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Field of ventio

The present invention relates to integrated circuits

(IC3), and more particular to a method of fabricating an

IC which includes at least a low-dielectric constant, k,
Avearad2ila

interlevel dielectric film'having improved adhesion, low-
defect density and enhanced electrical propertles

-associated therewith

Background of the Ix'w'ention

The semiconductor 1ndustries drive to continually lmprove
density and performance has forced the use of advanced
interconnect structures. For example, copper, Cu. has
been introduced as a w1ring technology for 0.22 um
generation and below products, and by the 0.13 um
geneération, it is expected that low-k dielectrics
(materials that have a relative dielectric constant of
3.8 or below) will be combined with copper interconnects
to further improve performance.

In the case of metallization, the choice of the new
wxrlng material is reasonably straight forward, but the
choice of the intermetal dielectric '(IMD) is not as
clear. Many new low-k dialectrics which are based on

and by
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t is expected that lowk dielectrics (materials that have a

ectric 'constant of 3.8 or below) w Il be conbined with

connects 25 to further inprove performance. In the case of

the choice of., the new wiring material is reasonably

ny new |l ow-k dielectrics which are baBCHUSINONI®
18 NOV 7005 spin-on organic or glass materials have.becone

recently -available to tfie sem conductor industry..mExtensive
ion and integration efforts are however. needed to sel ect

characteri zat
appropriate c
sem conduct or
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andi dates and then 5 incorporate these materials into

oggkgut the choice of the internetal dielectric ' (IMD) is
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During the material selection process for IMD, emphasis
is often placed on thé electrical and chemical properties
of the material. For example, an IMD for advanced
interconnect applications must exhibit a 1ow:dielectric
constant, low-~leakage, high-breakdown strength and good
thermal stability at typilcal pzocessing temperatures

Elthough there maybe great emphasis on these ﬁroPerties

15

during the initial evaluation process, mechanical
properties and manufacturability issues play a laxge
role, perhaps even a dominant role, in the selection of a

dielectric for use in semiconductor manufacturing. For

example, mechanical properties such as chemical-

20 mechanical polishing (CMP) and packaging operations may

damage soft dielectric ;tructuies; therefore the

. Qgcﬁanical properties and manufacturability must also be

25

30

taken ‘into careful consideration when selecting an IMD.

Moreover, for many low-dielectric constant materials, an

adhesion promoter is typically needed to ensure efficient
adhesion of the low-k dielectric to the substrate. = This
in itself is a concern since many of the presently
available low-k dielectrics such as spin-on organic or

glass materials are extremely sensitive to defects caused
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mechani cal properties and manufacturability nust also be taken into
careful consideration when selecting an | MO. 25 Moreover, for many

| owdi el ectric constant materials, an adhesion pronoter is typically
needed to ensure 'efficient adhesion of the lowk dielectric to the

substrate. wo %Zb‘% (4N itself is a concern since nany of the,lpresen i
avail able lowKk di €l ectrics such as spin-on organic or 30 RffT4&0 ?fﬁ?’erlhﬁsNOV 2005

are extrenely sensitive to defects caused -2 WO 0210 6381 PCT/ US02/ 04879-
18' NOV 2005 by particle contam nation which, in turn, may cause -the
dielectric to breakdown under bias at lowelectrical -~ fields. .As such,

typi cal adhesion pronpters known .in the art cannot be enployed for |owk
dielectrics.. 5 D.S. Patent Nos. 4,950,583 and 4,732,858 to Brewer, et al.
descri be an adheS| on pronoting' product and process for treating an

i ntegrated subBY rRarticdseciontaminatiddy ateich, etinalturdesmaybeabbe tise of

al koxysi | ane t@idfadHH ﬂg¥ﬁ§ oLesi s bstrate as
wel | as addi ng_an ag??ﬁgxﬁnbpg%ta ysfﬂﬂ%q{ §a§| E |I§%8%%fgcgghance
bondi ng at t hef49hds f A6e suFhy t typicalk athesion pabmodessr kbewtihén atlgié t i on of

an adj uvant pcﬂwﬁfann%lgcbeaamplo}r@g hedyr G4 aiﬁi‘*eﬁw? al kpxym | ane to
enhan(‘se bonding 15 to jnterfaces. In sone exa es i ng "of- t he adhesi on

promoter (110-140C for -15-30. minutes) to inprove .adhesion is
recommended. Thes catent NoYen, 980 ,BesC lainkey, Qsﬁrﬁgﬁsﬁot Bradie! e

al. describe an adhesion promqting product and process .
for treating an integrated substrate, Specifically,
Brewer, et al. describe the use' of alkoxysilane to
10 improve the adhesion of:a photoresist to a subs;;ate as
well as adding an activating catalyst to the alkoxysilane
' to enhance bonding at the -interface. Further, Brewer, et
al. describe the addition of an adjuvant polymex, such as’
methyl cellulose, to the alkoxysxlane to enhance bondlng
15 to interfaces. In some examples, heatxng of the adhasion
promoter (110-140°C for 15-30.minutes) to improve
-adhesion is recommended.

The ‘current invention describes a_brocess go adhere an

20 - IMD to a substrate or interconnect layer télproducg
gxcellent adhgsion.after'repgated thermal cycles while'
maintaining the electrical properties of the IMD (i e.,
defect free films), 'The process entails spin applying
.che adhesxon promoter, baking to promote reaction,

25 rinsing with a solvent to remove the unreacted adhesion
promoter (to prevent the formation of part;culate defects
in the subsequent IMD layer) followed by coating of the
IMD layer.. The process described by Brewer, et al. would’
result in a high concentration of particulate defects in

30 | the IMD rendering it unreliability and.ineffective as an

]
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20 IMD to a substrate or interconnect |ayer to produce excell ent adhesion
after' repeated thermal cycles while. nmaintaining the electrical

properties of the XMD (i.e., defect free filns). 'The process entails spin
applying the adhesion pronoter, baking to prbnote reaction, 25 rinsing

wi th a-sol vegfgaegesgeove the unreacted adhesi on, pronoter %t revent th
formation of parti cuI ate defects in the subsequent IMD |l a W?"Bwe& BbNOV 2005
coating at the |IMD-layer.. The procéss described by Brewer, et al.. woul'd
result in a high concentraﬁnon of particul ate defects in 30" the IMD
rendering it unreliability And.. ineffective as an - * WO 02/ 069381

i nsul at or. 'PCT/ US02/ 04879 18 "NOV 2005 U. S. Patent hb .5,760,480 to You, et
al . describe the.use of a silane-based adhesion pronDter whi ch' can be
applied 5 between the netal and dielectric' layer or which can be

i ncor por at ed i ninguvlarekrectric layer. The current invention, as nmentioned
above, describes a process to adhere an IMD to a substrate or interconnect
| ayer to produce excellent- adhesion after, repeated thermal cycles 10

whi | e mai nt ai ni AgS*t Ratentcle: cBu 760 .offdr tice¥oni ebeal Middcmibe thef age free

'films) . You, oftaabilan@obabd IRAHRA BroRbLERSTh Ll péaﬁﬁ% ELQed

effectiyely utlbg e an adhesi on ronpter wth, a spin-on

insulator. 15 IR VYRR of e HRetR Y WBE&EHFFéﬁeHPh%ﬁe?%aﬁU¢@ cé@nbernlng
|om#k d|eIectrlnsqrpaeaeEd31m.tﬁﬁxhxdmabtdeaelsﬁéﬁg he current :

lnventlon, as mentioned above, descrlbes a process to
adhere an IMD to a substrate or interconnect layer to
produce excellent edhesion after repeated thermal cycles

. 10 while maintaining the electrical properties of the IMD
(i.e., defect free films). You, et al. do not describe a
process or procedure to effectively utilize an adheSLQn
promoter -with a spin-on dielectric insulator.

