;e3ez(W$9d&4 ' Nn(6(T(S[7 A METHOD FOR FORM NG A REG ON OF LOW DI ELECTRI C
CONSTANT NANOPOROUS MATERI AL 5 USI NG A M CRCEMULSI ON Tlﬁmmm D OF THE
| NVENTI ON The present claimed invention relates to the mmmm’

sem conductor 10 processing. Mre particularly, the presentglai med
invention relates to a nethod for form ng a nanoporous material suited for

use as an internetal dielectric (I MD) and/or interlayer dielectric (ILD)
mat eri al . BACKGROUND MHTHOTAF' QRO G KN D5 continue to become

smal | er and &6V EJELE@\TEI@f¢@NS%%ITaNiAé‘éOP%R®ES MATERIAN of
senifconduct or devi cESINGs HAIERBMELIIQN BECHNMEQINe y finer design
rul es, a problem has arisen due to capacitance between adj acent netal

| ayers (i.e. interlayer capacitance). That is, as devi-ces shrink in size,

adj acent | ayers are spaced 20 nore closely together. Such a condition

r es.ul tﬂmwmse in interlaaer capacitance which adversely
af fects operation of finer design rule-based sen conductaqr devices. A
simlar prob %%Q?%’%%CIBHBengYﬁ%“P’édﬁk?és & §f‘%?’@i‘§)t92tsﬁééﬁo Aeent net al

i nes. Specif.i cal undger so i rcunst es, ;unwanted effects such as
or ol «BRECEIBE, Mbir DASTHURIRG e piesere patRied BYRBHOE b Bekt o bet ween
cl osel y_spac tal. | ines neqgatively affect, t operation of the
cen conBeL0gs T TRUDE { AnORRErts RistaRel natreig ofE ot e el for a
convent j 4 NERf iel j i C ..for exanpl e,
CvD- dep%lsir‘]‘t?éétﬁws(;[ Igg%ﬁ@(?qﬁ ci):gllclggéllcglia;%%ncgh&w @\A/e\a/lgr, according to the
SIA (Sem conductor 1 I ndustry Associ ation) roadmap, by the year 2005
ultra-low dielectric constant materials (i.e. materials with a dielectric
const anBAOTKGROUND eSRT W Il be required for use in 100 nanoneter
generation integrated circuits. Therefore, it is increasingly inportant to
redisice t he dAelseqiicondactiosigeometlids cmtimieetd bgesmarnaller andr net al
insulating material. It is generally agreed that only porous materials can
achi evesmhHedeséwatiffiedtiesaniseirthe ifsbroationmf seicendditor elevides. const ant
of less than 2.0). One conventional nmethod for creating a porous dielectric
mat er i afsionet exaropleo syithvpogressivelydingr desighrules arpreblem hasn one prior
art approach, small particles within_ the dielectric are subjected to an
et chi ng@pFeR 83 toganastiance Refwgep adjacentimatad lagers 85‘3- ABter}ayes cul arl y
cost effective, (s,phot .tine effective, and. does.not readil roduce desired
resul t sSaPRSIGaTiceh oGS, £ davieer Shtl Fi Sie. RRIRSHI dBUCERARbEBARd. and to
en e affordahil it any hod of..form ng. a. | i.el ectric _constant
arhor R k8l e TS Eafiiclo Bsiiislinl fA BRI BEERE 0w o be
conpat i ' L St ] j J .20 Thus, a
mpat i eyl bh cgﬁéags%xg% ﬁrﬂor?&}?%%?ée% alRPed ﬂa%x%f’ﬁﬁéf%?gl

need exists for a ne orm ng 'a nanoporous nateri a r educi ng

inter| aﬁiﬁé-lﬁﬁ@ﬁ@e&ﬁi@@ﬁdﬁ%ﬂd’e@‘i‘@ésﬂQA%ﬁﬂrgﬁ;oglé}ﬁté@ﬁ?ﬁ% d&é 9okRREI N9 net al

| i nes. Yet another need exists for a metho r formng a nanoporous

mat er i afedtftednlisRaice BdtveroNdjaoeetinind]l liesh Sheefidly, natder’ eongé chi ng of
smal | particles. Still another need exists for a method for 25 formng a
nanopor d@vsumBtaides] unhearted dffsrtssubhdisnaess-talkland ddréowbeottedr RCed needs
and wherein the nethod is conpatible with existing sem conductor

f aldhi caliresistanesdeapmeitance) 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

