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New materials with low dielectric constants (known in the art as “low-k
dielectrics”) are being investigated for their potential use as insulators in
- 10 semiconductor chip designs. A low dielectric constant material can aid in enabling
further reductions in integrated circuit feature dimensions. The substance with the
lowest dielectric constant is air (k=1.0). Therefore, porous dielectrics are very
promising candidates since they have the potentiai to provide very low dielectric
constants. Unfortunately, such porous low-k dielectrics typically have the problem of

15  insufficient mechanical strength.
Thin film dielectric coatings on electric devices are known in the art. For
instance, U.S. Patent Nos. 4,749,631 and 4,756,977, to Haluska et al., disclose
silica based coatings produced by applying solutions of silicon alkoxides or hydrogen

silsesquioxane, respectively, to substrates and then heating the coated substrates to
20 atemperature between 200 and 1000°C. The dielectric constant of these coatings is
often too high for certain electronic devices and circuits.

U.S. Patent Nos. 4,847,162 and 4,842,888, to Haluska et al., teach the
formation of nitrided silica coatings by heating hydrogen silsesquioxane resin and

. silicate esters, respectively, to a temperature between 200 and 1000°C in the
25 presence of ammonia.

Glasser et al., Journal of Non-Crystalline Solids, 64 (1984) pp. 209-221,
teaches the formation of céramic coatings by heating tetraethoxysilane in the
presence of ammonia. This reference teaches the use of anhydrous ammonia and
that the resulting silica coatings are nifrided. '

30 U.S. Patent No. 4,636,440, to Jada, discloses a method of reducing the
drying time for a sol-gel coated substrate comprising exposing the substrate {o
~ aqueous quaternary ammonium hydroxide andfor alkanol amine compounds. Jada
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ceramic,
U.S. Patent No. 5,523,163, to Ballance et al., teaches a method for forming
15  Si-O containing coatings on substrates comprising heating a hydrogen
- silsesquioxane resin to convert it fo a Si-O containing ceramic coating and then
exposing the coating fo an annealing atmosphere containing hydrogen gas. The
resultant coatings have dielectric constants as low as 2.773. The reference teaches
the removal of solvent before converting the coating to a ceramic.

20 U.S. Patent No. 5,618,878, to Syktich et al., discloses coating compositions
containing hydrogen silsesquioxané resin dissoNed in saturated alkyl hydrocarbons
useful for forming thick ceramic coatings. The alkyl hydrocarbons disclosed are
those up io dédecane. The reference does not teach exposure of the coated
substrates fo basic catalysts before solvent removal.

25 : US Patent No. 6,231,989, to Chung et al., entitled “METHOD OF FORMING

. COATINGS", discloses a method of making porous network coatings with low
dielectric constants. The method comprises depositing a coating on a substrate with
a solution comprising a resin containing at least 2 Si-H groups and a solvent in a
manner in which at least 5 volume % of the solvent remains in the coating after

.. 30 - deposition. The coating is then exposed 1o an environment comprising a basic

catalyst and water. Finally, the solvent is evaporated from the coating to foﬁn a
~ porous network. If desired, the coating can be cured by heating to form a ceramic.




C. The plasma cured porous dielectric material can optionally be

post-pl asma treated. The post-plasnma treatnent of the pl ashia@bhd®0éd porous
dielectric material reduces the dielectric constant of the material while
mai nt ai NighgsABsebdTPr oved el astic nmodulus and film har 035 sPmpared to
the plasma cured porous dielectric material. The post-plasna treated,

pl asma cured porous dielectric material has a dielectric constant between
about 1.1 and about 3.5 and an inproved el astic nodul us and fil m hardness.
3 March 2006 WO 03/025993 PCTI US02/-26158 -1 PLASMA CURI NG PROCESS FOR
POROUS LOW - K MATERI ALS Generally, there can be a process which is enpl oyed
I n manufacturing 5 sem conductor chips. Mire particularly, an enbodi nent
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to Jada, discloses a method of reducing the drying time for a sol -gel
coat ed diglesiricanategishpri si ng exposing the substrate to

plasma curing the porous dielectric material to produce a plasma cured
porous dielectric material having a second dielectric constant which is greater than
or equal fo the first dielectric constant, having a second elastic modulus which is
greater than the first elastic modulus, and having a second film hardness which is
 greater than the first film hardness; and
post-plasma treating the plasma cured porous dieiectn'c malerial to provide a
post-plasma treated, plasma cured porous dieleciric material having a third-dielectric
constant which'is less than or equal to the second dielectric constant, having a third
- elastic modulus which is greater than or equal to the second elastic modulus, and
‘having a third film hardness which is greater than or equal to the second film
hardness, wherein the post-plasma treating is
UV treating by exposing the plasma cured porous dielectric
material to UV radiation, or |
plasma treating by exposing the plasma cured porous dielectric
- material to'a second plasma condition,




aqueous quaternary ammoni um hydr oxi de and/ or al kanol am ne conpounds. Jada
3 March 2006 WD 03/ 025993 PCTI US02/ 26158 -2 requires that IMarehdd0bng be
dried prior to heating. It is specifically limted to hydrolyzed or
partially hydrolyzed silicon al koxdades. U.S. Patent Nos. 5,262,201, to

Chandra et al., and 5,116,637, to Baney et al., teach the use of basic
catalysts to | ower the tenperature necessary for the 5 conversion of
various preceramc materials, all involving hydrogen sil sesqui oxane, to

ceram c coatings. These references teach the renoval of solvent before the
coating is exposed to the basic catalysts. U S. Patent No. 5,547,703, to
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3 March 2006 WD 03/025993 PCT/ US02/ 26158 -3 Filns made by this process have
dielectric constants in the range of 1.5 to 2.4 with an e} Xordh20806dul us
bet ween about 2 and about 3 GPa. As was described in U S. Patent

Appl i cafioQRpeds al No. 09/681,332, entitled "PLASVA ¢PROCESS FOR
POROUS SILICA THIN FILM and incorporated herein bypggfﬁgbr\i?nge, I nstead of

thermally curing and plasma treating, porous network coatings produced
froma resin containing at least 2 Si-H groups can be plasma cured,
elimnating the need for prior furdrace curing. However, there remains a
need for a process for nmaking a porous lowk material with inproved
structural properties, such as an inproved el astic nodul us, wthout
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i nventi o neet.s. t hat, nee rovi di ng a.process that produces nmaterials
havi nngHﬁ’lHﬁ/a"’ai%gP g@[d,npgs 88’%&? Poghpia Wait'pr?ﬁ‘?'ﬁ%‘gd el astic nodul us.

Accor di ngl yccoR@ingRye 8k BmBdtiRBA1 &h RiredhdtesoduBdaestFiciRateRBIS N9 a pl asma
cured material conprising: providi ngi a porous dielectric material having a
first haying ismreved elastis nettuluhand pptarialhardnessanda tevadielestriaind having a
fi rgt bhbf@npardness, wherein the porous dielectric naterial is not a

por ous nethyl si |l sesqui oxane-based dielectric material; plasma curing the
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reater than
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15  molecular engineered pores, which may be distributed random or ordered, such as
vertical pores.
Plasma curing can for some materials generate a notable amount of polar
species in the porous dielectric material, which can be undesirable in some
applications. The present invention is also based on the discovery that applying
20 thermal, UV, or a second plasma treatment can remove these generated polar
species resulting in a material with a low dielectric constant, and of equal or further
improved elastic modulus and film hardness.
The process of the present invention is particularly applicable fo the
~ deposition of coatings on electronic devices or electronic circuits where they can
25 serve as interlevel dielectric layers, doped dielectric layers fo produce transistor-like
devices, pigment loaded binder systems containing silicon to produce capacitor and
capacitor-like devices, multilayer devices, 3-D devices, silicon on insulator devices,
super lattice devices, and the like. However, the choice of substrates and devices to
| be coated by the instant invention is fimited only by the need for thermal and
30 chemical stability of the substrate at the temperature and pressure used in the

present invention. As such, the porous dielectric materials of the present invention

- can be used on substrates such as plastics including, for example, polyimides,



-3a By "nethyl silsesqui oxane-based dielectric material” we nean a
dielectric material that conprises 100% net hyisilsesqul oxaNMarch #6ns, and
not a m xed nethylsilsesqui oxanel hydrogen sil sesqui oxane dielectric

mat er i other m xed dielectric nateri al h in es |l ess than
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100% net hy 5| sequ|oxane resins. The porous dielec lal is plasm
cured to produce a plasma cured porous dielectric material having a second
di el ectric constant which is conparable to or greater than the first
di el ectric constant, having a secebdd el astic nodulus which is greater than
the first elastic nodulus, and having a second filmhardness which is
greater than the first film hardness. By "conparable to" we nmean both equal
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can produce porous dielectric materi havi ng I npr ti c nodul us
and ne¢ddisi and epticahdedcesand a | ow di el ectr| c 5 constant. The present
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porous diel'ectric ma el e % 40 sol vent - based,
or- 15 (Mrlbudgaer)r@dn&% Edmpoatias, (Tokyo; Dapa). be di stri but ed random or
ordered, suﬁ'xe p%ductlon of typical porous dielectric materials for use with the present
invention is well known in the art. One method of making such a porous dieleciric
material is the porous network coating disclosed in U.S. Patent No. 6,231,989, which
20  is incorporated herein by reference for its teaching on how to produce porous
dielectric materials having ultra low dielectric constants. The patent describes the
- manufacture of ultra low dielectric constant coatings having a dielectric constant of
between about 1.5 and about 2.4, in which pores are introduced into HSQ-based
films. HSQ-based films produced according to the method taught in U.S. Patent No.
25 6,231,989, which have been cured under thermal conditions, contain about 20 to
about 60% Si-H bonds density. When the dielectric constant of the coating is about
2.0, the coating has an elastic modulus of between about 2 and about 3 GPa.
The following method of producing a porous network coating is provided as
an example of the production of a typical porous dielectric material. It is not the
30 inventors’ intent to limit their invention to only HSQ-based films. The process of the

present invention is applicable to virtually any porous dielectric material.




