; e3ej UPPQS@ ST6UTj U'h @ A METHOD FOR FORM NG A REG ON OF LOW DI ELECTRI C
CONSTANT NANOPORQUS MATERI AL 5 FI ELD OF THE | NVENTI ON The pr Nmm“mMMd
invention relates to the field of sem conductor processing. ‘mml
particularly, the present clainmed invention relates to a 10 net hqg,shor
form ng a nanoporous nmaterial suited for use as an internetal dielectric
(IMD) and/or interlayer dielectric (ILD) material. BACKGROUND ART As

sem conduct or geonetA METIPOD POR FORMEINMEASREJI®ONaYE .. 15 smaller, new

difficulties pOisHIFLECTHIRPUORSTANTNAROPORDYS WMAIWRELE. AS one
exanple, with progressively finer design rules, a problemhas arisen due to

capaci tance between adjacent netal |ayers (i.e. interlayer capacitance).
That is, as devices shrink in size,. adjacent |ayers axe spaced nore cl osely

t oget herIERIS DR THMINVERNTIEN! ts in a deleterious increase in 20
i nterlayer capacitance which adversely affects operation of finer design

rul e-based s@hecpr@dyat elaifldd GiffentdnSidiatedrtoprheblield eksarhicoddactd t he
reduced di stance between adjacent netal |ines. Specifically, under sone

ci r cuns paomssinginMrecphreiddatly, she presentrodsisned ifkveartdow aelatas totaher RC
(resistance/ capacitance) effects between closely spaced netal |ines 25
neg3® i varsthatffer foxthing penanoporovs materialquitediton vse dedrciztermetak wel |
known that the dielectric constant for a_.conventional .interlayer dielectric
mat er i adielgetricdMP) andiarinierlayen dielsstrie sHLB) matemali oxi de is around 3. 9.
However, according to the SI A (Sem conductor *~o0000a* | ndustry

Associ ation) roadmap, by the year 2005 ultra-low dielectric constant

mteriam(l@ﬁm with a dielectric constant of 2.0 or less) wll
be requi i 0 nanoneter generation integrated circuits.
Therefore, ity is increasingly inportant..to.r ce the dielectric constant
of 5 an int eﬁsaﬁ/eé?’]cgﬁ’gpgkm? ﬁ%%?ﬁz?s# .c.?%tslﬁ}lgtt?n ecﬁg}ees%ﬂ'aerl s generally
agr eed n ] j.als j j

o Sy FRANGTnb ALRAITEL BHisD 0, SAGATNAENR L RERd b RS

convent iAQnghe Bﬁﬁﬂﬁﬂef@itﬁﬁ?@éﬂe@ﬂiv@lﬂﬁh@ﬂﬂe@ig&i pales! & pbiémdhad S 10 10
positively formvoids wthin the material. In one prior art approach, small

parti cl @sisehtdid1td bepakticAees bevadreadjabb et vdal laywrsdi.ehimeriayesess.
However, such a prior art approach is not particularly cost effective, is
not ti meaphdiemnce)e, Tlaaidis)@ssdevites sladnk \inripel undjadexst tegers esalspaced
more closely together. Such a condition results in a deleterious increase in
20 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

(resistance/capacitance) effects between closely spaced metal lines

25 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

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

- A

*G00002*



1,5 Furthernore, in order to achieve w despread acceptance, and to ensure
affordability, any nethod of formng a |ow dielectric constant nanoporous
mat erial, which overcones the above-listed drawbacks, should be conpatible
wi th existing sem conductor fabrication processes. 20 Thus, a need exists
for a met pedri Assbeiationg r@a&ﬂﬁ?}?(hfyouﬁf yedre2068 uites-loeddielewgricnt er | ayer
capaci tance and reduci ng RC effects between nei ghboring netal |ines. Yet
anot her coegdnethstezidloni.a natéddls withf ardielegtric camdpot ofi£.0mrdessll whi ch
neets the above need and which does not require etching of small particles.
Still amatlfer revpadedfirsuse frod08 nandroeter gengration inipgratethaggbitéus materi al
wherein the nmethod neets all of the abovel ] ste&}en&eg;qtand wherein, the

met hod ﬂ&aewﬁwpat1tbsenwetaﬁlr@lygrnW%%w%wéﬂ@t 1glpctRscopat ek sses. 2
SUMVARY COF | NVENTI ON The, present. |nv n%,i on pr oviﬂes a nethod for formng a
nanopor 8Bsintarlayerandder iugrrietal ipwEatRgematefiaki t ance and reduci ng RC

ef fects between nei ghboring netal |ines. The present invention further
provides a 5 method for form ng a nanoporous material which achieves the

b lLi sh d whi d i i icles.
The present” ThinRERCRIBLHIRER OIHRSoro FE tArBf plchie Bl POCT (S
mat er | al; aheneln LI HBEDAT, AchiaKes o boiiBhovss LhaledarREpkhsiment s and

wher ei ndteﬁlé' ] (fl e W

s conpa hexisting sem conductor 10 fabrication
processesg) _ohg &B%gﬁt%&ﬂ ARRho@ffot BRI 8 Porbhy di¥leditic iiterintsets met hod
conprises thé step of conbining a plurality of materials to forma

sol gpi Ogyo |ty d1Y FoRhoRRas WitRROtHE Rlatetiad. dhwmdl piyr art appesad,ssmalbr i si ng
a low | gi el ectric constant material, a pore generator nmaterial, and a

sol vent parbicldd withiRallentislecttibarpsebpsttednto hadetching pppidses the sol ution
to a surface above which it is desired to formthe region of low dielectric
const antHeweoagsadh arptier iaat apiesdch isheotppagicvladyinest efiectivabiseeets t he

sol ution, which has been applied to the surface, to a thermal process such
that a -+fmeedffestivef ahdwlagsaiasoeadilycenedugadeniad Fepwlis: material is forned
above the surface. In another enbodi nent, the present invention includes
the steps of the above-described enbodi nent, and further includes the step

f bj ecti 25 th | uti , after. l.i,cat i t t
Cherlol oot o degriheoRsa i, GuhiefRaviIESeaR ddeblitadtldbl 10 2
tage, a first thermal treat . ond. 1§ Rl
stage. repsene afagahs R pHEHod b BimiBei ok ARG BbRank PO TP
drive oy ax%(ﬁ)?orﬁl% \éﬁgﬁeﬁiﬁl %iﬁl;ie%eucfrﬁ&s theabaveliistad Qﬁ‘a}vb“atcﬁgesh%lﬂer f or med

to i nduc 'ng e I ow ectric constant material. Furthernmore, the

second eE fRba} B LTER ox AGE bihi RRIERATP Saibdthly pRodiageposi ti on of the
uc

pore generatof material 5 s t hat nanopores are fornmed within the | ow

dielectric constant material. These and ot her objects and advantages of the
present invention will no doubt becone obvious to those of ordinary skill
in tdoe art afTlkashavesd ekistsead a hethod fomformidgt ainandpdeses mptevial of t he
preferred enbodi ments which are illustrated in the various draw ng figures.
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 SUMEVARVYCOB ENFFENTION ch a regi on of nanoporous dielectric
material wll be tfornmed I n accordance with one enbodi nent of the present
cl ai med i nveThé @reséit fnvedBonlProvidés aietisel farofoamivgennahopii®ust r uct ure
of FIGURE | A having a solution deposited thereabove in accordance with one
enbodi mevatexfl fdrerghesegtintérdayedcad paetaricenand Fe8uGURBER CCeffecta si de
sectional view of the structure of FIGURE 1B after the solution has been
subj ect ket wegnaneigbbaningpmetalskines dbepresant inyentionbudhepdravidessf t he
present clainmed invention. FIGURE 2 is a flow chart of steps perforned in
accor dameshogd dor Hraning 2 mesePaERs Brateral prlishrachieges e ARO¥Mt i on. FI GURE