MR
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2 SUMMARY CF | NVENTI ON The present invention provides a nmethod for

form ng a nanoporous material for reducing interlayer capacitance and
reduci ng RC effects between nei ghboring netal |ines. The present invention
further _provides a 5 nethod for form ng a nanoporous material which

achi evedndugtripdssocindiompropdmamtbyaite year B0 adtradow dplegtsicet chi ng of
JCHEE S R T
Ser condab oy ranieh iches h 1P SRR er TR CEROB RN STEetHe. b esent

i or oemimier b Fe RS TBbreBR AT RIS TR bd PEn R eheC iR e oL ot yi g
the gi C%ﬁeﬁrﬂé\%\lﬁh&gf tggltd%xsﬂ{t‘:e?x’sht%tg B IGRefib) | S desired to form a

region o ric constant nanoporous naterial. Next, the present
nmet hod recites subjecting the m croenul sion, which has been applied to the
surface, to a thermal process such that the region of |low dielectric

const ant nangpey gesera@liyesgrkdi that Wnlf hoebey endteeialsichRGRhieddtlanot her

enbodi nment, the present invention includes the steps of the above-descri bed
enbodi mdesirednddhived déslectrid cahestahbe (isd. afieldct o lepastamogpftless thanoenul si on,
after application to the surface, to a thermal process. In this enbodinent,
t he t hel2ifBl Qnecengentichaldmethod forsereptimgralpozéus diadectrivt msitexjel énth a
second thermal treatnment stage. In the present enbodinment, the first

t hel@ral posisively fermtvaids withiarther maderisl.r dnwne prorartappreadhacsmall such
that pores are formed. Furthernore, the second 3 _thermal treatnent stage
i s per f pardglesvithinthe iglastaic asmgupiestest to anrrishidig BroeEs ni cr oemul si on
to the rface abqve which jt is desired to . form.a regi of low dielectric
const anif%ﬁv&ﬁo F‘B&é aRINeY ALE 2PRTOAS %@%ﬁtmaﬂﬁj%éggﬁgﬁﬁvﬁd\?&ﬂ%ges of

h ' i il d b bvi h f di
Sk 11+ e PRV #30 Yoss il PRUAY RSREF HBYRS YaubEe1 o0 Geccr pti on b

the preferred enbodi nents which are illustrated in the various draw ng
figures.
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.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are
I ncorporated in and forma part of this specification, illustrates

enbodi ments of the invention and, together with the description, serve to
explain the principles of the 5 invention: FIGURE |Ais a side sectional

vi ew of SUHMMMARYc O ¢NAHOME'TWN ch a regi on of nanoporous dielectric
material will be formed in accordance wth one enbodi nent of the present

cl ai med i nvelthemresant R @Eorion Browdes ¢ vetlbedt forofaminigeavnanopheoust r uct ur e
of FI GURE 1A having_an enul sion deposited thereabove in accordance with one
enbodi nErtenel dor refegagtingerlpyey capadbnenand yegpageR{ceffecty si de

secti onEI vi ew of .the, structgLie of FI GURE 1B. after tEe mul si on, has been
subj ect BEEY RN ngMEtas Sngfd Ly BYeSENp IRAYERIOR E;rtg%d%r%l%ésa been

f d. i d i th mbodi t t t.clainmed
Pﬁ\r/éﬂ ?Wthgé%gf ! éﬂ%e?vs}'{aél%%g&}lg ﬁ%ﬁ(’)ttelrgﬁ n“%?@bsacgﬁf%s?ﬁﬁ% apﬁvgl:ggr dance
i th nbodi t,of {he. t_¢lai ' I Qn. QJ ' fl
chart o SBEeHER s And WHOLERER ek o BallFE L AERR o e BB oo The
present Tﬁleaﬁljgggni R further provides a method for forming a nanoporous

material wherein the method achieves the above-listed accomplishments

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



The\draﬁjngs referred to in this description should be understood as not
being drawn to scale except if specifically noted. 5 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Ref erence will now be nade in detail to the preferred
enbodi nerhargh] HR& nt.ion, exanples of which are illustrated in the
acconpanyi ng dr agmgantg@.het\ﬁﬂtlag’é If ReTiormed toanditd hbedrdesciridegoindteOnj unct i on
W th the aghREREHS ghbediimats, it will be understood that they are not
intended to limt ?%e i nvgh{@g}?"tg’ E}h%éer%ﬁ%@@pﬁem}schdhis Hesigedittpary, the
i nvent i ofiorirs d péEBHET Ib® GRYE -7 natjves, nodifications and equival ents,
whi ch may be i ncl uded mﬁtﬁ?h‘%ﬁ§:%§#¢?? AAFOREEPE BRteral.i nvention as
defined by the appended clains. Furthernore, in the follow ng detail ed
desch%ption o&héhe 10 present invention, nunerous specific details are set
forthin ordefhese pndwtHer abjdees ana drdf hg of the present

i nventi on. ‘dgoggéer, it will {)e obvi ous toag%%lgg‘;h oP S yneeartion Wil t he art
t hat t heDpOeY etqmerwbwinusnmyt}b@ewé‘ﬁahfa‘?g i: t hesg speci.fic details.
I'n cherri tanc%f, wel | known nethods, pr é%%%?gg§e€5ﬁﬁ§ﬁ5 }n%nd
circuits the,fnllawing dailed addsoeiption 6Lt brérernat e,%goap NECESS, glrl ‘I'cﬁay
obscure %%5%§%§ of the present invention. Figures I|A- prv? e

sect i onafrsi rafedin @@ﬁpmw drtamiagufigugdseat ed according to enbodi nents
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 follow ng discussion wll
utilize the side sectional views of Figures A-1C in conjunction with the
flow chart of Figures 2 and 3 to clearly describe the enbodi nents of the
present invention. Figure | A shows a surface 100 above which it is desired
to forma region of low dielectric constant nanoporous 25 material. Surface