vertical pores. Plasma curing can for sone materials generate a notable
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~ por ous@@ireplediectiensriitbe particylgr eibardithels tefakis 45 Wl'fh @"Qrﬁltoéﬂspéﬂ‘atf%r t he present
ven: A2 R G pRRIE oG 4l PR i g e P esen
HSQ bamesdtudtwada tecformdhe MImdl retwarkaiExahipiesfof atkyDgroufe arepetbyt, pthyit | on
8 2By bl b e, B o i bbb bR, Bmfles ot
grA es enalkemsw 9rdup8inckide ﬂﬁw él@blamdfrre&@h eainpiEe DR aRlIPEudé Phenyl( Nor t hri dge,
) and JSR Cor paration (Toky Ja
_ _ Examples of substituted groups mdude (?Fa( F2)nCH2CHa, where n = 0-6.
Useful in the present invention are various hydridosiloxane resins, known as
hydrogen silsesquioxane resins, comprising units of the formula HSi{OH),{OR'),O.
20 Inthis formula, each R' is independently selected from the group consisting of alkyl,
alkenyl, or aryl groups, or alkyl, alkenyl, or aryl groups substituted with a hetero atom
such as a halogen, nitrogen, sulfur, oxygen, or silicon. Examples of alkyl groups are
methyl, ethyl, propyl, butyl, and the like, with alkyls of 1-6 carbons being typical.
Examples of alkenyl groups include vinyl, allyl, and hexenyl. Examples of aryls
25 include phenyl. Examples of substituted groups include CF3(CF2),CH2CH,, where n
=0-6. When these R’ groups are bonded to silicon through the oxygen atom, they
form a hydrolyzable substituent. Inthe above formula, x=0t02,y=0t02,z=1t0
3, and x +y +z=3. These resins may be essentially fully condensed (HSiO3),
where n is 8 or greater, or they may be only partially hydrolyzed (i.e., containing
30 some Si—OR’), and/or partially condensed (i.e., containing some Si-OH).
The structure of the resin containing at least 2 Si-H groups is not limited. The
- sfructure may be what is generally known as ladder-type, cage-type, or mixtures




The production of typical porous dielectric materials for use with the
present invention is well known in the art. One method of3 Ma¢mgMuch a
porous dielectric material is the porous network coating disclosed in U S
Pat ent No. 6,231,989, which 20 is incorporated herein by reference for its
teaching on how to produce porous dielectric materials having ultra | ow
diel ectric constants. The patent describes the manufacture of ultra.low
diel ectric constant coatings having a dielectric constant of between about

‘1.5 and about 2.4, in which pores areyintroduced into HSQ based filns.

HSQ based fil ns produced accordi-ng to the nmethod taught in U S. Patent No.

25 6, 231, 989, whi ch have been cured under ther mal condi ti ons, contain about .

20 to a t dielectrjc constant of the
coati ng Fgé%gggﬁﬁﬁsg rQQﬁ g ?‘%Hﬁn@ggp %‘%&ﬁs} ﬁbod‘ﬁhfg UB¥ between about
2 and abdi@rganasfiaxy gieups, dll¢rg&mfg/dmdmembxyfgrmpmdmelmy grcmps odalkegt wor k
coating | 50 of .the producti typi cal porous
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i nvent i ofharol (5h) of thiSlitareatdnisi Which HEve eftha@q®6s2 Ridrbdéh atbh@S@BEhédVENtion is
appl i ge%}%ﬂﬁggﬁ%all r}%b# FT\E}tdlelectrlc materral. 3 March 2006 WO
03/ 025993 IBHPS, UL 881 b HiPse96 HEBSIRmed por ous
network goapsng starts W|th depositing a coating on a substrate with a

sol ution co | Si nﬁéa resi.n containin | east 2 Si-H groups and a

sol vent . rfeer'?F copiringptigash? $'e’g§f°l@59nd imethedsyor ther prodsiction
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and vva 0 forma ‘
cross- | | FW“?%Q@%W@HG'&’@W@T@W iubfdeogemrsﬁsemqmaoas net wor k.
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Usef Ul bhocBE BY R5GBly D S Ul o8y e it nbdosLioxghe resins. known
medium, those described in Japanese Kokai Patent Nos. 59-1 78749, 60-086017,
20 and 63-107122, or any other equivalent hydridosiloxanes, will also function herein.
Specific molecular weight fractions of the Si-H containing resins may also be
- used. Such fractions and methods for their preparation are taught in U.S. Patent No.
* 5,063,267, to Hanneman et al., and U.S. Patent No. 5,416,190, to Mine et al. A.
typical fraction comprises material wherein at least 75% of the pol}rheric species
- 25 have a number average molecuia_r weight above about 1200; anda more typical
fraction comprises material wherein at least 75% of the polymeric species have a
number average molecular weight between about 1200 and about 100, 000.
The Si-H containing resins may contam other components as long as fhese
_ components do not interfere with the integrity of the coating. - it should be noted,
30 however, that certain materials may increase the dielectric constant of the coating. - .
Ceramzc oxide precursors may also be used in comblnahon with the Si-H

containing resins. The ceramic oxide precursors useful heretn lnclude compounds |

and d

!
i




hydr ogen sil sesqui oxane resins, conprising units of the fornula

HSi (OH) X(OR )yQi 2. .20 In this formula; each R is indep2Mbiech 2806sel ect ed

fromthe group consisting of alkyl, alkenyl, or aryl groups, or alkyl,

~alkenyl, or aryl groups substituted with a hetero atom such as a hal ogen,
ni trogel© BOFPH | “oxygen, or silicon. Exanples of al RGIUSPREEE are nethyl

ethyl, propyl, butyl, and the like, with alkyls of 1-6 carbons being

typi cal. Exanples of al kenyl groups include vinyl, allyl, and hexenyl.

Exanpl es of aryls 25 include phenyg. Exanples of substituted groups include

CF3(CF2)"CH2CH2, where n = 0-6. Wien these R groups are bonded to silicon

t hrough the oxygen atom they forma hydrolyzable substituent. In the

above ; = 10 G » it e z = 3.
~ These E’gﬁ%ﬁr?lggnl%é;a%gggﬁsgse%%upﬁwmyqp%'ﬁl@ %'gcl?gledr?g’etﬁntf Eg?’gg%é%mgnév‘\ﬁgre nis 8 or
- gr eat evanasliumhas/wathgs baricus npngaetallialcompbynids Isycreds {Hose of barontoati ni ng 30 sone
Si -OR r rtial condensed, (i .e,, ,containing sone Si-0H). The
ot uct DetBBRR wRREG ) b dRERES B e donRbyer ST S ey RSB e Mo | i t .
. The spyobtzad at rastively isdraémpéeraies & frh\cekamidoxiies) Tddahicloxle, cage-type, or
m'_x_wres 3 March 06 -7 thereof si ns maéécont ai n_endgroups such
as

dPEBEYTSOnt el herein ags: deselied E&g%?g?&é?\bﬁi +ee&Ren aad 898=3400xy gr oups,

trial kexalgsidesal., aRa 530496 @4Bski. and others. The HSQ resin may al so
contain a small nunber (e.g., less than 10% of the silicon atons, which

have ei t herThe 3irHZontainingresinsasersppliedde tleeiswbsimtesassalvedt or a smal | nunber

at 1 eadpPERESto Bilh SRl SuicaE B orEicaltR: SHRebBI cun i 0 the-
art. FoaydeaselddnclideSanyRagentbr dxiurd of 2gedts Zhattwill diesdlvensr disparbe the t eaches
ﬁg Pgroductlon of _an essentj au% full cono%r(\:ﬁed hydrotcilen si | sesqui oxane 10

&Rk oo @ hepinganeesdiauls robrgire withgut-TEsching, the) reyiing epalig & conpri si ng

- hydr ol el suBistrateC ThBEO SHIVERE chi iR RBHQIIRRU SHANAC @Y dedheiibat € hydrol ysi's
medi umy and then washing the resulting resin wth water or aqueous
“sul furisepeyiricdiokiaramatic hydretarbensg, sueh apbemzene®r idgene; brapghed et al |

; h vy j oS, ; | sul* oni
hor g ARROS SPABS bl odBater o bbb thBal" CY! ont act e
wi t h aalkengs, aliclz ang-hegtene, ddddeens, urdetratizsehept@tohesesichss metbll as t hose

S350 Bl o5 oo B et et bt oo s ol oy o
?ﬁyg gxyucmi dsﬂKE@(l?h_fét iﬁ%&ﬂh@,,ocPdrﬁefithisﬁoMQ%?ﬁd’ﬁﬁﬁuremwﬁﬂ oﬁé:y_éﬁ@ descri bed
panese Kokai Patent Nos. 59-17/8749, 60-086017, 20 and 63-107122, or
any ot fiBethipaiadpeaneshgiamidiies pammeidhe above salvants. uFhe salverés ei n. -
generally present in an-amount sufficient to dissolve/disperse the resin to the
concentration desired for application.  Typically, the solvent is present in an amount
20 of about 20 to about 99.9 wt%, and rhore typically from about 70 to about 95 wt%,
based on the weight of the resin andi':solvent.
If desired, other materials can be included in the resin dispersion. For
instance, the dispersion can include fillers, colorants, adhesion promoters, and the
like. '
25 - -Specific methods for application of the resin dispersion to the substrate
include, but are not limited to, spin coating, dip coating, spray coating, flow coating,
screen printing, or others. A typical method is spin coating.
At least about 5 volume % of the solvent should remain in the SiH resin
coating until the resin is contacted with the basic catalyst and water. This solvent
.-30 forms the pores of the porous network coating as the Si-H bonds are hydrolyzed and
condensed. In some embodiments, it may be typical that at least about 10 volume
% solvent remains, while in others, it may be typical that at least about 15 volume %




Speci fic nol ecul ar weight fractions of the Si-H contarnrng resins may al so
be used. Such fractions and methods for their preparation3¥asch2i¥§ht in

U S. Patent No. 5,063,267, to Hanneman et al., and U S_ Patent No.
5,416,1 ne et al. A typical fraction conprr wherei n at
| east 7 Ofgb%? e polyneric species 25 have a nunber aven@ﬁ%ﬁ Iecular

wei ght above about 1200, and a nore typical fraction conprises materi al
wherein at |east 75% of the polyneric species have a nunber average

mol ecul ar wei ght between about 1268 and about 100, 000. The Si-H containing
resins may contain other conponents as |long as these conponents do not
interfere with the integrity of the coating. . It should be noted, 30