3is a flowchart of steps.perfornmed in accordance.w th, anot.her enmbodi nent
o The RrORShantaad RO Abss No5 reABie SRPTIE of SMall aribles (i e
descri ptd on shoul d be, undgrsiood as ,not hei ra to scal e except if
Cooet  PThR St rventtICEREheR Or A aBS o fie i R B S ot

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

comprises the step of combining a plurality of materials to form a solution.
In the present embodiment, the plurality of materials comprising a low

15 dielectric constant material, a pore generator material, and a solvent. In
this embodiment, the present method then applies the solution to a surface
above which it is desired to form the region of low dielectric constant
nanoporous material. Next, the present embodiment subjects the solution,
which has been applied to the surface, to a thermal process such that a

20 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
25 the solution, after application to the surface, to a thermal process. In this
embodiment, the thermal process includes a baking stage, a first thermal

treatment stage, and a second thermal treatment stage. In the present



Ref erence will now be nade in detail to the preferred enbodi nents of the

i nvention, exanples of which are illustrated in the acconpanyi ng draw ngs.
VWhile the invention will be described in conjunction with the 5 preferred
enbodi ments, it will be understood that they are not intended to limt the
inventi @mbmlhﬁeﬁeﬂe@baw Biage i@perf@neats dfive dutehieetvdntoNAlss, i nt ended
to cover alternatlves I fications and equival ents, which may be i ncl uded
wi t hin tthe fast IthérmaﬁtmaCDHEBHtfsthge is peeforimed tasindefce radidyy of the kyppended
clainms. Furthernore, in the follow ng detailed description of the 10
present dieleetrti¢ onnshaunmgnatm'labef‘mfrthemwm, ithe seeosd thévmah treatoraddr to
provi de a thorough understanding of the present invention. However, it wll
be obvi stege is perfonmedrtei inaluge dacpmpositior of the pre generafoegeaterialvent i on
may be practiced w thout these specific de&all I n.other instances, well
know msusbdhat manopeteeare dormedarithin e low dielectrie sorstast been 15

descri bed |n .detail as not to unnecessarily obscure aspects of the present
i nvent i dA2teNighres 1A-1C provide side sectional views of an exenplary
structure created according to enbodi nents of the nethod of the present
invention as 20 set forth in the flow charts of Figures 2 and 3. For

purposes of Ghard,ty Bﬁ?elj %k&%‘é}ﬂ% duvaH Q)f%lelprggéxlhﬂ %eh'i?l%n%ﬂf of

sectional views of I gures conj u c ion W't Iom1char

Fi gures @(Egb et

i nventi gﬁ) t?ﬁéecgir% %sﬁ@?ﬁ?#i@%&%g&%%& V\/m}cﬁh&ltttm §e5| ed to form
a rqgi orregl th@Woﬁb%ﬁgfde't&ﬂé@ ra@b&abtxaﬁm@%f&%emxﬁbwherﬁ@rvfzﬁfcﬁ 100 is,
for exanple, a first patterned netal |ayer containing netal |ines which

wi | T bengéiilldsteitetlan the farious dirakdagfiguresnst ant nanoporous nateri al
di sposed t herebetween. Surface 100 is also 6 well suited to being, for

exanple, a first, second or higher, patterned netal |ayer which wll
subsequent |y have another netal |ayer fornmed thereabove. In such an

i nstance, the low dielectric constant nanoporous material of the present
invention will function superbly as an internmetal dielectric (IMD) 5
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 nmetal layer). In such
an instance, the low dielectric constant nanoporous material of the present
invention wll function superbly as an interlayer dielectric (ILD)
material. 10 Referring nowto flow chart 200 of Figure 2, the present
enbodi ment begins with step 202. At step 202, the nethod of the present
enbodi ment conprises conbining a plurality of materials to forma sol ution
In one enbodi nent, the plurality of materials include: a |low dielectric
constant 15 material (also referred to as a matrix material); a pore
generator material; and a solvent. Al though not specifically recited in
this enbodi nent, in another enbodi nent of the present invention, the
plurality of materials further include a surfactant. That is, the present
invention is well suited both to an enbodi nent which does not include a
surfactant, and to an 20 enbodi nent which does include a.surfactant. Wth
reference still to step 202 of Figure 2, in one enbodi nent of the present
invention, the low dielectric constant material/matrix material is the
material that forns the bulk of the |ow dielectric constant nanoporous 25
material, and is preferably a lowk material. In one enbodi nent) the | ow
dielectric constant material/matrix material conprises approximately 1050
percent by weight of the solution. Mreover, in one enbodinent, the low 7
dielectric constant material/matrix material is selected fromsilicon-based
i norganic materials or hydrogen doped silicon oxide (e.g. hydrogen

si | sesqui oxane (HSQ and silicates), silicon-based organic materials or
carbon doped silicon oxide (e.g. alkyl silsesquioxanes and aryl 5

si | sesqui oxanes), and organic materials (e.g. SiLKT~ from Dow Chem cal
Conmpany of M dl and, M chigan; Vel oxTM from Schumacher of Carl sbad,
California; and FlareTM from Honeywel |, of Morristown, New Jersey).
Referring still to step 202 of Figure42, in the solution of the present 10
enbodi ment, the pore generator material conprises approximtely 5-40
percent by weight of the solution. Al so, in one enbodinment, the pore
generator material is a thermally |abile | ow nol ecul ar wei ght polyner (e.g.
< 500, 000) whi ch deconposes under certain conditions (e.g. under 450
degrees Celsius). In one enbodinment, the thermally | abile | ow nol ecul ar



15 weight pol yner which deconposes under certain conditions is selected

fromthe group consisting of poly nethyl nethacrylate (PMA),

pol ybut adi ene, pol ypropyl oxide, polynorbornylene, and dendrinmers (e.g.