15 In view of the drawbacks mentioned hereinabove concerning
low-k ‘dielectrics, there is a need . for developing a.
method in which a low-k dielectric can be used in back-
end ‘of the line. (BEOL) processing in which the low-k
dielectrxc has improved adhesion, low-defect density and

20 good electrical PrOpertleS.

) -

Summary bf the Iovention

‘ The present invention is directed to a method of
25 fabricating an IC which anludes at least a low-
dielectric material in contact with a substrate, wherein

the low-k dielectric exhibits improved adhesion t& the
substrata and is substantially-free of defects. Such an

IC can be obtained in the present invention by utilizing
30 Processing steps which include application of a high-
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method in which a lowk dielectric can be used in back- end of the
| ine. (BEOL) processing in which the low-k dielectric has inproved
adhesi on, | ow defect density and 20' good el ectrical properties. Sunmary of
the Invention The present invention is directed to a nmethod of 25

fabricatir n..C which includes at |least a lowk dielectri aterial in - |
cont act vﬁwﬂ%&’o@’gﬂst rate, wherei.n the lowk dielectric eﬂ#ﬁ‘c{o b oV dNOV 2005
adhesion't6 the substrate and is substantially-firee of defects. Such an

| C can be obtained in the present, invention, by utilizing 30 processing

st eps which include application of a high -4 WD 02/069381 PCT/ US02/ 04879 18
NOV 2005 concentration of a silane-coupli.ng agent to a‘'substrate, as well

as a heating step and a rinsing‘step. It has, been unexpectedly determ ned

t hat each of these rocessing steps, which will be defined {n:npre detai
5 bel ow, are SR ?§¥a?ﬁ°$r i%ﬂ%ﬂ}agﬁ'Fe?B&ﬁQQ]QQﬁﬂtug 5 85 ¥8 ﬁBg?é%tially,
defect-free, |askell cdecd rhiaattimgi stap ahdps avieds iaghetiepn' Jgtobasties as

wel | as good e rical 0 tjies. .. peci,fically, rocessi ng steps
of the present Lglgltr‘lv%ﬁ%%eng%%@& ici;gc:efm%g?c‘?_ §b4p\-17 ﬁcara%’ é”_‘é%ﬁ%ﬁg- coup! I ng agent
cont ai nllggt at peag;ssmm mBape_mt_rlzhla:hl @iyl oo defmg:imfrageref gatashbst rate
S0 as o e u J S a S
silanéédoupliﬁégggehtgﬁi égg%ﬁgﬂJ.Sﬁﬁangbiéiﬂg(ﬁﬁ1fcn%h3ch ih ludes a
substantially defect-free, low-k dielectric that has
improved adhesion'propgrties as well as good electrical

properties.

10 Specifically, the processing steps of the present
invention comprise:

(a) applying a siléne—coupling agent éontaining at least

one polymeriiable group to a surface of a substrate so as
15 to provide a substantially.uniform coating of said -

silane-toupling agent op said substrate; .

(b). heating said substrate'containing said coéting of
said silane-coupling agént at a temperature of about 90°C
20 or above £0 a§ to provide a surface layer on said

substrate containing Si-0 bonds;

(c) rinsing said heated:substrate with a suitable solvent
that is effective in removing any residual unreacted
25 silane-coupling: agent; and '

(d) applyihg-a dielectric msterial to said rinsed surface
containing said $i-0 bonds.

30 - The silane-coupling agent employed in the present

.5-



(b). heating said substrate containing said coating of said

sil ane-coupling agent at a tenperature of about 90C 20 or above to as to
provi de a surface |ayer on said substrate containing, Si-O bonds; (c)
rinsing said heated -substrate with a suitable solvent that is effective

I n renDV|nqwanépre5|dual unreacted 25 silane-coupling: agent; and (d)

appl yi ng Bi0P&38Lr i ¢ material to said rinsed surface- cECraiSoMegrsaind NOy 2005
Si -0 bonds. 30 The'sil ane-coupling agent enployed in the present -5 WO
021169381 PCT/ US82/ 04879 <18 NOV 2005 5 10 invention‘serves as an adhesion
pronoter for the dielectric material w thout causing' any significant-
formation of defects therein. Mreover, by enploying the silane-coupling.
agent of the present invention, it is possible to apply a | ow-k dielectric
having a relative dielectric constant of about 3.8 or belowin step td?
above. This ali@vgniguntgg*aggrggthgnagﬂegybd T 2 @*éucture having a-
substantially: deiect free,'" 1o dielectric as an I nterlayer or

intral ayer di eftg ??EF*?NWRﬁquéécVFEP9Eﬁ1Qﬁ“ﬁ?ﬂé BrywbbgRifieant 1-4 are

pictorial viewsoirhdtisdn adf ra&fh\&esbeﬁefeupm%%éboersts Se BRdy 2 @@l oyed

in the present 1€?|nvent|on in form ng | C wh I nc es a s stantlally
defect --free, . T BIERE TRUHRING; égﬁﬁﬁt°ﬁaﬁpqrﬂﬁﬁ§988 éﬂﬁ%%?%%ﬂl it is
5 possible to apply a low-k dielectric having a relative

dielectric constant of about 3.8 or below in step (d)
above. This allows for the formation of an interconnact
structure having a substantially defect- free, low-k

dielectric as an interlayer or intralayer dielectric.
10 . _
ief n of the Drawi

Figs. 1-4 are pictorial views 111ustrat1ng the basic~
processing stepa that are employed 1n the present
15 invention in forming an IC which includes a substantlally
‘defect free, low-k dielectric that has improved adhesive
properties associated therewith.

Detailed Description of the Invenfion
20 :
The present invention will .now be de;cribed in more
detail by referring to the drawings that accompany the
p;esent application. It is noted that in the
accompanying drawings like referénce numerals are used
25 for describing like and/or corresponding elements.

Reference is first made to Fig. i which iilﬁstrateg a .
structure that is formed after conducting the first step
of the present'invention, i.e., after applying a silane-

30 coupling agent onto a surface of a substrate,

-6-



properties associated therewith. Detail ed Description of the Invention 20
The present invention will-now be described in nore detail by referring to
the draw ngs that acconpany the present application. it is noted that in

t he acconpanying drawi ngs |like reference nunerals are used 25 for

descr.i bi ng [or corresponding el enments. Reference i made t.o .
rig. 1. whi c% ustrates a structure that is forned afté’%’ﬁ#‘%@fg 8%69 2005
first step of ‘the present invention, i.e., after applylng a silane 3

coupl i ng agent’ onto a surface of a substrate -6 ' WD 02/ 069381

PCT/ U$02104879 ' 18 NQV 2005 Specifically, the structure shown in Fig. 1
conprises substrate .10 having coating 12 conprised of a silane- coupling
agent fornmed thereon. S Substrate 10 which is enployed in the present
invention nmay be a Si-containing sem conductor naterial, such as Si,

Si Ge, and sili @@ac-ldﬂicamsw atlnr Straceopdusidwe ifetrlg. SLUQ:lbmpﬁse@U A, W
bar.rier naterlal