1D0 is, for exanple, a first patterned netal |ayer containing netal |ines
102a and 102b which wll benefit from having a | ow diel ectric constant
nanopor ous naterial disposed therebetween. Surface 6 100 is also well

suited to being, for exanple, a first, second or higher, patterned netal

| ayer which will subsequently have another netal |ayer forned thereabove.
In such an instance, the |low dielectric constant nanaporous material of the
present invention will function superbly as an 5 internetal dielectric
(IVMD) material. Surface 100 is also well suited to being, for exanple, a
sem conductor substrate into which active devices have been forned (i.e.
prior to the deposition and patterning of the first netal layer). In such
an instance, the low dielectric constant nanopoxous material of the present
invention will function superbly as an interlayer 10 dielectric (I1LD)
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 ment conprises preparing a mcroenul sion. In one enbodi nent, this
enul sion 15 which eventually conprises the lowk nmaterial of the present
enbodiment is a class of poly (di-organo-siloxane) material which is
deposited (e.g. spincoated) froma mcroernulsion. In the present

enbodi ment, the argano groups can be nethyl, ethyl, propyl, vinyl, allyl,
or phenyl. 20 Wth reference still to step 202, in the present enbodi nent,
m croemnul si on conprises particle sizes of nanoneter-level with the biggest
particle |l ess than approximtely 0.15 m crons. For purposes of the present
Application, the pores renmaining due to the presence of the particles are
referred to as nanopores. In this enbodi ment, the polynerization occurs in



25 each of the nano or mcro-size particles or mcelles. Each of these
m.celles is stabilized by a surfactant. Mre specifically, a discussion

foll ows covering the formati on of one enbodi ment of the m croenul sion of

t he present invention. The pol ynerization reaction enployed in the

pr esent BRIBEdD BSUIRIBEONVOFITHE DBAWENGSs t he precursor. It is then

pol ynmeri zed using enul sion pol yneri zation techniques. Mre specifically,

ol i gomers rehiee agcemponyens Girpyongs.swhinhoarth iremaensted bn andalerimoas to form
poly (di 5 agrgano-siloxane), Additionally, int ii enbodi.nment, surfactants
are” useRpitPINEbPediicatanpBlyiraties amRedimenie af thenavestignndmal | si zed

droplets .g. Ln the.,organic phase) suspended wi.thin t wat er phase. As
w7 betbatBick widh B ot iPtidn oV b BROITR tRaanTeles ot dur | ng
sub%equent hermal processing, a porous (e.g. nanoporous) structure is left
behi nd. ™6™ rring still to step 202 of Figure 2, the polynerization

medi um used in the present enbodi nent conprises: water; an effective anount
of surfactant to stabilize the pol ydi organosi | oxane dropl ets fornmed; and an

effective anpusiyrat 128{2h ¥ade &&t@'axw%? tBQ%%HEHtMPé ahERE QHikppane 15

precursor. Furthernmore, the catalyst can also function as a surfactant
(e.g. dx%é%ﬂlobwiwé didlctd fhlateAa] allask Fdrindé@lin RROSFddnceSwitht anti al Iy
all known condensation polynerization catal ysts used in the emul sion

pol yrer ¢z emboddmeny of thelpresémixelabaedriaventdnl in perform ng step 202 of
the present invention. Such catal ysts include cationic and ani oni c speci es.
20 Ibhe forner includes strong bases (e.g. quaternary amoni um hydroxi des of
the forrmula RANOH and netal hydroxides (NaCH). Moreover, anionic catalysts
i ncl ude str oRYGHRIEAR isaa istile, sextiopahvieyalof $he gtxarctuxe efiFHebARINd4ul f oni ¢
acids, and aliphatic_ sulfonic acids, but are not limted to such catalysts.
Any cathavisgsan emulsinn depesited {herepbpye in geeorstancs Witk @® presence of

wat er are ug,eful ip performn steé)_202 of the present invention. 8

Ref er r i fgbediment gt the prespntyflajmed tnvention nyention, a wide range of types
of surfactants can be used to practice step 202 of Figure 2. Anionic,

noni oni ¢ and cationic surfactants are useful in stabilizing the emnul sion of
th yclic si C . i i i mul si on 5
Forfd.  ani on G B R s b B e R BT e and
their s L J i articularly,
dodecyl%ﬁigﬁggﬁlgﬁﬁ?%ﬂ)?g%gﬁ tgéasa ??%?ﬁ%éﬁgog%}?g%@né@g? t he present
'DVentlﬁl&nafrmag!ﬁo@@éﬁJhﬁs HReh GBSk REd $h SR ceftbarfle WithUbRe2 IS an aqueous
m cr oenul si on i'ch is at equilibriumlooks clear, and 10 contai ns about

10- 35 wepbliment eftheprésuntpdhitied invienveoer , | ower pol ynmer content

emul sion can be prepared if less viscous enmulsion is desirable to forma
thin film Wth reference still to step 202 of Figure 2, in order to form
stabl e 15 aqueous m croenulsions, it is inportant to keep the concentration
of Z0he unr egEI@UPsE 120i8ath Elovpehatirafsiteps @p%rmedom, acgegdancewith @sea neans
by which ghg unreagt ed droplets, ca(?_be reacted, solubilized, and di spersed
into t IRggEBeRt phthepresontyaieed iRveien.enhodi ment, these two goal s are
acconpl i shed by slowy adding a precursor enulsion to a heated 20

pol ynmeri zati on medi um The sil oxane precursor droplets provide high surface

I h Q. . Thiss _high ' i d I i [
"niciation of TRUTE ¥is 3 Mo el ol pRMo R Sobradie it 2ot on anc
di sper s on1Qk dlfodifasit! XfetHEDbFe%ﬂh9%laimed invention.

