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MATERIAL 5 USING A M CROEMULSI ON TECHNI QUE FI ELD OF THE | NVENTI ON The
present clainmed invention relates to the field of sem conductor 10
processing. Mre particularly, the present clainmed invention relates to a
met hod for form ng a nanoporous material suited for use as an internetal
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BACKGROUND ART

15 As semiconductor geometries continue to become smaller and
smaller, new difficulties arise in the fabrication of semiconductor devices.
As one example, with progressively finer design rules, a problem has
arisen due to capacitance between adjacent metal layers (i.e. interlayer
capacitance). That is, as devices shrink in size, adjacent layers are spaced

2 more closely together. Such a condition results in a deleterious increase in
interlayer capacitance which adversely affects operation of finer design
rule-based semiconductor devices. A similar problem exists due to the
reduced distance between adjacent metal lines. Specifically, under some
circumstances, unwanted effects such as cross-talk and various other RC

25 (resistance/capacitance) effects between closely spaced metal lines

negatively affect the operation of the semiconductor devices.

It is well known that the dielectric constant for a conventional
interlayer dielectric material such as, for example, CVD-deposited silicon

30  dioxide is around 3.9. However, according to the SIA (Semiconductor




1 Industry Association) roadmap, by the year 2005 ultra-low dielectric
constant materials (i.e. materials with a dielectric constant of 2.0 or
l'ess) will be required for use in 100 nanoneter generation integrated
circuits. Therefore, it is increasingly inportant to reduce the dielectric
const anindafstfy AssonbEphhyeadrang) by thatyeamrd2(W5 whsadlewidiglavhtierial . It is
generally agreed that only porous materials can achieve the desired

r educedccodistdietc tsteriebnteannstariale widhet diale¢teicconstant 0b£.Q esdesshan 2. 0).
One conventional nethod for creating a porous dielectric materjal is to 10
posi t i vily be geanizsdder wsernnl ¢ aapametprBenerptinieinessrtes: ¢irgwiss oach, snal |
particles within the dieleciric are subjected flo n et chi ng process.
HoweverThetederea 1his BrcrapsingppHyRERAY tRledyse ¢ elﬂaialer:w%&g SRt i ve, is

not _tine effective, and does not. reggtl roduce desired results. 15

Fur PherbrBteridy gy daf/of gn "c"ﬁ?%?f’g WeH b‘?%é’gaffé ptance, and to ensure
affordability, any nethod of formng a |low dielectric constant nanoporous
material, which overcones the above-listed drawbacks, should be conpatible

Wit exi Sting sentconduetor.d Boi Gat) O RAGSRSTRS A Tiveanpeed exi sts

for a nethod™f I'Ng=a Nanoporous™ nmater’i ucing 1 nterlayer

capact L 36 PRAJRAHENEIC ShEEALS (P! WRABNELAREAL BIIER! Bar | NES. Yel
anot her need exists tor a netho or

orm ng a hanoporous material which

meet s ti‘.@).agi‘x:éle(fd?ﬁfeﬁtﬁ)%l Wd B A0RSe Sréing LEM0U8 BEIRtAY rRhte Al ik to

particles. anot her need exists for a nmethod for 25 formng a
naQQDOFMiG@{%r%kﬁJ vofa8rw@itRid KBe ARARPFhIMERL Snd@lpkicefart avk; dmglled needs
and wherein the nethod is conpatible with exis?ing o

particles within the dielectric are subjected to an etching process.

However, such a prior art approach is not particularly cost effective, is not

time effective, and does not readily produce desired results.

15 Furthermore, in order to achieve widespread acceptance, and to
ensure affordability, any method of forming a low dielectric constant
nanoporous material, which overcomes the above-listed drawbacks, should

be compatible with existing semiconductor fabrication processes.

20 Thus, a need exists for a method for forming a nanoporous material
for reducing interlayer capacitance and reducing RC effects between
neighboring metal lines. Yet another need exists for a method for forming
a nanoporous material which meets the above need and which does not
require etching of small particles. Still another need exists for a method for

25  forming a nanoporous material wherein the method meets all of the above-
listed needs and wherein the method is compatible with existing

semiconductor fabrication processes.




sem conductor fabrication processes. 2 SUVWARY OF | NVENTI ON The present

I nvention provides a nmethod for form ng a nanoporous material for reducing
interlayer capacitance and reducing RC effects between nei ghboring netal

| ines. The present invention further provides a 5 method for formng a

nanopor UM M RYi QF WWVERINEEONves the above acconplishnent and which does
not require etching of small particles. The present invention further
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and wherein the method is compatible with existing semiconductor

10 fabrication processes.

In one embodiment of the present invention, the present method
includes the step of preparing a microemulsion. The method of the present
embodiment then recites applying the microemulsion to a surface above

15  which it is desired to form a region of low dielectric constant nanoporous
material. Next, the present method recites subjecting the microemulsion,
which has been applied to the surface, to a thermal process such that the
region of low dielectric constant nanoporous material is formed above the

surface.