. Pt, Ag, Au |l oys nultlla S reof. a p
such' as sili co&gfg g?’ ?‘@ haying, <3 fB%o{z cs%ﬂ’dﬁ?"cﬁ@d@%t“@m al whi ch
may (or may nocpupliogcagesnt nfoxredogharean. one of the interconnect' |evels
of an interconnect structure. - VWen substrate 10 is-an i'nt er connect
| evel , the substrate may

.5 Substrate 10 which is employed in the present 1nVentxon

may ‘be a Si-containing semiconductor material, such as Si,
SiGe, and silicon-~on insulators; a_ conductive metal' such
as. Cu, Al, W,.Pt, Ag¢g, Au-and alloys or multilayers
thereof; a copper barrier material.such as silicon

10 " nitride or an amorphous silicon carbide material which
may (or may not) also contain nitrogen; or one of the
interconnect levels of an interconnect structure. . When
substr?te 10 is-an interconnect level, the substrate may

. be composed of any conventional inorganic, e.g., $i0;, or

15 uperovskite-type'oxiQe, or organic, e.g., polyimide,
dielectric material and it may coatain conductive’ metal
lines or via§ thére;n. For clarity, substrate 10 does
not show thefpreéenca of the conductive metal lines or

vias, but nevertheless, the spbstrate may contain the
20 same.

When substrate 10 is an interconnect level of an IC
Structure, it is fabricated using'conventidnal
‘techniques, including damascene, dual damascene and non-
25 damascene such as metal etch processes that are well
known to those skilled in the art. Since the fabrication
of interconnect structures is well known and is not
critjcal to the present invention; a detail discussien

regarding the same is not provided herein.
.30



be conposed of any conventional inorganic, e.g., SIiQ2 or 15 perovskite-type
oxi de, or organic, e.g., polyimde, dielectric material and it may contain
conductive, netal lines or vial therein. For clarity, substrate 10 does
not show the. presence of the conductive netal lines or vias, but
neverthel ess, the substrate may contain the 20 Same. 25 .30 Wen substrate
10 i s an iwooweemgect level of an IC structure, it is fa%ﬁﬁmaﬁm 8
conventi onal techni ques, including damascene, dual damascéne and nont8 NOV 2005
damascene such as metal .etch processes that are well. known to those
skilled in:the art. Since’the fabrication of interconnect structures is
wel | known and is not critical to the present invention; a detai

di scussion regarding the same is not provided herein. -'7 WO 02/ %9381
PCTnms02/0d879 1 B NOV 2005 The term "sil ane-coupling" agent is used herein

to denote " tainin terial hayin easf_one .
polynerlzable¥8§ tnghe?g£ﬁnﬁiﬁ?§¥ s@P@@taés eédh%%?iﬁl&ﬂ(ﬂﬁﬁaéf for a
subsequent | oemy dikémetcontdimpiematieridienatingl dy, 1eder séieane- coupl ing
agent enpl oy ,L.h th esent enti.on n_al kox S|Iane that has t he
follomﬁng-forﬁg}gme%bgaﬁ 59t °?&§§hﬁrEi“ wnichcdn ‘Serve
adhesion promoter for a subsequent low~k dielectric
5 material. Specifically, the silane-coupling agent
employed in the present invention is an alkoxysilane that
has the following formula: |
1
]

X-Si—(QR),
R2,

10

wherein X is a polymerlzable group capable of. undergoing

a Diels-Alder reaction or a free radical reactipn and is

selected from alkenes, norborenylenes, ‘vinyl and alkynes;
15 . R! and R! are the same or different and are H, alkyl,
alkoxy, alkylester, alkenyl, alkynxl, aryi, or
cycloalkyl; R} is alkyl or a -C(O)R' radical wherein R' is
dlkyl; a and b are the same or different and are 0, 1 or

2, and y is from 1-3, with the proviso that the sum of
20 a+b+y is 3.

. Varxious alkoxysilanes may be employed in the present
invention, such as vinyltrialkoxysilane,
allyltrialkoxysilane, vinyldiphenylalkoxysilane,

25 norborenyltrialkoxysilane, and trivinyltrialkoxysilane.

Some specific examplés include vinyltriacetoxysilane,
vinyltrimethoxysilane;'vinyltriethoxysilane; "
allyltrimethoxysilane, vinyldiphenylethoxysilane,
norborenyltriethoxysilane and trivinyltriethoxysilane.
30 ~ Of the various alkoxysilanes that may be'empioyed in the

8-



R2b wherein X is a polynerizable group capable of. undergoing a

Di el s-Alder reaction or a free radical reaction and is selected from

al kenes; norborenyl enes, vinyl and al kynes, 15 Rl and R are the sanme or
different and are H, al kyl, al koxy, alkylester, alkenyl, alkynyl, aryl, or

cycl.oal kyl. xwe&/odsgeodiKy! or a -C (4) R4 radical wherein R is -alk a and b
are the sane- or 3wfferent and are 0, 1 or 2, andy is fr(ﬂﬁriusﬂz’g%?%h t he

provi so that the sum of 20 at+b+y is 3. Various al koxysilanes may be 18N0VM%
enpl oyed in the present ‘i.nvention, such as V|nyltr|alkoxy3|lane

al lyltrial koxysi | ane, V|ﬁyldlphenylalkoxysilane, 25 ,

nor borenyl tri al koxysi | ane,. and trivinyltrial koxysilane. . Sone specich
exanpl es include vinyltr.iacetoxysil ane, V|nyltr|nethoxySLIane

vinyl triethoxysilane; .all.yltrimethoxysilane, V|nyld|phenylethoxy3|Iane

norborenyltr|epwaﬁystlanEeauﬂon;|V1ﬁgdﬁniaakbqygslgggg swtdh @ the various

al koxysi | anes aaMaas1 PCT! USO7r 04879 18

NOV 2005 Pr esek{iﬂaﬂ g?éﬁ?uggﬂ;?y#ﬁ%ﬂ|Va?1"l¥&%§i%i"ﬁah‘é§¥§£&ﬂﬂ°a§n :

vi nyl tri acet oxydnydéphenyl ethoed skt agaepaBder¥édy! dphdRgket hoxysil ane

ar gtprgf ohrti curayiEEREL U HA S [ VIRA LI SRe eonpdilina §E Rk 20 ' ®
Partlcu arly preferred,

Notwithstanding which Silane-~coupling agent is employed
herein, it ias required in the present anention that the
silane-coupling agent by applied in an amount 0 ‘as to
10 - obtain a’ substantially uniform coating of the silane-
coupling agent on the surface of the substrate. ' By
"substantiallg uniform" it is meant that the .silane-
' coupling agent is applied 50 as to obtain a continuous
. coating of 51lane-coup11ng agent on the substrate without
15 any discontinulty thereln

To'obtain the substantially uniform coaciﬁg of silane-
coupling agent on the surface of substrat; 10, a '
concentrated scslution of the silane-coupling agent. is

20 used. The term. "concentrated" as- used herxein denotes a
solution of silane~coupling agent, wherein the silane-
coupling agent .is present in a concentration of about
0.10% or higher, wixﬁ 4 concentration of from about 0.2%
to about 5.0% being more highly preferred. The most

25 . preférred concentration is about 2.5%. Typically, an
organic solvent is used to dilute the alkoxysilane
adhesive promoter. Examples of such solvents include:
pPropylene glycol monomethyl ether acetate, propylene
glycol monomethy) ether alcohol and éyclohexane.