25

The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.



25 Furthernore, at step 202 of the present enbodi nent, the tenperature of
the polynerization nedium the rate of polynerization, and the rate of
addition of the precursor enulsion to the polynerization mediumare 9
interrel ated to produce clear m croerrul SI ons H| gher rates of

pol ymer DEGR 0l H BFELRE el TSf the precursor

enul si on. | t| ng L h m er at C ep ymenza d| um i ncr eases
the rate of ﬁBF‘? 73 |’Hﬁ’" dng Fd%s‘IectﬁgtB Lgr%‘qrgeé B&Féﬁsto the 5

o ﬁgﬁf%}?%ﬁ'loﬁﬁgqelf SRS JE B arm AR e S5 S8R Sient  on. < ne
precur St ekl Whithau fhisAdaM 1, ARG ALY TP AARE AR ALY 1 @

conti nuous hlon over eriod o I'on can be

accoppl is g}gpyelayeraﬁ?a&ger?tss?ﬂvm b8 d4r§d@E{ooB%tQHé¥%fre%‘% 18F&ﬁg§éis (. O

erruIS|o to the meri zation nmedi um as long as the seria
mai nt ai [y 'tH&VIﬁ@é}R%}i EGthEsk ShbblfmehtLXONG N @eitFHS, tHE SRV Ehfon Té‘e rate

of addition can vary during the addition step. In genéral, the siower the
rate of jiaddidbd a0 colet ARePhEGEVES AhofiTiaSiod’ 411 b&ﬂw&@éﬂﬁéew}ﬁ@hlrﬁﬂ medi um i s,
the smaller the resulting droplet size is. The naximum effective rate of 15
addi t i omdededwdthianther giritsoid scopefl dfaherihvantion alsadefiiiedcbyithaat i on wi I | be
uni que. Optim zation of the addition rate can be done by visually

nmoni t or apgended elapmar afuethefrmdre, in the dollvwingndéiledddeReimion nfjithei || to
step 202 of Figure 2, the ratio of the conbination of 20 the ingredients is
al s¥ crpreseat inventipmsnumesous speeifiedataHs sire sb forthrin ordesrtecur sor

enul si on, conprlsed of 40, percent precursor, to 150 of polynerization
medi um BY@HdgBothoroush nuderstandipgof ttfrsrp@ée%gw@@&weeagfoasewo&uced a

I I h an. d f I h

appr oxi TR BT dls A eaont oidiaary ERUT VoG ear oy i AipReRt BReRGiPor t he

e cat BIEPCPS RO R LS SR ot ChBi P ST SOV Sbolachi oved.
Thi s haﬁ{ls{vge&t 48 ok SR Do MIERABR Yond Brcnib RO R0 Yelipopoc [T

i npl enen ion I’I's "are pt ovi or ’t epreparlngo an erruIS|on t he
pr nt

rpor aﬁ%%ﬁ‘%*é“%‘?%;ﬂﬁ% HPE%%‘???%@SS?S*‘*& TR pEpEREr Be YRR Lol ow i n
detail, jjis2gie) emul sion to ultimately produce a low 5 dielectric constant
nanoporous material. Wth reference now to step 204, the present nethod
recites applying the mcroemul sion prepared at step 202 above the surface
of Figure | A That is, at step 204, the present enbodi nent applies the
ermul si on prepigues IA-AC prepd@Bile sedianalivewsaiareexdmelaryt stractlgsi red to
forma region of |ow dielectric constant nanoporous material. Figure 1B

s hovvs acreiagied @é@ﬁlidm&ItO enrtwdimeniie of theamethed ot thieqpresentrinandion pe

AT P e o e Saren) e Pod oy et op 204
df|fpi q;ﬁffﬁ‘é la%ar?sesa%f‘i% rla)fﬁﬁ%gﬁsﬁe ifs%;&w%"vjfe%%fzaﬁfa% iézﬂ%ﬁg' ‘igﬁb
the top°Lt {BGn ofteh, b8 AT chBROSF FiERkrRS 2 i t r@%%éxtdegﬁeba thent &
et nod LRI ARS (e PRI R PP RSANS TRUHALA o sAHhRE TPRSRCt

Thus, | @hide i ANAETRDLIEYm ol RgibRWr q’b&'cﬁ@fe‘ctﬁc %Qﬁmt W%QUS

material of the present invention functions superbly as an i'nterlayer
di eé2sect matetihl.DBuifiicer10l 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