- howevesolveftatmairs! andingill others, St MBY be ieA SRt bbRadi MRE DS VBILRRNGL ant of the
coatrng Ceram c oxide precursors may also be used in combination "with the
Si-H c¥eRiRMANS esins. The ceranic oxide precursors useful herein include
conpounds f net al s
such as aIiﬁﬂﬁﬁﬁymﬁgggﬁgﬁﬁgﬁég%@@%ﬁUEEE%gﬁﬂéﬁgﬁ%ééwi cpgpéﬂgkﬂﬁﬁ vanadi um
as wel emhediment,ahigh balling paint s@vmtmpomm;adakm asstehassoleéntivdthon or

BB he Br e alRnReatifodd ARREY TG b mRBngt bfEr AR E5H o m cer ami ¢
- - oxi desdispersamias destolgedbalveandepnerm ebuditiorey aiwa&ﬁr&atd@s;ﬁgbglcbz",gg ggi o

| Pat ent 4 80 653, d t o Hal usk t al.,
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- sol venihosd Mﬁtﬁ?foﬂh?'ﬂ:%tr{t@af)@\fe”&ﬁbrﬁQ?‘S“G‘ﬁcﬂﬂinggg/dﬁib%ﬁidr@t SrofnaticH resin

coatrng(%‘ Sol vents that nmay be used Inc ageht or m xture of
agent shydfaearpng, egiess gthars,anddhe jke. sExamele_s_ofsrmrfm: aowehtﬂwhrah tenpgeneous

"t ‘o8 Sed i chittdimniiidd e dfed ftocdBhe SR AleigeabB” Toopr opyl
ia! cohotefradecame} hexdupdaos, atd pumssateaiz hyslrdwmisesmjh dsadodiesene,br anched or
i near

?I anes, tsuch as n- he [ﬂ_@e dodecFB_e, nane; br anched or |inear
al keneragdgeaie ety XM@BF%HBGS'Q theptagp @Lef‘?@&: HEONRRR:ones, such as
met-hy| tellahidrefitm alé@hé!nﬁune?élts%irﬁs @éé}éﬁo‘r stéfl’rgé)? d 38veh/ f¥paf "f"ﬁfs or |inear

or cyclic siloxanes, such as hexanet 22; di si ane, oct anet hyl'di si | oxane,
- and mi stiethybexalate, diamy) Qiheregairahrrdrooym iethsingk lactie anidhutyliesterxt ur es of any

 Suf'Pr arBRISRCK BRIy iont @ya? FBRyb e oS Hhetdnle B ey dosi r ea 1 or

~appl i cglyﬂ:cdrdletﬁwml"mldim,eththlmldeeﬁﬁ-hacapemewtz-lbmmﬂmﬂ@amBt:etaté, of about 20

to aboalrléth?/%ng gY\g’;(c(c){? mgrqgme ngetF'ngrp I1 —Coacltalr%l fertlque]ane g(ﬁ)L/Ict:ol ago;ga?' La'lg",O ut 95 wt%

dipropylene glycol monomethyl ether acetate, diethylene glycol monoethy! ether, N-
methylpyrrolidone, ethylene glycoi dibutyl ether, gamma-butyrolactone, 1,3-

20 butanediol, diethylene glycol monomethyl ether acetate, trimethylene glycol,
triethylene glycol dimethyl ether, diethylene glycol monoethyi ether acetate, alpha-
terpineol, n-hexyl ether, kerosene, 2-(2-n-butoxyethoxy)ethanol, dibutyl oxalate,
propylene carbonate, propylene glycol monophenyi ether, diethylene glycol,
catechol, diethylene glycol monobutyl ether acetate, ethylene glycol monopheny!

25 ether, diethylene glycol dibutyl ether, dipheny! ether, ethylene glycol monobenzyl

- ether, hydroquinone, sulfolane, and triethylene glycol. Hydrocarbon solvents are
particularly preferred. '
The above processing (i.e., primarily deposition of the SiH resin coating

solution) can be done in an environment that inhibits solvent evaporation prior to

30 contact with the basic catalyst and water. For example, the spin coating can be
performed in a closed environment such that the subsequent steps (i.e., contact with

"the basic catalyst and water) can occur before the solvent is completely evaporated.




based on the weight of the resin and solvent. If desired, other materials
can be included in the resin dispersion. For instance, theMirch@2006i on can
include fillers, colorants, adhesion pronoters, and the |ike. .25 Specific
met hods for application of the resin dispersion to the substrate include,
but ar eWRIFP i ted to, spin coating, dip coating, sPFEYSEBaSEng, flow
coating, screen printing, or others. A typical nethod is spin coating. At

| east about 5 volunme % of the solvent should remain in the SiH resin
coating until the resin is contaciygd with the basic catal yst and water.
This solvent 30 forns the pores of the porous network coating as the Si-H
bonds are hydrolyzed and condensed. In sone enbodinents, it nay be typical

that at le : : .0 I i o] i hers, it may
be-typi cal TIesT o oraRetify RSl bbb I e B ORk e iB 25005

PCT/ USo@itaéed 8/ith$ isadioeatalysiearal water. aBxamples of basiocatalysts includeny be t ypi cal
that at | east about. 2:{';_t vol u%re % gol vent reﬁwrai ns. The @rﬂ]hod of retaining
the soPUIANG SMBRNIWDIVAde,: B Well 25 AMipesy TS aRings Self DSTEYBAY nent, a
hi gh bwmlma@rimmbms\mmzﬁ,@éc@wmamiriﬁqugNﬂy, ah@/or tefayeinviaed Wi th one
of the solvents described above. In this manner, processing the resin
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Exanpl f .specifli I lch can 10 be used in LS € di ment
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et f , um@emmﬁi@mndﬂy@rl p}ﬁ%liﬂﬁf«b@ Ior pyﬁﬂhd_ ; @SIanddﬂigﬁ,lﬂ@‘;y oftthé éb@\m:ﬁﬂﬁhﬁ gt C]; v
A1 dBnopomasinse mancis puelfiied B ainar Pydiogaban analsi Aeiato coaaping tr .
di et hy | i y r &R- g | actic acid

but yl rglgg?',tﬁfgmicgogct b?éeglf co so‘f]',gﬁ%@gb%g’%' %Pyﬁ@y'gf‘ggé%’w ene gl ycol
mononecéntemplatast thaticanmpounds ewhigh oo tonveded o aminesunddr thetregdtioss| f oxi de,
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- nmononesiph asdrhamnaatinabalt that gickislenamigb ypoh disesiatbsiyoutgrevide the

met hyl pyrral i done, .ethyl ene gl ycol dibutyl ether, gamma-butyrol actone, 1,3
20 1gu g%%r@ﬂ@@ga?ﬂlceet lene glycol nononethyl ether acetate, trinethylene

- glycol, Examples of the amines that may be used herein include methylamine,
ethylamine, butylamine, allylamine, cyclohexylamine, aniline, dimethylamine,
diethylamide, dioctylamine, dibutylamine, methylethylamine, saccharin, piperidine,
trimethylamine, triethylamine, pyridine, diethyl toluidene ethylmethylpropylamine,

20 imidazole, choline acetate, triphenyl phosphene analine, trimethylsilylimidazole,
ethylenediamine, diethylhydroxylamine, triethylenediamine, n-methylpyrolidone, eic.

The basic catalyst can generally be used at any concentration sufficient to
catalyze hydrolysis of the Si-H bonds. Generally, concentrations of the basic
catalyst can be from about 1 ppm to about 100 wt% based on the weight of the

25 resin, depending on the basic catalyst.

The water used can be that present in the ambient environment {e.g., > about
25% relative humidity), the ambient environment can be supplemented with
additional water vapor {(e.g., relative humidity up to about 100%), water can be used
as a liquid, or a compound which generates water under the reaction conditions can

30 be used.

Contact of the SiH resin coating with the basic catalyst and water can be
~ accomplished by any means practical or desirable. For instance, the SiH resin




triethylene glycol dinethyl ether, diethylene glycol nonoethyl ether
acetate, alpha- terpineol, n-hexyl ether, kerosene, 3 March 2006
2- (2- n- but oxyet hoxy) et hanol , di butyl oxal ate, propylene carbonate,

-pr opyl egp & nonophenyl ether, diethylene gl ycoI di et hyl ene
0 o)) ﬁeﬁjg’l]g Eg%@

gl ycol nonobutyl ether acetate, ethylene gl ycol nonop et her,

di et hyl ene gl ycol dibutyl ether, diphenyl ether, ethylene glycol nnnobeenyl
et her, hydroqui none, sulfolane, and.triethylene glycol. Hydrocarbon
solvents are particularly prefertidd. The above processing (i.e.,primarily
deposition of the SiHresin coating solution) can be done in an
environnent that inhibits solvent evaporation prior to 30 contact with the
basi ¢ caatirgysin twmbntauaedawlthEaporex)aﬂ‘iélfamdémal?ﬁiaﬁldﬁmeﬂ oﬁan be perforned

in a cl ﬁsed e nt sucag t hat .the subsequent steps , contact with
the baéy grnag\ée tb%%ﬁﬁ%'m ing cag e sonfact @éﬂ@?@eth?é'cs‘@ !ésr‘itanﬂs conpl etely
evapor et in o\l sBR0SUNL IS ATASERORRT LESREIR G oRimdufihe S H resin

coating containing at |east about 5 volune % vent 1st cont act ed
wi t h ahpdexide saluliPyst and water. Exanpl es of basic catal ysts |ncI ude
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oas pheambropﬂaté eRgFormER IntRRIBED tREA) oreH&tReah® 0PN BaSic cataws@aﬁa' sul f ur,

etc.; or compounds in which the nltrogen atomis a nenber of a heterocycl iC
ring sWé‘WrﬂeaVcRﬁWfﬁqlﬁ’fbaftb?ﬁ"ﬂ)rﬁséﬂ‘ﬁ@tmﬁr pyridine. In addition, any of the
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hetero containing gro oun am des, etc.
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effect, Exanples of the amines that nmay be used herein include’ nethylamn ne,
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3y The basic catalyst used may be at any concentratnon desired. For example,
the concentration may be from about 1 ppm up to a saturated atmosphere.
20 ~ The exposure can be at any temperature desired from room temperature up
- to about 300°C. A temperature in the range of from about 20°C to about 200°C is
- typical, with a range of from about 20°C to about 100°C being more typical.
The SiH resin coating should be exposed to the basic catalyst and water
environment for the time necessary to hydrolyze the Si-H groups to form silanols (Si-
25 OH) and for the silanols to at least partially condense to form Si-O-Si bonds.
Generally, exposures of up to about 20 minutes are typical, with exposures of at
least about 1 second up fo about 5 minutes being more typical. If the coatings are to
be used as a dielectric layer, it is generally typical to have a shorter exposure, as
longer exposures tend to increase the dieleciric constant of the coating.
30 When the coating is exposed to the basic catalyst and water in the liquid
state, the exposure is usually conducted by immersing the coated substrate in a
“solution. Other equivalent methods can be used, such as flushing the coating with a