StarburstT ~ Dendriner). Furthernore, the present invention is well suited

to an ek TSRECRIPMIOND R itER SRRV ENGener ator materials are used. 20
ference agaln to step 202 of Figure

Wth reference again to step igure 2, in the solution of the
present enboriidragéomphfyh w@awegmmh&emﬁ@mmhmt@kiyixﬂﬂna%pﬁlrsent by
wei ght of the solution. The solvent is used as the material into which the
| ow di glag¢tof ithicopesificdtiomt #husataties .eenbddimens off thedheentibn aa] t he pore 25
generator material are dissolved. As a result, the solvent should be

sel ect ddgsther withtthetdéssriptigmtsebve tavexplabothe prendiplesdifdhect ri ¢ const ant
material /matrix and the pore generator naterial. Additionally, in one 8
enb&di reMentione sol vent is conprised of a methyl isobutyl ketone (M BK).
Furthernore, the present invention is well suited to an enbodi nent in which
mul tiple solvents are used. 5 Referring yet again to step 202 of Figure 2,

as nentione i,n _one, enbodi nent, th lurality of materi.als conbined
to formt hed%@lt')@ﬁ%oﬁAi 33 Gifsss g’é’ XHV&H?FE‘F ﬁ{%}?&ugmefw g’d?l?'rﬁnt , the
surfactant copprises nore. than. zer ef cefty bt | ess than praoxiyately one
er contBPha! BARoBPr R Tielp T icomatanal Sahtrmed I adlr e FE,

enbodi t h ' he pore generator naterial.
Furthe?ﬁ%?%%B%ﬁﬁgégégﬁgﬁ@gﬁégﬁpﬁg%?PQQag€é%$?%btant is typically a
noRponi c, cationic or anionic surfactant. In one specific enbodi ment of the
present invention, the solution is conprised of a mxture of hydrogen

si | sesqui oxIRYUHRFAB B ¥t adtivnal ¢ of el steichivte sSPIGURE A4t one

(MBK). Additionally, in 15 this enbodi nent, a FOX solution ( 15 percent
vol-une HywingigbéluefonHEépdsitatetiuteabsediii vecdrdanoe withone efbodinhént

pol ybut adi ene to obtain a clear solution. The wei ght percentage of

pol ybutddhengresant blninmd arentiort. hi s enbodi ment, to control the vol une
fraction of porosity in the resulting filns. In this enbodi nent, the
solution ultimately produces a nanoporous 20 dielectric filmvia hybrid

tenpl ati ng techni que using standard, spi n-¢qating and curjn rogcess. Such
spild coat i nd'Kn ACr§ apm@%@@nalglea%eﬁﬁ%@avs@}r&mﬁ%@@ ﬂ.ﬁ Wt h

referen ngw t fep, 204, the.present t hod ,recites. appl yi,ng 25 the

sol ut i ot ey hiR feon sublesied ing iRl PIgreTs JUPCT AN s, at
step 2Q t he san i i .ution prepared at step 202
to a Suv?%tgc%xeag@igﬁ%fag%??ﬁ%@%g«%ﬂf&e}aﬁﬁg&F g‘r’%\?tl’égé'egi on of low dielectric 9
constant nanoporous material. Figure 1B shows a side sectional view of the
structure of Figure 1A after the solution 102 prepared in accordance with

step 202 of FOURE @iB%ﬂB@eEhaﬁQRins%@pé pEFfeAReHSn ddtoPden@ WO HRAL .
solution 102 prepared at step 204, is applied above the surface of

sulPet r aib&dikiéhiser eife predend\dldienéd iverdtisi.ectri c constant nanoporous

mat eri al between netal |ines (not shown) of a first patterned netal |ayer
di sposed, for exanple, on the top surface of substrate 100. Hence, in the
present enbodi nent, a nmethod is provided for form ng a nanoporous materi al,
after subsediRURE 8dsreefloyw olirindofiséeps perfRometifincaccobdanesewitiei ghbori ng 10

metal lines. Thus,__in such_an enbodi ment, the |ow dielectric constant
nanoporégdhapegrhosimentiafdher presant claimed Byentdes: i ons superbly as an
interlayer dielectric (ILD) material. '. Referring still to Figure 1B and

to step 204 of Figure 2, in another 15 enbodi ment, solution 102 prepared at
st 204, ismapplied above t surface, of subst r.at 00 sq as tq provide a
| oW di el ect rsF}&é)QB?\@flégﬁ r‘?ém)e%?ooﬁkftﬁgt%ersicﬁﬂp%?@t %%'ﬁdél?]‘? Hegﬁfﬁﬁﬁﬁal | ayers
(not s eqt.l r f rff ace of substrate 100.
Hence, glg\r,\mstu%‘ﬁﬂgndlleahﬁggél{ﬁé%ﬁ@%eﬁgﬁxﬁﬁtc?gc% oV gd for form ng a nanoporous
material, after subsequent 20 treatnent, which reduces interlayer
capacitance. That is, the low dielectric constant nanoporous material of
the present invention functions superbly as an internetal dielectric (IMD)
material. Al though such specific inplenentations of the present nethod are

recited above, the present inventionb s well suited to enploying the
present nmethod to forma



25 region of low dielectric constant nanoporous material for various other
appl i cations and purposes. 10 Referring again to Figure 1B, the pore
generator material is typically shown as areas 104, in Figure 1B. Areas 104
typically have a nanoneterl evel size. As nentioned above, the pore

gener alIESIRIPTION OF THHPREVERRIEI BMBODIMEReEY! ar wei ght pol yner (e. g.
poly methyl nmethacrylate 5 (PMVA), pol ybutadi ene, pol ypropyl oxi de,

pol ynor bor nyR&faeen@dH1i @R beeisdd B Getad & the pidivrERNEMbF—IhEn¥bL
deconposes under certain conditions. As will be described belowin

conj unctiecimventiont leeafiplesiof ndiickhfarbiijustratéd andhet sgeodtfadfingi gure 2, the
pore generator material 104 is eventually renoved/ deconposed by a thernal
pr ocesdrnawih@s! dshdephednventivhevithbe ideserabed iinlcoojusation wath the. Wt h
reference still to Figure 1B, _and to step_ 204, in one enbodi nent of the

pr eSentpreferead ieorbodimentso4 veidnbr todersdppd Yhalgthes are sat mtendedithe surf ace
above which it is desireqd to form.the re ioqhof | ow di el ectric, 15 const ant
nanoporléBst he aw%x%&m&xe&ewwr%mw%&%t ¢ goRHar¥ the BHssdioreist |

solutian,102 js appli w th a unif.Qrm.t hi ckness .abpve the.surfacg of
subst r a‘f‘éeri‘g‘?d g% Fﬁgerségﬁr%?té‘fﬁsn %ﬁ{lﬁ%“&%’%% ?na&%w?f?&?éz Wi a% may g‘?;mot her
enbodi nen

| uti. | i ed wiith. i f [ f
ap_proxiWﬁi“@@o‘gﬁylﬁﬁbé%%?nlagaagpﬁchge gﬁﬁ%g@veg]?ﬁoggrﬁg tﬁnéﬁﬁs Oi ng Isu_ch a 20
ol Ut  GiPoseR; lphs? dhydghidpte SR ¥sving' GRaldd FRERPLRRCOPRR 110, o1
'e%‘l | ebRebht &Mﬁ%ﬁﬁurﬁ@?&&%&&ﬁﬁ%ﬁﬂé&r@§éﬁ"ﬂ)r§h%ﬂi d@pip’ 0cess which