Referring still to Figure 1B and to step 204 of Figure 2, in another 25
enbodi ment, emul sion 104 prepared at step 204, is applied above the surface
of substrat el®0Gs ST 2N ho provi de a Iow di eI ectrl c constant nanoporous

mat eri al between adj acent SUttadato bem%r ovvn sequentially formed 11
above the to@aféwﬂe’ﬁc& ubstrate 00 ISCEecBl g nent, a
met hod i s provided foe% @%ieﬁd" Chaw@pgrlggésl na er| al afte%ﬁ@é@uent

treat nent, \/f]ﬂffahdrthdp@‘ﬁ)s)vrent rlayer capaci tarbey }l’clmamsthe} dﬂ"y
dielectric ggnst ant nanopor Wﬁtennalstaq{ ﬁ%%‘gsen]t i nven f’iﬂfm:ti ons
5 super bl y Ngpormisenes 2 ectric (I ida ectiid B&gﬂ uc
speci f| ngﬁement ations 0‘1? %r]@‘eppwent Imaé 51? recr ted a ovg% t he
present 1nv FWEﬁtalsdlwctné 1\%{@3 t o enpl oyi ng puiastionh swidg, Lo forma
regi on of |H)W diglectric cons tm GO I, SR &{Er al _for various*®fRer

0

applicati ons 08 aassis, a1l érr ng again t F%Jﬁ wél] st ecrgul si on
cont ai-ns r and surfact ant a u‘ttyprsubbtmt§l ar eas 106 |n Fi gure
1B. Areas 1 t%fl anhydr(iayep,a Pan rreter-l evel siZe géc acitlhedlélv

particle igei&f %than m cr ons“hd Qp@m'abﬁra)n @? w || be descrr ed bel ow
in conjunction Yew) 1£ntshehd;rs él on ﬁ] Figure 1 aﬁ’a“@gerfthea‘@f; Fi gure

2, the watghtgh %furfact ants pres eakmaélel emt ual l'y

renoved/ decorrpose ﬁ!‘etSbnt i (}lces to Ieave por béxdL04.

Wth AGf eréslest 5 | h—d?,)to Figure 1 tantlemsa%r n _one errbodr ment 20 of
t he present i nven¥ ms%tépa204 corrprr ses appl yi ng ekr.ﬁ s%r’rnfm'llayg} t he

surface above which it is desired to formthe region of low dielectric
constant nanoporous material using a spin-on-process. In one such

enbodi ment, enRé®i-QR g]f%v' s applied wt h a uni form t hi ckness above the
surface g{e substrate ﬁg/duﬁh -on-process. Furthernore, in 25

still Emsmﬂhog} mul si on 10 | ’ﬁb‘ﬁ?r?ed!hmnp}gg m t hi ckness

of apprOX| mately one  m ‘ Hep\2H blee SAK, Elgge of substrateni%@lmﬁn’tg such a

Spi n- on-ﬁ?@@é@ss prep gﬁg]ganot her enbodi nen Dt)@‘lsem B(ﬁFS %gpl ying 12
regi on of

emul gy n‘géo to the sur
| ow d| el ecl9d everdnat] Yo $‘%><{ ous naterr a ‘W@O maemtniﬁps BLQGESS whi ch
enpl oys i8 5 @I n sgeed of Q oev»}: HR9Or aoo revol utions P&Pni nut e.
Although SUCHSS pEpDhi Qj;erfg g g appl ication |n€ m&@nrt@irﬁb(gqrntgﬁ

present chgt, (I?g are recit aboveXanek matesa Ny H; n)\?;entr on is we ited to
appl yi ng emi %Halnﬁcmm 0a]rrgaus ot her appli Chts éﬁpmlbeﬂes@ Sg Wth
referengle, VKoL 0 Figure 1C, and ?e{p‘e@é}& ehpbhgure 2, the pr gent

enmbodi ment theﬁ’ ke Bratbyl el Ryl 8§ {1;04 whi ch has fb e egat,g 10 t he
surface of substrate 100, to ? Er fanyh rad)}yes@p %‘h)ao doi ng, enul sion 104
isformed into a region of | ow dielectric constan anoporous nateri al
ab&vVe the SWViftB(i% of substrate 100 The thernmal process of step 206: drives
out water and sur{a@?%‘hﬁ Qn egg%sr on 104 such that pores 108 are

f or medi mdﬁﬂgl nwnsr on 104 and Perfiens iegihoyf; §mtrl sion 104 to 15
the surface above WAIRHSeS Pastldl%sé&@éj go formthe regi of | ow dielectric
constd?ﬂ Whlqggrtﬂgﬁ terjal. Mre spe Plapemqtgr-lauutvpﬁ resent enbodi nent,
the t process A(}? Qf"é}éamﬁamrgy wat er and surfact tbiggest ar eas 104
of Fi CﬂBoaumebB ROres 108 are orrhse 8k pehposesi J Iﬁr ure 1C. During

t he t;:ber process, tshe Hatng ahb sffagtant diffuse 2(;; Siresent he film
whi ch cSYﬁ? |t§eashbﬁo (s)ﬁ‘?ohﬁe region o q@ﬁc@pélthetyah«ﬁc&gnstant