30 However, in some instancés water may be used as the

-9-



Not wi t hst andi ng whi ch sil ane--coupling agent is enployed herein, it is
required in the present invention that the silane-coupling agent by
applied in an amount so as to 10 obtain a substantially uniform coating

of the silane- coupling agent on. the surface of the substrate.' By

"subst anti |form' it is nmeant that the silane- coupling agent is
applied so%géxy@g%ﬁt ain a continuous coating of silane- 23(;&%69?3»4@113%{8%

t he substrate.w thout 15 any discontinuity therein. Ta obtain the V 2005
substantially uniferm codfy§j ng of silane- coupling agent on the surface of
substrate 10, a concentrdted solution of the.silane-coupling agent is. 20
used. The term "concentrated"” as. used herein denotes a solution of )
si | ane- coupling agent, wherein the silane- coupling, agent.is present in a
concentration of about 0.10% or higher, with a concentration of from about

0.2% to aboutdid.u¥itcheisgierere highly preferred. The nost. 25 preferred
concentration is about 2.5% Typically, an organic solvent is used to
di lute the al koxysi.l ane .adhesive pronoter. Exanples of such solvents

include; profitieesd Lghpgechoupdbingreddudt mabebe agEd Pisd Y QHe Hd s tx@itcol
nater oy be. doadoaanfy EendUlipfd DaBIRI uaTs KRR G iiRse PERADSSD 0579
18 NOV 2005 TH® $hrametcaénplbdinmgdnt may bimitpsd itk tspirhecatlisigrate -
' Spray coating,.dip coating, brushing, evaporation, v
dissolution, and other means that are capable of forming
a substantially uniform coating of silane~coupling agent
. on the substrate. .
. 10 '
In accordance with the next step of the preseht
invention, the structure shown in Fig. 1 is-heated, i.e.,
baked, at a temperature of about 90°C ar above for a tiﬁe
. period of about 10 to about 300 seconds, most preferably
15 120 seconds, to obtain a surface layer 14 on substrate 10
‘that contains Si-0 bonds thereon, See Fig. 2. '

Specifically, the surface layer forms the following
coupling:

20 |
Substrate-0-Si-X
.

; 9 yherein X ié as defined above.

" Specifically, this heating step is carried out at a
temperature of from about 90°C to about 200°C for a time
period of from about 10 to abeut 300 seconds. Moreover,
this heating step which forms a coating on the surEace of

30 substfate having 8i-0 bonds is typically carried out in

an inert gas atmosphere such Ar, He, N, or mixtures

-10-



usi ng any conventional neans well known to those skilled 5 in the art

I ncl uding, but not limted to: spin coating, spray coating,. dip coating,
brushi ng, evaporation, dissolution, and other neans that are capabl e of
formng' a substantially uniformcoating of silane-coupling agent on the
substrate, 10 In accordance with the next step of the present invention,
the struct Weowdwsm in Fig.1l is- heated, i.e., 'baked, at peThEopRgHture of
about 90*C or above for a tine period of about 10 to about 300 second

nost preferably 15 120 secands, to obtain a surface |ayer 14 on substerJmVZM5

10 .that contains Si-;O’bbnds thereon, See Fig. 2% Specifically, the
surface layer forms the fdllomﬁné coupllng 20, 25 Subst rat e- O'S Ii-X
wherein X is as, defined above. Specifically, this heati.ng step is carried
out at a tenperature of from about 90C to about 200C for a tine period of
from about 10 %o about 300 seconds. Mreover, this heating step which forns
a coating on t % E¥t¥ace of 30-substrate haV|ng Si-O bonds is typically
carried-out in an inert gas atnosphere such Ar, He, N2 or mxtures.-10 WO

02/ 069381 PCT/P&%&% t:lg‘eG A\Q‘éizn%orétep described above, the structure
' shown 1n Fig 2 is subjected to a rinsing step that is
5 effect;ve in removing any residual unreacted silane- -
coupling agent from the structure leaving only a
'structure wherein substrate 10 has §i~0 coating 14
thereon, See Pig. 3.

10 Specifically, the rinsing step of the present invention
is carried out using a suitable sﬁlvent.such as p:opyiene
glycal monomethfl ether ééetate (PGMEA) which is capable
of removing. ‘the silane- coupling agent’ from the structure
without removing any substantial portion’'of Si-0 coating

15 - 14, The rinsing step is typically carried out at

. temperature of 19-26°C, but elevated temperatures up to
about 45°C may be employed.

Following the'rinsing step, an optional post-baking step
20 may be utilized using the same or different conditions as
.mentioned above.

Next, ‘and as gshown in Fig. 4, a dielectric material 16
. having a dielectric constant of about 3.8 or below, i.e.,

25 low-k dielectric, is formed on $i-0 treated surface 14 of
substrate 10. The low-k dielectric is formed .on the Si-0
treated surface of the substrate by utilizing any ~
conventional deposition process including, but not
limited to: spin-on coating, chemical solution

30 deposition, chemiecal vapor debosition (CVD), plasma-

-11-



| thereof- ' Followi ng the heating step described above, the structure
shown in Fig. 2 is subjected to a rinsing step that is 5 effective in
renovi ng any residual unreacted silane- coupling agent fromthe structure

| eaving only a structure wherein. substrate 10 has Si--O coating 14
thereon, See Fig. 3. 10 Specifically, the rinsing step of the present

i nventi on W@O0yea9a8led out using a suitable solvent. such g mpusmphane

gl ycol nondnethyl ether acetate (PGVEA) which is capable of renoving ﬁ@
sil ane-coupling agent fromthe structure w thout renmoving any substan N0V 2005
portion of Si-0 coating 15 14. The rinsing step is'typically carried out at
tenperature of 19-26C, but elevated tenperatures up to , about 45C may be
enpl oyed. 20 Follomnng the rinsing step, an optional post baki ng step may
be utilized using the sane or different conditions as ,mentioned above.

Next, -and as a_dielectric ma

diel ectric congs%]am%k%{' ‘g\ﬁ:gute@pgrﬁp?)‘é‘l o%p c°éttm§5 ain%lw- ﬁp‘(ﬁ {ig&‘ﬁ ic, is

formed on Si- Cdeptwitetbrsmn‘meséé ﬁhat SamstdaqiatblkooleforinQng adilekegtric is

formed on theéﬁ_ %g,zurface the substrate by utilizing any :
p05| |on &

conventi onal sgnlﬂcF ﬁf ®ut not linted -to: Spi n-on
coating, chem cal solutlon 30 deposition, chem cal vapor deposition (C VD),

pl asme Suitable low-k dielectrics that may be employed in the

present invention include, but are not limited to:
polyarylene ethers, thermosetting polyarylene ethers,
aromatic thermosetting resins such as the SilLK®
(semiconductor dielectri¢ from The Dow Chemical Company):

10 polyimides; Si-containing polymers such as -
hydrogensilsesquloxanes and organosilsesquloxanes.'
benzocycleobutenes; polynorboranes; parylene copolymers;
.parylene-F; polynapthédlene; polytetrafluoronaphthalene;
poly{occtafluoro-bis-benzocyclobutene) ; Telfon-AF;

15 fluorinated-amorphous carbon; Xerogels and hanoporous
silica.