In another embodiment, the present invention includes the steps of
the above-described embodiment, and further includes the step of subjecting
the microemulsion, after application to the surface, to a thermal process.
In this embodiment, the thermal process includes a first thermal

25  treatment stage and a second thermal treatment stage. In the present
embodiment, the first thermal treatment stage is performed to remove

water and surfactant such that pores are formed. Furthermore, the second




In this enbodinent, the thermal process includes a first thermal 25
treatnent stage and a second thermal treatnent stage. In the present

enbodi ment, the first thermal treatnment stage is perfornmed to renove water
and surfactant such that pores are fornmed. Furthernore, the second 3
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i nvention: IS a side sectiona i ew structure above which

a  regiRadathe RMIORHE Whetdi18h RIckEHpLITRL & {17 pi’@fbrlreg?eIBBBﬁ@Heﬁ%J@ﬁ?(ﬁ{ dance
wi th one enbodi nent "of the present clainmed invention. 10 FIGURE 1B is a
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enbodi mrent of the present clained invention. 15 FIGURE 1C is a side
sectional view of the structure of FIGURE 1B after the enul sion has been
subjected to a thermal process and after a planarizing process has been
perfornmed in accordance with one enbodi nent of the present clained

i nvent i BRIEPAEBEHEDION QFfIH BRAWINGSt eps perfornmed in accordance
with one enbodiment of the present clainmed invention. FIGURE 3 is a flow
chart of stebke geeomppuying daawenganvhicki are ingrypheatednibandeformof t he
present clained i nveptiqn. 25 The drawi ngs referred to in this_description
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whi %h are i]lustrated in the acconpanying draw ngs. Wile the invention
wil P bd?dE8EPPbed in conjunction with the 5 preferred embodi ments, it will
be understood that they are not intended to |limt the invention to these
enbodi ments. On the contrary, the invention is intended to cover
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FIGURE 1B is a side sectional view of the structure of FIGURE 1A
having an emulsion deposited thereabove in accordance with one

embodiment of the present claimed invention.

15 FIGURE 1C is a side sectional view of the structure of FIGURE 1B
after the emulsion has been subjected to a thermal process and after a
planarizing process has been performed in accordance with one

embodiment of the present claimed invention.

20 FIGURE 2 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.

FIGURE 3 is a flow chart of steps performed in accordance with

another embodiment of the present claimed invention.

The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.




wi Il be obvious to one of ordinary skill in the art that the present
invention nmay be practiced without these specific details. In other

i nstances, well known net hods, procedures, conponents, and circuits have
not been 15 descrlbed in detall as not to unnecessarily obscure aspects of
t he preREHC : L. TH 5 RED BNIYOBEMVEENd'Ssect i onal views of an

exenpl ary structure creat ed accordl ng to enbodi nents of the nethod of the
present i nveRefasanas willmasebefoadh innlathd thltbw piefersd embodimessdfand 3.
For pur ses of clarity, the follow ng discussion will utilize the side
sect i on&t aRd i, %3@&?]% of avhich; are dbmtoated onthe ercampanyow chart of
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sem con uctor substrate into whi'ch active deVices have ornmed (i.e
prilor tgrekbet depagidnd,alumBtompsp&iint AetMis hihe sbt Fovkh iRB@erltayer). 1 n such

an instance, the |ow dielectric constant nanoporous
provide a thorough understanding of the present invention. However, it
will be obvious to one of ordinary skill in the art that the present invention
may be practiced without these specific details. In other instances, well
known methods, procedures, components, and circuits have not been

15  described in detail as not to unnecessarily obscure aspects of the present

invention.

Figures 1A-1C provide side sectional views of an exemplary structure

created according to embodiments of the method of the present invention as

20 set forth in the flow charts of Figures 2 and 3. For purposes of clarity, the
following discussion will utilize the side sectional views of Figures 1A-1C in
conjunction with the flow chart of Figures 2 and 3 to clearly describe the
embodiments of the present invention. Figure 1A shows a surface 100 above
which it is desired to form a region of low dielectric constant nanoporous

25 material. Surface 100 is, for example, a first patterned metal layer
containing metal lines 102a and 102b which will benefit from having a low

dielectric constant nanoporous material disposed therebetween. Surface




material of the present invention wll function superbly as an interlayer
10 dielectric (ILD) material. Referring nowto flow chart 200 of Figure 2,
the present enbodi nent begins with step 202. At step 202, the nethod of
the present enbodi nent conprises preparing a m croenulsion. In one

enbodi nERD is hloswelhshsiedntollbeingi fdr ewanpligla firstospedrslesr highdrow k nat eri al
of the present enbodinent is a class of poly (di-organo-siloxane) nateri al
whi ch ipatdepusi pedal Bygr which-widbatbsdgderdly have arodher siatal ldyert he present
enbodi nent, the organo ar ougs can be nethyl, ethyl, propyl, vinyl, allyl,
or phenfprmeglothareabeed. elesaghsin insteoces g koe di¢lactriecorsdsaht embodi nent ,
m croenul sion conprises particle sizes of nanoneter-level with the biggest
par ti cleaneonhanakpprlodi thet prepent isverienvgll ectiver pasadlvpstdie present
Application, the pores r ining due to the presence of the particles are
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pol ymer I'g enul’si-on polyneri'za ues. 1 ecﬁ ically,
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zléglbﬁcg(?gie%tgrﬁgéyg?gn?ﬁe&éﬂ abilize the pol ydi organosil oxane in the form of
Referring now to flow chart 200 of Figure 2, the present embodiment
begins with step 202. At step 202, the method of the present embodiment
comprises preparing a microemulsion. In one embodiment, this emulsion
15 which eventually comprises the low-k material of the present embodiment
is a class of poly (di-organo-siloxane) material which is deposited {e.g. spin-

coated) from a microemulsion. In the present embodiment, the organo

groups can be methyl, ethyl, propyl, vinyl, allyl, or phenyl.