123N ORKY, terial %now Smb&ﬁ)n R ul't, a cur8dh Pegi on of |ow
di el ect ri cf Il ?Pofmﬁndaabgv&célubst rate 100.

or micelleg. Each of these

%én%%lauﬁmbﬁh lohs desired to

Mmicelleg



25 Referring still to Figure 1C, in one enbodi nent of the present
invention, a planarizing step (e.g. chem cal nechanical polishing (CW)) 13
is then perforned to provide a snooth upper surface on region of |ow

dielectric constant napgporqus material 104. Wtr r%f_er nce still to Figure
1C and RI&SEREPVATHIGT &I%ﬁd? YBIET{Z4108 FRAGIOF SRPIHE e Preseiédi nent
advanta egu(iilr% ftorms a_hanopor ous nm er! al witho %_.rﬁléui ri j}g{gt he éedi ous
ot chi nBPOCHTTH Bt Y LSS A TGP RCHSRY oAt FO AP pobaBEEES:
Addi t i H X . : )
fe conp TahEep o Tt hellzat i BIGTIRhe SRS BRebibBes
Coti . i ; X ! v
Fof or erieath MORBUC! Bhial ARty St RREARRERIERG NS I BT boly/id:

accer dafjegniidilhxanel heydaeRadinent tBls bhbodiSean! sheHte hrkSusdiown.  As
shown in~flow chart 300, the méthod of the present embodi ment includes 15

the st easstablidectielplyddirganosibeme: desks fhes ofvbadl Bl ddopletsds.d ecited
in steps 202-206, and shown in Figures | A-1C) with the exception that the '

t her malinpthecemamé phiase) 2@éparriedewithindhbywsteepsha3@2 AndviBiOde For pur poses
of brevity and clarity, a discussion of steps 202 and 204 is not repeated
here. Slespsibedbedowt iBOdetaile wlemc thdahatere ivvemoved dairing sobsequendp 302, the
thermal process of this enbodi nent perfornms a first therpal treatnent stage
t o renoihervlarogespingr & narans ez anepgrevorstrodtusadp lefidkelyades 108 are
formed. In one enbodinent, the first thermal treatnent stage conprises
suﬂjoecti ng emul sion 104, which has been 25 applied to the surface of

b 100, ) f [ |y 200 .Cel sius. 14
AL st op 304, HERETPRSRES SFo €02 A5 ERTS LcHBORPEHIFAIN FUiBFs & second
th |t t t st t d | Si 104 d 4 dhesi f
R R e e T e

mul i _ . Pidte
it i oni e R P SRR ee e Pl FRR R RO IR (AR MR 1807 16

Lomper gy saRuser e, (SR stbage sl elgscroe o L L

enygdi nBRcussbranFagtslore] ehé®atalyanemar0ss 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.



10 material wthout requiring the tedious etching of small particles
associated wth conventional processes. Additionally, the nethod of the
present enbodi nent achieves its acconplishnents w thout requiring

b i al i ng/. | i f d fabri '
E‘r’oite??te'saanﬁeé%z?ng%aﬁ T SEn 7 81.hF BEer S BErR ion RerARIBBChos of eps of
h d d h t |l ited
Lo stbj BeRP ] wthefhf #Bbe SRR YactiR R RE he RS2 BnEer a ur es.
eXposurgoﬁlog?éangn&tfom sh%&'&%ant?so?;é‘ﬂﬁ?fu;l'}ﬁ RAGALAKG AXDELARPIVI des 2

net hod a nanopor ous uci n I'nter

capaci tgneey a&dsflﬁﬁé&% eé%gssﬂa%i hOPIREAr A ARG LGB B Isngs.  The

present | nvent lon furt provi des a ormng a nanopor ous

nat &g i aforMHthAaﬁbhi%Vﬁﬁrfé&%n%é? vARRKea C GOSMI i SEIMRIBt t RN Mbh fehadl@ss not
require etching of small particles. The present invention further provides

a met hognd ehefraalis@escribed o FindlesrplUel| RhtaniaN i 3)2049288t hod achi eves the
above-listed 15 acconpl i shnents and wherein the nethod is conpatible with

exi- st i npastécalanlyd dodecylbabyémesilfomipnoik andsts Shktsf dnegoé egnlmbelmienpt i ons of
speci fic enbodi nents of the present 5 invention have been presented for

pur posesf tife prdsent iaveéntior dhedesaroppuilsion fotmmpd atestap t202nofehigeute thisbe
exhaustive or to limt the invention to the precise forns disclosed, and
obvi oushy amrepusvBidroeaxulsion which ig abhequilibmum looks clear, and

10 contains about 10-35 weight percent of the polymer. However, lower
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 watex) phase. In this embodiment, these two goals are
accomplished by slowly adding a precursor emulsion to a heated