A description cf each of, the ﬁbove low-k dielectrics, is
found in the following articles that were published iﬁ
20 MRS Bulletin, October 1997, Vel, 22, No. 10, the contents
of which are incorporated herein by reference: '
(1) T-M. Lu, et al., “"Vapor Deposition of Low-
Dielectric-Constant Polymeric Films", pp. 28-31;
(ii) Nigel . Hackér, "Organic and Inorganic Spin~On
25 Polymers for Low-Dlelectric-Constant Applications”, pp.
33-38; - : (
{1ii) Changming Jin, et al. "Nanoporous Silica as an
Ultralow-k Dielebtric"; pp. 39-42; and
{iv) Kazuhiko Endo, "Fluorinated Amorphous Carbon as
30 . @ Low-Dielectric-Constant Interlayer.Dielectric", pp. 55-

-12-



-11 WO 02/069181 PCT/ US02/ 04819 10 NOV 2005 assisted CVD, evaporation, dip
coating and other like deposition processes that are capable of formng a
lowk dielectric layer on a structure. 5 Suitable |lowk dielectrics that

may be enployed in the present invention include, but are not limted to;

ponarern&,qth;F t hernosetting polyarylene-ethers, aromatic .
t her moset t ' s such as the SiLK (seni conduct or di ePEBUB284879 om T

Dow Chem cal Conpany); 10 polyi m des;. Sl-contalnlng pol ymers such as E%0V2W5
hydr ogensi | sesqui oxanes and organ05|lsequ|oxanes ““benzocycl obut enes;

pol ynor bor anes; paryl ene’ topolyners . peryl ene-F; pol ynapt hal ene;

pol yt etraf | uoronapht hal ene; poly (octafluoro bi s-benzocycl obut ene) ;

, Tel fon- AF; 15 fl uori nat ed- anor phous carbon; Xerqgel s and nanopor ous

silica. A description of each of, the above lowk dielectrics, is found in
the follow ng &.ticles that were published in 20 MRS Bulletin, Cctober

1997, Vol, 22, No. 10, the contents of which are |ncorporayed herei n by
reference (iy T-M Lu, et al., "Vapor Deposition of Low .

Fiflectric goftmanhiﬁblynpréﬂef&édnﬁgmrkpdiaﬂ?éﬂxlésiﬁgaﬁm : ed’lo?@?ke{
gani ¢ an or.gan 0 or el ectrjc an
Appl i gati ons” J"T}o:i? gg ggn‘n? ik %? ﬁf’nﬁagﬁr rf“erbiy il smﬂa’ﬁiﬂa&ﬁs Silica

as an? hydr1d0511sesquixoane.and SiLK®,

The above processing steps can be repeated any number of
times to provide a multi-level interconnect structure
rncluding'substantially defect-free, low-dielectric

10 constant materials that have good adhesion and good
electrical propertias,

It‘should be noted that the various processing steps
mentioned above'are critical in obtaining a substantially
15 defect-free, low-dielectric constant material that has
' good adhesion and good electrxcal propertxes associated
therewith. If one or more of the abové described
processing steps are omitted, the dielectric layer may
lack good adhesion, may have a high-degree of defect

20 ' density and/or it may have bad electr;cal properties
associated therewith.

The following examples are given to illustrate some
advantages that can be obtained utilizing the method of
25 the present invention and show the importance’ of  the
" inventive processing steps in obtaining a substantially
defect-free, low~dielectric constant materiai that *has
good adhesion and good electrical.properties.
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Utralowk Delectric", pp. 39-42, and (iv) Kazuhi ko Endo, "Fluorinated

Anor phous Carbon as 30 a LowDielectric-Constant Interlayer D electric",

pp- 55 -12 WD 02/069381 PCT/ USQZ/ 04879 NOV 2005 5 58. Sone highly preferred

|l ow-k dielectrics that are enployed in the present invention include:
nethylsils gé g@ (M5SQ, hydridosil sesqui xoane and SI LK The above
processing S B}g& n be repeated any nunber of ti-nes to prOWUSHKRNMETY

mul ti-1evel interconnect structure i ncl udi ng substantlally def ect - fre?&ﬁWVZU

| on-di el ectric 10 constantsmaterials that have good adhesi on and good 03
el ectrical properties. It dhoul d be noted that the Various. processing
steps nentioned above 'are critical in obtaining a substantially 15
defect-free, |lowdielectric constant material that has good adhesion and
good electrical properties associated therewith. If one or nore of the
above described processing steps are BRAMEEER the dielectric |ayer 'may
| ack good adhegifmp)dreyy have -a hi gh-degree of defect 20 density and/or it
may have bad el ectrical properties associated therewith. The foll ow ng

exanples are given to illustrate some advantages that can be obtai ned
g}||{ﬁéng the TR0 hdte Aon BE R %%?ngoingfgﬁé(¥Lf§“%533%¥e%hgnhnportance
evaluated to datermine their ability to bond to a silicon

containing subsirate (i.e., form a Si-0 covalent bond

with a substrate). The substrate chosen was an 8" inch
bare silicon wafar (n-type) with a thin (15 A) native

oxide coating. The three solutions comprised: (1) a 0. 1%
‘ 10. solution of 3~aminopropyltrimethoxysilane in propylene

glycol monomethyl ether alcohol, (2) a 1.0% solution of-
vinyltriaoetoxy51lane in propylene glycol monomethyl
ether ‘acetate (PGMEA), and (3) a 2.5% solution- of

‘ vinyltriacetoxysilane in PGMEA. Each solution centaxned

15 1 mol equivalent of watexr the partially hydrolyze the
alkoxysilane (i.e., 3 mol equivalents would. result in’
complete hydrolysis) .

The adhesion promoter solutions were spun onto the B'inch
20 silicon substrates.  Two sets of wafers were prepared
with multiple wafers in each split, thus the values in
Table 1 represent an average value. The first set of
wafers received the following.process flow: spin apply
adhesion promoter (spin to dryness), test thickness, bake
25 at 100°C for 60 seconds, rinse with BGMEA, retest '
thickness and: evaluate water contact angle on wafer
surface (advancing ‘contact angle). The secdénd set of
wafers received the following process flow: spin apply
adhesion promoter (spin to dryness), test thickness, NO
30 BAKE, rinse with PGMER, retest thlcknESS and evaluate

<14



I nventive processing steps in obtaining a substantially def ect-free;
good adhesi on and good

-13 W002/ 069381 PC T/ US02/ 04379 18 Nov 2005 Exampl e

| ow-di el ectric
el ectri cal

properties.

constant nmateri al

t hat - has

1 Three adhesion pronoter solutions were prepared and 5 eval uated to

determ ne t{HgR) da@bg) ity to bond to a silicon
forma Si-O covalent bond wth a substrate). |
8" inch bare silicon wafer (n-type) with a thi.n (15 A) native ,oxideT&Novmm
coating. The three sol utions conprised:
3-am nopropyl tri met hoxysil ane in propyl ene

al cohol ,
nononet hyl

(2) a

1. 0% sol uti on of

gl ycol

cont ai ni ng substrate‘&;.e.y
The subst r at BCENEPM8Ras an

(1) a 0.1% 10 solution of
nmononet hyl
vi nyl tri aoet oxysi |l ane i n propyl ene glycol
et her acetate (PGVEA),:and (3) a 2.5% solution of -

et her

vinyl tri aoet oxysi | ane in -PGVEA. Each sol ution contained 15 1 nol equivélent
of .water the pHY§TaICptRedr dngle onevatrk surfiacendadivancing' comdiact

equi val ents wowirfgldjgsult in'
sol utions were spun onto the 8 inch 20.
waf ers were prepared with nultiple wafers in each split,

conpl ete hydrolysis).
si.l i con substr at es.
thus the values in

The adhesi on pronoter

Two sets of

Tabl e 1 repres8iite axpardmage vebubts Tare ftanuflaged Bhlowafers received the
fol | owkng procqg%lqumg spin apply adhesion pronoter (spin to dryness),
ake .

