated
Agroups. Furthermore, appropriate polymérs may have many configurations,
including a ‘homopolymer, and a heteropolymer. Moreover, alternative polymers
may have various forms, such as linear, branched, suber-branched, or three-
dimensional. The molecular weight of contemplated polymers spans a wide range,
typically between 400 Dalton and 400000 Dalton or more. Additives can also be
used to enhance or impért particular properties, as is conventionally known in the
polymer art, including stabilizers, flame retardants, pigments, plasticizé:s,
surfactants, and the like. Compatible or non-compatible polymers can be blended
in to give a desirgd property: Adhesion promoters can also be used. Such.
promoteré are typified by hexamethyldisilazane, which caﬁ be used to interact

~ with available hydroxyl functionality that may be present on a surface, such as

silicon dioxide, that was exposed to moisture or humidity. Polymers for

microelectronic applications desirably contain low levels (generally less than 1

15



solubility in hydrophilic solvents, or vice versa.
Alternatively, in cases wherepolarity is desired,

w@oeloanosrgle groups nmay be added to the cage coP@DURINNG/001561
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. such_as |inear, branched, super-

It is further contenpl ated that appropriate
substituents may al so include thernol abile groups,

nucl eophilic and el ectrophilic groups. It should also
be appreciated that functional groups may be utilized
in the cage conpound {e.g., to facilitate crosslinking
reactions, derivatization reactions, etc.) . Cage
nol ecul es or conpounds, as described in detail herein,
can al so be groups that are attached to a pol ymer

b d t herefor n_.f or m nanopor.,oys terials
s PR A TR e SR ebition it diléctric
(iinterlapamb.ecul ar). and where the crosslinking of at -

| east one part of the backbone with itself or another

backbone can form another - type of void

[ : N - ¢ nol ecul.es, .cage
CoTH AR RS Btk (R LD Bes EREE nRR e bE g R fhany ways
c anpdesighedas be ssaied bedisiolvatahahl shifabRCHINED sb38ROR the
filed.on t ober 18, 2001, which is herein . ‘
i E%‘?‘Hb%’r WPDS e bt adisd &0 7 fubstigtes psufaaeya wafer or layered

-Copdrem! ﬁgﬁgfps%ll\yeﬂ?sra?e HRY ufbse 9019?15'[? fa ?rﬁaalb &gﬁafv% egﬁe

of functi or structural noieties, C

amegremniers, syosezivenorametr ek ngenmided] GhaspEontempl ey H¥ets
appropriate. pgl yners nay haye many configurations,

i ﬁ‘gﬁ% Y S&“E@ﬁﬁm QF AU turey RHOTZ AR OF ingpgAnGmplecules that are

MyoReitigéd atdl desirelenpRraR Bt YotRh s IRYeriiRYGeMBELAYS of HalBan
[F% ed, " or

ranc
t hacalitgierany oif dresgbovermentionasioddsign geelsghineats. Mhetselvphtaheg

Dl B8 RSP 0 bl AR o Rinompotdan mavees

~ béhensdd Asmsedhasetherteinlir’ Padahi tHat SarREGREE bF 8 holdSile

i's conventionally known in the polyner art, including
s PhETPPmddhaticrediss anamngquph charge.iagiad sharge pt spontapequsrabarge

PALASERR i a0 LK B 0 B, oy i

d i teal “porepalar ymeahd Hes clemaqertstiotof asnelaul@bs@nkRoubs @ht

ngcegtes an equal charge, partial charge or spontaneous charge distribution at one
point of or along the molecule or compound. In some contemplated
embodiments, the solvent or solvent mixture (comprising at least two solvents)
comprises those Solvents that are considered part of the hydrocarbon family of
solvents. Hydrocarbon solvents are those solvents that comprise carbon and
hydrogen. It should be understood that a majority of hydrocarbon solvents are |
non-pblar; however, &ere are a few hydrocarbon solvents that could be
considered polar. Hydrocarbon solvents are generally broken down into three

| classes: aliphatic, cyclic and aromatic. Aliphatic hydrocarbon solvents may ‘
comprise both straight-chain compoﬁnds and compounds that are branched and

- possibly crosslinked, however, aliphatic hydrocarbon solvents are not considered'

cyclic. Cyclic hydrocarbon solvents are those solvents that comprise at least three
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pronoters are typified by hexanet hyl di sil azane, which
can be used to interact with avail abl e hydroxyl

wo mvetiosmal ity that may be present on a surfaceCT/E8m06/001561
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as silicon dioxide, that was exposed to noisture or
hum dity. Polyners for mcroel ectronic applications
desirably contain low | evel s (generally less than 1
"ppm preferably I'ess than 10 ppb) of ionic
impurities, particularly for dielectric interlayers.
The materials, precursors and | ayers descri bed herein
can be and in many ways are designed to be solvated or
di ssolved in any suitable solvent, so Ionﬁﬁgs t?e
r esibdl AGmS BHistitb@sa RAYstARLAL Rl {oiphadk
surf aéle a \%g fer gfa g%sere rratleﬁﬂoﬁ&l% a f Oaaﬁ’ &t s
ar}é'dmcl@ﬂ)Oﬂlﬁob@noolAremsc hydocaben stivents ﬁeSl@ds\t ablecmh ¢hat
C. nmononer m xtyres and p
CRARIRS? b ATP G, IR Ehsrutlar poRas ¥ bR oIk Bnppr muldple

mrm;gs raaa@fed %ng&iohﬁn&{ bAoA 'n?ulﬂﬁlle gk Bivcl 1REC
volatilized_at desired tenperat such a
crGanteraplaged rhﬁéioﬁﬁl‘lbpé solgents hEiUCEaﬂlu{i‘m; |xbllet1a,t;e1t§yimye lcrh xylene,
t si oa eds. The sol vent
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conpound In sone contenpl at ed I'ments,
s BEVaRR, herangohepsane, erckehexane; bermend, Solugnaakyleﬂasmd ivures or
sgbﬁﬁﬂ%ﬁgﬁﬁﬂﬁgéfses t hose solvents that are consi dered
0

part rocarbon famly of sol vents.

Hydr ocar bon soI vents are those sol vents that oorrprl se

¢ % bt?ler contemplated embodiments, the solvent or solvent mixture may comprise
those solvents that are not considered part of the hydrocarbon solvent famlly of
compounds, such as ketones such as acetone, 3-pentanone, diethyl ketone, methyl
ethyl ketone and the like, alcohols, ketones, esters, ethers and amines. In yet
other contemplated embodiments, the solvent or solvent mixture may comprise a
combination of any of the solvents mentioned herein. In some embodiments, the
solvent comprises water, ethanol, propanol, acetone, ethylene oxide, benzene,

toluene, ethers, cyclohexanone, butyrolactone, methylethylketone, and anisole.

It is still further contemplated that alternative low dielectric constant material may
also comprise additional components. For example, where the low dielectric
constant material is exposed to mechanical stress, softeners or other protective

agents may be added. .In other cases where the dielectric material is placed on a
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hydrogen. It should be understood that a majority of

hydrocarbon sol vents are non-polar; however, there are
w@2doe/0135y8ir ocar bon sol vents that coul d be consPdrUSINNG/001561

pol ar. Hydrocarbon sol vents are generally broken down

into three classes: aliphatic, cyclic and aromati c.

Al i phati c hydrocarbon solvents may conprise both

strai ght-chain conpounds and conpounds that are

branched and possibly crosslinked, however, aliphatic

hydr ocar bon sol vents are not considered ' cyclic.

Cyclic hydrocarbon solvents are those solvents that

conpri se at |east threecarbon atons orlenLed in aring
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uU.s. patents 6,204,202 and 6,413,882, incorporated by reference herein, provide

silicon-based precursor compositions and methods for forming nanoporous silica

dielectric films by degrading or vaporizing one or more polymers or oli gom’ers‘

20 present in the precursor composition. U.S. patent 6,495,479, provides silicon-
based precursor cofnpositions and methods for forming nanoporous silica
dielectric films by degfading or vaporizing one or more compounds or polymeré
present in the precursor composition. U.S. patent 5,895,263 describes forming a
“nanoporous silica dielectric film on a substrate, e.g., a wafer, by applymg a

25  composition comprising’ decomposable polymer and organic polysﬂlca ie.,
including condensed or polymenzed silicon polymer, heatmg the compos1t10n to

1

- further condense the polysilica, and decomposing the decomposable polymer to

form a porous dielectric layer.

)
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et hyl ketone and the |ike, alcohols, ketones, esters,
ethers and am nes. In yet other contenpl ated
wenwedorseit s, the sol vent or sol vent m xture nAYT/US2006/001561
conprise a conbi nation of any of the solvents
menti oned herein. In sone enbodi nents, the sol vent
conpri ses water, ethanol, propanol, acetone, ethylene
oxi de, benzene, toluene, ethers, cycl ohexanone,
but yr ol act one, net hyl et hyl ketone, and anisole. It is
still further contenplated that alternative | ow
dielectric constant material may al so conprise
addi ti onal conponents. For exanple, where the | ow
dielectric constant material is exposed to nechanica
stress, softeners or other protective agents nmay be.
adedessbmfoﬁ)iamﬂicaaaﬁ e prbeser tohesutlitelt€eigigt curdigs piadhrizaion,

P eadR LG Fm(s) Byesaphdbic S ok eRdor xR, IOBS. patents
ad@'SE@ 98‘9 2fd ngﬁﬁﬁﬁfgﬁ'xﬁ) g%ﬂ?éﬁ 'SfuB?cfgt@sgﬁatﬁaf@%ogt%fnplated

- desi r abl I n gener recur sor
5e. }y;rgmana,}mqmpmegthyslssmbtmxbsfantmﬂytsbhﬂ manaialdBartionlarlpr

bl | vent applied to a supstyrate,
anéxe grﬁ@%‘?ﬁﬁwﬁgﬁ?@é & Oélﬁ%cqlg’gﬂﬂsé E&l‘é‘él’ §125S ST ARIGE Plagipy ngtal or
| Nega@m@alVy cAfpdshre &R, ﬁi ﬁﬂe?&ﬁeﬁ'e%bfoﬁinﬁ%rﬁé) TR dubbidle

nanorret er- scale pores. When form ng such nanopor ous . '
f i ¢apaprises g silicomer gérmanhen preride disror vafaspifaed aipadalglng

t t he .f.i
Cyiiea? b R G siendvorel P G384 lgfame  opper
10 \Na:tlﬁfacé @udhai@ $6uriibin\angiichiz dbhidrvr patialt dielco@cN@ade, a via-wall
during an initial heating step. The filmis then
c UPTey] feéergnterfagﬁ S GOPRSE mﬁb‘dﬁh@)fﬁdlemtlpés oikare eoppst end it’s
h
S0 LS DA 0588 L P
popcyymndez-hﬁsed filep rpecl@s leakomhﬁedetal(illmgrsolmf balPsurface, glass
R T Y R TN T v
15 anpb]hh@r dhakiPwhdd e%nsﬁl%hﬁé‘ Eéhe@rvg Qtertiles aﬂﬁm@re‘grgfeﬁ%a

incorporated by reference herein, provid
embodiments, the substrate comprises a material common in the packaging and

circuit board industries such as silicon, copper, glass, and another polymer.

Subsequent semiconductor manufacturing processes such as deposition of cap

20  film by PECVD techniques, and via and trench formation by patterning by means
of étching and ashing, , atomic layer deposition, physical vapor deposition, and a
-chemical vapor deposition treatment tend to remove carbon containing moieties
which are hydrophobic groups from the organosilicate glass dielectric films and
replace them with silanol groups. Undesirable propertles result when the

25  organosilicate glass dlelectrlc films contain silanol groups. Silanols, and the
water that they can adsorb from the air are highly po]arizéble in an electric field,
and thus will raise the dielectric constant of the film, and will lower resistance to

‘wet cleaning chemistries and increase volatile evolution. Also, when the trenches
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silicon-based precursor conpositions and nethods for
form ng nanoporous silica dielectric filnms by

wale@oeadismgy or vapori zi ng one or nore pol ynmers BET/US2006/001561

ol i goners present in the precursor conposition. U S.
pat ent 6, 495,479, provides siliconbased precursor
conposi tions and nethods for form ng nanoporous silica
dielectric filns by degradi ng or vaporizing one or
nore conpounds or polyners present in the precursor
conposition. U S. patent 5,895, 263 describes formng a
nanoporous silica dielectric filmon a substrate,

e.g., a wafer, by applying a conposition conprising
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polyi m de.’ The "substrate" may even

‘areganesilicate dielectric film.