0oysS a spl n spee appr oxi mat e 1000 to 4000 revolutions per mnute.
Al t houghrovidd)a thesoigle ubdettaadimppf tika prayent TRV enHEBhatHEWEVEE, ithe present
25 nethod are recited above) the present invention is well suited to
appl yi ngilsbe wbvivuslidonesofhgdiearyoskdHahthe apithac dhe preggradassationll Wth
reference now to Figure 1C) and to step 206 of Figure 2, the present
enbodi nmay hehpractidedewithoud theseospenific dhtails. hhis obkenimgiphies) wellt he surface
of substrate 100, to a thermal process. In so doing, solutjon 102 is forned
i nto a keevermethedsypapesdatnesi eoroparents: aﬁdn@pmléaglammﬁ keembove 5 the
surface_of substrate, 100. The thernmal process of step 206 drives out
sol wentdwﬂiéatlm Jetadhia n%tqegpe%eéageiy ehsGwE asweskhel thmprifents of
solution 102, and renoves/deconposes pore generator material in areas 104
such t HAYeP61°%s 106 are formed as shown in Figure 1C. That is, the
formati on of pores 106 involves the generation of |ow nol ecul ar wei ght by
10 products as a result of deconposition of the pore generator material.

During the t "~ : Féu, i&{gm - nr di ffuse
out of the filaré% V\lLﬁiI(E:A{lﬁ?c . rf%é;gﬁ%hée&ﬁggtgig tﬁéf\rgglgl on g%r?oév%vﬁgl e 8ctri C
const anireARRPREVRHENZTES BRlbALihEAY SHW MRShIP ST thé\prasdfSiventRncay ed
region of low dielectric constant nanoporous material 102 is forned 15

ab@e ssdrgbrt 1 fiDflowh¢hate of Bigures @sadd8. a6k pultposeerafiediagy the are
dictated by the initial norphol ogy of the pore generator before the thernal

t r eat nefiollowfing tdépeudBton Adldiutilézeatle sideheectionnhwiews efifligatesappl 1@dnwi | |

al so influence the norphol ogy of the resultant porous film conprising the
regi on enjunctien svith the (ﬂO@Ongmémf hignopp2ansl ddoelearly deecnibe theef er ence
still to Figure 1C and to step 206, of Figure 2, the nethod of the present
enmbodi r@ﬁboglmmsagfébesnrw%t wyeatiom obgsasiAshews A swfere d00rayer i ng t he

tedious _etching of .s | ,particles associated with conyentional processes.
adai 1 OB it PR oBR pEetie Soi SR e P RAnL AAAROEoRY <
acepnpl i shnent sew t ho requiring substantial, rev i ret ool i ng of
x| R et 0P8 e sl 3 BEt B R AR R 1

containing metal lines which will benefit from having a low dielectric

constant nanoporous material disposed therebetween. Surface 100 is also



Wth reference nowto Figure 3, a flow chart 300 of steps perforned in
accordance wi th anot her enbodi nent of the present invention is shown. As
shown in flow chart 300, the nmethod of the present enbodi nent includes 5
the steps and features of the above-described enbodinent (i.e. as recited
in stepselG2iRA6to beithgs fovexampld, gufiest, lséed(d owihiighét) paxacedi metdlhat t he
thermal process of step 206 is replaced by steps 302, 304, and 306. For

pur posdayef wiriekiwijl suosecjuantlyyhave dhstheysinetalofayst dmen2d2harehbd®4. i s not
repeated here. Steps 302, 304, and 306 are described belowin detail. 10 At
step 30 sutte anhigshanceytbedew dielediric eomsbaninpanoperdusr materiphrf the st age
performed to drive out so|vent presegL}éi n solution 102, In one. enbodi nent,
t he bakPre§ent ayeendion mellivackon spmerbls ag spiitesmetabiedestrig SMIY i on 102
to tenperaturg ip t range of . oxi mat el 0 degrees 15 Celsius to 300
deg%ee faf sg’t‘lifna&?iq&g lﬁLﬁqs‘f W@lﬁgﬁl\‘i‘é‘ittg%ﬁn%tfgbe% ,pﬁ?’h% t hermal process
of this_enbodinment then per.for . first thernal freat t stage to induce
curing s(ﬁm]tcﬂgd}uo‘wrcﬁ“gﬂsgc#‘fil g%glﬁgglar?t&%t ira %‘.’%%ef’ﬂ?&%{eg? e‘port i on) of
sol uti of.. . odi | I e t age
conpri S&I?g%]!l% 8 3@@&;-133{5?10%5%5 :t’tele’i#]%g‘ﬁ%ﬁsé Egéetnﬁlraég%]r?ag § }{' oﬁi ggag & ?lf ace of
substr & AN, | sius in an
i nert 21%ltéelg%’(t}el.ggl.awﬁl(?itrog@tﬁ;&ggg{%ﬁﬁﬁ H?lg?g%}x%‘%g% %?{eésa.ﬁlsezsgﬁ t step 306,
the t hefpRR@htRHORAS Fulétibhistpe9UBAtintde Ay aedfcds dric(IEEDandtdrisr mal
treatnment stage to induce deconposition of the pore generator material such
t hatp nanopores are formed within the | ow 13 dielectric constant nateri al
(i.e. the matrix material) of solution 102. In one enbodi nent, the second

t her mal tr eaReferringt mge todlgw chast 2@0npf Figwel 2t thenpridnt ehitoldimesat been
applied to the surface of substrate 100, to a tenperature of approximtely
450 degbegins Gdtlsistep 202.aAtistep 202ntlicometlied of the presengembddimenppr oxi mat el y

30 m nutes. . . . i
comprises combining a plurality of materials to form a solution. In one

embodiment, the plurality of materials include: a low dielectric constant

15 material (also referred to as a matrix material); a pore generator material,;
and a solvent. Although not specifically recited in this embodiment, in
another embodiment of the present invention, the plurality of materials
further include a surfactant. That i's, the present invention is well suited
both to an embodiment which does not include a surfactant, and to an

20 embodiment which does include a.surfactant.