test thickness

T test

Sample\Process Spin apply, test|Spin apply,
thickness, BAKE, | thicknesas, NO BAKE,
rinse, regest rinse, retest
thickness and|thickness and
evaluate contact | evaluate contact

- angle ' angle

C.1% solution of 3-|/I n 1 t i a L|I n it ia l

aminopropyltrimetho | thickness=15.7A thickness=15,7A

xysilane‘ Post rinse|F i n a 1l

thickness=17_1A

thicknegs=3.9A

Contact Angle=38 | Contact angle=26
. degrees ) degrees
10 1.0+ solution of|I n 1 t 1 a 1|I »n 1 € 1 a 1}
vinyltriacetoxysila thickness=31.0A thickness=37.0A"
ne F 1 n a 1tF i n a 1
thickness=2.1A thickness=1.4A
Contact anglew=65 | Contact angle=]ll
degraes degrees -
2.5% solution of|[T m i t 1 a 1] 'm 1 t 1 'a 1
vinyltriacetoxysila | thickness=123A thickness=123A
15 ne ' F i n a l|F i n a 1
' thickness=5.1A thickness=l.5A
| Contact angle=65 Contact - angle=3
degrees degrees

The results in Table 1 show a comparison between an

-15-




25 at 100C for 60 seconds, rinse with PGVEA, retest thickness and eval uate
wat er contact angle on wafer surface (advancing 'contact angle). The
second set of wafers received the follow ng process flow spin apply
adhesi on pronoter (spin to dryness), test thickness, No 30 HAKE, rinse with
PGMVEA,. T et egh dhfgéssggness and eval uate -14 ' WD .02/ 069381 PCT/ V502/ 04879 18:
NOV 2005 water Contact angle on wafer surface (advancing GSHESM:EINg] £5-NOV 2005
The experinment results are tabulated below. S Table 1 10 15 Spin-apply,
test Spin apply, .- test thlckness BAKE, thickness, “NO BAKE,
Sanpl e\ Processrinse, retest rinse, retest thickness and thickness and
eval uate contact eval uate contact angleangle 0. 1@6solut|on of 3-1 ni t i
-all. ni.t i al
aminopropyltrimethoxysilane (APS) adhesion promoter and
vinyltriacetoxysilane (VTAS) adhesion promoter at two
different concentrations. The APS adhesion promoter
provides a coating thickness of 15.7 A as measured by an
5 Optiprobe Instrument. The full thickness remains if the
sample is baked and rinsed, however a substantial amount
is removed if the bake step is removed. The thickness
reten;ion indicates that the adhesion promoter is very
reactive.
10
Analysis of the VTAS (vinyltriacetoxysilane) adhesion
bromoter at two different concentrations reveals that
this system does not possess the same laevel of
reactivity. The theoretical thickness for a monolayer of
15 adhesion promoter is approximately 5 A. Evaluation of
‘the results in the Table 1 ind1cate that a monolayer of
adhesion promoter can be achieved with a concentrated
. solution (concentrated relative to traditional adhesion
promoters), an intermediate bake step and rinse. Removal
20 . of the bake results in almost comblete removal of the
adhe51on promoter irregardless of the adhesion promoter
concentration. And if thé concentration is not
: sufficiently high (>2 % for this system), complete
coverage of the adhesion promoter is not achieved and a
25 monolayer is not obtained.

All the adhesion promoters above ¢ovalently bond.with

hydroxyl functionalities on the surface of the substrate

and chapge the surface properties of the wafer surface.
30 The initial water contact angle of the bare silicon

-16-



am nopropyl tri met hot hi ckness=15. 7At hi - ckness; 15. 7A xysi |l anePost rinseF i n
a 1 thickness-17. 1At hi ckness=3. 9A Cont act Angl e=38Cont act angl e- 26
degreesdegrees 1.04 solutionofl ni ti al I ni ti al

vinyl triacet oxysil at hi ckness-37. OAt hi ckness-37.0A" neF 'i na 1lFi nal

t hi ckness éAthlckness 1. 4A Contact angl e- 65Cbntact angl e- 11
degr_e_esde(ﬁ% A6J38¥04, sol ution of I 'ni t i, a'll' n i t [PCTAISD2/04879

vinyl triacetoxysil athi ckness-123At hi ckness-'123A- neFi na lFi n a 18N0V2mﬁ
t hi ckness- 5. 1At hi ckness-4+5A Cont act angl e=65Cont aet .- angl e=9 degr eesde
rees The results in Table‘l show a conparison betmeen an -15 WD 02/ 064381
-11 18 NOV 2005 am nopropyl trinmet hoxysil ane (APS) adhesi on pronoter and
vinyltriacetoxysilane (VTAS) adhesion pronoter at two .different
concentrations. The AS adhesion promoter provides a Coating thickness of

15.-7 A as nesabeedaby 9Dth €W indtabe bRsdd WHr 1Ehe kgrelddi.ckness

remai ns 'f thEvaluatlon of Table 1 1nd1cate5 that the surface is
substantlally modified eXGept in the VTAS adhesion
promoter without a bake process.  This indicates that the

5 bake is critical in modifying the surface properties of
the wafer surface.
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sanple is baked and rinsed, however a substantial amount 1is renoved if the
bake step is renoved.' The thickness retention indicates that the adhesion
pronoter is very reactive. 10 Analysis of the VTAS (vinyltriacetoxysilane)
adhesion _pronoter at two different concentrations reveals that this

system doeq,v@@}m sess the sanme |level of reactivity. The i cal ,
t hi ckness for m)nol ayer of 15 adhesion pronoter is appr%ﬁ'myéﬁ" 5 A

Eval uati on of the results in'the Table 1 indicate that a nonol ayer BONOV 2005

adhesi on pronoter can be 'achieved with a concentrated sol ution
(concentrated relative to traditional adhesion pronmoters), an internedi ate
bake step and rinse. Renoval 20 of the bake results in alnost conplete
renoval of ‘the adhesion pronoter irregardl ess of t'he adhesi on pronoter
concentration. _And if the concentration is not sufficiently high (>2 % for
this systen), EO¥PEee2 coverage of the adhesion pronoter is not achieved
and a 25 nonol ayer is not obtained. Al the adheston pronoters above
covalently bond with ' hydroxyl functionalities on the-surface of the
substrate andF%FE&€R3W¢k¥%Rwﬂ%@e(prGperpﬂsticﬁlatmmwwﬁqn)surface 30 The

initial water ghgti@fic gﬁul defrabls RRLE 6 s
PCT/ ugzl 04879 ﬁgqﬁ 5 “Sibet raatg %?Eééﬁgfﬁ%ﬁ ‘Qﬁégl g’?ﬁrﬁ“ '
degre es eCIally 1n reliability tests such as time dependent

dielectric breakdown (TDDB), 1;ne to line leakage, etc.
An experimenﬁ wasleonducted to determine the influence of
the adhesion promoter on the amount of foreign matter in
intermetal dlelectrxc (IMD) films. The SiLﬁP
y 10 semiconductor diElectrlc was spin coated onto silicon

' substrates with the adhesion promoter process describied
in the second’ column of Table 1 in Example 1. All
samples posaessed the 100%:bake, however with and
without, the PGMEA rinse _process. The zesults are shown.