In order to remedy this problem, the organosilicate glass dielectric films are made
substantially free of silanols and water by treatment with a surface modification
agent to restore carbon containing moieties and usually increase the
hydrophobicity of the organosilicate glass dielectric film. This makes the film
resistant to stresses, such as induced by metal shrinkage during annéaling, stress
from other dielectric layers, and stress during packaging, thus deters undesirable

» voids from forming inside the dielectric material between the vias and trenches.
Etching and plasma remove hydrophobic functional groups. Damage to

- organosilicate glass dielectric films during semiconductor manufacturing processes

results from the application of aggressive plasmas and/or etching reagents to etch
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pol ymer chai n when considering cohesive interfaces. In
nore preferred enbodi nents, the substrate conprises a
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i ndustries such as silicon copper, glass, and anot her

pol ymer. Subsequent sem conductor manufacturing

processes such as deposition of cap filmby PECVD

techni ques, and via and trench formation by patterning

by nmeans of etching and ashing, , atomi c |ayer

deposi tion, physical vapor deposition, and a chem ca

vapor deposition treatnent tend to renove carbon

cont ai ni ng noi eti es which are hydr ophobi c groups from
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.dgggwratlons thereof. These treatnents renpve at | east

CHIF wlsrﬁpqufedgsq 19w dielectric constant of such films is the key
desired property of such materials).

Wet chemical treatments are also used in IC production for the purpose of
removing residues leftover after trench of via etching. The chemicals used are
often so aggressive they will attack and remove organic groups in silica based

‘ dielectric films, especially porous‘-silica films. Again, this damage will cause the
films to lose their hydrophobicity. Wet chemical etchants include, for example,
amides, such as N-methylpyrrolidinone, dimethylformamide, d1methy1acetam1de
alcohols such as ethanol and 2- -propanol; alcoholamines such as ethanolamine;
amines such as triethylamine; diamines such as ethylenediamine and N,N-
diethylethylenediamine; triamines such asvdiethylen'etriamine, diamine acids such

-as ethylenediaminetetracetic acid “EDTA”: organic acids such as acetic acid and .
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exi sting carbon containing noieties fromthe silicate
or organosilicate dielectric film Typically these

wo e@atioesmg s renove from about 5 to about 95 % PET/US2006/001561
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previously existing carbon containing noieties. The

I nventive process is conducted to add back these

carbon containing noieties to the silicate or
organosilicate dielectric film In order to remedy

this problem the organosilicate glass dielectric

films are made substantially free of silanols and

water by treatnent with a surface nodification agent

to restore carbon containing noieties and usually
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and are therefore particularly vulnerable to plasnmas
damage. In particular, silica based dielectric filns

hEhrshays of)t}ﬁfiﬁ\i'eﬁ‘atiVe process is an optional but preferred step of
dehydrating at l'east a portion of a silicate or organosilicate dielectric film on a
substrate. Such may be done by any means known in the art such as heating at a
temperature of from about 20°C to about 450 °C, preferably from about 100 °C to
about 400 °C for from about 10 seconds to about 4 hours, preferably from about 1
minute to 120 minutes, and more i)referably from about 10 seconds to about 30
minutes. The dehydration bake rembves substantially all of the moisture which
may have been adsorbed in the dielectric film. Removal of moisture from the
dielectric prior to surface modification agent treatment renders the subsequent

treatments more effective.
The next step of the inventive process is an optional but preferred step of applying

an activating agent for a surface modification agent composition to the silicate or '

organosilicate dielectric film. Useful activating agents non-exclusively include

22



content (such as nethyl groups bonded to Si atons) are
readi | y degraded by oxygen plasmas. The organi c group

w0 g00ex0d7Zzed into CO2 and a silanol or Si-OH groOLPS2006/001561
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‘hydr oxi de and tetranet hyl

remai ns on the dielectric surface where the organic
group fornerly resided. Porous and non-porous |ow
dielectric constant silica filnms depend on such

organi c groups (on surfaces) to renmain hydrophobic.

Loss of the hydrophobicity makes the dielectric

constant rise (the low dielectric constant of such

films is the key desired property of such materials).

Wet chemi cal treatnents are al so used in | C production
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A@Ef&ﬂ@llﬁ(ﬂéﬁéﬂtaﬁme@-@%ﬁﬂoeﬂﬂ&yﬁ%éﬁol @Ap2- to name but a

few.art-kn

ammoethylamm;)ethanol and mixtures thereof. In a desired embodlment of the
invention th¢ activating agent comprises tetramethylammonium acetate,
tetrabutylammonium acetate or combinations thereof. Other activating agenfs
include sodium hydroxide, potassium hydroxide, lithium hydroxide and
ammonium hydroxide. The activating agent may be applied to the film by any
convenient method such as coating, spin-on, dippmg, vapor application, chemical
'vapor deposition, and the like. The activating agent is usually applied to the film
amount of from about 0.0001 weight percent to about 10 weight percent, more
usually ffom about 0.001 weight percent to about 1 weight percent, and most
usually from about 0.01 weight percent to about 0.1 weight percent, based on the

weight of me subsequently applied surface modification agent éomposition.
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etchants. Ashing agents include plasmas derived from
hydr ogen, nitrogen, helium argon, oxygen, and

wWorRoob01538 deri ved therefrom and the |ike. , .PCTUSIO&001561
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to solve the above nentioned problens the inventive
treatnment nmethods inparting desirable properties to
dielectric filnms present on a substrate during the
process of fabricating a sem conductor or |C device.
The first step of the inventive process is an optiona
but preferred step of dehydrating at [east a portion

of a silicate or organosilicate dielectric filmon a
substrate. Such may be done by any nmeans known in the
aég such as_heating at a tenperature of from about 20
odhediexiyier indbe inyentivs methpd i gonfacting disoilicaleOor digartosilicate
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efs&%é:ti vVe,. .~Tage next step of the inventive process is
an opeina?}cgflc 0 38F¥f erred step of applying an

aThé ¥afadRanedRedichAEer BHpb&GSN @Bﬁpﬁbe%aatdoﬁ{boﬂ%ﬁ%pable of
copposition to the silicate or " organosilicate
dpykating iog arylating silerd mpoietisisiov Abndarreaiehbp removal of carbon
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sul f.oni um conpounds and i odoni um conpounds. - | ncl uded :
aPeUlk i vat | ng agents which may be al kyl am nes, aryl

- am ﬁ&ﬁear@&?éﬁ?ﬂéniﬁ%&ie@@gﬂm ST AALESe cgrgaenrogffifcat\é"?ﬁquctric film,

sul tably have
or ’ ’

(ii) seal surface; pores of the silicate or organosilicate dielectric film, when the
film is porous; or
(iii) first add carbon containing moieties to the silicate or organosilicate dielectric

film, and then seal surface pores of the silicate or organosilicate dielectric film,

when the film is porous.

A suitable surface modification agent composition includes one or more surface
modification agents able to remove silanol groups from the surface 6f an etched:
and/or ashed organosilicate élass dielectric film that it is desired to render
‘hyd,rophobic. These may be silane, silazane, silanols, or carboxysilyl. For
example, a surface modification agent is a éompound having a formula selected
from the Formulas: , :
(1) [-SiR;NR’-1n where n >2 and may be cyclic; (2) RgsiNR’SiR3, (3) (R3Si)sN;'
(4) R3SiNR’,, (5) R2Si(NRy’); (6) RSi(NR3')3; (7) RySiCly, (8) R,(Si((‘)H)y » (9
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boi I i ng point of about 100 OC or higher, usually about
125 0C or higher and nore usually about 150 OC or

a gas or vapor of the activating agent to the film
on the substrate at a tenperature of from about 20 0C
to about 450 OC, preferably from about 100 OC to about
400 OC for from about 10 seconds to about 30 m nutes,
preferably fromabout 1 mnute to 30 m nutes. Useful
am ne activating agent include primry am nes,
secondary am nes, tertiary am nes, ammobnia, and
quat ernary ammoni um salts. Useful am nes are
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nonoi sopropanol am ne,” tetTaet ene
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anmi noet hyl am no) ethanol and mi xtures thereof. In a
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d and the like. The activatin ent IS
g’??af{r b*haBﬁm maybe dlkyher qerhamyh swiias GOR¢ 8@ .
0. 0001 wei ght percent to about 10 wei ght percent nor e
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| B@eRt iPoe rewetib®of the sﬁﬂﬁﬂe&ﬁ&dlf'i@atidﬂ% Sihtl hfcﬁBF}‘/si@ 'may occur
organosilicate dielectric fil mvvltﬁ a surface

nERANFANEQUS L WIth gegisturecnipsst dwing the surfaca pendifieatign agents
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the si
‘process .

The alkyl moiety is either functionalized or non-functionalized and is derived
from groups of straight alkyl, branched alkyl, cyclic alkyl and combinétions
thereof, and wherein said alkyl moiety ranges in size from C; to about Cjg. The
functionalization may be a carbonyl, a halide, an amine, an alcohol, an ether, a
‘sulfonyl or sulfide. The aryl moiety is substituted or unsubstituted and ranges in
size from.C5 to about Cys, Pfeferably the surface modification agent is an |
acetoxysilane, or, for example, 2 monomer compound such as acetoxysilane,
aéetoxytrimethylsilane, diacetoxysilane, triacetoxysilane, acetoxytrimethylsilane,
diacetoxydimethylsilane, methyltriacetoxysilane, phenyltriacetdxysilane,
diphenyidiacetoxysilaﬁe, methyltriethoxysilane, dimethyldiethoxysilane,

-frimethylethoxysilane, methyltrimethoxysilane, dimethyldimethoxysilane, :
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organosilicate dielectric filmwth a surface
nodi fi cati on agent conposition is defined as a

been first dehydrated and has or has not been
contacted with an activating agent for the surface
nodi fi cati on agent. The surface nodification agent
conmposition conprises a conponent capabl e of

al kyl ating or arylating silanol noieties or bonds
created by renoval of carbon containing noieties from
the silicate or organosilicate dielectric filmvia
silylation; said contacting being conducted under

C | [ i) add
Otglr'ﬁgeélwhgxgﬁlpgy 1fahg rﬁé}fl%ﬁrfbhidr)m%ﬁ édlg?eﬂ%déélgblgo}ﬂm{e )

Oﬁm@ﬂqﬂtﬂlbﬁﬂm& meeiymm dithethyisilene, tiimpthgledtnes ur f ace
pores qf the S|ILcate or, ggan silicate dielectric
f hexagneihyidistiaganss hexameth eyl AesilaganGi i i) first add.

C@Egﬂﬂgﬁﬂ@%@@gﬂfg&tﬂ%@aﬁxb %s(ﬁfétﬁﬁ@mﬁiobdﬁl@ﬁ@lsﬂbne,

organo il electric film~ and then Seal surface
pmtsehmelﬂlytahans)math,}&ﬂkanartrlddgaﬂbsiamlnﬁp@ndisella@%t ric

ntala{ Whe Q&éfl | n%gﬁ&ﬁl&l&%ﬂﬂﬁ@ﬁ{Jggbrh&hglléﬁila%getamide
Saameag@ lmﬁisf)!:)%té &nnagﬂaﬂgls@by@ateo nfe&mDs\ﬂ@dtﬁisloayKnhte 2-

gr oups fromt surface of an etched and/or

gﬁrgmﬁbﬁsﬂqxaacré-@:r@s%om,@Héremrcﬁhdmlwl)ﬁ@ettmeq 2r(qﬂgﬂegl.\/lsﬂyl)
es|.red.,t
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Stihaedsipdiifetatsiloryegente, msnanethnmhadaﬂeavu ng a

fornmula selected fromthe For é}
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(ﬁﬁadlrﬁé\!h}lsﬂanol, diphenylsilanediol, trimethoxysilane, tnethoxysﬂane
trichlorosilane, and combinations thereof. In one noteworthy embddiment, the

surface modification agent is methyltriacetoxysilane. Ina preferred embodiment

the surface modification agent is dimethyldiacetoxysilane.

Additional surface modification agents include multifunctional surface
modification agerﬁ:s as described in detail in U.S. patent 6,208,014, incorporated
by reference herein, as described above. Such multifunctional surface 4
modification agehts can be applied in either vapor form, gaseous form, or by

chemical vapor depositing, optionally with or without co-solvents.

Suitable co-solvents include, e.g., ketones, such as acetone, diisopropylketone, 2~
heptanone, 3-pentanone, and others, as described in detail in co-owned U.S.

patent 6,395,651, the disclosure of which is incorporated by reference herein.