With reference still to step 202 of Figure 2, in one embodiment of the
present invention, the low dielectric constant material/matrix material is
the material that forms the bulk of the low dielectric constant nanoporous

25 material, and is preferably a low-k material. In one embodiment, the low
dielectric constant material/matrix material comprises approximately 10-

50 percent by weight of the solution. Moreover, in one embodiment, the low



I n anot her enbodi nent of the present invention, the two-stage thernmal
process is perfornmed as follows. First, solution 102, which has been
applied to the surface of substrate 100, is ranped froma | ower 10
tenperature to a tenperature of approxi mately 400 degrees Celsius in an

i nert andielsetri¢ eogstartt mederpl/aratrix matientediinsdlested franpihiatnibased
approxi mately 400 degrees Cel sius for approxinmately 30 mnutes. Next, in
the presasrgamisoaptemtls eubytdregan doped sHiron exigedelgsithglmeanur es, remain

i t hi t i ipoent (i.e. t f i t t) f dt 15

ARG M SN T G M i S
imately 400 .d | si A t f imtely 450

o000 L ELY 4990555 %04 45 TR B Rl ABR L 11

f eat . i i.hed . i 4

Lent ool SqTRALILASE SRR AL . RO b bl ERtgpnees

then coohgm 5@%9% ﬁﬂaﬁiﬁfaﬁ' Qb ™ ggglﬁ%}ﬁ]xﬁraaﬁ& 8f CAMibagerperature

(not necessariTy as low ds room t énperatu _ eference sti to

Fi gure 1€Affnis MMEMaRT2! (3 Hoehwae & Morfidtdvs, Niehe Jaridyod of the
present enbodi nent advant ageously fornms a 25 nanoporous material w thout
requiring the tedious etching of small particles associated with
conventional processes. Additionally, the method of the present enbodi nent
achi eves its Refeeriplg stiliremstep/\ 202 of Figag, ihrthe sélution b the predent

revanpi ng/ retooling of existing sem conductor fabrication processes and
equi ¥henembadirhenty the piresgramiratar miaderial comprises apprpsiméatalpd-40 esent
method 5 are recited abave, the present invention_ is wel| suited to

subj ect i pereent byiveeight 2f the salutiens ddsmrintane embodiments $heaser at ur es,
exposure tinmes, and conditiqns. us,. .th resent. i nvention provides a

met hod f@YNETSEN Fpter: lﬁanﬁwéﬁg' Tahile forf CF]@du‘tYP'rgé;’ti pRlEmezy/(er8-

capaci tan reduci RC effects between neighboring t al bi nes. The

oy boent T ROSA i Rish: frboripdses diider rerB FoRgiceos Fe-AyuBaradBRor ous

mat eri al ywhi ch hi eyes the vg. | i shment which { require
et chi ng %?grgﬁﬁlcﬁeqf)léﬁ#i if’eosl?e %ﬁ@@?’g‘é@ﬁt en@ﬂ%%ﬁ?%?%l?wdggﬁag% a net hod
for rng i j ' t he

[or " bl B8 BAACHRIANACUIARAY uHEF Sl SofBiAN AORIBYER (e |

exi sti Ngp3aMtkOBANEH @bnbidBingCat HOY MeDRASTREhack)tate PRI AY descriptions of
speci fi c enbodi ment's of the present 20 1 nvention have been presented for
pur posespélybutadieheppolyprapdl eeide| pplyn@ibormid¥né £nd denidiimbeek.go be
exhaustive or to limt the invention to the precise fornms disclosed, and
obvi ous| $tarbuystiBtDehdaimers Burtheamiozt; drespeasenpissermtien iisn wdlhsuited t he
above teaching. The enbodinents were chosen and described in order to best
expl ai n thanmmbediprens iof which immwkéinle @oramenieratozsmptemaiscare upgd.i cat i on,
to thereby enable others skilled in the art to best utilize the invention
and 2ari ous enbodi ments with various nodifications are suited to the
particul ar usg_.contenplated., It iis intended that.the scope 15 of the

i nvention be §/é§li‘ ﬁ%érwq?%ala@i%pg&éﬁ B“H‘“eae%rbt HOhiary 0 val ents.
16 present embodiment, the solvent comprises approximately 40-80 percent by

weight of the solution. The solvent is used as the material into which the
low dielectric constant material (i.e. the matrix material) and the pore

25  generator material are dissolved. As a result, the solvent should be selected
such that it is compatible with both the low dielectric constant

material/matrix and the pore generator material. Additionally, in one



CLAIM5:1. A nmethod for formng a region of |ow dielectric constant
nanoporous material, said nmethod conprising the steps of-. 5 a) conbining a
plurality of materials to forma solution, said plurality of materials
conprising a low dielectric constant material, a pore generator material,
and a' sahbedimerit) thpgblveny is @dnhpsidedt dfcnntedhgl obhiedekatbneeMUBKN it is
desired to formsaid region of |ow dielectric constant nanoporous materi al ;
and 10 djusthermore ndiespragensdlinvéntmon whivehl sHzised éepnagpbodunent sai d surf ace,
to a thermal process such that said region of |ow dielectric constant
nanopor cubichamurltiple selvieptsrage alsede said surface. 2. The nethod for form ng
a region of low dielectric constant 15 nanoporous nmaterial as recited in
step a) of Claim1l1 wherein said plurality of materials further conprise a

2amodor ooe’ eRePPaRLGS ke i For LB F e B o B30
factant,is. selected,frgmt i sting of ani onic,: cationic, and
moni oni CloppduREuh e bFAY el ORRb eI Bruf eSS, 7ol cec e
const ant RANMOL QUIFTAAL! 3h dife L&A bthddimBhEPu stftalllMdmpigeel n sai d
low 25 direlectric constant materral is conpri se o? I norgani c terial. 17

5. The nghLROEHhAR rzef('j(? Pam@t%dt%%? ma&ﬁ ApProBLeAteT} bhE pePtAN waRSIPOr OUS

material as recited in step a) Claim4 wherei'n sai'd I nordanic” materi al
i's a silifome KAaeien] MHOsRHactRitasiwWed i SuchThr emiddtheItof & Ng a region

of low dielectric constant

10 example, help disperse the pore generator material. Furthermore, in one
such embodiment, the surfactant is typically a nonionic, cationic or anionic
surfactant. In one specific embodiment of the present invention, the
solution is comprised of a mixture of hydrogen silsesquioxane (HSQ),
polybutadiene (PB), and methyl isobutyl ketone (MIBK). Additionally, in

15  this embodiment, a FOX® solution (15 percent volume by weight of HSQ in
methyl isobutyl ketone) was mixed with polybutadiene to obtain a clear
solution. The weight percentage of polybutadiene can be varied, in this
embodiment, to control the volume fraction of porosity in the resulting
films. In this embodiment, the solution ultimately produces a nanoporous

20 dielectric film via hybrid templating technique using standard spin-coating

and curing process. Such spin coating and curing processes are described

below in detail.