20 With reference still to step 202, in the present embodiment,
microemulsion comprises particle sizes of nanometer-level with the biggest
particle less than approximately 0.15 microns. For purposes of the present
Application, the pores remaining due to the presence of the particles are
referred to as nanopores. In this embodiment, the polymerization occurs in

25  each of the nano or micro-size particles or micelles. Each of these micelles
is stabilized by a surfactant. More specifically, a discussion follows

covering the formation of one embodiment of the microemulsion of the




In the organi c phase) suspended within the water phase. As will be

descri bed below in detail, when the water is renoved during subsequent
thermal processing, a porous (e.g. nanoporous) structure is left behind. 10
Referring still to step 202 of Figure 2, the polynerization nmedium used in

the prepresentuoditient Thenpolysesizatddrereadivreégptsyodeimtimipresint sur f act ant

to stabilize the pol ydi organosil oxane droplets forned; and an effective

amount Yhbedimenisusesocydiosidetarest & the lpydtwmsgandsiis dhemeolmeraedr sor .

Furthernmgre, the catalyst can also function as a surfactant (e.g.
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Referring still to step 202 of Figure 2, the polymerization medium
used in the present embodiment comprises: water; an effective amount of
surfactant to stabilize the polydiorganosiloxane droplets formed; and an
effective amount of catalyst to polymerize the polydiorganosiloxane
15  precursor. Furthermore, the catalyst can also function as a surfactant
(e.g. dodecylbenzenesulfonic acid). As an additional benefit, substantially
all known condensation polymerization catalysts used in the emulsion
polymerization of cyclopolysiloxanes are useful in performing step 202 of
the present invention. Such catalysts include cationic and anionic species.
20 The former includes strong bases (e.g. quaternary ammonium hydroxides
of the formula R4NOH and metal hydroxides (NaOH). Moreover, anionic
catalysts include strong mineral acids, aliphatically substituted
benzenesulfonic acids, and aliphatic sulfonic acids, but are not limited to
such catalysts. Any catalysts that polymerize cyclopolysiloxanes in the
25  presence of water are useful in performing step 202 of the present

invention.




the cyclic siloxane precursor and the pol ydi organosi| oxane m croenul sion 5
formed. Anionic surfactants which are useful include the sulfonic acids
and their salts (described in Findley, U S Patent No. 3,294, 725)

particul arly, dodecyl benzenesulfonic acid and its salts. In one enbodi nent
of the presdafermugntilbtn stelpe208 of denplesienh ifiorntiah ot wsdepa2@ obf Figure 2
Is an aqueous m croenul sion which is at equilibriumlooks clear, and 10
cont ai figpebolisufoc@mtnsiagie peed tnprafticehdep A0Zmdr Figuoady eAnidroner  pol yrer
content emul sion_can be prepared if |ess viscous enmulsion is desirable to
f or m a nomiioniciand ce¥ipnic ¢ ﬁewésgrﬁmsetf@l yt spplibzing the gmrdspn ph order to
formstable _ 15 aqueous m cr oenul_si.ons, Is inportant to keep .the
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polymer content emulsion can be prepared if less viscous emulsion is

desirable to form a thin film.

With reference still to step 202 of Figure 2, in order to form stable

15 aqueous microemulsions, it is important to keep the concentration of the
unreacted siloxanes precursor droplets low, and to provide a means by
which the unreacted droplets can be reacted, solubilized, and dispersed into
the aqueous (or water) phase. In this embodiment, these two goals are
accomplished by slowly adding a precursor emulsion to a heated

20 polymerization medium. The siloxane precursor droplets provide high
surface area to volume ratio. This high ratio provides more polymerization
initiation sites, and increases the area available for solubilization and

dispersion of the reactive molecules.

25 Furthermore, at step 202 of the present embodiment, the temperature
of the polymerization medium, the rate of polymerization, and the rate of

addition of the precursor emulsion to the polymerization medium are




pol yneri zation allow for faster rates of addition of the precursor

emul sion. Elevating the tenperature of the polynerization nediumincreases
the rate of polynerization and allows the precursors to be added to the 5

pol ymeri zati on medi um nore quickly. Low tenperatures require slower rates

of addinterreladd td praldae, clesr anerestaatiiorat Wighehaapse£sent invention, the
precursor enul sion should be added to the polynerization nmediumin a

cont i nupslgnfersditom allew frpasicdraibs tof nelditionefehe prieeuasd drhakican be
acconpli shed by adding a series of small portions of the precursor 10
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mai ntain a | ow concentrati on of the siloxane precursor droplets. The rate
of addiafirmyswaisagion aud ablgwshidegpiticnirserssiodpe afidedjéméhal , the sl ower the
rate of addition of the precursor enulsion to the polynerization nediumis,
t he SsepelEmerkatias meding mag egickive Liosy tampenabuires meahinectlowerr ate of 15
addition for yrsoy, surfactant and catal yst conbination wll be
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of addition can vary during the addition step. In general, the slower the

rate of addition of the precursor emulsion to the polymerization medium is,

the smaller the resulting droplet size is. The maximum effective rate of

15  addition for a given precursor, surfactant and catalyst combination will be

unique. Optimization of the addition rate can be done by visually

monitoring the appearance of the microemulsion formed.