For example, as described in detail in U.S. 6,208,014, certain preferred surface
modification agents will have two or more functional groups and react with

surface silanol functional groups while minimizing mass present outside the |
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(4) RBSINR 2; (5) ReSi(NR2'),; (6) RSi(NR2' )3; (7)
RxSidy, (8) RxSi(OHy , ,(9)R3SIOSiR, (10) RxSi (CR)

W@ 2006A40578RxSi (OCOR )y, (12) RxSi Hy; (13) PCT/US2006/001561

10

RxSi[OC(R ) =R"'] 4-x and conbi nations thereof, wherein
X Is an integer ranging froml to 3, y is an integer
ranging from1l to 3 such that y=4-x; each Ris an .

i ndependently sel ected from hydrogen and a hydr ophobi c
organi c noiety. The R groups are preferably

i ndependent|y selected fromthe group of organic

noi eti es consisting of alkyl, aryl and conbi nati ons
thereof. The R group may be H, al kyl, aryl, or

Counenyl i a8 QPR 1 BTl e

rlethsu:laztbil&mIaaglenswh ashe reactive silyl gr oupbrrust
contain a hy l e IeaV|ng group such as but hot
limted to %&(5@?9 1, -OR, .-NRx (where x=I-2),

-OCOR, - OC2R, -NRCOR - NRCOZ2R, -NRCONR, -SR, - SOZR .

For reaction of the surface nodification agent, \
hywheseipss s1-geandocanlrR syiodepmndontlyl syleaiet moteties] stich as H and/or

Dy 0 T TR B8 e ARy s
f ctllepthe uTliyD gachdt§ isf GptiBM IR bl%tlﬁféﬂcﬁstﬁsub-mﬁlt&i k¥4 may b
fi'2ed -

nmoi et%l is either functionalized non-f unct i’ ona
t

ariFajgat pEmchedior emwtmgfewfolssxanmsgmsnhzwﬁqng Cr by :ahwh@ok, or
1 n : .
i tter, G RelSHinl BRACE T PR OISR skt BE ey motety

akmetbraﬁllﬁcon'fms cfflarsd:rtgl@ B]I@hlaZlatring lﬂhdﬁé/o;klﬁm@llf AlRAMYD ora
..an.am ne, an al cohol, an ether %IfoQ¥
ater, and more
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Préferably the surface nod IS an
ad@ﬁw%yﬂllane or, for exanple, a nononer conpound
such as acetoxysilane acetoxytrinethyIS|Iane,

- dIAGHLRXYS %H%F %li{g Cestlf)angs may € hsed as the surface modification
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acet oxytri
agent, e.g. suitable alkoxy s1lanes such as

RxSi(OR )4

wherein R are independently selected moieties, such as H and/or an organic '
moiety such as an alkyl, aryl or derivatives of these; R’ are independently selected
alkyl or aryl moieties. When R or R’ is an alkyl, the alkyl moiety is optionally
substituted or unsubstituted, and may be straight, branchéd or cyclic, and
'preferably ranges in size from C; to about Cys, or greater, and more preferably
from C; to about Cs. When R or R’ is aryl, the aryl moiety preferably consists of a
single aromatic ring that is optionally substituted or unsubstituted, and ranges in
size from Cs to about C;g, or greater, and more preferably from Cs to about Cg. In
a further optibn, the aryl moiety is a heteroaryl. Thus, the R groups independently
selected from H, methyl, ethyl, propyl, phenyl, and/or derivatives thereof,
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woreaokhas b tsr$ et hoxysi | ane,

di acet oxydi net hyl si |l ane, nethyltriacetoxysil ane,
phenyl tri acet oxysi | ane, di phenyl di acet oxysi | ane,

trimet hyl et hoxysi | ane, nethyltrinmethoxysil ane,

di met hyl di met hoxysi | ane, tri net hyl met hoxysi | ane,

nmet hyl tri chl orosi |l ane, di nethyl di chl orosil ane,
trimethyl chl orsilane, nethylsilane, dinmethylsilane,
trinmethyl silane, hexanethyl di sil azane,

hexanet hyl cycl otri si |l azane,

bi s(di net hyl am no) di net hyl si | ane,

bi s(di et hyl am no) di et hyl si | ane,

tris(di nethyl am no) net hyl si |l ane,

-t Previded detasleast ers) Pirergrair) Bnene embodiment, both R groups are
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t X i ' [ o i | silyl difornmam.de, .
e St R RO W ARE B B Blet S RuteBysiane.
trimethylsilylisocyanate, nethylsilyltriisocyanate, 2- .
t inetﬁéjsionypent-z-ene14~one, ) ) ]

n{R ERQhER eRhadimenty 3 sutalle siflane accordingda thy insientjon hasdhe i ¢
a%lﬂqeralrrogﬂlﬁiam?t hyl silyl)im dazol e,

trinethyIS|Hy propiol ate,

trimethylsilyl (tRx8HNRs sj | oxy) -acet at e,

-nonanet hyl tri sil azane, hexanet hyl di si | oxane,

trimethylsilanol, triethylsilanol, triphenylsilanol,

t Bibeiist! KEEL BYR Sitel idddlend iDL MYk lah @BE SiyP! When any R are alkyl
trinmet hoxysilane, triethoxysilane, tric¢hlorosilane,
afed/epwiyl- nltprefiesred hmbedimentsnRds eclededfiomt HyCH;, CgHs, and Ry

nang o DR, L RERRON siice PG aimnincie

s eipf, ad e dimeth lagiaio) @BthaBa e, trs(QintB IMhRoRheh PXiYsie! #Wor
Addi(%,i onal surface nodifjcation agents include . '
i lfrl?ﬁbtlfffﬁ‘rﬁlﬁpmé{!ﬁ-fla@édﬁ@éi dipehstifuserd Hlpapt manbe used such as

: dﬁ%&&qcﬂrdgotg%‘lﬁ%eé :rbgkrc]lgrééh%lgﬁﬁr?d?ﬁmgm Qs %‘nd’

i ncorporated by re rern, as descrrbed above.
ShisHiethylaminodintdtioisilansur f ace nodi fi cati on agents can
be applied in either vapor form gaseous form or by
cheni cal vapor depositing, optionally with or w thout
Clr $&laM6MESemBvtiinahy, & sﬁ@a‘o&oslibéﬁé‘ﬁ&ok&ﬁ% HPGe i{f‘vegﬁon has the

ket ones, such as acetone, diisopropyl ketone,
general formula of '

- R«S1(ON=CR;) 4x oOr RxSi[OC(R’)=R”j4-x

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

trimethylsiloxypent-2-ene-4-one respectively .
In yet another embodiment, a suitable silane according to the invention has the

general formula of

R,Si (NCORy) 4 or RySi(NCO)4x
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hept anone, 3-pentanone, and others, as described in
detail in co-owned U S. patent 6,395,651, the

waele®el1o5a8 e of which is incorporated by referePrCBUS2006/001561

10

herei n. For exanple, as described in detail in US.
6, 208,014, certain preferred surface nodification
agents wll have two or nore functional groups and

react with surface silanol functional groups while
m ni m zi ng mass present outside thestructural
framework of the film and include, e.g., surface
silanols may condense with suitable silanols such as
Rx Si(OH) 4.x wherein x =1-3, and each Ris

1 pdsegndens| ?yg@hgﬁ&ggndﬁbg#é&lg? H, MG affor hrg AR5 s@face

organic noie aryl or defivatives
oimotifiestton Afkan iktlude,az.al kyl , the al kyl noiety is

R e e B

StrgSeti Qs deagbout C 8, or greater, and nore
prre erygg’py ro%‘Cto about C8. Wien R is aryl, the

aryl noiety preferably consists of a single aromatic

oy e BT i G bl o RS WA G B e

apcher@EsGnRN£ber ably from C to about C8. In a further
option, the aryl noiety is a heteroaryl. |In another
enbodi nent, al koxy silanes nay be used as the surface
nodi ficatio s nt, e.g. suitable al koxy silanes such
astSi(CR‘;iX “X*%hherein R are independently sel ected
noi eti es, such as H and/or .an organi c noiety such as
an_al kyl, ar or_derivatives of

| h : ) . '
i WhesErte kit ilis e plkat erpry)l g ong Pf%%%%sﬁ%ﬁogﬂmgé%vﬁefﬁﬁh

. STB'% tri-RinBibrl KMtace WiiG6h aE@ﬂtﬁﬁMluidé, gptionally

15

20

25

ubstituted.or unsubstituted, "and nay be straight,
brethyheidhlorosdyed.i ¢, and '

In a more preferred embodiment, the surface modification agent includes one or

" more organoacetoxysilanes which have the following general formula,

(R1)xSi(OCORy),

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

same or different and y is an integer ranging from about 2 to about 3, or greater.

‘Useful organoacetoxysilanes, including multifunctional alkylacetoxysilane and/or .
arylacetoxysilane compounds, include, simply by way of example and without

limitatioﬁ, methyltriacetoxysilane ("MTAS"), dimethyldiaéetoxysilane '

(DMDAS), phenyltriacetoxysilane and diphenyldiacetoxysilaﬁe and combinations

thereof,
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preferably ranges in size fromCl to about C18, or
greater, and nore preferably fromCl to about C8. Wen

woR@e/1R8578 s aryl, the aryl noiety preferably cPoEUS1086/001561
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of a single aromatic ring that is optionally
substituted or unsubstituted, and ranges in size from
C5 to about C18 , or greater, and nore preferably from
C5 to about C8. In a further option, the aryl noiety
is a heteroaryl. Thus, the R groups independently
selected fromH, nethyl, ethyl, propyl, phenyl, and/or
derivatives thereof, provided that at |east one Ris
organic. In one enbodinent both R groups are nethyl,

tri- | .
e St bt REL DO SRS B AldY ShbioRoaens he
s bidaabiiBeatd planalideade dilngid m}tmam mmanﬂlly(pmesbmsntt]msurface

general formula of RxSi (NR2) 4-x }(\F re
i ﬁdﬁpﬁﬂﬂd@mﬂgapt FPMBOSien HyAsy aRouRf ¢f Iro ﬂué}&,wlggglt Bercen to
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o s 100 Rl Bt - hFRRY A FEREESTRIN percBhutf pbouwt 50

CH%;gthblﬁeﬁt[ and mogttuswalpl fremabaate weighf pereent tmab@gem weight

i nclude, e.g., tris(dinethylam no)nethylsilane,

tP@@P&rnethylan1no)phenyIS|Iane and/ or

tris(dinmethylan no)silane..l.n addition, disubstituted

silanes may be used such as ‘

h&kha mtftoplmgchfloatmngagbmmn@osmon may optlonally contain one or more

blog g\eéupﬂl\}%/ {il%rgrggﬁg :lg.étleh?g%‘{q 2 erl Hgogp fateadnv(\)/ tlﬁm the surface

hdReiBh agéin%Hinb@:hh@n $hd ﬂﬂﬁaﬁﬁgiﬁ)g’eﬁt fsglstmilytlhesent in an
i nvention has th (%Qleral formula of . RxSI

4-apopnt msmp azpur0)AR1 [wedght PRFFERIOFDEL 1) W&lﬁcl’ef%@t r!%lgfe
rou
g s yaf(k ab&qwqg&fléﬂt e%en@!ok%lou@f]q/e%ﬁt ﬁé’rb’ént z{ﬂd rﬁ@s‘{

or aryl oxy,
a|u|§1yelllyCﬂ°orﬁ abbamy1 we@hu&rmd tdf atoat 0.0 rweags @tsentmﬂ thml@lrface ‘

e met hyl tri s( et hyl et hyl ket oxi ne) sil ane or 2-
modlflcatlon agent composmon ‘

Optionally, thensurface modification agent compositioﬁ includes a solvent
composition capable of solubilizing with the component capable of alkylating or
arylating silanol rﬁoieties of the organosilicate glass dieleétric film via silylation,”
and the activating agent. Suitable solvents compositions non-exclusively include,
for example, ketbnes, ethers, esters, hydrocarbons, alcohols, carboxylic acids,
amides, and combinations thereof. Useful solvents non-exclusively include 3-
pentanone, 2- heptanone, gammabutyrolactone, prdpylene glycol méthyl ether N
acetate, acetic acid, and Corﬁbinations thereof. The solvent, when employed, is
usually present 1n the surface modification agent composition in an amount of
from about 0 weight percent to about 99. 9 weight percent, more usually from
about 50 weight percent to about 99 weight percent, and most usually from about