The basic catal yst can generally be used at any concentration sufficient to
catal yze hydrolysis of the Si-H bonds. CGenerally, concentriMaods206b t he
basic catalyst can be fromabout | ppmto about 100 wt % based on the

wei ght of the . 25 resin, depending on the basic catalyst. The water used
C¥/U§

can be YRHF®HPEsent in the anbient environment (e.g. FCYUSHEA® 250 rel ati ve

hum dity), the anbient environnent can be supplenented with additional

wat er vapor (e.g., relative humdity up to about 100%, water can be used
as a liquid, or a compound which generates water under the reaction
conditions can 30 be used. Contact of the SiH resin coating wwth the basic
catal yst and water can be acconplished by any neans practical or
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cat al ytatineniedsevnerstraiiop of the balsicaratalystwad ywatetisto3heicoatiign coati ng can be

cont acted w t he I.C t al vst . and ter in the liquid state, such as
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cat yst an ter I1n the_ va r state, nore ty I ca o .ampnl a an wat er
vapgr : CO’FE?P%%S@QH@%‘JS?CH@'% %P%@%Mg% alﬁﬁ@g?ﬁ‘taioezf?éyp'ﬁg'ﬁﬂ%ed in a
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of the basic catalyst and wafer may be directed at the S Hresin coating.
10 Thedienhisenseallymaiefener at e t he basic catal yst and water environnment is

i sy viglefene: tal r
Bubbl 1 ng ¢ N PoRLEE the Bl kb PR PR SR Mt oo i
L Eydr pxcmiuiwtﬁdmtianysen?péretm@gnd plesttne cwsfuﬁant T_enfnpmhfes framéurpqu: esgnt_), .
eagtl ng a pasl c .cat n ter or . heatln er a I Tt roducl n e
 padb e erie R CT Ao heholine O 1 P CREME herein 1t s
al S0 caniiRslsAl BrbsSlRl DR b to uBbatiRBhal St onidhiaby St vapors in

situ, such as the addition of water to amne salts, or the addition of
wat er berel. diraapractiesl slangpoink {antypiep! atiheexpasure wictur ailaboube ef f ecti ve.

The bagi %?ﬁ&ﬁe:ré‘tﬁlte éﬁ]e%eéﬁ?& Q%o%éﬁ@b{pr%gﬁﬁgm ration desired. For exanple,

t he concen on nay roma pmuUp to a saturated at nosphere. 20
The exposurkhecasinlueating Brexpbsedpierthe basic daialyst solbiiominrtbie @nibexlijmentt ure up to
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- the silanols to at least partially condense to form Si-O-Si bonds. Generally,
‘exposures of up to about 2 hours are typical, with exposures of at least about 1
second up to about 15 minutes being more typical.
Alternatively, the coating may be exposed to both a liquid basic catalyst and
- 20 water environment (e.g., ammonium hydroxide) and a gaseous basic catalyst and
water vapor environment (ammonia gas and water vapor). The exposures may be
either sequential or simultaneous, and are generally under the same conditions as
those described above,
After the resin is exposed to one of the above environments, the solvent is
25 then removed from the coating. This can be accomplished by any desired means,
~including but not iimited to, heating the coating, and by vacuum. When the solvent is
. removed by heating the coating, condensation of the remaining silanols may be
facilitated.
The coating produced by this process can be used as the starting material
- 30 (“porous network coating”) in the present invention. In a typical procedure to
produce a porous network coating, a substrate is coated with the Si-H containing
.- resin and solvent in a manner which ensures that at least about 5 volume % ofthe
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The SiH resin coating should be exposed to the basic catal yst and water
environnent for the time necessary to hydrolyze the Si-H ggbﬁﬁﬁthQﬁcnrn
silanols (Si- 25 OH) and for the silanols to at |least partially condense to
formSi-OSi bonds. Cenerally, exposures of up to about 20 mi nutes are
typical, with exposures of at |east about 1 second up to about 5 m nutes
being nore typical. If the coatings are to be used as a dielectric |ayer,
it is generally typical to have a shorter exposure, as |onger exposures
tend to increase the dielectric congjmant of the coating. 30 Wien the
coating is exposed to the basic catalyst and water in the liquid state,
the exposure is usually conducted by inmmersing the coated substrate.in a.

Coati ng wh e B 5 e B00S Pt vrkesl b basie ot e cat al yst

and wat etndswatar, iaod the solvetdiis eeaporateduum i nfiltrati on may al so be used to
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ar e useendiBis4,a60, twelfiongs whthesralHeY, RO asi c catal yst
and wat Er scgl tion in H??s _enbgdiﬁeﬁﬁi;r‘ggp%e conéﬁc%’ga;eg%c hy tenperature
and pr eS¥ 5@8‘%’? FaHaining faeip vas allpweddmeantaot witlda eatkertecstpesrising e ( 20- 300)

pressures frombel ow to above at herein. From
a pr act PIdpingodwdissilation Gatalyst, efesitinglfomiationtdhian alkpPyuidosietite akirdbout

- I 0ORDt OFREA: a5t at t heric pressure. The resin coating is
exposed to th!aga%?asi ct? ta: ysitbfg‘(ﬁ@ﬁﬁ%&?t?'ﬁstaﬁ?@w wihetleast angy the tinme

necessdi¥dreaenaiamoand thetraeuliig Fesi wsaeﬁwdf@@%mbé@mgguﬁigehg@ and for
ndense to form Si -0 S bonds. .

th i t tally.
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“at | eadbergbyinming a samombroys silcarzqebinl 5 M nut es being nore typical .

Al ternati vel ati e .exposed to both a |iquid basic catal yst
and 20 wat gs‘eélé\}lg?t ?ﬁéﬁ@e. 3 %%@ﬁ%ﬂﬁ $$113.845. ¢ hRdPateghseous basi ¢

cat t y Appieation el Nu2fE5, 96T IRl AERRKENGRBy HSRLEY hEERT ). The
nderCREchES s bes Sliesnedesth o8 naeaity cisbtompode from the siicons.
resins. The silicone resins are made from a mixture compromising 15.to 70 mol %
of tetraalkoxysilane, 12 1o 60 mol % of an organosilane described by formula R’SiXs,
where R’ is an hydrogen or alkyl group containing 1 to 6 carbon atoms, and 15 to 70
20 mol % of an organotriatkyoxysilane described by formufa R"Si(OR™})s;, where R” is a
hydrocarbon group compromising about 8 to 24 ¢arbon atoms or a substituted
~ hydrocarbon group compromising a hydrocarbon chain having about 8 to 24 carbon
atoms. | ' o
U.S. Patent Application Serial No: 09/951,819 entitled “SILICONE RESINS
25 AND POROUS MATERIALS PRODUCED THEREFROM", to Zhong, filed.
September 12, 2001 and hereby incorporated herein by reference, discloses po‘rous‘
coatings made from silicone resins having the general formula (R’Sioa;z)x(HSipr_)y
vyhere R'is an alkyl group having 8 to 24 carbon atoms. The coatings produced |
therein have a dielectric constant between 1.5 and 2.3. The above-referenced
30  patent application further provides the following description of a porous low-k -
dielectric coating made in two steps from a resin with a formula of
| ___qgfssos,z)x(HSiom}, where R’ is 3,7.11,15-tetramethyl-3-hydroxy-hexadeeyl.




After the resin is exposed to one of the above environnents, the solvent is
25 then renoved fromthe coating. This can be acconpli shed Marcdr300desi r ed
means, including but not Iimted to, heating the coating, and by vacuum
When the solvent is renoved by heating the coating, condensation of the
remai ning silanols may be facilitated. The coating produced by this
process can be used as the starting material 30 ("porous network coating")
in the present invention. In a typical procedure to produce a porous
network coating, a substrate is coated with the Si-H containing resin and
solvent in a manner which ensures thit at teast about 5 volume % of the 3
March 2006 -13 solvent remains in the coating. The coating.is then exposed
to the basic catalyst and water, and the solvent is evaporated. Another

met hod of rraM-ﬁngé@hAaplpr@ﬁ@njserialdﬁmng&ﬁo&as enfitied “SHICONERESWNSTUre a
si f oxan j inFH I I f t ot herpally deconpose the
gl B OROR ATERGAL SERRISICE D FEKRRREIT. Ieztere fBder i U S