Referring still to step 202 of Figure 2, the ratio of the combination of
20 the ingredients is also critical. For instance, the addition of 150 grams of
precursor emulsion, comprised of 40 percent precursor, to 150 grams of
polymerization medium over about two hours at more than 50 degrees
Celsius produced a clear, stable microemulsion with an average droplet
size of less than approximately 0.10 micron. Also, the degree of
25  polymerization of the polydiorganosiloxane in the microemulsion can be
controlled by neutralizing the catalyst when the desired amount of

polymerization has been achieved. This has effect on the resulted viscosity.

10




pol ymeri zation has been achieved. This has effect on the resulted _
viscosity. 10 Although such specific inplenmentation details are provided
for the preparing of an enulsion, the present invention is not limted to
such specific details. Mre inportantly, the present invention, as will be
f ur t herAlthesghi sch sracific impdemantation sketais amlalws\?rdr?dof?lthmatel y p[ odu;:e
a low 5 dielectrjc consfant nanoporous material . th reference now to step
204, tf@‘%ﬁég@iﬁ% ﬁ%t%B{SF%i thespegssny ingention 19et demiteditorsushepar ed at
step 202 ahove the surface of Figure IA.  That is, at step 204, the present
embodi N é‘bg?‘iaég't r@ﬁmf’,ﬂr@fﬁg}’ eﬁh%%ﬁ%ta{l‘f%@fé@n,z@szw ke Bunthaee above
which it is.desired.to,forma region of. |low .dielectric_ constant nanoporous
mat er i a#?scﬁibﬁﬁrs%el‘fﬁ iprdtera %Fﬁ@%s%%‘ﬂ]ﬁ)%ﬂﬁlm ‘gg’éﬂ?ﬁy Preduss adewr e of Fi gurg
1A aft ey: . | 4 prepared.in .accordance with step 202 of Figure
has%bee(%eg%g??g%h?E%?teégg\(}g?r U BT 8hodi nent, emul si on 104 prepar ed at
step 204, is applied above the surface 15 of substrate 100 so as to provide
a low dielectric constant nanoporous naterial between netal |ines 102a and

102b of . { orymtARRbLfoncd vk th st F008! RAORBLCAL havifls sRAsGy Loy exampl e,

on the top surface of substrate e present ment, a
met hod ths rai@¥bmedsibArprephdddt dtep 200RYH ThEBLSHIA of @%ﬁé subsequent

treatment, which reduces RC 20 effects between nei ghbor metal |ines.

Thus, iThalishatBtep 204l tiRNSreseRe entvdifiedl @piplics thenshaktod dp e@usS

material of the present invention functionS superbly as an'interlayer
di dDectatistep POR)tormserfhed abfRed ettt istddsirddotoFfoghy € rddidnagfdotwo step 204 of
Figure 2, in another
dielectric constant nanoporous material. Figure 1B shows a side sectional
view of the structure of Figure 1A after the emulsion 104 prepared in
accordance with step 202 of Figure 2 has been applied thereabove. In one
embodiment, emulsion 104 prepared at step 204, is applied above the surface
15 of substrate 100 so as to provide a low dielectric constant nanoporous
material between metal lines 102a and 102b of, for example, a first
patterned metal layer disposed, for example, on the top surface of substrate
100. Hence, in the present embodiment, a method is provided for forming a
nanoporous material, after subsequent treatment, which reduces RC
2 effects between neighboring metal lines. Thus, in such an embodiment, the

low dielectric constant nanoporous material of the present invention

functions superbly as an interlayer dielectric (ILD) material.

Referring still to Figure 1B and to step 204 of Figure 2, in another
25  embodiment, emulsion 104 prepared at step 204, is applied above the surface
of substrate 100 so as to provide a low dielectric constant nanoporous

material between adjacent metal layers (not shown) sequentially formed

11




25 enbodi nent, enul sion 104 prepared at step 204, is applied above the
surface of substrate 100 so as to provide a |l ow dielectric constant
nanoporous nmaterial between adjacent netal |ayers (not shown) sequentially
formed 11 above the top surface of substrate 100. Hence, in such an

enbodi nglnive the tt hodatsoPsovitdetk 100. HunveDth sudlRBaRahbOGi Bl al , after
subsequent treatnent, which reduces |nterlayer capaci t ance. That is, the

| ow di mlethtd i< pcwisltadrfbr ey ausameieebuaimaferidie aftee seitiseffavent i on
functions 5 superbly as an internmetal dielectric (IMD) material. Although
such sfeaimint, whidneedutedsamsedhyeheapadsamnte. n¥hhods,ahe Josci t ed above, the
present invention is well suited to enploying the present method to forma
regi on dielectmcdioastanty ngneperomsmatem "tp)of ﬂu&pmeertllalvehtmnvfamcbmsot her
applications_and purposes. 10 Ref errlltl\g again to ure 1B, the enul sion

contbai nEIRAEPEF a8 fd lrst@m@é@bﬁtelawéa%( B éam}e;mdh hagghrawh 106, in

Fi gure 1B. reas 106 t h‘gfl have a nano ter-I evel size (e.g. the
bi ggestSHE&HIS EpRl qrgezp th eopli@eﬁf%’? edq%c_ht@dechoveghw I | be
descri bed beéow | ti Oged,\t t.he scu33| on g gL%re 1C and step
206 of BiegEReImyentign UP ?%lﬁgst RISSART methpd 48 Ters @re

| | d d h I L
ol si e S lé’liefﬁrp”gﬁéﬁwﬂaae%po%%ﬁ%aa R P SR8 i n' one
enbodi g%}?bcf%?on%f %ﬁ& rp?)aggt i nvention, st ep 204 conpri ses appl y| ng

enul si ce above V\/mch it is desired to formthe region
of jpow dielectric

Referring again to Figure 1B, the emulsion contains water and
surfactant areas typically shown as areas 106, in Figure 1B. Areas 106
typically have a nanometer-level size (e.g. the biggest particle is less than
0.15 microns in diameter). As will be described below in conjunction with
15 the discussion of Figure 1C and step 206 of Figure 2, the water and
surfactants present in areas 106 are eventually removed/decomposed by a

thermal process to leave pores in emulsion 104.