70 weight percent to about 97 weight percent. In another embodiment of the
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trimethyl siloxypent-2-ene-4-one respectively . In yet
anot her enbodi nent, a suitable silane according to the

WO rwenvise has the general formula of RxSi ( NOBRRYSDO&001561
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or RxSi (NCO) 4- xwherein x= 1-3, R groups are
I ndependently H, alkyl and/or aryl. Thus surface
nodi fi cati on agents include, e.g.,
di met hyl si |yl di formam de, di methylsilyldiacetamn de,
di met hyl silyl diisocyante, trinethylsilyltriisocyante.
In yet a further enbodinent, a suitable silane
according to the invention has the general fornula of
Rx SiCI 4-X wherein x= 1-3, is H alkyl or aryl. In
one
© R SR Slr AR e BB bt Bthdes o sypepridea
nEbh&hﬁmkﬁhk@ﬁ@SMMﬁm@cmbomdnmnb preferred enbodi nent,
the surface nodification agent includes one or nore
organoacetoxy5|lanes whi ch have the follow ng genera
n@&@u g@%@té g%@ﬁ?&r S 1M?§5§%rﬁﬁ%b§s1téﬁn 1n§1uggsn i g&e@gﬂfg
s dnteibiver, slichfae meotrosind inhibisoravhichtlegaes with goppgr.fSushymay

b
orl@éh%zh@? Boate iyt Har e B R HEPH hersef. g comosion
Jﬂ?bg&emw éﬂngmed 0GRy PrALAGE IR BfabanRAIRAROVATL

exanpl e and wi t hout
I iqoirtpatition in arearhgittof ér@ert 2oyt P0G ave{ghipasent to about 10 weight

met hyl di
BRI FIoHE By A R QY R pspiioabat S npightpereent
C intRt hQRRy Fload aafut Glewsghmenant tocoabl eeipht percent.

al kyl ati ng or arylating silanol noieties of the

The surface modification agent composition is férmed by blending the selected
components into a mixture. The surface modification agent cbmposition' contacts
the damaged silica dielectric film as a vapor, gas, and/or plasma. Contacting by
applying a gas or vapor of the surface modification agent to the film is preferred.
Such contacting may be conducted at a temperature of from about 0 °C to about
1450 °C, pfeferably from about 20°C to about 450 °C. The contacting may be
conducted for from about 1 second to about 2 hours, preferably from about 10
seconds to about 30 minutes. Preferably the contacting is conducted under
contrdlléd chamber conditions using a carrier gas, such as nitrogen, helium or
argon which serves to control the chamber conditions (pressure) and to uniformly
-distribute the reactants, i.e.‘ the surface modification composition includir_lg
activation agents and solvents used. Preferably the carrier gas is miscible with

these coniponents.
The surface modification agent composition may also be applied by chemical

vapor deposition techniques. ‘Chemical vapor deposition processes are well

known to those skilled in the art and chemical vapor deposition reactors are
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organosilicate glass dielectric filmvia silylation is
usual ly present in the surface nodification agent

w@ooopasists on i n an amount of from about 0.1 weP@hS2006/001561
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percent to about 100 weight percent, nore usually from
about 1 weight percent to about 50 wei ght percent, and
nmost usual 'y from about 3 weight percent to about 30
wei ght percent. The surface nodification agent

conposi tion may optionally contain one or nore of the
activating agents listed above. Wen incorporated
within the surface nodification agent conposition, the
activating agent is usually present in an anount of

10
peP R mereatR fuatfablh bob bk eoCon medeh AK B dant
t @oahdttially WeiBible fﬂﬁﬁ%@@r@méﬁg &Hﬁ?etn P SEL BoHeld ?pl\feg{)x%rk |

0.01 weight percent to about t per cent

s (fthers anaydasi dbitained fsolmaogﬁmlnwmqnmalt Nomell@ﬁysuanlml déryApphed
t I NCl udes, a
s L e RO e

cdop aerrpérataansitian abod 105 P@td B Pcaﬁrxfe@évlﬁﬂoﬁf Ab%ﬁfioo °c

moi et i es_of the organosilicate glass dielectric
vita 2Rt ¢PG (G ard marriprefesably: frpvmbongm; &hto. absuti 4098CeThe

A: )‘lzigé(t (ﬁlr@g{fgﬁa{e&ﬁlg{i E@rrlfe s%l ug isvc'%%}gﬁl%%(g?t@&ﬁ@twgy short

a|tmmﬂ fsgm abm’m Gﬁyshumdam stout 3midess. ARk FosRs, Takd NS

r ol vents non- exclu3|veI{ i ncl ude 3-
péﬁl? grﬁ%‘ép age H’e‘B? shramigal vaapmdapaesijien rerstasnEhe reacipnis serded
glai@ BvaciBeaYd 18 (8K Pﬁ&ﬁx&lﬂio@r ?%ﬁl%lkxﬁv%@ﬁgou@gas dgessyre. In

conbi nati ons thereo e So
Mrﬁgﬁil’fpﬂ ewbndinent, talftove of fuafzee mudifidatian agemt a@eapssition and

0 n.an ano of from.about

per ceﬁltéatS ﬁlc 8?1?“@&%#‘\?@1“6“ AR AYA lﬁg?‘ﬁerﬁ’g‘!}%@%fnber 18

f heedbailtit ﬁ@ta%ﬂiz@@ to thedeaRd rb&tidh Qéiﬁpe?gtui’tedtﬂrgas flow rate.
%Lcent and nost usually from about

e gas flow ranges from 0 to about 5,000 sccm (standard cubic centimeters per

‘minute measured at 0 °C. and atmospheric pressure) or preferably from about 500 -
to about 2,000 sccm and most preferably about 1,000 sécm. The reactor gas
pressure preferably ranges from about 0.1 to about 760 torr, more preferably from

about 0.2 to about 400 torr and most preferably from about 0.25 to about 2.0 torr.

In one case, the surface modification agent composition treatment is conducted
until carbon containing moieties are added to the silicate or organosilicate
dielectric film. Usually this is through a depth thereof such that at least 10% of the
silanol moieties or bonds created by removal of carbon containing moieties from
the silicate or organosilicate dielectric film are silylated. In another case, when the
silicate or organosilicate dielectric film haé pores, the surface modiﬂcation
treatment is conducted under conditions sufficient to seal pores at a surface of the ,
organosilicate dielectric film to a depth of about 50 A or less. 15. The pores at '

the surface of the silicate or organosilicate dielectric film are preferably sealed, to
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woe@eflosag | on agent conposition includes a
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70 wei ght percent to about 97 weight percent. In
anot her enbodi nent of the 'invention, the surface
PCT/US2006/001561
supercritical solvent, such as supercritical carbon
di oxi de. Optionally, the surface nodification agent
conposition includes a corrosion inhibitor, such as a
corrosion inhibitor which chelates with copper. Such
may i nclude benzotriazole, tolyltriazole, and

conbi nations thereof. The corrosion inhibitor, when
enpl oyed, is usually present in the surface

nodi ficati on agent conposition in an anount of from

a ut 10 weigh ent
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t
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t Beresgleect ed conponents into a mxture. The surface

-modi fication agent conposition contacts the damaged
‘silica dielectric filmas a vapor, gas, and/or plasma.
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t kidicare ot atgfah@sghctzﬁe @lendtuietfﬂﬂl eRdaY fif0 Bh fr@lréa@éh sdwihess
conditi ons, usi ng a carrier gas such as nit rogen,
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CaR ﬁic?éa@élﬁse%ﬁﬁgféls ?(?g Bf)thgg licgtrergr% ogd]:a'nggdlcaqej Eifeletc ric
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cofpB et e5d Gpminafiiy heiettar hipmiay Sh ose R B Eor

| Wﬁh’raaiofﬁé@ rRBat@R0 biaSfla BYerg N MR &@h beam, ion beam or combinations.

thereof, under conditions to effect such results. Heating may-be done at a
temperature of from about 20 °C to about 450 °C, preferably from about 100 °C to
about 400 °C for from about 10 'seconds to about 120 mlnutes preferably from

about 10 seconds to about 120 minutes.

In yet another embodiment, a wet clean using chemicals such as AP395 or dilute
‘HF is performed after the above-rnentioned embodiments. The wet clean is useful
to remove any resist residues remaining after the ash. Untreated low-k dielectric
materlals after etch and ash are prone to attack by the wet clean agents. The

surface modification agent treatment significantly improves resistance of the low-

k dielectric to attack by wet clean.
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vapor deposition techni ques. Chem cal vapor deposition
processes are well known to those skilled in the art

war@eamesng cal vapor deposition reactors are.w BEl/ys2006/001561
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commercially available. One suitable reactor is node
SK-23-6-93 comercially available from Vactronic

Equi pnrent Labs of Bohem a, New York. Qthers nmay be
obtai ned from ASM I nt ernati onal, Novellus Systens, or
Applied Materials. The chem cal vapor depositing is
conducted by heating at a relatively | ow tenperature

of from about 100 OC to about OC, preferably from
about 200 OC to about 400 OC and nore preferably from
aﬁ?#élt aﬁﬁt@lep&nf)@déﬂlgﬂy theAPQ an cIhBe BE@bnld Hévdrt ek B8
chemi cal "vVapor deposditing 1s conducted at a relatively.
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I ent background gas pressure. I'n the preferred

" effbisciameesult in 16wawobitils coripanenisol ilfe dislestoin masinl and a -

A L e

until it is stabilized to the desired reaction

]E Wﬂl@cgﬁérLHnﬂ)g@ﬁﬂerﬁ,aﬁdlg fsh@d\teﬁﬂt%cﬁfiééfﬁﬁ E&gaﬁt cé)hlpusitian deprovided
romO to about 5, seem (stan g{, cybi ¢ centingter
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by expeninethasiiestae fil ta plesma pech imgeirRe fremgng o
S S AT AReY % 0 o rocaBpus e st
pret:ss dietecpicefilen alylyced dmg pksine genebiong clambet, suethanr plagoa
toryr,

arfehiFs <Brrbia By dReeR bR B i b BB 6 R

| D QB ARABgedRBnpUEitids EndBEbh veFdriadpagaithrough the plasma
conposition treatment .is conducted until carbon
c @eneratingichambicet thesamRE eaeigs dorge {Sastivatpd toxgrgatgp plasma; the

organosi l.i ca ' ctri ' ‘ [ i S ' ,
Bt & GEbRR FATE bforkiys ehp PR b1 phe ppspp i
sidofpebed i ighic EmgaienB At secfromtthel sirface enifidatioh agentbon
contai ning noieties from .
‘composition; for example, the ion fragment CH3Si" is generated from
methylsilane (CH;3SiH3). This fragment reacts with silanol groups to form
hydrophobic Si-CH; moieties. Any of the above mentioned surface modification

agent compositibns can be used for this plasma induced surface treatment.