Pat ent mtelﬁaaﬂgz, %31 andfhﬁ;ﬂ:@%@ﬁﬁohrated lgﬁhﬁifligby refiréfcendigcloséLporous A
i ncor por [el £ eference, .hydridosilicon containing resin was :
al | oved ct%éﬁ'q&?n'ﬁgg?%Mﬂﬂ%"f-rﬁ?’ﬂ%%‘"eg gnerd foMddt 8 to about 28 carbon
at ones | (RISIORKLHSI0ER)(HOmAHUSIOW), WheHPRMR Rbraneét AlighéudWsliqsi | ation
cat al ysg, ?ft;fe ti n&ﬂform&% i.on of ' an al kyl hydri dosi | oxane "resin 10 where at
| east” abdfl #&é‘?’t FSQONtARNgG i IpashPna Yrerorr witkdipwingraiewting th at | east
one - hy Beaget pabRith ofRe bIRG dhaf LR A5 Br 0% bsay ;?;Qs %tvag.%et St ature

sufficient to effect curing of the resin and thernolysis yT groups
from t hto &Pl 7 285 drshas a valve pf0.15terDi7gand manopor das i | i cone resin. U. S
Pat ent Nos. 6,232,424, 6,359,096 and 6,313,045, and U. S. Patent 15
Application Serial No. 425,901 to Zhong et at., which are hereby ‘

i ncdPpor at ed her ébtep b resincsepnie wasi pepared byicohbiiey r esi ns and porous -

coatings nmad he S i sin The, sil.icone resins are nade from
a mxture co‘%ﬂg%‘ﬁ]@??sn@)'ldg)’t@i&g))n@' %dscﬁ) ap deseahedpalay e, 12 to 60 nol %
of an or ganashowite ddsaibietheTably 1f 6fithe bBove-rifefdnced 0. @aRnt i S an hydrogen or
al kyl group co%@t ning 1 to 6 carbon atons, and 15 to 70 .20 nol % of an

organot ri al BPBYSRMane described by formula R'Si (OR')3, where R' is a

hydrocar bon gr oupAF0aBIHEE phRE ofittHoxPsifaRe24 carbon atons or a substituted -
rom sing a hydrocarbon chain having about 8 to 24

hydr ocar bon group_c
car E)gn at ons. U.?@ 8%%‘? PRHPT FnPriggnotgethionysitepe, RSI(OBY): 819 entitl ed
"SI LI CONE RHeMSR is 3,7,11, 15-teframethyl-3-hydroxy-hexadecyl, '
{C) 0.30 mole parts of tetraethoxysilane, and
(D) a mixiure of methyl isobutyl ketone (MIBK) and isobutyl
isobutyrate (6:4 weight ratio}, enough to make the concentration of the
20 - resulting resin 9%. ‘
| - To this mixiure was added a mixture of (E) water and {F)
_hydrogen chioride in the amounts described in Tabié 1 of the above-
referenced U.S. patent application. The resulting reaction product was
stripped of volatiles under reduced pressure at 60°C until the solid
25 -content became 14 to 21%. Isobuty! isobutyrate was added to rﬁake
-the solid content 14%. The solution was then heated o reflux for 2
~-hours and water produced was removed confinuously. The solvent
was then changed to cyclohexanone by stripping off isobutyl
- isobutyrate and édding cyclohexanone.

30




25 AND PCROUS MATERI ALS PRODUCED THEREFROM', to Zhong, filed Septenber 12,
2001 and hereby incorporated herein by reference, disclosek 6
coatings made fromsilicone resins having the general formula

(R Si03,12MHSi Bj 2)y where R is an al kyl group having 8 to 24 carbon
atons. The coatings produced therein have a dielectric constant between
1.5 and 2.3. The above-referenced 30 patent application further provides
the foll owing description of a porous |lowk dielectric coating nade in two
steps froma resin with a formul a of (R1Si 12) x( H5i B<2) Ywhere R is
3,7,11, 15-t et ranet hyl - 3- hydr oxy- hexaéecyl. 3 March 2006 -14 U. S. Patent
Application Serial No. 09/ 951 899 entitled SILICONE RESINS AND POROUS
MATERI ALS PRCDUCES pHrngE\: | to Zhong‘ filed Septenmber 12, 2001 and

her eby i ncor por at 8tf ?\rwhf'gfr@?'ﬁﬁé’ tiog was|spieepated onle silisont i ngs made

fromsili conevaf@-glsuﬁam@m REeltABe 86 | | (HSiOny (SiO
). (HOSi Om), where I S ar branchedﬁ%%?yr?ééggr%é?é\%nﬁgg%}{nod-lg4 carbon atons
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t 00. 6; z> 0. 5; wrzhasaval ue of 0 M. Aresin
sanpl® was pbepaceerats wilhblesmagnddsTipoassisied pA)ceséd., (C), (D), (E), and
(F) as described belowin the anmounts described in Table I of the
above-referenced U. S_ patent application: (A) 0.45 nole parts of

triet hoxysi | dide Pai@t@@ph%nrﬁdm! har 08/905,880 tOABANGH i &t hatsis! ane,

RS (OR r tetr t hyl - 3- hydr oxy- hexadecyl C) -0.30
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ket one CHIBINGARSIOSAMRIS Dy, RSIOLY feBine Wik ¥Ei otk cho) gh to make

the,lgont}:o?‘c‘)&r t|o of the 20 resulting resin 9% rﬁx e was added
tu

?’E? Ot 2 Byifogen atoRy, & ine hranshed pilexy graupendruses descri bed
i n Tabl subktiited Sreuradsaruteiri=e Br8AcHédSor 18 H{on%{?ﬁllahﬁf?ryag% F;;rrJ Lb resul ting
S

reaction product was stripped.. of volati under ure at 60C
unti | tPRYINGR IoGearben alams.became 14 to 21 % | sobut yl |sobutyrate was

added to makes, PheneRbbIRafENSERY NEDaERS SHalWiaHas of Neg heated to

reflux for 2 hours and water ﬁ was Fenoved sly. The
sol vent09/915,903 fo Boisvert et al., which are hereby incorporated herexn by reference

15 disclose porous coatings made from resins of the formula TRTR’ where R is elther a
methyl or hydrogen group and a R’ is a branched alkoxy group.
Although porous dielectric materials having low dieleciric constants are
desirable, it would be advantageous to have a porous dielectric material with a
higher elastic modulus and film hardness.
20 In order to raise the elastic modulus of the porous dielectric material, it is
- exposed {o a plasma cure. The plasma cure can be done by radio frequency (RF),
inductive coupled, RF capacifive coupled, hefical resinator, microwave downstream,
and microwave electron cyclotron resonance (ECR) plasma. The plasma curing
process improves the mechanical properties of the porous low-k dielectric material,
25 increasing material hardness while maintaining the dielectric pore, structure, density,
and electrical properties.

In a typical plasma curing process, the wafer is quickly heated in a rapid
temperature ramp-up step to the desired temperature, and the wafer is plasma
cured. '

30 The exact conditions for the plasma cure depend upon what type of plasma

cure is being used. Typically, the porous dielectric material is plasma cured at 2




was then changed to cycl ohexanone by stripping off isobutyl isobutyrate and
addi ng cycl ohexanone_ 30 3 March 2006 -15 Step 2. The resul Margh 2088i n

sol ution was spin-coated onto silicon wafers suitable. for dielectric
constant measurenents and cured in a nitrogen flow at 440C for 1 hour- The
dielectric constant was neasured as 1.9. Alternatively, the curing of the
spi n=coated filnms may be accelerated with plasma and/or UV assisted
processes.. U S. Patent Application. Serial No. 09/915,899 to Al baugh et aL,
which is hereby incorporated herein by reference, discloses porous
coatings fromresins containing (R$ﬁ(B/2)(R‘S|CBJZXR'Slcy2) resins wherein
R is an alkyl group having | 10 to 5 carbon atons or a hydrogen atom R is
a branched al koxy group and R' is a substituted or un-substituted |inear,
br anc hemhicrowawy plasina morogardiivnsdiog 200 oinyaod BO0 han waler at@si3wicar bon at ons.
u. S Paéént Application Serial Nos. 09/915,902 to Al baugh et at. and

09/ 915 9%t 0 Boisvert et at.. which are hereby incorporated herein by

ref erence, 15 disclose porous coatlngs made fron1re5|ns of the formula
TRTR wher e Gniitior| e S)GEEM . enp br anched
al koRy gr ouWIC’N@VHBB B@J‘l’ﬂb‘us d| el eci0P W— 3080 ¥ | aI s hawﬁﬁ)gW“oWOﬁMél ectric

const ant s a%‘e’ %5‘ WEe, it woul d t?@ ‘d??%1 eous to rﬁ%\%ﬁgﬁ%us

dielectric SWfth a  hi gher eL debongPdul us and ess. 20 In

order to raigRmhiass! astic modul us qin/BE 0T ous di el eq.i,r,qg rlal it is
expoged t0 AL R RatsUr €. The pl asrra-o:uoeog@m be done b.)o_r ochﬁ,equency
(RF), induciFeeReleupl ed, RF capaci t-ioced000steimed, hel i calo + mionadear |

m crowave d&RefdewBaien and ni crowave Get4ddstcon cycl ot r o Or-e¥hemme ( ECR)
pl asna. The_rpl asma curing process inproves the mechani cal properties of

t he porous [Tofalastspashiys and fieehardnessef theyplasmai giedaerers dielagiitiness while -
mai 14 a'rﬁét@ﬁal& I?a?e %Péa%ea %’s ‘&oﬁﬁ:"a?ed &4 Hﬁﬁéﬁeﬁméﬁaﬁy)t&red u§ bifefech

properties. a typical plasma curing process, I S. qU|éﬁly heat ed

in a r_smatanalt é’hpéwaﬁge euredrglasiic m@@ﬁusﬁmﬂb@bﬂ%@&eﬁpaﬂdmet and the
waf er i g %qﬁ&ﬁ?@eﬂﬁ@ﬂﬁﬁa%é‘%&%ﬂdﬂég%‘ﬁﬁ th:é ﬁ%ré%ls?he pc‘”e depend

upon V\/nat ['asnma cure is Oor ous
di el ectalasbcnmd@hma‘s hipically geaaierctbap or abomwﬂ?/@aadanremwﬂg ghesiteeeen about |

Torr arﬁqaanbgruébo%{) ZJI%r Tygfc(:gl'ﬂ}? l!heé5 ef?a];stié Xl%'dﬁl‘als of the plasma cured porous
20 dielectric material is greater than or about 2.5 GPa, and more typically between
about 2.5 GPa and about 10 GPa. The film hardness of the furnace cured porous
films is about 0.1 GPa and the increase in the film hardness is typically greater than
or about 50%. Typically, the film hardness of the plasma cured porous dielectric
material is greater than or about 0.25 GPa, and more typically between about 0.25
25 GPaand 0.8 GPa. | | |
~ The plasma cured porous dielectric materials of the present invention have
‘improved chemical stability and improved dihensional stability. By improved‘
chemical stability, we mean that the porous dielectric materials are more resistant to
chemicals, such as cleaning solutions and chemical polishing sofutions, and plasma
30 damaging during photoresist ashing and dry etching processes.