15 in Table 2 below.
Table 2 . )
Sample\Process Number of M Number of FM
o defects in SILK® | -defects in SiLK®
with adhesion with adhesion
promoter process promoter process
: possessing a posseasing NO
’ PGMEA RINSE PGMEA RINSE
1.0% solution of| _ FM < 10 T EM > 3000
20 vinyltriacetoxysila '
ne ] .
2.5% solution of M <10 . FM > 2800
vinyltriacetoxysila |
ne ' '
25

The results in Table 2 indicate that the PGMEA rinse with

-18-



. Evaluation of Table 1 indicates that the surface is substantially

nodi fi ed except in the VTAS adhesion pronoter w thout a bake process; ,
This indicates that the 5 bake is critical in nodifying the surface
properties of the wafer surface. -17 WD 02/ 069381 Exanple 2

PG'1/ US02/ 0X6Y®/6c188 NOV 2005 Foreign matter (FM (i.e., pgc_é_ ul ar matter)
significantly degrades the electrical propertiés of I'NDs @% Iy in
reliability tests such'.as, bl me dependent dielectric.breakdown (TDDB), 18 NOW2005
to |ine leakage, etc. An‘@xperinent was conducted t¢. deternine the -
influence of the adhesion pronbter on the anpbunt of foreign nmatter in
internetal dielectric (IMD) filnms. The SILK 10 sem conductor dielectric was
spin coated onto si I icon substrates with the adhesion pronoter process
described -in }'38 nd colum of Table 1 in Exanple 1. Al]. sanples
possessed t he 5108 BFIFOLHES Lon@ssent holt in heedR@MEY Ense, -
process.. The ﬂeﬁebts anelaboy\mye“lS(gur&thgl glgkdt)el ow. 20 25 Table 2

Sanpl e\ Process Nunmber of FMNumber of .

-15.




defects in SiLK-defects in SiLK with adhesi onwi th adhesi on pronoter
process possessing apossessi ng NO PGVEA ' RI NSEPGVEA RI NSE
1. 0% sol uti on of FM < 10FM > 3000 vinyltri acetoxysila ne 2.5% sol uti on of FM
<10FM , > 2800 vinyltriacetoxysila ne The results in Table 2 indicate that

| -18 WD 02106938 1 PCTIUSO2/ 04 79 18 NOV 2005 VTAS

processpronot er

t he PGQVEA:r{
adhesi on pronoters I s essenti al

as SiLK).

experiments were ‘conduct-e
t he second colum of $ Tabl‘e 1 with the SiLK Seni conduct or

The Dow Chem cal Conpany. Two different adhesion tests were

nodi fied edge lift off test (MELT) to

a 90 degree peel-

10

15

20-

25

Example 3.

d.using the three

I n reducing FM defects i nrCTd3ob/oises s (such

WO 02/ 069381 Exanpl e 3. PCT/U02/ 04879 18 NOV 2005 Adhest‘an 8 NOV 2005
adhesi on’ pronoters descriL & &

Dielectric from

conducted; a

eval uate the fracture toughness and

Adhesion experiments were conducted using the three
adhesion promoters described in the second column of
Table 1 with the 8iLK® Semiconductor Dielectriec from The
Dow Chemical Company.
conducted; a modified.eﬂge lift off test (MELT) to
evaluate the fracture toughness and a 90 degree peel

test.

Two different adhesjon tests were

The adhesion was evaluated after a single cure

process and after six additional cure pxocesses (T6) to

simulate the effects of multiple thermal cure. processes '
in a multilevel integration build.
at 385°C in all cases.

The, S1LK* was ocured
The results are shown in Table 3.

Table 3

-Sample K Value - K Value Peel feel

. (MPam™/2) (MPam™/2) | . Strength Strength
As cured TE. Lo/no] o

Te . As cured

0.1% APS 0.44 0.30 13 2?

1.0% VIAS 0.48 0.39 18 . 13

2.5% VTAS 0.56 . 0.42 24 21

" The results in Table 3 indicate that the 2.S5% VTAS

adhesion promoter is superior for SiLK® with one cuxe and
after an additional simulated §ixX cure processes (T6). |
The APS adhesion promoter being an amine based system
does not covalently bond with 5iLK* and thué‘possesses

" the worst adhesive properties.

The 1.0% VTAS adhesion

promoter exhibits a significant reduection in adhesion at
T6 due to the poor coverage of the adhesion promoter.

20-



test. The adhesi on was eval uated after a single cure 10 process and after
six additional cure processes (T6) to sinulate the effects of nmultiple
thermal cure. processes in a nultilevel integration build. The Si LK was
cured 1S 20 at 385C in all cases.. The results are shown in Table 3. Table
3 -7 Sampl eK Val ue K Val ue Peel Peel Varn-1/1).(Mam 112 ) StrengthStrength
- (g/ m) (g/ ¥R 02M598ir edF T6As curedT6 0. 1% AsO. 440. 30137 - PCLUSEZ/NTASO .48
.0.391813 L L. S % VTI1S. 5 60.4224'21 The results in Table 3 indicat&gtNgataoms
the 2.5% VTAS adhesion prienoter -is superior for SitK with one cure and
after an additional sinulated six cure processes (T6),. 25 The APS adhesi on
pronoter being an am ne based system does not covalently bond with SILK
and thus possesses the worst adhesive properties. The 1.0t VTAS adhesion
pronoter exhibits a significant reduction in adhesion at

‘ While this invention has been particularly shown and
described with respect to preferred embodiments thereof,
it will be understood by those skilled in the art that

5 the foxégo;ng and other changes in forms and details may
.be made without departing from the spirit and scope of
the preéeut invention., It is therefore intended that the
present invention not be limited to the exacf forms and
detajls described and illustrated, but fall within the

10 scope of the appended claims.
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T6 due to the poor coverage of the adhesion pronmoter, -20 WD 02/069381 PC
AUSO02/ 0a879 18 Nov 2005 Wile this invention has been particularly shown
and described with respect co preferred enbodi nents thereof, it wLl. be
understood by those skilled in the art that 5 the foregoing and ot her
changes in fornms and details may .be made wi thout departing fromthe
spirit and scope of the present invention. It is therefore intended that
the present invention not he limted to the exact forns and detail $ 8 NOV 2005
descri bed argi i!lgstrat ed, but fall wthin the 10 scope of the appended
clainms. -21 2005 CLAI M5 Having thus described our invention in
detail, what we claimas new and desire to secure by the Letters Patent
is: 1. A meHaviheghus daseiilesk dungnventiominatptaill etatoie cluint aceewanddqirete st eps
of : (a) applying a silane coupling agent containing at |east one

pol yner i zablsecugé by thetIoeters Patdrk ace of a substrate so as to provi.de a
substantially uniformcoating of said silane- coupling agent on said
substrate; (b b el Al nl.ne.sahd coating of said

si | ane-coupl(li' %\grﬂglgse%tg gg@agﬂu%g?rg@% tﬁe?i (eé?ﬁgﬁl?g@hoﬁ%"&)a%egfep%B ve so as to
provide a surface |ayer to said substrate containing Si--0O bonds; (c)
rinsing said heated substrate with a suitable solvent that is effective in

renovi ng ar&s refi.dual. unr eact ed sil ane- goupl.i n? agent; and
. applying a silane coupling agent containing at least one polymerizable group to a

surface of a substrate so as to provide a substantially uniform coating of said silane-

coupling agent on said substrate;

(b) heating said substrate containing said coating of said silane-coupling agent at a
temperature of about 90°C or above so as to provide a surface layer to said substrate

containing Si--O bonds;