With reference now to step 204, the present method recites applying
25 the solution prepared at step 202 above the surface of Figure 1A. That is, at
step 204, the present embodiment applies the solution prepared at step 202 to

a surface above which it is desired to form a region of low dielectric



nanoporous material as recited in step a) of Caim1l wherein said | ow
dielectric constant material is conprised of organic material. 7. The

met hod for formng a region of |low dielectric constant 10 nanoporous
material as recited in step a) of Claim6 wherein said organic material is

a silicopnlasfdn Matohs MAGRTAl - FiguBe 1H18ho%RE *aogid_te%regfi_%m Gfby@ ogegéf OQJ of

| ow di el ectric constant nanoporous nmaterial as recited in step a aim

1 wher eigtre@iude REMRglhbe JANEREF e BElRIONAL02 Prepamd Fedc@irdantdorithl | y
| abi | e | ow nol ecul ar wei ght pol ymer whi ch deconposes under certain

condi ti asisp 202 offftigies Rdihd béerd applied) thereahpon bh oneverdbediesdnit, c const ant
nanoporous material as recited in step a) of Caim8 wherein said 20

t her mal |solttibn 1162 preparddatibtep 204, ghapplibg mbovehhe hudface mfsabstrateler
certain conditions is selected fromthe group consisting of poly nethyl

met hdcr y1G{ so aPNvrovislel 3y baw alielestric puisgpnt pahopoedots, mpmlsiabgbtwewl ene, and
dendrimers. 25 10, The nethod for form ng a region of |ow dielectric

const antmgbaloieesotnotshosim)af afrstepatterngdymetablayer sispgsedimfar wher ei n sai d
solvent is copprised of a thg/fj isgqbutyl ketone (MBK). 18 11. The

met hod fERRBEAPRSNS PR shstrale 00;  epesdn PESSeRbr ous nateri al

as recited,in.Caiml erein st b, tises_applying said.splution,
using a %‘BPHSBH?‘S?&E@QOWQPH%@%%%é‘ %ﬁg‘gﬂ%@‘ﬁgtmﬁﬁe% ired to
form sai ' ' | r terd ah. . The
o 5% el AR A SPRPAAT R G B OB bl bori
10 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

15 embodiment, solution 102 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
above the top surface of substrate 100. Hence, in such an embodiment, a
method is provided for forming a nanoporous material, after subsequent

2 treatment, which reduces interlayer capacitance. That is, the low
dielectric constant nanoporous material of the present invention functions
superbly as an intermetal dielectric (IMD) material. Although such
specific implementations of the present method are recited above, the
present invention is well suited to employing the present method to form a

25 region of low dielectric constant nanoporous material for various other

applications and purposes.

10



nanoporous material as recited in Claim1l wherein step b) conprises 10

applying said solution to said surface above which it is desired to form
said region of |low dielectric constant nanoporous material with a uniform
t hi ckness, using a spin-on-process. , 13. The nethod for formng a region

of |ow di el Réferingonsiant FiguranByeheysoregietketr@orafat@adal i%thyipEba@yai m1
wherein step b) conprises applying said solution to said surface above
whi ch ishowan desireasi104, inoligusai IB.r dgeas 168 typicadliyehaod nimaroomsteant
nanoporous material with a uniformthickness of approxinmtely one mnicron,
usi ng develi vizen Asr wensionedmbore, e paee Boderaier marteriad ia ar drorallyf | ow

di el ectrjc constant nanopoQr.ous materg al as recited in Caim1ll wherein said

spi n- orlapHedewsmelasudas weighfi Rolypery(eog- BYFrBRid Bethagutateo 4000
| ut i i.nyte, 15. Th hod, f f ' [ f ol
B B GRS SRR B T
idth | f st ' | gCt | id | ution, which
has bedFUBHPRED (5 SIPHPURFT s SRSt F R BBk Ros® hedBr out " ¢
sol vent.e 43, cohQitidhe ?&t&}ﬂ? b‘:eq{esfcﬁ!iyga%I%rig%o%@85?$%%i% EE%}ECJ[ ric
& as in step 0 ai'm

constant nanoporous mnaterl a recite wherein said
baki ng 1 SIRE i 50 degrees
Celsiugﬁ%ﬁﬂgugg8pgg%?%gﬁgg%?f§§b 17_§¢%§ﬁﬁ%?§é§9$%?§§gﬁhﬁ%§ra regi on of |ow
di el ectihhfers ALY eVEIARATHEM FRIPAEDmPBSsedsy hafetmallpRbiash tsher ei n said
thermal process of step c) conprises subjecting said solution, which has
begy anehvedotes Hatkk Aatsid haterial 6f solhitioat1dher mal treatnent stage and to

a second thermal treatnent stage.

With reference still to Figure 1B, and to step 204, in one embodiment
of the present invention, step 204 comprises applying solution 102 to the
surface above which it is desired to form the region of low dielectric

15 constant nanoporous material using a spin-on-process. In one such
embodiment, solution 102 is applied with a uniform thickness above the
surface of substrate 100 using such a spin-on-process. Furthermore, in
still another embodiment, solution 102 is applied with a uniform thickness
of approximately one micron above the surface of substrate 100 using such a

2 spin-on-process. In yet another embodiment, step 204 comprises applying
solution 102 to the surface above which it is desired to form the region of low
dielectric constant nanoporous material using a spin-on-process which
employs a spin speed of approximately 1000 to 4000 revolutions per minute.
Although such specific solution application implementations of the present

25  method are recited above, the present invention is well suited to applying

solution 102 using various other application processes.

1



18. The method for form ng a region of |ow dielectric constant nanoporous
material as recited in step ¢c) of daim1l17 wherein said first 15 thernal
treatment stage is performed to induce curing of said |ow dielectric
constant material. 19. The nethod for form ng a region of |ow dielectric
const ant nandfithotifermicerricy taFigee 1€dand t6st4p 206 of Finaten2, thewherei n sai d
second 20 thermal treatnent stage is perforned to i nduce deconposition of
sai d porpregentcembodimentthen sshebts sedutioantibwsclahes theemeappliadhton sai d | ow
dielectric constant material. 20. The nethod for_formng a region of |ow

di el ect rthe ssafareaftsubstratad®dy dae thermalairogessy dey sedoing, selayian 182 C ai m
17 wherein said first therngl treait nment stage conprises ranping said

sol ut i ords fowmed inkesagegippol lovy digleeidic sondant Hignorerous mageriahpbpee ure of

[ |y 400 d | si ' ' [ f . [ ly 30

DB O oL T e A el PSRk SRS Y 2

ranoPor ot iy B BT IOToR R S oS g BoeL secon
lied | | . 4

N T e e T e

for formdpg tﬂia&ﬁgﬁt@ﬂ 106 alx%vroﬂ;n%g;aé‘stm&vﬁ@ﬁ%gﬁi’? RENOPRAPHS tRBt erial , said

nmet hod conpri si he steps o combining a plurality of materials to
form a spimatidn ofSsurds 106" idvolwesthe BdrRirheiba 0fQR hbiceala weighdilgl-ectric

constant material, a pore generator material, and a solvent; 15 b) applying
sai digsol priodadts &s a resultasededvavposition hofithei ford geinegdtdromaterial.
“ During the thermal process, these low molecular weight by-products
diffuse out of the film which comprises the rest of the region of low
dielectric constant nanoporous material (now shown as 102). As a result, a
cured region of low dielectric constant nanoporous material 102 is formed
15 above substrate 100. The size of pores 106 and film morphology of are
dictated by the initial morphology of the pore generator before the thermal
treatment of step 206. Additionally, the thermal treatment applied will also

influence the morphology of the resultant porous film comprising the

region of low dielectric constant nanoporous material.