With reference still to Figure 1B, and to step 204, in one embodiment
20 of the present invention, step 204 comprises applying emulsion 104 to the
surface above which it is desired to form the region of low dielectric
constant nanoporous material using a spin-on-process. In one such
embodiment, emulsion 104 is applied with a uniform thickness above the
surface of substrate 100 using such a spin-on-process. Furthermore, in
25  still another embodiment, emulsion 104 is applied with a uniform thickness
of approximately one micron above the surface of substrate 100 using such a

spin-on-process. In yet another embodiment, step 204 comprises applying




constant nanoporous material using a spin-on-process. In one such

enbodi nent, enulsion 104 is applied with a uniformthickness above the
surface of substrate 100 using such a spin-on-process. Furthernore, in 25
still another enbodi ment, enulsion 104 is applied with a uniformthickness

of appeailERC1Y4 0pehasarRReaRVE WIlRhSYS desired 16 ¥Qgh tAkGeslfh 81 Ng such a
spi n-on-process. In yet another enbodi nent, step 204 conprises applying 12

ermul si dgw Ididldetric henstuiitananapomaiswhiatbrial vstnglesépiadod-proassm whech egi on of
| ow di el ectric constant nanoporous nmaterial using a spin-on-process which
enpl oyengpleps n sppeagead of pppoociinmettelyy 100D 6 100A06Glutvak taronsnyter m nut e.
Al t hough such specific emul sion application inplenentations of the 5

pr esentAltedugdd sack specifiedmaliowe, applécaties émplémeshations of thel | suited to
appl yi ng enul si on 104 using various other application processes. Wth

r ef &r epresamdvimethad gre eecited abeve, dhe trepsagenyentiogusavel] snited tor esent

enbodi nent then subjects enul sion 104 which has been applied to 10 the
sur f acepplyizgrempliien 164, usingavariensathey appkication p¥ecessehg, enul si on 104
is formed into a region of |low dielectric constant nanoporous materi al
above the surface of substrate 100. The thermal process of step 206: drives

out vater o RULRA AL PLERGRL o I LS00, Speli i gares 108 are
e SRS SRSl SEELORURS DA, ShBp i 1 eet 1
e, PR DED AR ERE 2R B LR B3 A lehigy ko
104 is formed into a region of low dielectric constant nanoporous material
above the surface of substrate 100. The thermal process of step 206: drives
out water and surfactants present in emulsion 104 such that pores 108 are
formed; hardens emulsion 104; and improve adhesion of emulsion 104 to
15  the surface above which it is desired to form the region of low dielectric
constant nanoporous material. More specifically, in the present
embodiment, the thermal process of step 206 removes water and surfactant
from areas 104 of Figure 1B such that pores 108 are formed as shown in
Figure 1C. During the thermal process, the water and surfactant diffuse
20 out of the film which comprises the rest of the region of low dielectric
constant nanoporous material (now shown as 104). As a result, a cured

region of low dielectric constant nanoporous material 104 is formed above

substrate 100.

25 Referring still to Figure 1C, in one embodiment of the present

invention, a planarizing step (e.g. chemical mechanical polishing (CMP}))




Figure 1C. During the thermal process, the water and surfactant diffuse 20
out of the filmwhich conprises the rest of the region of |ow dielectric
constant nanoporous material (now shown as 104). As a result, a cured
region of low dielectric constant nanoporous material 104 is forned above

subst r afetHPpedarRel @b i A ldmdAnhRygCatEacd B‘n%gio‘?ﬁﬁpﬁiv@?“t of the
present invention, a planarizing step ('e.g. chem cal “mechani cal polishing

(CVP)) dikdedtdict piztRE hahtPerdud RevHEE 184500t h upper surface on region of
| ow dielectric constant nanoporous material 104. Wth reference still to

Figure 1C and to step 206 of Figure 2, the 5 nethod of the present

enbodi nent advant ageously forns a nanoporous material w thout requiring

t he tedi ous Withirefgrefcesstll lto Faghre | €xmbiosiept206 oS igurt /2, ¢hsvent i onal
processes. Additionally, the nethod of the present enbodi ment achieves its
accanpl inchhed o the ttresentr embiodimgnt adsaatagealusly fovanphmpngiorolis ng of

exi sting sem conductor fabrication processes and 10 equipnent. Wth

r ef er end@teigad votiEnguresiaring theoledioras etcdoog off ssnalp papiclay asciated
accordance w th another enbodi nent. of the present invention is shown. As
shown i Wit epvemiionat pgocesses néydibbioppllynthe metbad oftbedresant i ncl udes 15

the steps.and features of the above-descri bed enbodinent (j.e. as recited
in st cpRPoBINSREAC WaregHtfvvﬁéqoannll@a?)@gtawi@umwm SRBEFIGN ¢ hat the
Lher MRl RS todhSR P 2idting RAASSSa oR BRI e 30%s 25 PUrPOSES

10  equipment.