- Other reagents for plasma induced surface modification agent compositions
include aldehydes, esters, acjd chlorides, and efhers. Suitable aldehydés include
acetaldehyde and benzaldehyde; suitable esters include ethyl acetate and methyl
‘benzoate; suitable acid chlorides include acetyl chloride and benzyl chloride; and
suitable ethers include diéthyl ether and anisole. A wide variety of single wafer or
multiple wafer (batch) plasma systems can be used for this process; these systems -

i

include so called downstream ashers, such as the Gasonics L3510 photoresist
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the silicate or organosilicate dielectric filmare
silylated. In another case, when the silicate or

woe@anosrs i cate dielectric filmhas pores, thePGUUSA0EQ001561
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nodi fication treatnment is conducted under conditions
sufficient to seal pores at a surface of the
organosilicate dielectric filmto a depth of about 50

A or less. 15. The pores at ' the surface of the
silicate or organosilicate dielectric filmare
preferably seal ed, tosuch an extent that a subsequent
exposure to (i) precursors for chem cal vapor
deposition of nitride, carbide, netals, or (ii) .
non- et chi ng wet cleaning materi al § does ,nof. W
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the silicate or organosilicate dielectric filmand
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ahout 10 seconds.to about lae RV LBV U.S.
o e b MRty A RS SEG mh Ly BlenRLERE
Orpatinks 8, 259,881; 5,280,219; 5,730,801; 5,613,821 and 5,380,682

Wafers are continuously maintained in an isolated environment at a constant
vacuum pressure level, and transferred into and out of an external atmospheric
pressure énvironment through one or more access ports or load-locks. In a typical
tsyst"em, a cassette or carrier with a series of wafers is placéd at an interface port of
-the cluster tool and latches .release' the port door. A manipulator robot picks up the
cassette or individual wafer and directs them to desired processing stations within
the equipfnent. After processing, the reverse operation takes place. Such a wafer
processing technique essentially eliminates contaminates since treatment takes
place after the wafers are sealed in the internal vacuum environment, and they are
not rembvéd prior to completion of processing, The configuration achieves a '

significant improvement over the conventional handling of open cassettes inside a .
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HF is perforned after the above-nenti oned enbodi nents.
The wet clean is useful to renbve any resist residues

wo eovailmismgy after the ash. Untreated | ow k di el BCT/UB06/001561
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( Gr3Epeagled IntPlany swif

materials after etch and ash are prone to attack by
the wet clean agents. The surface nodification agent
treatnent significantly inproves resistance of the

|l owk dielectric to attack by wet clean.ln yet another
enbodi nent, the wet clean can be performed before the
bake process in the first contenpl ated enbodi nent. The
hi gh tenperature bake step is perforned after the wet
cl ean. An advantage of this method can be that the wet

cl ean can renove excess surface nDdIL tion ent ?Pd
aplpar ececy T edgiFignsfence trmyacuggs mgbieEeR FomGiRe o Step, i use

tcglhl L GRTROBSIAL ?rdCQSSt}ggdlﬁlltl% t§Ghd %éﬁuﬁ@td%féc@lev@]@ OTI%e use

&Y Copper surface result in an inproved
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Ion agent. In a pi cal procedure, the -
onlgadiaser tbalat e glass‘dlelectrlc filmis placed in a
pl asma generati ng chanber, such as a plasma enhanced

o hse v QP e b B PSS e B gL A Blss
V%Q oeﬁ%ﬁorﬁéﬁéﬁ%g B @UBRei®nBh @S B vaRE 6F HESI Mghufactured

en an RF energy source is activated to
c memgehae mietisote ard 4lgo apgonf Gapréssnt iNEentiod to hel p
pronote the formation of plasma. The plasma is
conposed of ionic fragnments derived fromthe surface

Megefhic el LRoRBRYices) ARMSIid RFersand nexail may bhetilied or
fragnment CH3Si + is generat ed trom et hyl si |l ane
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t ocg%%éﬁ) agé{éj L& fﬂoge gér]al(ﬂt'Htat | HORb AL tb @8m ﬁWalﬁf dit1B&ridRkemBonent

suf ate n agen conpositi ons can
beorugeeed ditletthic Soplpasem than dmb@ummeﬂmel tleeizamehased
product. Contemplated electronic components compnse circuit boards, chip
packaging, dielectric components of circuit boards, printed-wiring boards, and

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

Electronic-based products can be "finished" in the sense that they are ready to be
used in industry or by other consumers. Examples of finished consumer products
-are a television, a computer, a cell phone, a pager, a palm-type organizer, a
portable radio, a car stereo, and a remote control. Also contemplated are
"intennediafe" products such as circuit boards, chip packaging, and keyboards

_that are potentially utilized in finished products.

Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up mock-up. A prototype may:

or may not contain all of the actual components intended in a finished product,
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O her reagents for plasma i nduced surface nodification
agent conpositions include al dehydes, esters, acid
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acet al dehyde and benzal dehyde; suitable esters include

et hyl acetate and nethyl benzoate; suitable acid

chl orides include acetyl chloride and benzyl chloride;

and suitable ethers include diethyl ether and anisole.

A w de variety of single wafer or nmultiple wafer
(batch) plasma systens can be used for this process;

t hese systens include so call ed downstream ashers,

such as the Gasonics L3510 photoresi stasher, PECVD
dielectric de S [ i
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1 fdrause iDMBe coRPORkns eeprodictert gas flow rate (typically

argon), . 100- 2000 seem Preferably the overall process

onducted wi.thin a clust chanber

O P S e RS0 8 s R g
chanber for depositing a silicate or organosili cat e
dielectric filmon a substrate. A vapor, gas or

chem cal vapor deposition_chanber, and neans for
transferring the filmon anong the various
chanbers. The treatnent in the chanbers and the
tm&yg&ambnﬁgnanmng)the chanbers are preferably

ggg}g d MJ@: ?vggrtl#:nuouff\%i's ufeh ttoraylr gﬁgrergy ngﬁHEﬁ treatment. A ,
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I'n'an 1SO nvironnent ‘at a const ant
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an external atnpspheric
dehydration step and ue{;lg evacuation the film was heated to a desired

temperature. The film was exposed to DMDAS vapor for desired time. The wafer
was then removed from the reaction chamber and baked in N2 ambient on hot
plates at 125 °C, 200 °C and 350 °C for 1 minute each. The properties of the low-
k film at different process steps are as follows. An increase in chamber process
temperature increased %carbon repair and decreased dielectric constant. An
‘iﬁcrease in exposure time decreased carbon repair for lower temperature, but

increased carbon repair for higher temperature process.
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interface port of the cluster tool

the port door.
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wafer and directs theni

to

desired processing stations within the equipnent.

After processing,

Such a wafer processing technique essentially
el i m nates contam nates since treatnent takes place

after the wafers are sealed in the internal

the reverse operation takes place.
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e reaction chamber an%l bal%ed 1%”1512 ambient on hot plates at 125 °C, 200 °C

and 350 °C for 1 min each. The properties of the low-k film at different process

steps are as follows. An increase in chamber process temp with 1 minute

exposure decreased % carbon repair, but decreased dielectric constant. The

condition with increased exposure time and higher chamber temp gave decreased

% carbon repair and decreased dielectric constant.
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ot her conponents of circuit boards, such as
capacitors, inductors, and resistors. Electronic-based

w@e@dacetsss can be "finished" in the sense that PORYSENE001561

ready to be used in industry or by other consuners.
Exanpl es of finished consuner products are a

tel evision, a conputer, a cell phone, a pager, a

pal mtype organi zer, a portable radio, a car stereo,
and a renote control. Al so contenplated are
"internmedi ate" products such as circuit boards, chip
packagi ng, and keyboards that are potentially utilized
in finished products. Electronic products nay al so
conprise a prototype conponent, at any stage of
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the |nvent|on EXANPLE 1 (Systen1conf|gurat|on A). The
configuration shown in Figure 1 was used to performa
sinIation treatnent. Arr ryoktr was filled wth 100%
’ nethyldlacetoxy3|lane - Reservoir tenperature
%S& stable fer with plasma damaged porous
oW # S connercially avai | abl e form

HO”% conflgtuha 1&{ 3al o8 bure 2 w’éyagaxv e@fom@giyga%mr@a}m&@sx

- pl ace reacti on“chanber, . evacuat e
de hyldfohlbzr oy fdled prita heD 7% DMIHP @da@ﬁl mamtmetl RAle? qopstant was

. lﬂ&at t% gre%ure 09253 o) %U‘Ogen was used to bubble through DMDAS and carry |
DMDAS through chamber at desired flow. A wafer with plasma damagcd porous
low-k (NANOGLASS-E) was placed in the furnace tube evacuated for 30min
dehydration step while being heated to a desired temperature. The film“was
exposed to DMDAS vapor for 30 minutes. A final anneal was performed in ihc

15  furnace tube at a desired temperature. The wafer was then removed from furnace
tube. The ﬁroperties of the low-k film at different process steps are as follows.
Varied chamber temperature conditions gave similar contact angle. The % carbon
repair varied throughout temperature range. A dielectric constant of 2.29 was
result for one temperature condition. '. .

20

inal Pumpdown Prior DMDAS | Contact Angle| % Carbon
Chamber | Fina DMDAS Exposure | Exposure | (NGE) Post Restoration

Process Flow
' Temp (C) |Anneal (C) (min) Time(min)| 350HP | Post350 HP

k(Hg) Post
350 HP

-‘Post Cure , : >80

2.22

Damaged NGE ) ' . <10

DMDAS ONLY 200 350 30 30 125 : 118

3.00

DMDAS ONLY 200 350 30 30 - 108 - A

DMDAS ONLY 275 350 30 30 126 - 217

DMDAS ONLY |. 275 350 30 30 116 72

2.29

DMDAS ONLY 350 425 30 30 125 - 49

DMDAS ONLY 425 425 30 ‘30 123 - 95
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t enpe

at 125 0C, 200 C and 350 OC for

rature.

The fil mwas exposed to DVDAS vapor for
desired tine. The wafer was then renoved fromthe
wo e@e6tldms chanber and baked in N2 anbient on hetT/phBDE801561

1 m nute each. The

properties of the lowk filmat different process steps

are as follows. An increase in chanmber

process

tenperature increased %arbon repair and decreased

di el ectric constant.
decreased carbon repair for | ower tenperature,
i ncreased carbon repair for

An increase in exposure tine

but

hi gher tenperature

process. EXAMPLE 2 (System configuration A) The
configuration shown in Figure 1 was used to perform a

silylation treatnent.
DVDAS. The reservoir tenperature is adjustable.

A reservoir was filled with 100%

A

wafer with plasma damaged porous | ow k ( NANOGLASS- E)
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temperature. The wafer was then removed from furnace tube. The properties of

the low-k film at different process steps are as follows. Varied chamber

‘temperatureﬁ gave similar contact angles all >115 degrees. All samples gave

>80% carbon repair and a decrease in dielectric constant from the damaged

40

dielectric of 3.00.
. Pumpdown Prior | DMDAS | Contact Angle % Carbon ‘
Process Flow .?:::;k(’g; An:;r;TI(C) DMDAS Exposure| Exposure | (NGE) Post | Restoration Post k(:sgo) ESSI
: (min) Time(min) 350 HP 350 HP
Post Cure ' >80 2.22
- Damaged NGE - <10 3.00
DMDAS + NH3 200 350 30 30 121 82 247
DMDAS + NH3 275 350 30 30 123 - 245
DMDAS + NH3 350 350 30 30 115 165 233



bubbl er was filled with 100% DVDAS and was nai nt ai ned
at a constant 10 tenperature of 45 OC. N trogen was
wais®d/10379ubbl e t hrough DVDAS and carry DNVDAS pdir/oszmie/001561
chanber at desired flow. A wafer with plasnma danmaged
porous | ow k ( NANOGLASS-E) was placed in the furnace
t ube evacuated for 30m n dehydration step while being
heated to a desired tenperature. The fil mwas exposed
to DVDAS vapor for 30 mnutes. A final anneal was
performed in the 15 furnace tube at a desired
tenperature. The wafer was then renoved from furnace
tube. The properties of the lowk filmat different
process steps are as follows. Varied chanber
tenperature conditions gave simlar contact angle. The
% carbon repair varied t tenperature range. A
di el ectric constant of Zh%gggggii%sult for. one
t enfSestamnrerfignoaidintG)on. EXAMPLE 4 (System confi guration
B)  The configuration shown in Figure 2 was used to
performa silylation treatnment. A bubbler was filled
i t Fhel@0figbMAShand inBiguesi vﬂ:isallsﬂﬂd peifordn @Q[}&étfbﬁttreatment A
tenp radure of 45 8@ Nltro was used to bubbl e e
t hriBeiSHrIBRiSRE Ay fillsd pith ﬂ@o BAtSrﬁné @ﬁwtm%ﬁéé Eube
at Rafeewith @r}%
| ow- k (NA I%S%Hggéd mgglg&%@f‘ﬁht@%e aC@%la@%J ﬁl{ﬁe
ev AEREHIOR ghdmefer, wacmam f@r@ @by@xmcmstezprané beepechm degieeded -
to ex
0o &aﬁilﬁé‘ tErﬁ?eernt%nf?ﬁer plasmdd E@%&H forf) JGw! HiJll)r(nq \gge p?s@&) ged
IODI\/WD/’&%)WPOII‘ for 5 30nytesn Thelm Aaf ihnlaterrwwﬁiaﬁbmmh?esreacuon