(c) rinsing said heated substrate with a suitable solvent that is effective in removing

any residual unreacted silane-coupling agent; and

(d) applying a dielectric material to sajd rinsed surface containing said Si--O bonds.
2. The method of claim 1 wherein said substrate is a Si-containing substrate, a
conductive metal, a metal barrier dielectric or an interleve] dielectric layer of an IC
having metallic lines and vias formed therein.-

3. The method of claim 1 wherein said silane-coupling agent is any silane-containing

compound having at least one polymerizable group therein,

-22-



(d) applying a dielectric material to said rinsed surface containing said
Si--0 bonds. 2. The nethod of claim| wherein said substrate is a

Si -containing substrate, a conductive netal, a metal barrier dielectric or
an interlevel dielectric layer of an IC having netallic lines and vial
formed therein.. 3. The nethod of claiml wherein said silane-coupling
agent is any silane-containing conpound having at | east one polynerizable
group therein. ' 1 8 NOV 2005 4. The nethod of claim3 wherein said '18 NOV 2005
si | ane-coupl i agent i s a conpound having the fornmula: wherein X is a

pol yneri zabl ‘é-n’gqﬂdﬂﬁﬂ%Pé“émE‘ phsreimyaid silage-covpling agent is piepppoundhaving) R2
are the sane or different and are H, al kyl, al koxy, al kyl ester, al kenyl,

al kenyl , arythe foggaioal kyl; R3 is alkyl or a --C(O R4 radical wherein R4 is
alkyl; a and b are the sane or different and are 0, 1 or 2, and y is from
1-3, with the proviso that the sumof jatb+y is 3. 5. The nethod-of claim4
wherein said sil ane-coupling agent isRan al koxysil ane. 6. The nethod of
claim5 wherein said al koxysilane is delected fromthe group consisting of
vinyl tri aeet oxysil ane, vinyltrinetﬁ%xﬁg?TQW%)yvinyItriethoxysiIane,

al lyltrimethoxysil ane, vinyIdiphenerdhoxysiIane, nor borenyl tri et hoxysi | ane
and trivinyltriethoxysilane. 7. The R@&hod of claim1 wherein said
silane-coupling agent is vinyltriacetoxysilane. 8. The nmethod of claiml
wherein said silane-coupling agent is applied as a concentrated sol ution.

9. The nethod of claim8 wherein said silane-coupling agent is present in
said -23 1 8,Nov Q005 concentrat ed sgh#aggn in a concentration of about
0.10% or hi ghBFreim IS ARQIymarizahle group self Aredlesngs, yinyd and plcyeess Bugnd ng

agent is preggnt in a concentration of fromabout 0.2%to about 5.0%
R* are the same or different and are H, alkyl, alkoxy, alkylester, alkenyl, alkynyl, aryl,

cycloalkyl; R? is alkyl or a --C(O)R" radical wherein R* is alkyl; a and b are the same

or different and are 0, 1 or 2, and y is from 1-3, with the proviso that the sum of

at+b+yis 3.

5. The method of claim 4 wherein said silane-coupling agent is an alkoxysilane.

6. The method of claim 5 wherein said alkoxysilane is selected from the group
consisting of vinyltriacetoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane,
allyltrimethoxysilane, vinyldiphenylethoxysilane, norborenyltriethoxysilane and

trivinyltriethoxysilane.
7. The method of claim 1 wherein said silane-coupling agent is vinyltriacetoxysilane.

8. The method of claim 1 wherein said silane-coupling agent is applied as a

concentrated solution.

9. The method of claim 8 wherein said silane-coupling agent is present in said
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11. The method of claim 10 wherein said silane-coupling agent is present in
a concentration of about 2.5% 12. The nethod of claim|l wherein said
silane-coupling agent is be applied to the substrate by spin-on
deposition, spray coating, dip coating, brushing, evaporation, or

di ssolution. 13. The nethod of claiml wherein step (b) is carried out for
a tinme period of about 10 seconds or above. 14. The nethod of claim1l
wherein step (b) is carried out at a tenperature of from about 90C t®§ NOV 2005
about 200C for a ti eriod of fromabouyt 10 to about 300 seconds. 15. The
met hod of cl &PRFERURS ﬁ&?‘ﬂ%W@%ﬁfﬂb@ﬂon%qfrli“&lwl'-i nert gas

at nosphere. 16. The nethod of claim 1 wherein said solvent in step (c) is
propyl ene gl ycol xrnononethyl ether acetate. 17. The nethod of claim1l

wherei n an optinal baki step.is,conducted after step (c), ., but prior to
step (d). 18%63’[362’@6%058?9&%8%%@% sifangroappling agewsiimpreset imp el ectri c
mat eri al has diel ectric const of . ab 3.8. or below 19. The nethod
of claim1l V\ﬁg?ce@in atgqxb%hfma %ﬂ&t%? Whg'g%'coati ng, chem cal solution
deposition, chem cal vapor deposition (CVD), plasna-assisted CVD,
evaporation, and dip coating. 20. The nethod of claim1l wherein said
dielectric material is a polyimde; a Si- containing polyner, a

benzocycl obutlénEhe methotl phiciaivn 1 & mbprein said sitenyceupdingtagent is presérivér st at i ¢

pol yaryl ene ether, an aromatic thernosetting resin;, a parylene copolyner;
paryl ene- F; pohoentrptitradbfabent N6yt et r af | uor onapht hal ene; pol y(oct af | uor o-

bi s- benzocycl obut ene); Tel fon- AF;, fluorinated anorphous carbon; a Xerogel

or a nanoporous Silica. 21. The method of claim 1l wherein said dielectric
material is nnethylsilsesqui xoane (MSSQ, hydridosil sequi xoane or an

aromatic t henBDPRY hlefhdd bfStalln 1 wherein said silane-coupling agent is be applied to the

substrate by spin-on deposition, spray coating, dip coating, brushing, evaporation, or

dissolution.

13. The method of claim 1 wherein step (b) is carried out for a time period of about 10

seconds or above.,

14. The method of claim 1 wherein step (b) is carried out at a temperature of from

about 90°C to about 200°C for a time period of from about 10 to about 300 seconds.

15. The method of claim 1 wherein step (b) is carried out in an inert gas atmosphere.

16. The method of claim 1 wherein said solvent in step (¢) is propylene glycol

monomethyl ether acetate.

17. The method of claim 1 wherein an optional baking step is conducted after step (c),

but prior to step (d).




22. The nethod of claim 1l wherein processing steps (a)-(d) are repeated any
nunmber of times to provide a nulti-level interconnect structure. 4 -25

18 NOv 2005

18. The method of claim 1 wherein said dielectric material has a dielectric constant of

about 3.8. or below.

19. The method of claim 1 wherein step (d) includes spin-on coating, chemical
solution deposition, chemical vapor deposition (CVD), plasma-assisted CVD,

evaporation, and dip coating.

20. The method of claim 1 wherein said dielectric material is a polyimide; a Si-

containing polymer, a benzocyclobutene; a polynorborane; a polyarylene ether, a

thermostatic polyarylene ether, an aromatic thermosetting tesin; a parylene
copolymer; parylene-F; polynapthalane; polytetrafluoronaphthalene; poly(octafluoro-

bis-benzocyclobutene); Telfon-AF; fluorinated amorphous carbon; a Xerogel or a

nanoporous silica.

21. The method of claim 1 wherein said dielectric material is methylsilsesquixoane

(MS5Q), hydridosilsequixoane or an aromatic thermosetting resin.

22. The method of ¢laim 1 wherein processing steps (2)-(d) are repeated any number

of times to provide a multi-level interconnect structure.
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