With reference now to Figure 3, a flow chart 300 of steps performed in
accordance with another embodiment of the present invention is shown.
As shown in flow chart 300, the method of the present embodiment includes
15  the steps and features of the above-described embodiment (i.e. as recited in
steps 202-206, and shown in Figures 1A-1C) with the exception that the
thermal process of step 206 is replaced by steps 302 and 304. For purposes of
brevity and clarity, a discussion of steps 202 and 204 is not repeated here.

Steps 302 and 304 are described below in detail.

At step 302, the thermal process of this embodiment performs a first
thermal treatment stage to remove water and surfactants from emulsion
104 such that pores 108 are formed. In one embodiment, the first thermal
treatment stage comprises subjecting emulsion 104, which has been
25  applied to the surface of substrate 100, to a temperature of approximately
200 degrees Celsius.

14




brevity and clarity, a discussion of steps 202 and 204 is not repeated
here. Steps 302 and 304 are described belowin detail. 20 At step 302, the
t hermal process of this enbodi nent perforns a first thermal treatnent
stage to renove water and surfactants fromemul sion 104 such that pores

108 are formadstém30setientlodim®Enbroceleof thisterhbalimmént fHeepeEbimstaage
conpri ses subjecting enul sion 104, which has been 25 applied to the surface

of substecand the®mal dreatreemiestaigert® lodrdeppemxilsiahel(}d a2@0ngaorvees Cel si us.
14 At step 304, the thermal process of this enbodi ment then perforns a
second adleesian of eeatimem 164 dgefor exharpentlensidaon of subsimdte iPdodr adhesi on
of emulsion 104 to, for exanple, the surface of substrate 100. In one
enbodi neie emhedimendnthe Recondl thersathbsateeagstagnpeingeisesuhjldectimg 5

enul sion 104, which _has _been applied to the surface of substrate 100, to a

t enper atidsion 194 rdnridas Beensrrlig kethesnafpes of yebsiratr E9@deea still to
Figure 1C and to steps 302 an 4 of Figure.3, the nethod of the present
enbodi ERRPEIAEFE Sgég%‘PVm%PE%ggoﬁ%%%‘%ﬁ éﬁ&lu&o material w thout requiring
the tedious etching of small particles associated w th conventi onal
processes. Additionally, the nethod of the present enbodi nent achieves its

i St ng- sonABnHH RPN SR KBRS 1P SRl Bonn aOLERR| ALATFSE
the method of the present embodiment advantageously forms a nanoporous
10 material without requiring the tedious etching of small particles associated
with conventional processes. Additionally, the method of the present
embodiment achieves its accomplishments without requiring substantial

revamping/retooling of existing semiconductor fabrication processes and

equipment.
15
Although such specific thermal process steps of the present method
are recited above, the present invention is well suited to subjecting
emulsion 104 to various other thermal process temperatures, exposure
times, and conditions.
20

Thus, the present invention provides a method for forming a
nanoporous material for reducing interlayer capacitance and reducing RC
effects between neighboring metal lines. The present invention further
provides a method for forming a nanoporous material which achieves the

25  above accomplishment and which does not require etching of small
particles. The present invention further provides a method for forming a

nanoporous material wherein the method achieves the above-listed

15




Al t hough such specific thermal process steps of the present nmethod are
recited above, the present invention is well suited to subjecting emnulsion
104 to various other thermal process tenperatures, exposure tinmes, and
conditions. 20 Thus, the present invention provides a nethod for formng a
nanopor aurmpli grnehts endredacéingthientrethed ds coagatitlancehandstiaguci ng RC
effects between nei ghboring netal lines. The present invention further
provi deseralepedigtorf gablfloalﬁwmg:u@cawwporous mat eri al whi ch achi eves the 25
above acconplishnment and which does not require etching of small

particles. The present invention further provides a nethod for formng a

nanopor ous rrﬁlerfj al wherein the nmethod achi eves the above-listed 15
acconpl i shneht's & W@ﬁﬁ*?ﬁ@nﬁé’fﬁﬁﬁcﬁg%w te ofithie psessntng

' qd t b t The foy d t f f
bl nEEeTsR ERE FReh SRECMiER Bh oy e NRSh a&a@ié%hgieéc&%sm%piii? of
it éf%geé‘%?r ?;ﬁt%?sle Mire ¥ ol B, @a@m&%%n R GoReaREemny
modi fi ey iang; s@fbgeefashgtdb%éusqg%naﬁgsr%o@gﬁatﬁn'g; vgga@ig)gﬁa%%gﬁa} eachi ng.

The enbodiMents Were chosen &an cri
princi fetrHe.' A I t her eby
enabl epﬂ’ g?é IEEF%}}M In %%2%341%% g?l aecftlb | Ze ‘bg%v}é}h(?segn l?f?‘ud vari ous
ebodi TRALPbeHtA odek @ DelPdiblatitho @%xn&%@s%f'thsqnwn%ﬁ R fekcul ar use
contenplated. It s intended at t
10 practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various modifications
are suited to the particular use contemplated. It is intended that the scope

of the invention be defined by the Claims appended hereto and their

equivalents.
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of the invention be defined by the O ains appended hereto and their

equi valents. 16 CLAIMS 1. A nethod for formng a region of low dielectric
constant nanoporous material for use as an interlayer dielectric material
on a 5 sem conductor device, said nmethod conprising the steps of: a)
preparing a m croenul sion conprising pol ydi organosi | oxane materi al,