In addition, as compared to thermal curing, the plasma cure significantly
reduces or eliminates the outgassing of oliomeric polysilica and other substances
from the porous films. Hdwever. plasma cure can for some low-k materials,
generate a notable amount of polar specieé in the film. |

35 The -plasma cured porous dieleclric materials can opﬁonailybe post-plasma
reated using any type of thermal and/or UV and/or plasma exposure fo reduce the




3 March 2006 -16 10 m crowave plasma cure conditions for 200 mm and 300 mm
waf ers are shown below. Condition200 nm systenB00 nm syst2Mas?t®Rave

Pl asma Power 500 W- 3000 Wh00 W-- 3000 W Wafer Tenperature: 80C - 350C80C -
350C Pragasmdsessure: 1.0 Torr -- 4.0 Tarr1A Torr--éﬁ E%{G | asma Cure

Ti me: < 120 seconds< 120 seconds Pl asma Gases: H2/ N2I 6I [ CF. J02 N2HzZ
Fl ow Rate: > 0-4000 sr-cn» O -10,000 sccrn 02 Flow Rate: > 0 - 4000 sccnk O
-10,000 sccm CF4 Flow Rate: > 0 - 400 sccnk 0 --1000 sccm The el astic

modul us and fil m hardness of the plfasma cured porous dielectric 15
materials are increased as conpared to a furnace (thermally) cured porous
dielectric material. The furnace cured elastic nodulus is between about 0.5
GPa andieldoirict con3tdht ERdonnethet ineredise trectlnstic moﬁslt!aand filsn bartiness) if1l. 6 and 2. 4.

Thi s incr.e in the tic rmdlu3|st call eat r tha r about
1000, - BEHREE Feoriynrila, foBba e amed bt oitiBist trastiedls C20 bt aeged o

el ast.i py pREgURe afatéﬂims m aﬁécﬁﬂi«eﬁﬁér%l' oRer gum tt?é)péﬁbeé,f&sésl dre fﬂ&’h@\ﬁé@' E
greater than or about 2. nor e pi cal |l y bet ween about 2.5 GPa,

~ ‘and ab®ugh qmat@@mpﬁﬁetwe ofrheﬁ\ae@mel@,@tdm%@.enq! aba%ocw@dae@m%s films is
abowt t
thas apoulSOrRho R a0 nIRES Anoiafye bioBbaRich BRAdag e flafaley OG0T s
di el ectrwbives aanmllnglthe plagma:nmd pdrans dielebrmumnat@rial iicB&Rapichdnmeaie typically
_bet bout di el ectri
“oat or 1 BrE3Siihg RRAD) abinberi SBfr fo feokied the MRS Gt Ril: TheedtR 1ty and <
I npr ovegked ipoRAisi d?élébtrt&'frﬁéteﬂmﬁslanrl%h!ddfmraq\jﬁidal tehpaitat fotaluficiént, We nmean

that the porous dielectric materials are nore resistant to chem cals, such
as cl eliMenndsenalrd torabout d0QHKe nileuevasorRAB el die nacessary BnPe asma 30
dar‘fﬁg'ﬁﬁplﬁgﬁér@ photoresi st ashing and dry etching processes. In addition,

as conpared to thermal curing, the plasma cure significantly reduces or

el i mi nat es Typicabaperating cgndifions! follve RAP pricess hiecshommcbedtviier subst ances
fromthe p éfllrrs However _pi@s cure can for sonme lowk materials,
generate a lﬁ? n%unt of Q g%@‘fes in the film 35 The plasm cur ed

ey s cal |y be post-plasma

por ous di el
P : nnea'hng ime: 1260 seconds
16 Process Pressure: atmospheric

A third type of post-plasma treatment that can be used involves the exposure

- of the plasma cured porous dielectric materials to UV radiation at elevated
temperatures. In a typical post-plasma UV process, a UV radiator tool is utilized,
20 which is first purged with nitrogen or argon to allow the UV radiation to enter the
: process chamber with minimal spectral absorption. The process chamber is purged
- .separately and process gases, such as Oy, N, Ha, Ar, He, CyHy, air, and mixtures
.. -thereof, may be utilized for different applications. UV generating bulbs with different

- "speciral distributions may be selected depending on the application. The wafer
.25 temperature may be confrolled ranging from room temperature to 450°C, and the
“process pressure can be less than, greater than, or equal to atmospheric pressure.
Examples of typical post-plasma UV treatment conditions for a 200 mm wafer
are shown below. |

“UV Power: 0 mwW - 320 mwW

30 Wafer Temperature: 100°C - 450°C
‘Process Pressure: <, =, or = {o atmospheric
UV Cure Time: < 300 seconds

Purge Gases: Ho/N2/CHy/O2




treated using any type of thermal and/or UV and/or plasma exposure to
reduce the 3 March 2006 WO 03/ 025993 PCT/ US02/ 26158 -17 dixMaotri0@6const ant
and/ or further increase the elastic nmodulus and filmhardness, if desired.
For exanﬁ the pl asma cured porous dielectric materials can be anneal ed
by pl acVR3PKEmaterials in a conventional oven unti PCEHS2B818; species are
renoved, such as at a tenperature of between about 400C and about 450C for
bet ween 5 about 30 and about 60 m nutes. An alternative process for
annealing the materials involvesignhnealing the plasm cured porous
dielectric materials in a Rapid Anneal Processing (RAP) chanber in order
to reduce the dielectric constant. The plasnma cured porous dielectric

mat eri al |s ' fihei ent time, and
cooled to abwqg‘g%m?%%%waq%ﬁ"ﬁ@ﬁﬁ tge%%é’e@é"g‘?gf‘ tlhﬁ sone 10
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proces&m@It ssure can be I%g ) temgreater ttgg{pmmg stggual to
'at nospheri Gl -1.n. 3h P - PlsaWa 36D6 Wr eat ment
. condi tions @rce_gsh@/m beI ow U‘goelaowc 0O mMV- 320 MW 30

Waf er Terrpa:sradeggmessauaoc - 450C rneesx0 Riressur e 3,0 Teir—#.0tTorrat nospheric W

Curté Ti me: RastAUreteotitse: < 90 seconds < 90 seconds
' Plasma Gases: - Ho/No/CF /O /ArHel/CHy Ho/NL/CF /O, /ArfHe/C,Hy
'NoH, Flow Rate: > 0 ~ 4000 sccm >0 - 10,000 scem
O, Flow Rate: . >0-4000 sccm >0 —10,000 scem
B - CF4Flow Rate: ‘ >0 —400 scem > 0—-1000 scem
20 Ar Fiow Rate: ' > {3 — 4000 scom >0~ 10,000 sccm

He Flow Rate: - =>0-4000 sccm > 0— 10,000 sccm

The dielectric constant of the iaost-plasma treated, plasma cured porous
dielectric materials is reduced as compared to the plasma cured porous dielectric
- 256 materials. The dielectric constant of the post—plasma treated, plasma cured porous .
- dielectric materials is typically: between about 1.1 and about 3.5, and more typically
between about 1.8 and about 2.4. _
“For some applications it is desirable to utilize the plasma for a partial
conversion of the porous low-k films. The partial conversion process allows to
30 . control the material properties of the porous low-k films, such as Young's modulus,
~fitm hardness, hydrophobicity, and dielectric constant, as well as the Si-H, SI-OH,
- andfor Si-CHs contents of the porous low-k film. Different partial conversion
conditions are achieved by utilizing different plasma cure cenditions, such as time,
- pressure, temperature, and plasma gas composition. For HSQ-based porous low-k
'35  films, typical partial plasma conversion processes result in films that have a Si-H
content of between more than 0% and less than or about 70%, and more typical
-.between about 1% and about 30%. . .




Purge Gases: H2/ N2/ CXHy/ 02 3 March 2006 WD 031025993 PCT/ US02126158 -18 A
fourth type of post-plasma treatnment that can be used i nvo} Wesch H®W6
exposure of the plasma cured porous dielectric materials to a second pl asma
conditi evated tenperatures. In a typical pla ed post

pl asma %r(g}g%%nt process gases, such as 02, N2, HZ%gEPJ% %t
fluorine-containing gas, 5 and m xtures thereof may be' uti I|zed for
different applications. The wafer tenperature nay be controlled ranging
fromroomtenperature to 450C. Typcally, the plasma cured porous
dielectric material is plasma treated at a process pressure between about
1 Torr and about 10 Tarr. Exanples of typical plasnma-assisted post- plasna

treat ment GI‘PB@eHr%‘B%éﬂOer%Bﬂrﬁé?@é‘%o?@%d&iﬁ@\ﬁﬁde%@o@rr%fe&é%sbe' ow. 10 15
20 Condi ti on200 nm syst enB00 nm system M crowave Pl asnma Power: 500 W- 3000

W500 \madea@dbewlmlmemmﬁi@% erfwbarsontend%@@&@@aie tedevantigpdds Pressure: 10
Torr 4.0 Torr Plasma Treatnent Tine: < 90 seconds90
seconds Bﬁ’&iﬁ%g@%éﬁgfﬁ%m CFd02/ Ar 1HelC, , HyH2/ N2/ CF41021Ar / Hel C, Hy N2H2
Fl ow Rate: > 0 - 4000 sccn» O - 10,000 sccm 02 Flow Rate:> 0 - 4000 sccn» O
- 1%%%@531 CF4 Flow Rate:> 0 - 400 sccnm0-1000 sccm Ar Fl ow Rate: > 0 -
400 10, 000 sccm He Flow Rate: > 0 - 4000 sccn» O - 10,000 sccm

- The di el ecw;bdro@@mmﬂrele@tndrh@teﬁ@m]trpbaampo@lf@a@mpr@hmamw §%red porous

dielectric materials is reduced_as conpared to t ZMpl asma cured porous

di el eddBdesi ang@6’h HEQ resindram Hoscepiningeereprtion ditidiand, Pkhas asma
treat % ?s?ﬁ@%ﬁr%eg« cBSFudbi! ?@tddmg'ls%éﬁl Ié"én‘?a é%%%s‘iﬂﬁ&é/d bet ween

about T. and about and nor e t ween out 1.8 and about
2. 4. F!mtlsmtémﬁmgltodla& plaamauclunng apiplinabilityl of thie mmntmmeTypmlprma& for a

or 48 o Song PR T B Sivg e R Ot e iRy o Bt i SBELE o

fl | M8, gaBURNsASTF 2500 RY3600785H, lﬂlﬁ ﬂowsldmhaﬁdoesan pressupedobi.Oité 4.0 and

dlelectrlc constant, as well he Si-H, Sl-O—I
Torr, microwave powers of 500 to 3000 W, and temperatures ranging from 150 to
300°C. '

The rapid anneal process (RAP) step was performed at temperatures ranging
15 from 400 to 450°C in a nitrogen environment for up to 120 seconds. Successful
‘plasma curing results have been obtained from (i) blanket porous low-k thin films
with thickness ranging.from 4000 to 15000 A, and (ii) patterned porous low-k
structures. |
Typical material properties of the porous low-k dielectric constant films that
.20 have been plasma cured are shown in Table 1 below.