With reference still to Figure 1C and to step 206 of Figure 2, the
method of the present embodiment advantageously forms a nanoporous
material without requiring the tedious etching of small particles associated
with conventional processes. Additionally, the method of the present

25 embodiment achieves its accomplishments without requiring substantial
revamping/retooling of existing semiconductor fabrication processes and

equipment.



formsaid region of |ow dielectric constant nanoporous material; and c)

subj ecting said solution, which has been applied to said surface, to a

t hermal process such that said region of |ow dielectric constant nanoporous
material is formed above said surface, thermal process 2UU conprising: a
baki ng stage, said baking stage perforned to drive out said solvent, a
first thermal treatnent stage, said first thermal treatnent stage perforned
t o i nduce cWithgreféreymechdvoto dighex8y a dlovonkadB0®af steps rpeafornastlirma second
thermal treatnment stage, said second thermal treatnment stage perfornmed to

i nduce aseersiansei witbnargtheziembesiment of thenpresest imventiomlis shownt hat

nanopores are forped within said | o lelectric constant material.. 23. The
met hod A5FheBRINAOH cwégt éﬁooﬁlq Hwtgpgwgégﬁimewfs@rahpdsnﬁ%mféwéa%

ot Br1 ahe Sebe Aon Eehfyes of e apracdeRhibed pkacEmBnE s Fofedisdimg o
of ot aishres 200k ARG RNl 0P TR U BB Bt e b L, T T 7
cont SBinal oPRLORLP AP B0 PR 0d LTS, i T Lol
o0 Spibosieinpiedy ShaLTG, Wimsiigruthiguate ichogigpboonstan
regi on raheh R Ke1R! Bieps 8020864 241d 306 are described below in detail.
10
At step 302, the thermal process of this embodiment performs a
baking stage performed to drive out solvent present in solution 102. In one
embodiment, the baking stage of the thermal process comprises subjecting

solution 102 to a temperature in the range of approximately 50 degrees

15  Celsius to 300 degrees Celsius to drive out the solvent.

At step 304, the thermal process of this embodiment then performs a
first thermal treatment stage to induce curing of the low dielectric constant
material (e.g. the matrix portion) of solution 102. In one embodiment, the

20 first thermal treatment stage comprises ramping solution 102, which has
been applied to the surface of substrate 100, to a temperature of
approximately 400 degrees Celsius in an inert ambient (e.g. nitrogen) for

approximately 30 minutes.

25 At step 306, the thermal process of this embodiment then performs a
second thermal treatment stage to induce decomposition of the pore

generator material such that nanopores are formed within the low

13



nanoporous material as recited in step a) of Caim?25 wherein said

I norganic material is a silicon-based inorganic material. 20 27. The net hod
for formng a region of |low dielectric constant nanoporous naterial as
recited in step a) of Claim22 wherein said | ow dielectric constant

mat er i aldiekcedorRbhstthtahaturgddn(i @. the enataix nfteziBl) dheolugiohot02.0dnf or mi ng a
region of low dielectric constant nanoporous naterial as recited in step a)
of C ai mm7embedenantaihd seqgadi theratartrahtment stidd comphskesdampiag c
material. 22 - 29. The nethod for formng a region of low dielectric

const antsohatiop di08uwhich bas deenappdied: todthersurfage of)subistitai 0220 dher ei n sai d
pore generator material is conprised of a thermaJly l|abile | ow nmpl ecul ar

vei ght Seprperaturapi apprasimabelyetdq dasreesdrelgius toaniippEhambient (&g net hod
for formng a region of |ow dielectric constant nanoporous naterial as

reci ted rl“l‘ilg‘&eé%%% aBPr@IH:?%eggg Ft8Ssaid thermal Iy |abile | ow nol ecul ar
wei ght pol ynmer whi ch deconposes under 10 certain conditions is selected
fromthe group consisting of poly nethyl nethacrylate (PMA),

pol ybut adi eney, Pﬂhﬂfé?o&ﬁbo&iﬂélﬁ’o e%?gf E%ﬁﬂ?’%}k%?@%‘?@@ei mers. 31.

The method for formng a region of nanopor ous

mat eri al ' | f ' ; ' ' | S
conpri set P{ag%nlrg? ﬁsyél i%i %lg%%d %est%IEWFMZﬁBﬁwe%OS#ﬂ%E?%%%ﬁ%?& formng a

r2 ggmn OhedrPdpplied €6 thé Suffas bARLLSFAM 200U mﬁgd flonda loddrt ed in Caim
erein step b) conprises 20 applying said solution, using a
Spi MOoN- EneaSturd o aaethperatwecobdpproxiiatély 400 degrees Celsius in an
- inert ambient (e.g. nitrogen) and is maintained at a temperature of
approximately 400 degrees Celsius for approximately 30 minutes. Next, in
the present embodiment, substrate 100, and its overlying features, remain
within the same piece of equipment (i.e. the wafer is not transferred to
15  another piece of equipment) and are ramped from a temperature of
approximately 400 degrees Celsius to a temperature of approximately 450
degrees Celsius. In this embodiment, substrate 100, and its overlying
features are maintained at a temperature of approximately 450 degrees
Celsius for approximately 30 minutes. Finally, the present embodiment

20 then cools substrate 100, and its overlying features to a lower temperature

(not necessarily as low as room temperature).

With reference still to Figure 1C and to steps 302, 304, and 306 of
Figure 3, the method of the present embodiment advantageously forms a
25 nanoporous 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

14



it is desired to formsaid region of |ow dielectric constant nanoporous
material. 33. The nethod for formng a region of |low dielectric constant 25
nanoporous nmaterial as recited in Caim22 wherein step b) conprises
applying said solution to said surface above which it is desired to form
sai d .. spbstantégl mevashpingfredoeling tofi axisting tsemicordagtor dabricatieni al with a
uni form thi ckness,_ using a spin-on-process. 34. The nethod for formng a
regi on GofesFediadideapiRneRinst ant 5 nanoporous nmaterial as recited in Caim
22 wherein step b) conprises applying said solution to said surface above
which it is desired to formsaid region of |ow dielectric constant