02 a4 S SR B o

pr opmirutessacio frhe bmphmw & the low-katild bf JigeeMtprieACRSS are as
‘stﬁgﬁ are as follows. Varied chanber JLenperature gave
QYS- Ahingrepse A gehydratipp step fos theedPSE<ondifion gavaph es

gaMficrease in contact angle, increase in carbon repair and a decrease in dielectric
15  constant. Dehydration step of the 300 °C chamber process temperature had little
effect on contact angle, % carbon repair and dielectric constant. Overall hlgher

chamber temperature processing gave better results,

' : . Contact Angle % Carbon '
Chamber |. Pumpdown Prior . k(Hg) Post
Process Flow (NGE) Post | Restoration Post :
A . Temp (C)| DMDAS Exposure 350 HP 250 HP 350 HP
Post Cure >80 2.22
- Damaged NGE <10 3.00
DMDAS COnly 110 - 10 .97 14 2.56
DMDAS Only 110 900 - 103 24 2.53
DMDAS Only 300 10 : 84 - 30 2.45
DMDAS Only 300 900 87 31 - 2.47
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>80% carbon repair and a decrease in dielectric
constant fromthe damaged dielectric of 3.00. EXAMPLE 5

w@ ystersreonfi gurati on C) The confi gurati on shp@IUSI06/001561

‘th

10

Figure 3 was used to performa silylation treatnment. A
jacketed reservoir was filled with 100% DVDAS and
mai ntai ned at 55 0C. A wafer wth plasma damaged
porous | ow k (NANOG.ASS-E) was placed in the reaction
chanber, evacuated for a dehydration step and heated
to a desired chanber tenperature. The plasma damaged
porous lowk filmwas exposed to DVDAS vapor for 5
m nutes. The filmwas then renoved fromthe reaction
chanber and baked in N2 anbient on hot plates at 125
0C, 200 OC and 350 0C forglzéqmﬂgge each. The
properties of the | owk i fferent process
steps.are fall . An increase in dehydration step
o?§¥%%ni %8%§%§tion gave an increase in contact
an , crease in £at bon e alr n de,
ai e ceriErtnapart i ity ara co S oanitar HERIEGpen
ch etdtf RERSSr tv@mﬂ&rdahufmohaDMDAs hx&i mfiheitkd arss5 °C. A

contact angle, %arbon repair and.di | C constant t
Q/e’f?émww RwRa damaserbporpwsHpE e MO iégést‘éuwfﬁ@ Pgaﬁ?ffa‘

bet Lekioh BfttiHe Tl ﬁ)r@n &@&&m sl Abki@t oQrileSited The
con |gurat|on ’shown I n gure. wasS used to perform a
s. | oyxmbepramparetaxenérm plaﬂtpa weagsd PPy ook Filmpayas pxpopeddfo

| Of% oS g 5% tlple g&%é_sir%ﬂﬁ\m@fsqowé h
p a anage ‘porous gf aced
in dhhmbaeacpaneah ug tmth@rAS maéﬁb&tfém W@ﬂrth%ﬂ weleyer Hem

t d t ed h T,
ol cEsonagn oL A RER =6 R RR A A 4 ‘ﬂﬁ

f 0 fs%sfac’@ Or 1 AfihiRE eoh MR Whde ki3t B3 SoveX Fdmr éiffateint lﬁoNsB
i's oW n
_steps are a% follows. The dehydration step prior to introduction of 'NH; had little

15  effect on final results within a given temperature range. This could be the result of

" in the presence of NH; and/or increased dehydration step during the NHj step.
Increased chamber temperature gave decreased contact angle, increased carbon

repair and decreased dielectric constant.

Contact Angle

% Carbon
Chamber| Pumpdown Prior to . - k(Hg) Post
Pr?cess Flow Temp (C)| Exposure to NH3 (NBGSIE:))I-IIDIS st PF; cisttg;%tlar; 350 HP
Post Cure ) >80 2.22
Damaged NGE <10 3.00
NH3+DMDAS 110 - 10 114 32 2.45
NH3+DMDAS 110 900 114 25 2.46
NH3+DMDAS 300 10 86 39 ° 2.40
NH3+DMDAS 300 900 85 45 2.40.
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10

© 15

chanber is opened up to DVDAS gas.

The fil mwas then

renmoved fromthe reaction chanber and baked in N2
wanweants7on hot plates at 125 0C, 200 0C and 3BCDTS1006/001561
1 mnute each. The properties of the lowk film at
di fferent process steps are as follows. The
dehydration step prior to introduction of NH3 had
results within a given

little effect on final
t enper at ure range.

This could be the result of

presence of NH3 and/or increased dehydration step
during the NH3 step.

gave decreased contact angl e,

I ncreased chanber tenperature
i ncreased carbon repair

and decreased dielectric constant. EXAMPLE 7 (System
configuration C) The

EReT

was used to performa
reservoir was filled with 100% DVDAS and mai nt ai ned at

Ry At ion shown in Figure 3
on treatnent.

Aj acket ed

" (S58eConfiguratfoarC)wi t h pl asma damaged porous | ow Kk

(NANOGLASS-E) was placed in the reacti on chanber and

leaaﬁ)hﬁg.lrhm)nashde/ﬁini Bigueitaniaised ®REOML b EiylathndRainteatl
r ior t Oﬁgas exposure.

: wn (degas). -step
A\)\?e?ggé‘iffé%ré@ft“@s %llchb‘é@h 0% PMPD
’ wﬁ\!@@ Dl\/Dgﬁgni Qz{mzi]ggd
repqt@mchaﬁ@bqr @Ei:ht’fatﬁd te hdedied chamebeb tekapdrature NA dasitedent. on

dod E@mﬁﬁ@d@h%ﬁé
Siouddoth-i h@‘&Nb@ﬁiAf
The er vvas t

m nut es

The film
rAwas

in the

PREREd up

P P TR Flep b Eueeg P TR 157 Vi s PNEBRR,

fop$ oimses Ehele@ntheewassevholated\fsr 10Tdee antbiﬂlyndﬂaatchmﬂaes isep

oAbl SR

resu

inutes.

I ncreased dehydration step during

3rfe ngalsléalu@w&?haghe P@ﬂﬁ@ﬁ%@fuhf‘elogva%lrw aiciffersmipresstt act |

st%ﬁ UeSas FhIMKHE @ﬁ@@eh?é’lrag&f‘s'@%ﬁ%ﬁié to ARJaHECH BARRE had little

i electric constant
effect on final results within a given temperature range. This could be the result of

kv PRl

| |t le eff
%VF‘% P EAR
reaxdich dhdreber bed bmm ld Nodmbientoh @oppleeenqes of, Jdd3Ccand/ or

Ak

the NH3 step.

~ in the presence of NHj and/or increased dehydration step during the NH; step.

Increased chamber temperature gave decreased contact angle, increased carbon

repair and decreased dielectric constant.

en renoved

Process Flow

Chamber
Temp (C)

Pumpdown Prior to
Exposure to NH3

Contact Angle
(NGE) Post 350
HP

% Carbon
Restoration
Post 350 HP.

k(Hg) Post
350 HP

- Post Cure

>80

2.22

Damaged NGE

<10

3.00

NH3+pumpdown+DMDAS

110

10

102

17

2.53

NH3+pumpdown+DMDAS

110

- 900

104

22

- 2.53

NH3+pumpdown+DMDAS

300

10

85

25 -

2.48

300

45

2.48

NH3+pumpdown+DMDAS

20
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(System configuration A) The configuration shown in
Figure 1 was used to performa silylation treatnent.

Hexamet hyl cycl otri sil azane (HMCTZ). Reservoir
tenperature is adjustable. This study maintained
reservoir tenp of 45 0C. A wafer with plasnma damaged

porous | ow k (NANOG.ASS-E) was placed in the reaction

A

wo emenvirs was filled with 100% PCT/US2006/001561

chanber, evacuated for 30m n and during evacuation the

filmwas heated to a desired tenperature chanber
tenperature. The fil mwas exposed to HMCTZ vapor for
1. The wafer was then renoved fromthe reaction
chanber and baked in N2 anbient on hot plates at 125
0C, 200 OC and 350 OC for 1 m nute each. The
properties of the lowk filmat different process
steps are as foll ows. EXBMPILEHMCTZ for repair of
| owered the dielectric constant from2.92 to 2.45.
(%Mmoﬁfigurhﬁorm&ﬂer to understand the tenperature
ependence of the silanization reaction on the

Tﬁ‘ettrllgfx% ?tidnzhggdg %ppi'_lgrﬁﬂquy%sfeﬁaﬁm?eifbm masytlamniuedmlfegom
0 . e | rent. (e er u .

e B o S P SRS B o

teggélgfayé i?,%djglé:t%l%lg.' s QR dY RIS ddaeRvohbBp of B5PAr A,

erent chem st ry to occur. Pr ocess
wafendith plasrea daeaged aovonion-¥ (MANPSLASSdDoesnplased Bghe

DNVDAS i. ; .
ref R ey agtsfo SO af FARBE B iorae Hfm whCheleg
totaaipieadatip@atutevhambavaempdrgiuié. Thk fibn wEXAvREd © GINIGTZ

' va%H*j %}.tz ipﬁl:'l %%&E g/tg% g%%efﬂ%é/gé %rer%ttheo {eaecqgﬁ c?:%ﬁ't?ef Q{Pd bdi€din.

WrTa € Silane gas

NYambad drfsbt plated\tt 125t €, peE°Caldasoatetdr bynigitangihnGhe
reservoir tenperature of the sil ane S?| uti ogjﬁ.and a

pippeties pf hg lgwrlkEing p et PROgEsSSERE Y &F O
HNRFT 2L h*afﬂ BRI AIHICAIEIRARE BeHsteROkoth 20N th D.48. PYT €X

cont al ner. .

Weure was

. Contact Angle %‘Carbon
Chamber | Pumpdown Prior fo (NGE) Post 350 Restoration

Process Flow
: Temp (C) | Exposure to HMCTZ HP Post 350 HP

k(Hp) Post
350 HP

Post Cure . >80

2.22

Damaged NGE <10

2.92

HMCTZ 150 30

246

HMCTZ 150 30

- 2.45

20

25

EXAMPLE 9

In order to understand the temperature dependence of the silanization reaction on

the surface, the deposition temperature was varied from 110 °C to 400 °C. The

different temperature would result in variation in moisture content and gas

molecular activity on the surface, which in turn, result in different chemistry to

occur. Process conditions used: ammonia flow rate 20sccm (or 80 sccm), - .

DMDAS reservoir temperature, 55 °C, total pressure 1.5 torr, bake at 350 °C oven .

R ]
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Process conditions used: ammonia flow rate 80 seem
total pressure 1.5 torr, bake at 350 C oven, wafer

wo eovpaosvgire, 400 C. No difference in K val ue BgT/US2006/001561

10

15

20

25

varying reservoir tenperature EXAMPLE I | In order to
understand the effect of gas dose on the silanization
reaction, a flow rate of the ammonia gas was vari ed.
The reservoir tenperature was varied by heating the
reactant solution in a pyrex container. Process
conditions used: total pressure 1.5 torr, bake at 350
C oven, wafer tenperature, 400 OC, DMDAS reservoir 55
C.Gas flowrate, seem Contact Dielectric constant

Car bon angle restoration 20,13 84 2.52 32 80 ,12 85

A 27— Theh her he aIIIlUIII gas—ewrat +he
q,ghbrsé%tﬁee%e\?a&ﬁ EQ%YQ‘LE 12| PEIRHer st and] CHROBS f ec
j;eﬁarkp condition ( MLty apfPHSEBh) on K MSPIQEAtiopRe
RBX er s wep 88,168Ked i h267LB&0)t he chanber
i390si t-u)8 0P) TEL ovet2 @Bi7pcess2.660@i64) ons ulsEII(12)
Mooni a {I3owMat e SP3KERIN tofak2pegsure 2.5 Gayr,
waf er tenperature, 300 0OC, Reservolr tenperature b5 C.
Sl gﬁgk d carbon
regggégg?g%ﬁgéﬁﬁgﬂﬁégg%ﬁﬁﬁ¥ in l%ltg*nermatl t r eat nent
conpared-to TEL HP. Slight increase in dielectric
constant using P5000 i nsi TEL HP. Wile the
present i nvention has behgiggﬁLﬁéglarly shown and
scribed wth reference to preferred enbodi nents, it
eLP PrdsE i widerstand4he eidest Hf gas @gﬂepnéh@ilﬁnization reaction, a flow

rate of the silane gas was varied. Flow rate was calculated by changing reservoir

—

D~ O —

temperature of the silane solution and a pressure in the chamber. The reservoir
temperature was varied by heating the reactant solution in a pyrex container.
Process conditions used: ammonia flow rate 80 scem, total pressure 1.5 torr, bake

at 350 °C oven, wafer temperature, 400 °C. 4

Gas flow rate, scem | Contact | Dielectric | Carbon - | Defect count
angle constant | restoration | (defect density)

65 4 89 2.46 24 '