wat er,a surfactant and a catalyst; b) applying said mcroenmulsion to a
surface above which it is desired to formsaid region of |ow dielectric
constant nanoporous material; and subj ecting said m croemnul sion,

whi ch has been applied to said S%T% to a thermal process, said thernal
process conprising renoving water and surfactant present in said

m croemul si on such that pores are forned thereby converting said

m cr oemul si onl.i Atmethoddgr timmihg laceg dinedElotr dizlectonstasitninanopor ous nat eri al
fornmed above said surface. 15 2. The nmethod for formng a region of |ow

di el ect r henqweramaterid fepusousahHier ¥ Heleplrs M3k Ot%i m 1 wherein step
a) includes. usi,ng an enul si,on pol.ynerizatign technique to formsaid

pol ydft or %mceglfivg%ﬁs‘%a ?f’é@éli“?tﬁpd By g‘ep%‘?m i zati on catalyst to

catal yze pol i.Zzat:i . J i GS ; r conprising a
cycli %:/ Si Foxg@gﬁeﬁ%lﬁg n(r?r{aCtl ﬁegaﬁ%ﬁ)ér/ ?@?‘%ﬁﬁg&?drlg%@g%ﬁsﬁ?gévﬁ% el e(r:r}[) r: cI °
const ant mAANAPRLRYS RtRidlandSs: dfgﬂ@]iy&ﬁ’d in Cdaiml wherein step a)

conpri ses
b) applying said microemulsion to a surface above which it is desired
to form said region of low dielectric constant nanoporous material; and
10 ¢) subjecting said microemulsion, which has been applied to said
surface, to a thermal process, said thermal process comprising removing
water and surfactant present in said microemulsion such that pores are
formed thereby converting said microemulsion into a region of low dielectric

constant nanoporous material formed above said surface.

15

2. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein step a) includes using an
emulsion polymerization technique to form said polydiorganicsiloxane

20 material by using a polymerization catalyst to catalyze polymerization of a

polydiorganicsiloxane precursor comprising a cyclic siloxane.

3. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein step a) comprises
25  preparing a microemulsion containing particles of which the biggest

particle has a size of less than approximately 0.15 microns in diameter.

17




25 preparing a mcroenul sion containing particles of which the biggest
particle has a size of |less than approximately 0.15 mcrons in dianeter.

17 4. The method for formng a region of |ow dielectric constant

nanoporous nmaterial as recited in step a) of Caim3 wherein said
surfactant is selected fromthe group consisting of anionic, cationic, and
5 nonionic surfactants. 5. The nethod for form ng a region of |ow

di el ectric constant nanoporous nmaterial as recited in Caim1l wherein step
b) conprises applying said mcroenul sion, using a spin-on-process, to said
surface | o above which it is desired to formsaid region of |ow dielectric

constant  nanppPRiOMStHRE B fatmink: a fdp@omet hod diclecttRrdonggna regi on of [ow
di el ectric constant nanoporous material as recited in Claim1 wherein said

t her mal parepessuofhatetbil s epeitdd ety #seSChub) Bethenginsaidd i cr oemul si on,

whi ch has been applied to said surface, to a_first thermal tyeatnent stage
and to aswé&ssan 16 Relesigr fromdhe gEonp eprigingzof AHENeEHENLERANT or i ng a

regi on of l.ow di e%le tric constant 20 nanoporous material as recited in
step &) BYHERY Y tein said first thermal treatment stage is performed
to renove water and surfactant from said mcroenul sion such that pores are
formed. 8. The nethod for formng a region of |Iow dielectric constant 25

nanopor ous ne4 eTh@medfod REiIfbAHiNg sd8bn of 10 ddlatticomiemnei n sai d second
thermal treatment stage is performed to harden said enul sion and
nanoporous material as recited in Claim 1 wherein step b) comprises
applying said microemulsion, using a spin-on-process, to said surface
10 above which it is desired to form said region of low dielectric constant

nanoporous material.

6. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein said thermal process of
15 step ¢) comprises subjecting said microemulsion, which has been applied to
said surface, to a first thermal treatment stage and to a second thermal

treatiment stage.

7. The method for forming a region of low dielectric constant
20 nanoporous material as recited in step ¢) of Claim 6 wherein said first
thermal treatment stage is performed to remove water and surfactant from

said microemulsion such that pores are formed.

8. The method for forming a region of low dielectric constant
25  nanoporous material as recited in step ¢) of Claim 6 wherein said second
thermal treatment stage is performed to harden said emulsion and

improve adhesion of said emulsion to said surface above which it is desired

18




i nprove adhesion of said emulsion to said surface above which it is desired
18 to formsaid region of |ow dielectric constant nanoporous material. 9.
The nethod for formng a region of low dielectric constant 5 nanoporous
material as recited in step c) of Caim6 wherein said first thernal
treatment stage conprises subjecting said enulsion to a tenperature of
approxi mately 200 degrees Celsius. 10. The nethod for form ng a region of

| ow di el ectric constant 10 nanoporous material as recited in step c) of

daim6 i 0. 53] theLs ' bi et
kR e e A

tenperature of approximately 350 degrees Celsius. 15 11. A nethod for
formng a region of low dielectric constant nanoporous material for use as
an interlayer dielectric material on a sem conductor device, said nethod
conprising the steps of: a) preparing a nm croemnul sion conprising