nanopor ous tal, with a uni fgrmthickness in t range of apprqgximately
one m cron, ”?ng%%u%h ggfﬂ_gﬁg 1(5:cte dm Opgog?ssfﬁée?pﬁe‘{qﬁt&& P%ﬁeflglrﬂ‘%ﬁlﬁaa regi on
of | qw djel i i1ad s ecid.ed.j i m 32
wher 81 n UrEirgitEd RbGOB A BB RIS Toifl (PSUBECbg st 1000 ¢
4000 re j Htian MoorRess’ A1aded Q. ] r&gf on of I ow
di el ect \rlilwczu%:doﬁ@gﬂf Oﬁlgéno{f)%%ss%at g?gf g‘%ngg} r ec?t’eé{ﬂlco%{lg% ggn%)’ agifqi Claim 22
wher ei n Saldskibhsst thermal treatnment stage conprises ranping said solution,
whi ch has been applied to said surface, to a tenperature of approximtely
400 degrees Celsius in an inert anbient for approximtely 30 mnutes. 20
37. The nethod for formng a region of |ow dielectric constant nanoporous
mat eri al as rBuoud,aleipresémpimendionChbeovid@? anwhetld farafotiming@nd t her nal
treatment stage conprises ranping said solution, which has been a(gl ied to
sai d0sumnfaamporeas anatemadrfar aedugmgameubaynatc@pycﬁaocde@cbe@mngﬁf ius in
an inert anbient for approxjimately 30 mnutes. 2~ | .
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are suited to the particular use contemplated. It is intended that the scope
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form said region of low dielectric constant nanoporous material; and
10 ¢) subjecting said solution, 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.

2. The method for forming a region of low dielectric constant
15 nanoporous material as recited in step a) of Claim 1 wherein said plurality

of materials further comprise a surfactant.

3. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 2 wherein said
2 surfactant is selected from the group consisting of anionic, cationic, and

nonionic surfactants.
4. The method for forming a region of low dielectric constant

nanoporous material as recited in step a) of Claim 1 wherein said low

25 dielectric constant material is comprised of inorganic material.
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5 6. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 1 wherein said low

dielectric constant material is comprised of organic material.

7. The method for forming a region of low dielectric constant
10 nanoporous material as recited in step a) of Claim 6 wherein said organic
material is a silicon-based organic material.
8. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 1 wherein said pore
15 generator material is comprised of a thermally labile low molecular weight

polymer which decomposes under certain conditions.

9. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 8 wherein said
20 thermally labile low molecular weight polymer which decomposes under
certain conditions is selected from the group consisting of poly methyl
methacrylate (PMMA), polybutadiene, polypropyl oxide, polynorbornylene,

and dendrimers.

25 10. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 1 wherein said solvent is

comprised of a methyl isobutyl ketone (MIBK).
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material.

12. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 1 wherein step b) comprises
10  applying said solution to said surface above which it is desired to form said
region of low dielectric constant nanoporous material with a uniform

thickness, using a spin-on-process. *,

13. The method for forming a region of low dielectric constant
15 nanoporous material as recited in Claim 1 wherein step b) comprises
applying said solution to said surface above which it is desired to form said
region of low dielectric constant nanoporous material with a uniform

thickness of approximately one micron, using a spin-on-process.

20 14. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 11 wherein said spin-on-process

employs a spin speed of approximately 1000 to 4000 revolutions per minute.

15. The method for forming a region of low dielectric constant
25 nanoporous material as recited in Claim 1 wherein said thermal process of
step ¢) comprises subjecting said solution, which has been applied to said

surface, to a baking stage to drive out said solvent.
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stage is performed at a temperature of approximately 50 degrees Celsius to

5 300 degree Celsius.

17. 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 solution, which has been applied to said

10 surface, to a first thermal treatment stage and to a second thermal
treatment stage.

18. The method for forming a region of low dielectric constant
nanoporous material as recited in step c) of Claim 17 wherein said first

15 thermal treatment stage is performed to induce curing of said low dielectric

constant material.

19. The method for forming a region of low dielectric constant
nanoporous material as recited in step c¢) of Claim 16 wherein said second
20 thermal treatment stage is performed to induce decomposition of said pore
generator material such that nanopores are formed within said low

dielectric constant material.

20. The method for forming a region of low dielectric constant
25 nanoporous material as recited in step c¢) of Claim 17 wherein said first

thermal treatment stage comprises ramping said solution, which has been
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21. The method for forming a region of low dielectric constant
5 nanoporous material as recited in step ¢) of Claim 17 wherein said second
thermal treatment stage comprises ramping said solution, which has been
applied to said surface, to a temperature of approximately 450 degrees

Celsius in an inert ambient for approximately 30 minutes.

10 22. A method for forming a region of low dielectric constant
nanoporous material, said method comprising the steps of:

a) combining a plurality of materials to form a solution, said
plurality of materials comprising a low dielectric constant material, a pore
generator material, and a solvent;

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

c) subjecting said solution, 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 process

20 comprising:
a baking stage, said baking stage performed to drive out said
solvent,
a first thermal treatment stage, said first thermal treatment
stage performed to induce curing of said low dielectric constant
25 material, and
a second thermal treatment stage, said second thermal

treatment stage performed to induce decomposition of said pore
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nanoporous material as recited in step a) of Claim 22 wherein said plurality

of materials further comprise a surfactant.

24. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 23 wherein said
surfactant is selected from the group consisting of anionic, cationic, and
nonionic surfactants.

25. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 22 wherein said low

dielectric constant material is comprised of inorganic material.

26. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 25 wherein said

inorganic material is a silicon-based inorganic material.

27. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 22 wherein said low

dielectric constant material is comprised of organic material.

28. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 27 wherein said organic

material is a silicon-based organic material.
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nanoporous material as recited in step a) of Claim 22 wherein said pore
generator material is comprised of a thermally labile low molecular weight

polymer which decomposes under certain conditions.

30. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 29 wherein said
thermally labile low molecular weight polymer which decomposes under
certain conditions is selected from the group consisting of poly methyl
methacrylate (PMMA), polybutadiene, polypropyl oxide, polynorbornylene,

and dendrimers. N

31. The method for forming a region of low dielectric constant
nanoporous material as recited in step a) of Claim 22 wherein said solvent

is comprised of a methyl isobutyl ketone (MIBK).

32. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 22 wherein step b) comprises
applying said solution, using a spin-on-process, to said surface above which
it is desired to form said region of low dielectric constant nanoporous

material.

33. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 22 wherein step b) comprises

applying said solution to said surface above which it is desired to form said
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applying said solution to said surface above which it is desired to form said
region of low dielectric constant nanoporous material with a uniform
thickness in the range of approximately one micron, using a spin-on-
process.
10
35. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 32 wherein said spin-on-process

employs a spin speed of approximately 1000 to 4000 revolutions per minute.

15 36. The method for forming a region of low dielectric constant
nanoporous material as recited in step c¢) of Claim 22 wherein said first
thermal treatment stage comprises ramping said solution, which has been
applied to said surface, to a temperature of approximately 400 degrees

Celsius in an inert ambient for approximately 30 minutes.

37. The method for forming a region of low dielectric constant
nanoporous material as recited in step c) of Claim 22 wherein said second
thermal treatment stage comprises ramping said solution, which has been
applied to said surface, to a temperature of approximately 450 degrees

25  Celsius in an inert ambient for approximately 30 minutes.