55 12 85 247 . |27

No difference in K value by varying reservoir temperature

EXAMPLE 11

In order to understand the effect of gas dose on the silanization reaction, a flow
rate of the ammonia gas was varied. The reservoir temperature was varied by
heating the reactant solutlon in a pyrex container. Process conditions used: total
pressure 1.5 torr, bake at 350 °C oven, wafer temperature, 400 °C, DMDAS

reservoir 55 °C.
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ordinary skill in the art that various changes and
nodi fi cati ons may be nade wi thout departing fromthe

W@ pioeitb15ad scope of the invention. It is intendpusiohaoo1sel

10

15

20

the clains be interpreted to cover the disclosed
enbodi nent, those alternatives which have been

di scussed above and all equivalents thereto.Wat is
claimed is: 1. A nethod for treating a silicate or
organosilicate dielectric filmon a substrate, which
silicate or organosilicate dielectric filmeither
conprises silanol noieties or which silicate or
organosilicate dielectric filmhas had at | east sone

1 I nt (]0) ' }
SH PP R ﬂ@%sr. R

t
d Uld.llll IG&S Gi’tuuu u.ollluu.t T
IL 80 optionall \]/Zannl 551(1 an_ac?f¥ating agent|2br a
suTheal@éh%hﬁ pingwnlacgss Sgermates thejower thoK vaue.he si foat e
or organosilicate dielectric film then (c) contacting
the silicate or organosilicate dielectric filmwth a
surface nodificati on agemBXARIPRESIZ i on in a vapor or
gaseous state, wherein the surface nodification agent
conposi tion conprises a conponent capabl e of
al’l‘éﬂl@ég’l‘%&@ﬁle @ff¥+t%tf¥391ga ndﬂﬂ)?ll (in- tﬁtahc? 8véH) ?9{‘95‘1 e, the
created by renova : on contai ning nore Ffon
t heosdsbadowmifersovere bglaaddnicitherahe cltkinghee Cinrsitu) 6 THBL \oiven.
siol%%I ation., .said cont acti ng bej cond cted under .
PP SARIIEoRSSegt: é\ﬁ‘%m?r&ab fafe 30 SOyl presyure 20 togig
Ca A rehipBEAE] 3 R IRRLLES: E]‘i‘nn[%etﬁﬁul%' 3 gate or
organosi [i cate dieléctric F or (11) seal surface
pores of the silicate or organosilicate dielectric

o

fliBake asnditidnne QonltaotiAnghol Midectdic (1 1(iGarbbhst. PDEfect count
dar bon contai ni ng noi et e$ chpsthme Si l|ireqbatitin (defect density)

drasier1bcat ¢ ggl €T ectTiCl o 47 72

TEL HP,12 88 2.45 86

Slight decrease in contact angle and carbon restoration using P5000 for final
thermal treatment compared to TEL HP. Slight increase in dielectric constant
using P5000 instead of TEL HP. '

While the present invention has been particularly shown and kdescribed with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

_which have been discussed above and all equivalents thereto.
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film and then seal surface pores of the silicate or
organosilicate dielectric film when the filmis
w@eooeusls72. The net hod of claim 1 wherein stepPCEYS2086/001561
conducted. 3. The nethod of claim1l wherein step (b)
is conducted. 4. The nethod of claim1l wherein step (b)
i s conducted by chem cal vapor deposition. 5. The
nmet hod of claim 1l wherein both step (a) and step (b)
are conducted. 6. The nmethod of claim 1l wherein step
(c) is conducted by chem cal vapor deposition. 7. The
nmet hod of claim 1l wherein step (c) is conducted under
conditions sufficient to add carbon contai ni ng
'etie?,to the silicate or organosilicate dielectric
f MHRE 1S laipgd §7et hod of claim 1 wherein step (c) is
conducted under conditions sufficient to seal surface

pores of the silicate or organosilicate dielectric
f 1) v mbtbnd Sarateating asilisatgor organoglicarp diefastriroldlnpen a puhstrate,

SRR PP O L A BR800 o

5 thRichisilicart @ Rpareklieaedidletas filihed kel atileast sdnme preaiodsly
then seal surface pores of the silicate_ or e
OPIFaTTS ShbPR oRtaiming BetetipLromaved WirssTancthe pmefhad; comprising: .

210 SRl 4R DG PP b AP BRI SRBLEODLIRAIMT,

bartecpiceilinoos h yulsubjeedicad t o at | east one treat nent
whi ch renpves_ at | east

_ . a ortigg of revigﬁslg -
- el optinpalyAPBbANE BHEGHVANRG 28R EATASUIREORPEgation agen
10 0?&%&8&6%&%@ siﬂbﬁla 8¢ bighfodilidaf didibctribmieiehod of
claim1l wherein the silicate or organosilicate
di(®Icentacting the kilicate or organosilicate dielectric film with a surface
modification agent composition in a vapor or gaseous state, wherein the surface
modification agent composition comprises a component capable of alkylating or
~ arylating silanol moieties or bonds created by removal of carbon containing
15 moieties from the silicate or organosilicate dielectric film via silylation; said
contacting being conducted under conditions sufficient to (i) or (ii) or (iid):
(i) add carbon containing moieties to the silicate or organosilicate dielectric film, '
or ' ‘
(ii) seal surface pores of the silicate or organosilicate dielectric film, when the
20  film is porous; or
(iii) first add carbon containing moieties to the silicate or organosilicate dielectric
film, and then seal surface pores of the silicate or organosilicate dielectric film,

when the film is porous.
25 2. The method of claim 1 wherein step (a) is conducted.

3. The method of claim 1 wherein step (b) is conducted.
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has been previously subjected to at | east one
treatnment selected fromthe groupconsisting of

W@ b@ailesls exposure, pl asna exposure, thernmal tPERUABNG/O01561

10

15

20

25

vacuum treatnment, ionizing radiation exposure,

el ectron beam exposure, UV exposure, etching, ashing,
wet cl eani ng, plasm enhanced chem cal vapor
deposition, supercritical fluid exposure and

conbi nati ons thereof, which at |east one treatnent
renoves at |east a portion of previously existing
carbon containing noieties fromthe silicate or
organosilicate dielectric film 12. The nmethod of
claim1 wherein the silicate or organosilicate

4. diheanathed 6f ¢laih havheeeimstap &) is aandpcief bycBgmics! Yty e
from.about 5 to about 95 % of previously existing:
KPR O%‘ontaining noi eties; and step (c) is conducted
to add carbon containing noieties to the silicate or

organosilicate dielectric film_ 13. The gethod  of
oF AmIethpGRAAm aherain betta! LR Fie-ogdicted.

~dielectric filmconprises interconnected pores and

wherein step (c) (i) or step (c)(iii).is conducted
u6\dBite method bf cnien $ wikeietn etap (¢)ds eadiuctd byrchemivahyapong
noieties to the silicate or organosilicate dielectric
f §4R9s¥IRRough a depth thereof such that at |east 10% of
the silanol noieties or bonds created by renoval of
carbon containing noieties fromthe silicate or, :
o7 JHreanéthbd af elaih &véetaii step (¢)ris eorslusied pngderc@nditigns The

d of claim 1 i i 1i cad. -
orghnGe e Eurfon PRI PR b ShPaBor rpenpeiions,

| iefeedughed under conditions sufficient to seal pores
at a surface of the organosilicate dielectric filmto
a depth of about 50 A or |less. 15. The nethod of claim

1oWher SLi b e el g Q@{e?eix‘? %te? (9P ESHducfatl Enddt BdfeddrisC
fP1 M has pores and step (c) I's conébcted under o
cpufticizhonsesiuuiffacd pores ofathe eidicatp or exganosilicatadilgcicdilm
the silicate or organosilicate dielectric film to an
e¥hem pudhfalm is POfBSequent exposure to (i) precursors
for chem cal vapor deposition of nitride,carbide,

metals, or (ii) non-etching wet cleaning materjals
d68cEhamethall lofwlagn 1 wherein step (c) is conducted under conditions

sufficient to first add carbon containing moieties to the silicate or organosilicate
dielectric film , and then seal surface pores of the silicate or organosilicate

dielectric film when such film is porous.

10. The method of claim 1 wherein the film is an organosilicate dielectric film
which has been has been previously subjected to at least one treatment which
removes at least a portion of previously existing carbon containing moieties from

the organosilicate dielectric film.

11. The method 6f claim 1 wherein the silicate or organosilicate dielectric film

has been previously subjected to at least one treatment selected from the group
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wo mobhers7eonpri sing the subsequent step (d),

10

penetration thereof to a depth greater than 5 tines
t he maxi mum pore size. 16. The nmethod of claiml

(c) of subjecting the silicate or organosilicate
dielectric filmto a treatnment sufficient to effect
(i) an increased addition of carbon containing
noieties to the silicate or organosilicate dielectric
filmor (ii) an increased sealing of surface pores of
the silicate or organosilicate dielectric film or
(iii) first an increased addition of carbon containing
noieties to the silicate or organosilicate dielectric
film and . ' i ( ug
oY o SN DG AE DRAA bR, SerH RS Vi)
r esvibigiodlzineadiation RrRposass, dlsalrombedny expasyreabfdhexposure,

Pl R St A e i R G
%;@E&hﬁcatfﬁgﬁi gg%%shfe SANSHBLRdhY tHRRRE  Witich W ki whe! et

ation, energy, electron beam ion beam or
ctoedvinertremoses ftdeasvd portidn of previnaslyowissing crebomcegntaining

wherei n_ste C) is. conduct.e 1.a eftm erature of from
abeistiepfram 6%%6‘&“2%“8%4‘@?g‘Flregﬁgcabom 1 second to
about 2 ‘hours. 19. The nethod of claim 1l wherein the
surface nodification agent conposition conprises at

| €2stheonshebofdainy] wheraithe silisatar orewoaiticas dislete film

gé%l He&ﬁ 8%3’L§fc’%n‘%ra%l tL)(r%gl %}%W%@“%w&éwmy
: (
2025 MR ol i 1€l ufS SR (G conESH 06 Y carbon
|

(OR) vy, RxSi(OQOR )y, RxSiHy, RxSi[OC(R )=R'] '
' 4C®<nt%m1jlgé@¢i’éﬁl‘?$é9iﬂéﬁ‘n@;h?ar‘i%%‘brg?n%é%tﬁ CﬁéiQCtF‘g%il‘ﬁ’ i nt eger

15

20

25

ranging from1l to 3, y is an integer ranging from1l to

'3 such that y=4-x ,each Ris an independently sel ected

f 19 THeydethodof claih & whedtin plecilicateorrguganesilicate dielectric film -
comprises interconnected pores and wherein step (c) (i) or step (c)(iii) is
conducted under conditions sufficient to add carbon containing moieties to the
silicate of organosilicate dielectric film through a depth thereof such that at least
10% of t}ie silanol moieties or bonds created by removal of carbon containing

moieties from the silicate or organosilicate dielectric film are silylated.

14. The method of claim 1 wherein the silicate or organosilicate dielectric film
has pores and step (c) is conducted under conditions sufficient to seal pores at a

surface of the organosilicate dielectric film to a depth of about 50 A or less.

15. The method of claim 1 wherein the silicate or organosilicate dielectric film
~ has pores and step (c) is conducted under conditions sufficient to seal pores at a
surface of the silicate or organosilicate dielectric film, to an extent that a

subsequent exposure to (i) precursors for chemical vapor deposition of nitride,
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noiety; R is hydrogen, or an organic noiety, and R
is an al kyl or carbonyl group. 20. The nethod of claim

wd2whaoes7$ t he surface nodification agent conpP&T/USING/001561
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conprises at |east one conpound having a formula
sel ected fromthe group consisting of

acet oxytrinet hyl sil ane, acetoxysil ane,

di acet oxysil ane, triacetoxysil ane,

di acet oxydi net hyl sil ane, nethyltriacetoxysil ane,
phenyl tri acet oxysi |l ane, di phenyl di acet oxysil ane,
nmet hyl tri et hoxysi |l ane, di nethyl di et hoxysil ane,
trinethylethoxysilane nmet hyl t ri nmet hoxysi | ane,

LTI O e e
t péﬂ%ﬁ&ﬂx fHal<of 56 4 ageh greatdh y}hm 3 snes thaimatimynspdre sie.

trinmethylsilane, hexanethyldisil.azane,
2- trlnethyIS|onypent 2-ene-4-one, n-

( tlg | "fﬁ:ét xﬂé(t%@fi by !:lzx tﬂﬁ'{ﬁeq %orrrl}? Jgﬁlg HESBYd Rihstdp @F,8fftcEstep

t (d)lﬂftsnlibjbainlgyh@mhpate bﬂmganosﬂlcate dlelectrlc film to a treatment -
| si trlneth siI Xy) - acetate,. . -
né Qﬁ@t‘ etf’%eF%&) %&‘é‘ﬁ‘é"a Qﬁ’é’%tﬂﬁc@i O CgY4}ping moieties to the
t Ei'bl &k "&’ b%hﬂs‘?f?&ate gl%le@&ﬁ}ﬁlﬁi (I)Ie('ﬁ? bn 1ﬂcféa§éH§Mh§g bedieface
utyldi yl si | anol | anedi ol
t poree phteysdidatere, organp@ﬂmmylmktcamfﬂmmrdm)éxrwrm ingreased

b@é@ﬂﬁ%?%%r (?ﬁ g%{&% ﬁﬁglgﬁ@qqg lleeis é% éhe silicate or organosilicate dlelectrlc

birgeliagl enam inedhser kéWingidf igace pores of the silicate or organosilicate

tris(dinmethylarriino)nethylsilane,
t dielgetriqilon or Gy IBIOEHERY 15851 SRS, residual activating agent, surface

f d
BT e oG R PR cocyant e,
trinethylsilylisocyanate nethyIS|IyItr||socyanate and’
nbi nat 21. Th hod laim1 .
wdr Bieoad o FRLE L6 e b (T BguHE ey Tistiy glreviole

' radiation, plasma energy, electron beam, ion beam or combinations thereof.