Table 1. 5% MSQ/ 95% HSQ Porous Low-K Material Plasma Process Conditions and
Material Characteristics

Time Temp | Pressure | Power | FG CF4
MIN 285 p X 2000 CF4
g0 | 285 p 1800 | 2000 CF4
b | - THICKNESS DATA Reflective Index
Process | p CF4 |Before| After | A |Before | After| A |E(GPa)| Contact
Cond. ‘ RAP | RAP RAP | RAP Angle (°)
1 |35} 100 4312f. 3809 403 1.193] 1.195| 0.002 8.2 97
2 4.1 100 4237]  3936|-301| 1.193! 1.198] 0.005 7.1 109
3 1.3 10- 4311 3649{-662{ 1.190] 1.241| 0.051 12.5 69




and/or Si-CH3 contents of the porous lowk film Different partial
conversion conditions are achieved by utilizing different3Magdmf06ure
conditions, such as time, pressure, tenperature, and plasna gas

conposi tJ r HSQ based porous low -k 35 filnms, typical rtial plasm
conver swggog‘%%;g@esses result in filnms that have a Si EQT’@S%FE%? of between
nore than 0% and | ess than or about 70% and nore typical between about 1%
and about 30% 3 March 2006 WD 03/025993 -19 PCTI US02/ 26158 I n order that
the invention may be nore readil y2@nderstood, reference is nmde to the
foll owi ng exanples, which are intended to illustrate the invention, but
~not limt the scope thereof. 5 Exanple 1 A porous low -k dielectric

mat eriplaqhiep a conposition of approximtely 5% MSQ resin and 95% HSQ
resin Trom Dow Corni ng_ Corporation (Mdland, M) has been 1Jol asma cured. An
Axcel i s Fudi prropsiyv-k gigleatricmaieprbuihinasasic-organichybrid asins RA i s not

limti . Clol s i b it Ve i s &%ﬂ i cal

pr oces@%@é@ﬂ@Pfglk@ﬁé%now'{“%gdgﬁgmég?%é rdéﬁélérlliézdh‘ke"ht% ﬂr@; f'@%hg leto form t ool
range ﬁasdmefnqﬂaﬁnnr.?curggsanbmg[iwﬁuﬁmﬁsmmeamsma?hegm of 3805 0 WlOO |
scc ressyres of 1.0 to 4. orr.. mcro wers of 0 an
t eng]er'ﬁﬂ'ﬁ?lesbufﬁ’d'@t figiting do.thesplagya Cgﬂ@ﬂlapﬁlﬁ\éﬁiﬁgﬁ %"ﬁm’(&aﬁ""}o?@’@ @l (RAP) step
was . pesrbesdsesbnadkiohs R Bicplas@a cuRNIEithe 200 fnk narar4Mifdne: td81@hgenfremni t r ogen
environment for up to 120 seconds. _Successf ul &I)asma curing results have

been dbrraingeas flewap{ 2§00ioaH100;scemy birs fipwsok0 i 190 sarmdresiures ®hi ckness
rangi notd 29 HOMiLB WG Bwers G0l BRI, HMEABRIGHS radrRiigfrord | r LCt Lr es.
a p P | ow- e

Typi c materi a roperties of the porous ectri¢ constant filns
t hat 0 thddb8°Geen pl asma cured are shown in Table 1 below. Table 1. 5% MSQ

bt | PSSk Riebokt e Ter s B kR SR E R AR R g 0us Vo o1 &
90285 pdRAOARINGE Yith thiokNES D BATORERAteg 12000l AdTypiBslonatesal

-propetties of the porous low dielectric constant films that have been plasma cured

are shown in Table 2 below.
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pCF4Before After ABefore After AE (GPa)Contact Cond. RAPRAPRAPRAPANgI e
13.510043123909- 4031. 1931. 1950. 0028. 297
2410042373936- 3011. 1931. 1980. 0057. 1109

et/ usodP3etey

$P21.1901. 2410. 05112. 569 25 3 March 2006
-20 Example 2 A porous | owk diel ectrit¢

3 March 2006

03/ 025993
Tﬁ%ﬁ%ﬁ#ﬁl Wi th

I norgani c-organi ¢ hybrid resins from Dow Corning Corporation (Mdland, M)

t hat

is synthesized with the porogen nethod has been plasna cured. An
Axcelis Fusion (ES) downstream pl-2¢tma asher was 5 utilized, but
limting to the plasma curing applicability of this invention.
process conditions for the plasma cure in the 200 mm waf er

I s not
Typi cal
pl at f orm t ool

r ange TABIeR Inofddnid:Qrgiiic AYIIREP atbg@PGendrated FtfonCicow-K BiateridiPidsned 0 to 100
sccm Ppicess Goaditiohs and NatedialCRardeteristidsl. cr owave powers of 500 to 3000 W and

t enpe
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beemyoDb

falmed T
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[ owolo t hi

n 40 s

appr axi ngt el

y 127000

A lypi cdl

mpdoor 1 a
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I es1mof t

di el ectfric ¢

sma curing results
W th thickness of
he porous | ow

onstant Ti1Tns that have been plasma cured are shown in Table 2

bel OM%—&W@HMQMQQ&MQ@LZ&L&- -21 Table 2:

| norgani c-Qrganic T!-Q\J/r\;THIC NEIS&%’E@LL@,B&%%‘&YQA? Yo lLow K-Mat £ ni:t?t!ach
o : Afier L

Pr oc es&Foesif| tR gn ar|1£$‘/ra'feer):|1 f‘ ehar 6}?1? Al Stll‘%lasgeli‘la-“ hET?(EE)a)

S
Pr esslu o asma asma Angle (°)
B 11953 1.218 2.0 72

'E4 _
210 10424 1.223
11905 9783 1.223 1.209 2.5 61
11878 1.193 2.0 59

210
180 10760 1.224
11902 9991 1.225 1.207 2.3 54
' - 0.9 89

asnma

2.04
2.35
1.95
2.35
1.95

1
2
3

o;_\m_\'l'l

4
control

180

5 Example3

Subsequent annealing of the films may further increase the elastic modulus
and film hardness. Different anneal conditions, including (i) Rapid Anneal
Processing (RAP) at 450°C for 2 minutes, (ii} furnace anneal at 200°C for 30
minutes, and (jii) furnace anneal at 400°C for 30 minutes have been tested. Typical
10 material properties of the porous low dielectric constant films that have been plasma

cured and annealed are shown in Table 3 below.

_ Table 3.

Pre-RAP
Thick-
ness

9331

Post-RAP
Thick-
ness

10176

Piece| Treatment ‘R.I. {Moduhis | Hardness R.I |Modulus | Hardness

24

—

30 minutes 1.248 - 0.26 1.2012 26 0.32| 2436

at 200°C

30 minuies
at 400°C

2 minutes at
450°C

[av]

0445| 1.240 25 030 B365]1.2771 3.1 034 1.951

1.239] 1.990

[ ]

9516 -241 028 B8853{1.2418 3.2 0.33

15




~ 130 m

6071800300010 THI CKNESS DATARef | ective I ndex Process P T Before After
Before After kE Contact Cond. Pl asnaPl asnmaPl asmaPl asma( GPa) Afarel 20061210
11953104241. 2231. 2182.042. 072 2 3210 11 1190597831.2231. 2092. 352.561 3 1180

1187810 .1931. 952. 059 4 3180 1190299911. 2251. 52 354
control 1.9 '82%% 5 Exanpl e 3 Subsequent anneal i ng of Pt%&@%% GW may further

I ncrease the elastic nodulus and filmhardness. Different anneal
conditions, including (i) Rapid Anneal Processing (RAP) at 450C for

2m nutes, (ii) furnace anneal at 2280C for 30 mnutes, and (iii) furnace
anneal at 400C for 30 m nutes have been tested. Typical 10 materi al
properties of the porous |ow dielectric constant filns that have been

pl asmagxawpledt and anneal ed are shown in Table 3 below. Table 3.

Pr e- RAPPost - RAP

Pi eceTr eat nd REFANS IS Rresinbasd ok diglestierfram Paw Caping GCripamaifBssk HessHess

i nut b SRR A5y et 00 hiR fetaft bart ofrifpgfen set A

- at 951 6Axcetio FusionZESB sawnstreegBplaemazshengasi gilized, hut isnd limiinghtotbes WO

03/ %2588§m§%-5|1H5‘g65I%%“?® of%ﬁis invention. Typical process conditions for the

plasma cure in the 300 mm wafer platform tool range from forming gas flows of 4000
fo 8000 sccm, CF4 flows of 0 to 500:sccm, pressures of 1.0 1o 5.0 Torr, microwave
- powers of 500 fo 3000 W, and temperatures ranging from 150 to 300°C.
The rapid anneal process (RAP) step was performed at temperatures ranging
10 from 400 to 450°C in a nitrogen environment for up 1o 120 seconds. Successful
partial conversion plasma curing results have been obtained from (i) blanket porous
Jow-k thin films with thickness ranging from 4000 to 15000 A, and (ii) patterned
porous low-k structures.
- Typical material properties of the porous low dielectric constant films that
15 have been plasma cured are shown in Tabie 4 below.