pol ydi or ganodl. ITdeanethogefios fpaminggaregion al kyy fidedrc copgtagt cat al yst; 20 b)

appl ying said mcroenulsion.tq.a surfac bov ichit,is desired to form
sai d or ediBRPEFOYSORA é%f‘?‘il%%c‘aﬁi‘?fhﬁ)[Oﬁgﬁ%’ﬁ‘o&o‘%{gﬂﬁﬁ]{%ﬂlﬁjéﬁ?t and c)

subj ecti i ' [ s whi.ch: ' o said surface, to
2t hor e ep e b ERE R ToRlbrish sEieERRe SRR P ° Gnst an

nanopor Qﬁﬁlp%?étfﬁfé & aﬁ;%o?cﬁﬁﬁ@liy 2boveg ek Ceddiif.ace, thernmal 25 process

conprising: a first thermal treatnment stage, said first thermal treatnent
10. The method for forming a region of low dielectric constant
10 nanoporous material as recited in step ¢) of Claim 6 wherein said second
thermal treatment stage comprises subjecting said microemulsion, which has
been applied to said surface, to a temperature of approximately 350 degrees

Celsius.

15 11. A method for forming a region of low dielectric constant
nanoporous material for use as an interlayer dielectric material on a
semiconductor device, said method comprising the steps of:

a) preparing a microemulsion comprising polydiorganosiloxane
material, water, a surfactant and a catalyst,

20 b) applying said microemulsion to a surface above which it is desired
to form said region of low dielectric constant nanoporous material; and

¢) subjecting said microemulsion, which has been applied to said
surface, to a thermal process such that said region of low dielectric
constant nanoporous material is formed above said surface, thermal

25 process comprising:

a first thermal treatment stage, said first thermal treatment

stage performed to remove water and surfactant from satd
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stage perforned to renove water and surfactant fromsaid 19 m croemnul si on
such that pores are forned thereby converting said mcroenmulsion into a
region of |low dielectric constant nanoporous naterial formed above said
surface, and a second thermal treatnent stage, said second thermal 5
treatnment stage perfornmed to harden said enul sion and i nprove adhesion of
said emul sion to said surface above which it is desired to formsaid
region of |low dielectric constant nanoporous material. 10 12. The net hod

for formng anlehAnisRin Lok %@E&ﬁ#r&ls (GORS! AtlcoNafRRRfifMS it er i al as

recited in C In ste I nc usli g an | si on

pol ymeri zati Qﬁl&@@lﬂﬁls%lelﬂt@ afrel 1ons@f I wpaleyetitat ganitasi Ihamqor@eoumat erial by
using a pol ynerization catal yst to catalyze polynerization of a

pol ydi or gani oﬁaﬂemmhﬁﬁnmdeahﬂwma@mmﬁmeslang a cyclic siloxane. 15 13. The
method for formng a regio | ow di el ectric const ag rianopor ous materi al
as recited in C ai%@@naﬁ@r&% t@%ﬂBBe%t)St@%?rﬁﬂl%%onﬁ H&ding a ni croenul sion

t t tihcle fol th
SSBr%'XPkQ?eP PP s Bl e Pt S Do RTS8 and oV S i b
region of W loRG dafd 8@6%1&9;0 s&@%ﬂ%&@‘éﬁ?{?@hﬁﬁél@m%e&?&i fed in step

a) of Claim erein sard surfactant is selected fromthe group
consi sting offoamni QN fsgi6RLE MRk Qicledgic mstaninanbgordus haatdal s.

10 12.  The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 11 wherein step a) includes using an
emulsion polymerization technique to form said polydiorganicsiloxane
material by using a polymerization catalyst to catalyze polymerization of a

polydiorganicsiloxane precursor comprising a cyclic siloxane.

15
13. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 11 wherein step a) comprises
preparing a microemulsion containing particles of which the biggest particle
has a size of less than approximately 0.15 microns in diameter.
20

14. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 11 wherein said
surfactant is selected from the group consisting of anionic, cationic, and

25 nonionic surfactants.

15. The method for forming a region of low dielectric constant

nanoporous material as recited in Claim 11 wherein step b) comprises
20




15. The method for formng a region of |ow dielectric constant nanoporous
material as recited in Caim1l1ll wherein step b) conprises 20 applying said
m croemnul si on, using a spin-on-process, to said surface above which it is
desired to formsaid region of |Iow dielectric constant nanoporous
material. 5 16. The nethod for formng a region of |ow dielectric constant
nanoporous material as recited in step ¢) of Caim1ll wherein said first
thermal treatnment stage conprises subjecting said emulsion to a

temmer at s i AR S ler2A0 0008 iCRIRIUS 1o Widlrrle method for

formng a el ectri nsta narloporous material as recited

in step ghowf whid MiddeWher©i fonsaat sgiomdf |dhelicettricreaknmot st age
conpri ses subjecting said mcroenul sion, which has been applied to said

sur f ace, nfooroesperatalr e of approxi mately 350 degrees 15 Cel sius. 21

5
16. The method for forming a region of low dielectric constant
nanoporous material as recited in step ¢} of Claim 11 wherein said first
thermal treatment stage comprises subjecting said emulsion to a
temperature of approximately 200 degrees Celsius.
10

17. The method for forming a region of low dielectric constant
nanoporous material as recited in step ¢) of Claim 11 wherein said second
thermal treatment stage comprises subjecting said microemulsion, which has
been applied to said surface, to a temperature of approximately 350 degrees

15 Celsius.
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