18. The method of claim 1 wherein step (c) is conducted at a temperature of from

about 0 °C to abouf 450 °C for from about 1 second to about 2 hours.

19. The method of claim 1 wherein the surface modification agent composition
comprises at least one compound having a formula selected from the group
consisting of |
[-SiR;NR’-]n where n >2 aﬁd may be cyclic; R3$iNR’SiR3, (R3Si)3N;
R3SiNR’;; RoSi(NR’7)2; RSi(NRz')s; RySiCly, R, Si(OH)y; R3:SiOSiR’3;
'RxSi(OR’)y; RxSi(OCOR’ )y, RSiHy; RxSi[OC(R’)=R"]4x and combinations
thereof,

wherein x is an iﬁteger ranging from 1 to 3,

y is an integer ranging from 1 to 3 such that y=4-x ,
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conpri ses di net hyl di acet oxysil ane.22. The nethod of
claim1l wherein the surface nodification agent

sel ected fromthe group consisting of an amne, an

oni um conpound, an al kali netal hydroxide, an acid,
and conbi nations thereof. 23. The nethod of claim1

wherein the surface nodification agent conposition

further conprises an activating agent selected from

t he group consisting of ammoni um conpounds,

phosphoni um conpounds, sul foni um conpounds and

i odoni um conpounds. 24. The nmethod of claim 1l wherein

the surface nodification _agent conposition f her .
cemprR ssean indenendeniinselegtedgiam hydpeet eyl & hﬂw@w@lcg?fawc
corbS|tst| ng of alkyl amnes, aryl am nes and al cohol
afi%8g 25. The nethod of claim 1 wherein the surface
mrdliif heRé dedoBgesrgasio Mpdaydndn further conprises an
activating agent sel ected fromthe group consisting of
pR H&Walkﬁi HearbopyE GFIY y amines, tertiary am nes,

ammm a and quaternary anmoni um salts. 26. The nethod

of claim1l wherein the surface nodification agent
CQOPDiss ikthod bickae 1 wismgin itesirfane motificatipmageag epmposition
sel.ected fromthe %{ou& onsi s

t EPMBRERSIAY IeaRARTi cafpaerd Ao ¢ Qnglb%%%ﬁC&%?{P&h% group
a%@ﬁﬂgtﬁlg%f aE&HPﬂltﬂﬁfeﬂﬁi‘Pssﬂah@ Eﬁ&&@f(ysﬂaﬂe dideetoxgiilad, of.

m 1°wherein the surface nodification agent
C cbmmmxlysﬂmef din¢aterydooethylisdas, methalt 1?%%%}1{183@@ ent

e Ny e
a'?l'i‘iﬁé‘t'h VniliethdRyeTn¢] ﬂﬁnéiﬁylefﬁbﬁyﬁlﬁh&l@ﬁhtbﬂtrﬁhahmﬁﬂamer ein
t he surface nodi fication agent copgpositi

dlmethyldlmethoxysﬂane, , trlmethylmethoxys ilane, methyﬂ:rlchlorosﬂane

dimethyldichlorosilane, trimethylchlorsilane, methylsilane, dimethylsilane,

trimethylsilane, hextamethyldisilazane‘, 2-trimethylsiloxypent-2-ene-4-one, n-

(trimethy1silyl)acetamide, 2-(trimethylsilyl) acetic acid, n-

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

acetate, nbnamethyltrisilazéne, hexamethyldisiloxane, trimethylsilanol,

triethylsilanol, triphenylsilénol, t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane, hexamethylcyclotrisilazane,
bisdirﬁethylaminodimethylsilane, bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide, dimethylsilyldiacetamide,
dimethylsilyldiisocyante, trimethylsilylisocyanate, methylsilyltriisocyanate and

combinations thereof.

21. The method of claim 1 wherein the surface modification agent composition

comprises dimethyldiacetoxysilane.
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further conprises a corrosion inhibitor. 29. The
met hod of claim 1 wherein the surface nodification

i nhi bitor which chelates with copper. 30. The nethod

of claim1l wherein the surface nodification agent
conposition further conprises a corrosion inhibitor

sel ected fromthe group consisting of benzotriazol e,
tolyltriazole, and conbi nations thereof. 31. The
treated silicate or organosilicate dielectric filmon
a substrate produced according to the nethod of claim
1. 32. A microelectronic device conprising the treated
sili%ﬁte or organosilicate . dielectric filmon a

sulfst ap@ﬂrﬂddd??@é@ lhwheeiai the swidrcemeodifieation agénteoaipasition

ST ST K00y BT

whintihe,sinl dnfah eompowrdg am akkhli instd] dydioxlides b héidf dnldBombinations

ei it her. conpri.ses silanol noieties or which silicate or
or %ﬁ%%ilicate dielectric filmhas had at | east sone
previ ously present carbon containing noieties renoved

t har [ Si.RY; .optignally ...
25 S AR R OHRRL 08 oA RLR0S, Hmposiion
orfgdimaysiotriptiatseandiotiv atirier dgend del stted!Tram Shedg bt &isistiAg bf

(b ogrtgi onal | a‘fpl ing an activating agent for a
sﬁ‘?‘#’% U STAOURLS: BRPSRBRMEMCOmMPoEnds, swiqnium gemppyndssnd
Oﬁo@ﬁ@@ﬁg§ﬁhb&ﬁke dielectric filmby chemical vapor
deposition; "thenj(c) contacting the silicate or

organosilicate dielectric filmw th a surface

di £ catj,0 nt ,c asition.by c i cal vapor N
o R TR0 SRR PR BTG e Brposion
C Gufetees icbm@FisésQntdeBvAinkiagaii@cRbtel FRAAN BRI drb§A Risisting of alkyl
dielectric film wherein the surface nodification”
adBnrescybeaines awl deohol pRdREsa conponent '

25. The method of claim 1 wherein the surface modification agent composition
further comprises an activating agent selected from the group consisting of
‘primary amines, secondary amines, tertiary amines, ammonia and quaternary

ammonium salts.

26. The method of claim 1 wherein the surface modification agent compoéition
further comprises an activating agent selected from the group consisting of
tetramethylammonium acetate, tetrabutylammonium acetate or combinations

thereof.,

'27. The method of claim 1 wherein the surface modification agent composition
further comprises an activating agent selected from the group consisting of
. sodium hydroxide, potassijum hydroxide, lithium hydroxide and ammonium

hydroxide.
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capabl e of al kylating or arylating silanol noieties or
bonds created by renoval of carbon containing noieties

wo e@ar1otses si |l i cate or organosilicate diel ectriBCT/UB2006/001561
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via silylation; said contacting being conducted under
conditions sufficient to add carbon contai ni ng
noi eties to the silicate or organosilicate dielectric
filmthrough at | east a portion of a depth thereof.
34. A nethod of inparting hydrophobic properties to a
silicate or organosilicate dielectric filmon a
substrate, which silicate or organosilicate dielectric
filmeither conprises silanol noieties or which
silicate or organosilicate dielectric filmhas had at
| east some previously present carbon containing
no3getrhe ﬁleﬁmlfnhﬁﬁvﬁ&re%e 58 cTRE N4 RARIEE R daglpoglm)n
optional Iy dehydrating at least a portion oﬁ
sifurtbencomprises gyaorossidn inhibitodi el ectric filmon a
substrate then.(b) optionally applying an activating
agent for a surface nodification agent conposition to
t 1. Thé hfedicd o¥iclAmiiewRsein tat@fae %&ﬁﬁlédti%nfag!:ﬂf‘c@ﬁrposmon
chem cal: vapor deposition; then (c) contacting t
si furthescomprises yeoreasion ishibiorwhichehelates Mithmopperh a
surface nodification agent conposition by chenica
vapor deposition of the surface nodification agent
C @@ The triettvdiaf cldi@ Iswhéreitthe Surfaee gaiioRidativg apent composition
dielectric film wherein_ the surface modi fi cation
adBRberCompssrs 2 epmresinmprhbaer selectdiana fie gapasersissing of
algess tihsifle, Q61 rlaqo@é ing céﬁgbﬂla%nsfmér%r es or bonds
created by re on-contalning noieties from
the silicate or organosilicate-dielectric filmvia
sid,yl-ation id contacti b copduct ed under
couiRe tBted Pt nres fiyee it Rl Sp B yorpiae nraguoed
C alcbs8ing @6t Mkihed bPEIainh @S to the silicate or
organosilicate dlelectrlc film

32. A microelectronic device comprising the treated silicate or organosilicate .

* dielectric film on a substrate produced according to the method of claim 1.

33. A method of preventing voids in a damaged silicate or organosilicate
dielectric film on a substrate, which silicate or organosilicate dielectric film either
comprises silanol moieties or which silicate or organosilicate dielectric film has
had at least some previously present carbon containing moieties removed
‘therefrom, the method comprising: |

(a) optionally dehydrating at least a portion of a silicate or organosilicate
dielectric‘film on a substrate; then |

(b) optionally applying an activating agent for a surface modification agent
composmon to the silicate or organosilicate dlelectrlc film by chemical vapor

deposmon then
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through at least a portion of a depth thereof, or (ii)
seal surface pores of the silicate or organosilicate

wale@bactsrs ¢ film or (iii) first add carbon coPtEUSINE001561
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noieties to the silicate or organosilicate dielectric
filmthrough at | east a portion of a depth thereof,
and then seal surface pores of the silicate or
organosilicate dielectric film

(c) contacting the silicate or organosilicate dielectric film with a surface

- modification agent composition by chemical vapor deposition of the surface

modification agent composition to the silicate or organosilicate dielectric film,
wherein the surface modification agent composition comprises a component
capable of alkylating or arylating silanol moieties or bonds created by removal of |
carbon containing moieties from the silicate or organésilicaté dielectric film via-
silylation; said contacting being conducted under conditions sufficient to add
carbon containing moieties to the silicate or organosilicate dielectric film through

at least a portion of a depth thereof.

34. A method of imparting hydrophobic properties to a silicate or organosilicate

dielectric film on a'substrate, which silicate or organosilicate dielectric film either

.comprises silanol moieties or which silicate or organosilicate dielectric film has

had at least some previously present carbon containing moieties removed
therefrom, the method comprising:

(a) optionally dehydrating at least a portion of a silicate or organosilicate

dielectric film on a substrate; then

(b) optionally applying an activating agent for a surface modification agent
composition to the silicate or organosilicate dielectric film by chemical vapor
deposition; then | | ‘

(c) contacting the silicate or organosilicate dielectric film with a surface
modification agent composition by chemical vapor deposition of the surface i

modification agent composition to the silicate or organosilicate dielectric film,

wherein the surface modification agent composition comprises a component

capable of alkylating or arylating silanol moieties or bonds created by removal of
carbon containing moieties from the silicate or organosilicate dielectric film via
silylation; said contacting being conducted under conditions sufficient to (i) or (ii)

or (iii):
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(1) add carbon containing moieties to the silicate or organosilicate dlelectrlc film

through at least a portion of a depth thereof, or

(ii) seal surface pores of the silicate or organosilicate dielectric film; or

(iii) first add carbon containing moieties to the silicate or organosilicate dielectric
5 film through at least a pbrtibn of a depth thereof; and then seal surface pores of

the silicate or organosilicate dielectric film.
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