2 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



possible in light of the above teaching. The enbodi nents were chosen and
described in order to best explain the principles of the invention and its
10 practical application, to thereby enable others skilled in the art to
best utilize the invention and various enbodinments with various

nodi f i datémeiatadeospirodagetdeanmipgepemnalsions. ukBghenratgsiefied. 1t is intended

that the scope of the invention be defined.b he d ai ded h
and. t haly B Adicena iow 1T IaEieR e of ATHEANLAT FBF PRGPAREE S Hbn of | ow

di el ectr] { t ial,. ' . i Si

of ?f E%él‘e‘éa&%&i; ?”;eaﬁﬁ?_" §%§§?§H§%§%§e%§%ﬂa§%§&°ﬁ T o M
surface ve [ it kS [ to f i d i [ [
const aritf HENGEEEEGO AR AL il SiT BRI B o T one it ch

has been ;applied-to_saj. CL,y: a id
regi5on %91 W el el e?dllgrr.ftg& %%n@%lgiﬁ&ngr?gggﬁhgp&n% g??gﬁﬂﬁg gflg?r%éza;bove

sai d surdiaces adaidfie PRIIABnGAY, fiPbR REHAARIIL Qhel esehEirietion, const ant
nanoporous naterital as recited in Claiml wherein step a) conprises

ST 08 FERGIACTMAken A0ans awiary hergiras atanslin i 15 2
continuous fashion over a period of time. However, the addition can be
accomplished by adding a series of small portions of the precursor

10 emulsion to the polymerization medium as long as the serial additions
maintain a low concentration of the siloxane precursor droplets. The rate
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



nanoporous material as recited in Claim1l wherein step a) conprises
preparing a mcroemnul sion containing particles of which the biggest
particle has a size of |less than approximately 0.15 microns in dianeter. 20

4. Th hod, f f ) . ' f 1 qdi el '

I RS R o MR el Pl S BFah ST GCBTLAR reoporovs

' ' [ : - ant . A | . 25 5. Th
e TR e e BB LA, s AR aRl 20 0 The

as recitedifnJstAR. aMoRk iﬂﬁrﬁétl%ﬁ{ee}épes%%kqmléntioﬁ,%é AN righee! ected

fromthe group consisting of anionic, cationic, and nonionic surfactants.

6. The g&ichidf lowOnndatail usesiadlesiulsion tdigtiegatdly proastaatiow nanopor ous
material as recited in Claim1l wherein step b) conprises applying said

m cripendiedédific ¢iBisbgnBnapopofsuPhoesiul. to said surface above which it is
desired to formsaid region of |ow dielectric constant nanoporous naterial.
10 7. The nmethod for formng a region of |ow dielectric constant nanoporous
material as recited in Caim1l wherein said thernal(bﬁroc;ess of step c)
conpri ses suWitlcrefegenca vowitorssemA04, the presestt teathdskrscitesmpmsing sai d
surface, to a first_thermal treatnent stage and tg a second thernal
the microemulsion prepared at step 202 above the surface of Figure 1A.
That is, at step 204, the present embodiment applies the emulsion prepared
10 at step 202 to a surface above which it is desired to form a region of low
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

1



treatnent stage. 15 8. The nethod for formng a region of |ow dielectric
const ant nanoporous nmaterial as recited in step ¢c) of Caim?7 wherein said
first thernmal treatnent stage is perforned to renove water and surfactant
fromsaid mcroemul sion such that pores are formed. 9. The nmethod for

i ot ope RS ner o B SRRl GO T PRI BRI B0 o 1
P A A R S e S

di el ect f{eG+HRAS! FRlcH AEPRUsOTeABYEF ic8bacilBnce. 18hal i€ fRIfQA for formng a

region of low dielectric constant”nanoporous naterial as recited in step c)

of O ai flelebRr @kt Hahbpstoush@afiBHal 6f 8héprbsciitaas e OBR" fusREiondb] ecti ng
said emul sion to a tenperature of approxi mtely 200 degrees Celsius. 5 11.

The 5ret hgperbdy skaimmim@grmdtadidieicofric (MMD)ahatdrialc Atthsught suwdnopor ous
material as recited in step ¢c) of aim7 wherein said second thernal
t r eat nespecifiadgmpbempntatémn s obfler prespns anethridcaeraditeidonhovehitbh has been
applied to said surface, to a tenperature of approximtely 350
present invention is well suited to employing the present method to form a
region of low dielectric constant nanoporous material for various other
applications and purposes.
10
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

12



10 degrees Celsius. 12. A nmethod for formng a region of |ow dielectric
const ant nanoporous material, said nethod conprising the steps of a)
preparing a mcroenul sion; 15 b) applying said mcroenulsion to a surface
above which it is desired to formsaid region of |ow dielectric constant

nanopor%ﬁlgg%?rd@go; tHnFh e HBORE Whidéh ?taiisqie%%ﬁotﬁﬁékg{ &k réé)@l)ﬁ Rrhas been

applied to saird surface, to a thermal process suc sal d’ region of |ow

di el ect [dve d¢REIFNEoNARARR N LHHIFBLE ThiMerial hAhEEM sPROVE-SRicdss wiliage,
thermal 20 process conprising: a first thermal "treatnent stage, said first

t her mal efnipdey B Bhirs Rl Gred fsroBd atdly rOTOMS AUioefevanstishy hae hanhté.r om sai d
m croenul Si on such that pores are fornmed, and a second thermal treatnent

stage, adlbupdconch bpetifiel erdbldion aippithtiohaigepleesdratimst of tiee den said

enmul sion and i nprove adhesion of said enulsion to said surface above which
it i% dpsésentl methodranesmicitedediovr, the pragedi éhemttion i< erdlt antedhémopor ous
material . . 13. The nethod for formng a region of |low dielectric

const anappbnng emvelsiomi 84 udingy arenis: etherr rpplicaioPprdressés step a)
conprises preparing a mcroemnul sion containing pol ydi organosi | oxane
material. 5