Table 4. HSQ Porous Low-K Material Plasma Partial Conversion Process Conditions
and Material Characteristics

Time Temp Pressure | Power; 3%H2/N2 | CF4 | Post-Plasma Process
MIN T 4.5 - X 5000 250 | RTP; 450°C, 2min, N2
time T 4.5 #1500 5000 250 purge DCC system
Time Temp Modulus k after k after SiH

RUN (s) (°C) | (GPa) plasma anneal (%)
A 40 190 34 2.6 2.52 13
B 50 190 4.2 2,36 2.25 5.5
C - 60 190 - 4.8 247 2.29 0.93
D 40 210 . 4.1 247 247 12.5
E ) 210 4.7 2.36 2.46 6.4
F 60 210 5.4 2.36 2.32 ~1.25
e 40 230 - 4.9 248 2.52 11.4
H 50 230 2.53 2.54 6.39

| © 60 230 6.5 244 2.41 1.81

20




Exanpl e 4 A porous HSQ resin-based | owk dielectric from Dow Corni ng
Corporation (Mdland, M) has been plasma cured with diff&Maieh 546t al
conversion conditions. An Axcelis Fusion (ES) downstream pl asna asher was
utilize is not limting to the 5 plasma curin icahility of this
inventigjr?(}g%sp%ial process conditions for the pl asrraq’ggﬁyglnﬁq%?he 300 mm
wafer platformtool range fromformng gas flows of 4000 to 8000 seem CF4
flows of O to 500 seem pressures of 1.0 to 5.0 Torr, microwave powers of
500 to 3000 W and tenperatures r-28ging from 150 to 300C. The rapid anneal
process (RAP) step was perforned at tenperatures ranging 10 from 400 to
450C in a nitrogen environnent for up to 120 seconds. Successful partial

conver si on th@atmrémdn@ﬁwbbmﬂwmemgam abt=dls havk bemlﬁd\&n RJranket porous
low-k thin filnms with thickness ranqlng from 4000 to 15000 A . and (ii)

pat t er REROSesRidipstreting thedpygrdipp, ibwill resgnt t those skillgd B’b@?ﬁ”e@afof t he
por Ousvéﬁﬁﬂs%gh;é%t ihitke E&’ﬂﬁ% nsfelrJdWﬁe'bB@é dlsélésé@Héreﬁ‘?ﬁnQY cured are.
shown I n Tab bel ow. Ta Porous Low K Material Plasma Partia
Co nver without Bepading fmﬂmtacom of the cmwentr@m, ivdlictOs stefioed in the iappended

H%TegﬁﬁiessurePowerS%HZINZCF4Post Pl asma Process M NT4. 6X5000250RTP:
450 N2 timeT4.515005000250pur ge DCC system Ti meTenpModul usk afterk
after SI'H RUN(s) C( GPa) pl asmaanneal (% A401903. 42. 62. 5213
B501904. 22. 362. 255. 5 C601904. 62. 472. 290. 93 D402104. 12. 472.4712. 5
E502104. 72. 362. 466. 4 F602105. 42:362. 321. 25 (402304.92. 482.5211. 4
H5023062. 532. 546. 39 1602306. 52. 442. 411.81 20 3 March 2006 WO 03/ 025993
PCT/ US02/ 26158 -23 Wil e certaln representative enbodi nents and details
have been shown for




purposes of illustrating the invention, it will be apparent to those
skilled in the art that various changes in the conpositi ohMapki20hét hods

di scl osed herein may be made without departing fromthe scope of the
invention, which is defined in the appended 5 clainms. 3 March 2006 - 24-
CLAIMS 1. A process for making a plasma cured material conprising:
providing a porous dielectric matertal having a first dielectric constant,
having a -first elastic nmodulus, and having a first film hardness, wherein
the porous dielectric material is %%1 a porous nethyl sil sesqui oxane- based
dielectric materia; plasma curing tfe porous dielectric material to produce
a plasma cured porous dielectric material having a second dielectric
constant which is greater than or equal to the first dielectric constant,
havi ng a second el.astic nodul us whi’bAMS 10 greater thanm the first elastic

‘modul us, and having. a second film hardness which is greater than the

first fi1.mharplagsss forfibidiesd plabAaERrdd Ratdrid chiigrgihgsm cured por ous

dielectric material to provide a post-plasma treated, plasma cured porous

di el ectri ¢ mRfeMding apeieusicleciic material aying afirstdialechictconstanty havisgl ess t han
or eqgaly £6t dihS; = [ aving.a third 15 el astic
modul Us Wi c Q_?@g?@ﬁ?%’?d"? hH;a?{H racfér%gg'lﬁ{ ﬁ%tdpﬁgs g"@@gﬁﬁ thg %?V%gﬁ%& Qs, and
havi ng anataiialds Rel apdrans nedisylsibesduioxarg: eaeardidibetic afataftal to the second

fil m hardne £ e post . plasma treating is UV treating by exposing
the plasma cé'r%gg%@ggh ‘%IF %?g%?ﬁ%m‘fﬁ'?&%agﬁ? Qrﬁg‘t'ﬁ?"i‘ﬁhﬁ'é'?icﬁfﬁd or 20 plasma
treat i ngolppseligiestio maidrial haenga sedbrd dRAIRISCHsRIr® GhidhGs grialdthan to a

second cond tipon. 2. The process of claim| wherern the porous

di el ect B}}%&l@{oeﬁpgirstic@é]%tp%&%%a;ﬁr BrYingA sSFpathPlestn mpdeius whidhdser i al , an
| norigangreatireharcihel fiesekistic indddul, add $AIPGRALBAd ﬁ%héﬁ&ﬁ&%‘é’%hi Rjs The process
of claiml qure"hg th%vgorous dielectric material 1s pro uceg by a spin-on
processg'&ate&t. iyt Béfd’@éﬁicﬁ'ldci on process. 30 4. The process of claim
| wher ei n t hsPpleHR tHHAEhe Ghd | j ' ' rof .

por ogen-gen?rbat gd por ous giﬁeelg%%?lﬁgé&?%ctﬁé?do%?@é&g%ﬁevg%ﬂgﬂgrpi@ﬂd%gr ous

di el ect PI-PirsMA Feptod piasms cwed doreus diglentiicauateaal hemiyigneibird dighaitogs

- di-el ectgdrtdmivRichal les'thah BPG'HUaPﬁ;[ ﬁ18réecond dielectric constant, having a third

15  elastic modulus which is greater than or equal to the second elastic modulus,Aand
having a third film hardness which is greater than or equal to the second film
hardness, wherein the post-plasma treating is

' UV treating by exposing the plasma cured porous dielectric
material to UV radiation, or |
20 plasma treaﬁng by exposing the plasma cured porous dielectric
' material {0 a second plasma condition.

2. The process of claim 1 wherein the porous dielectric material is selected from

an organic dielectric material, an inorganic dielectric material, or a combination
- 25 thereof.

3. The process of claim 1 wherein the porous dielectric materiai is produced by
& spin-on process or a chemical vapor deposition process.

30 4. The process of claim 1 wherein the porous dielectric material is selected from

a porogen-generated porous dielectric material, a solvent-formed porous dielectric




thereof. 5. The process of claim1 wherein the porous dielectric materi al

is plasnma cured 5 at a tenperature | ess than 350C. 6. The3Masele3d6of clai m
| wherein the porous dielectric material is plasna cured .at a process
pressure between | Torr and 10 Tarr. 10 7. The process of claim1l wherein
the porous dielectric material is plasma cured for a tine between 15 and
120 seconds. 8. The process of claim| wherein the plasma is selected from
H2 plasma gas, N2 plasma gas, fluorine-containing plasnma gas, 02 plasma
gas, or conbinations 15 thereofVQ.J%%e process of claiml wherein the

i ncrease in elastic nodul us between e first elastic nodulus of the
porous dielectric material and the second el astic nodulus of the plasna

cured p Lelectric Material is qgreater than 100% 20 10. The process
of cl ai %ﬁ%\ﬁﬁg‘?g—?ﬁe?ﬂ@ ?@&Wﬁ?ﬁ?ﬁ‘?gﬂ ¢ (atesial. or @ HoNcur ed por ous
di el ecttherepiteri al "is greater than 2.5 GPa. 11. The process of claim1

wherein the increase in filmhardness between the first 25 film hardness
of the porous dielectric material and the second film hardness of the

pl asma &ur ed TRepRoesdich LBk AivehaiBhehé Bbrc{u% cﬁ% iChat Fits_ﬁ%?@r{l& Gureln®

process of claiml wherein the second il m hardness o pl'asma cur ed

por ous &t aiteBpenafuradessithan 35@°Cyr eat er than 0.25 GPa. 30 13. The process of
claiml1 wherein the third dielectric constant of the post- plasma treated,

pl asma cured_porous dielectric material is between 1.1 and 3.5.
: The process of claim 1 wherein the porous dielectric material is plasma cured

at a process pressure between 1 Torr and 10 Torr.

10 7. The process of claim_1 wherein the porous dieleciric material is plasma cured

for a time between 15 and 120 seconds.

8. The process of claim 1 wherein the plasma is selected from H; plasma gas,
_ N: plasma gas, fluorine-containing plasma gas, O, plasma gas, or combinations
15 .thereof.

9. The process of claim 1 wherein the increase in elastic modulus between the
first elastic modulus of the porous dielectric material and the second elastic modulus
- of the plasma cured porous dielectric thaterial is greater than 100%. |
20 .
10. - The process of claim 1 wherein the second elastic moduius of the piasma
cured porous dielectric materialis greater than 2.5 GPa.

) 11. ~ The process qf claim 1 wherein the increase in film hardness befween the first
25 film hardness of the porous dielectric material and the second ﬁln% hardness of the

plasma cured porous dielectric material is greater than 50%.

12.  The process of claim 1 wherein the second film hardness of the plasma cured
porous dielectric material is greater than 0.25 GPa.-
30 ’ | |
~ 13.  The process of claim 1 wherein the third dielectric constant of the post-
plasma treated, plasma cured porous dielectric material is between 1.1and35. . . . . ... ...