With reference now to Figure 1C, and to step 206 of Figure 2, the
present embodiment then subjects emulsion 104 which has been applied to
10  the surface of substrate 100, to a thermal process. In so doing, emulsion
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))



14. The method for formng a region of |ow dielectric constant nanoporous
material as recited in Claim1l2 wherein step a) conprises preparing a

m croemnul si on contai ning particles of which the biggest particle has a size
of less than approximately 0.15 microns in dianeter. 10 15. The nethod for
f or m ngisatheegperforrhet dw phoeidye & Isntoathnsppeit surdanaporn eegiormbfloval as recited
in Claiml2 wherein step a) conprises preparing a m croemnul sion conprised
of wat edielectsigr feastamt nannporusamaltgsal 183. 16. The nethod for forming a
region of low dielectric constant nanoporous material as recited in step a)
of Claim 15 wherein said surfactant is selected fromthe group consisting

of anionic, gatijonj andﬂ Ié‘?mc s rfatantsn'%pé)%ﬁzJ The thodfor
for m' ng a reg\h&]ﬂré repge ehiditedtignre dbrandir ster P gur?ﬁt?e as recited
rein s ri a n S|dmcroerruIS|on using a
spi 1 onmsbed O the pritel: Snhpdubend aaEraanitly Fis b B nEROREOPr m sai d
regl on of .l aw di. ﬁéect ri c.cons The
rethod TeRE! FRSS Pl ERE R befignd RET AR ot SN difricles Bssocialed
with conventional processes. Additionally, the method of the present
embodiment achieves its accomplishments without requiring substantial
revamping/retooling of existing semiconductor fabrication processes and

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 fox.'med. 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



nanoporous material as recited in step c) of Claim1l2 wherein said first
thermal treatnent stage conprises subjecting said emulsion to a tenperature
of approxi mately 200 degrees Celsius. 5 19. The nmethod for formng a region
of low dielectric constant nanoporous material as recited in step c) of

Gl aim 12 wheAsistes 804, thee tinermaleprokess o€ thisembediaymtcidrepr padermsaly ect i ng
sai d m croenul sion, which has been applied to said surface, to a
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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
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forms disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and
described in order to best explain the principles of the invention and its

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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c) subjecting said microemulsion, which has been applied to said
surface, to a thermal process such that said region of low dielectric

10 constant nanoporous material is formed above said surface.

2. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein step a) comprises
preparing a microemulsion containing polydiorganosiloxane material.

15

3. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 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.

4. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein step a) comprises
preparing a microemulsion comprised of water, a surfactant, and a

catalyst.

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

nanoporous material as recited in step a) of Claim 3 wherein said

17
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above which it is desired to form said region of low dielectric constant

nanoporous material.

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

treatment stage.

15
8. The method for forming a region of low dielectric constant
nanoporous material as recited in step c¢) of Claim 7 wherein said first
thermal treatment stage is performed to remove water and surfactant from
said microemulsion such that pores are formed.
20

9. The method for forming a region of low dielectric constant
nanoporous material as recited in step c) of Claim 7 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

25 to form said region of low dielectric constant nanoporous material.
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temperature of approximately 200 degrees Celsms.

11. The method for forming a region of low dielectric constant
nanoporous material as recited in step c) of Claim 7 wherein said second
thermal treatment stage comprises subjecting said microemulsion, which
has been applied to said surface, to a temperature of approximately 350

10 degrees Celsius.

12. A method for forming a region of low dielectric constant
nanoporous material, said method comprising the steps of:
a) preparing a microemulsion;
15 b) applying said microemulsion to a surface above which it is desired
to form said region of low dielectric constant nanoporous material; and
c) 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
20 process comprising:

a first thermal treatment stage, said first thermal treatment
stage performed to remove water and surfactant from said
microemulsion such that pores are formed, and

a second thermal treatment stage, said second thermal

25 treatment stage performed to harden said emulsion and improve
adhesion of said emulsion to said surface above which it is desired to

form said region of low dielectric constant nanoporous material.
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nanoporous material as recited in Claim 12 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.
10
15. The method for forming a region of low dielec;cric constant
nanoporous material as recited in Claim 12 wherein step a) comprises
preparing a microemulsion comprised of water, a surfactant, and a
catalyst.
15
16. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 15 wherein said
surfactant is selected from the group consisting of anionic, cationic, and

nonionic surfactants.

17. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 12 wherein step b) comprises
applying said microemulsion, using a spin-on-process, to said surface
above which it is desired to form said region of low dielectric constant

25 nanoporous material.
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