A METHOD FOR FORM NG A REG ON OF LOW DI ELECTRI C CONSTANT NANOPOROUS
MATERI AL 5 FIELD OF THE | NVENTI ON The present clained invention relates to
the field of sem conductor processing. Mre particularly, the present
clainmed invention relates to a 10 nethod for form ng a nanoporous nateri al
suited for use as an internetal dielectric (IMD) and/or interlayer
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BACKGROUND ART
As semiconductor geometries continue to become smaller and
15  smaller, new difficulties arise in the fabrication of semiconductor devices.
As one example, with progressively finer design rules, a problem has
arisen due to capacitance between adjacent metal layers (i.e. interlayer
capacitance). That is, as devices shrink in size, adjacent layers are spaced
more closely together. Such a condition results in a deleterious increase in
290 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 o the SIA (Semiconductor




1 Industry Association) roadmap, by the year 2005 ultra-low dielectric

constant materials (i.e. materials with a dielectric constant of 2.0 or

less) will be required for use in 100 nanoneter generation integrated

circuits. Therefore, it is increasingly inportant to reduce the dielectric
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particles within the dielectric are subjected to an etching process.

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

time effective, and does not readily produce desired results.

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

be compatible with existing semiconductor fabrication processes.

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

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

semiconductor fabrication processes.




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

I nvention provides a nethod for form ng a nanoporous material for reducing
i nterlayer capacitance and reducing RC effects between nei ghboring netal
lines. The present invention further provides a 5 nethod for formng a
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not r e MMARILLHE Dvarticles.  The present invention further
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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

2 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




25 the solution, after application to the surface, to a thermal process. In
this enbodi nent, the thermal process includes a baking stage, a first
thermal treatnment stage, and a second thernmal treatnent stage. In the
present 3 enbodi nent, the baking stage is perfornmed to drive out the
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description, serve to explain the principles of the 5 invention: FIGJRE 1A
is a side sectional view of the structure above which a region of

nanoporous dielectric material will be forned in accordance with one
enbodi ment  gfhdsbeul edRRtolbes madl hdvamtages of the present invention will

no doubt become obvious to those of ordinary skill in the art after having
10 read the following detailed description of the preferred embodiments which

are illustrated in the various drawing figures.




FIGURE 1B is a side sectional view of the structure of FIGURE 1A having a
sol ution deposited thereabove in accordance with one enbodi nent of the
present clainmed invention. 15 FIGURE 1C is a side sectional view of the
structure of FIGURE 113 after the solution has been subjected to a thernmal
process in accordance W|th one enbodl rrent of the present clainmed
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FIGURE 1B is a side sectional view of the structure of FIGURE 1A
having a solution deposited thereabove in accordance with one embodiment
of the present claimed invention.
15 FIGURE 1C is a side sectional view of the structure of FIGURE 1B

after the solution has been subjected to a thermal process in accordance

with one embodiment of the present claimed invention.

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

2  embodiment of the present claimed invention.

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

another embodiment of the present claimed invention.

25 The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.




wi Il be obvious to one of ordinary skill in the art that the present

I nvention may be practiced wi thout these specific details. In other

i nstances, well known net hods, procedures, conponents, and circuits have

not been 15 described in detail as not to unnecessarily obscure aspects of
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rface 100 1's also well suited to being, for exanple, a
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pr esent
provide a thorough understanding of the present invention. However, it

will be obvious to one of ordinary skill in the art that the present invention
may be practiced without these specific details. In other instances, well
known methods, procedures, components, and circuits have not been

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

invention.

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

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

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

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

constant nanoporous material disposed therebetween. Surface 100 is also




invention will function superbly as an interlayer dielectric (ILD)

materical. 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
solution. In one enbodinent, the plurality of naterials include: a |ow

di el ectwdlsuived tahteiis, fontenimle( alftwstrsfconded highes, patternedk mmeivérial ); a
pore generator material; and a solvent. Al though not specifically recited
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Referring now to flow chart 200 of Figure 2, the present embodiment

begins with step 202. At step 202, the method of the present embodiment
comprises 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
farther include a surfactant. That is, 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




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 Figure 2, 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, jn one e di ment, the re
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generator material are dissolved. As a result, the solvent should be
selected such that it is conpatible with both the | ow dielectric constant
material/matrix and the pore generator material. Additionally, in one 8
enbodi nent , Rdfierrsog ¥titittoi step @02réfdtiguoé 2aimthdydlutmabef the feesene (M BK) .
Furthernore, the present invention is well suited to an enbodi nent in
10  embodiment, the pore generator material comprises approximately 5-40
percent by weight of the solution. Also, in one embodiment, the pore
generator material is a thermally labile low molecular weight polymer (e.g.
< 500,000) which decomposes under certain conditions (e.g. under 450
degrees Celsius). In one embodiment, the thermally labile low molecular
15 weight polymer which decomposes under certain conditions is selected
from the group consisting of poly methyl methacrylate (PMMA),
polybutadiene, polypropyl oxide, polynorbornylene, and dendrimers (e.g.
Starburst™ Dendrimer). Furthermore, the present invention is well suited

to an embodiment in which multiple pore generator materials are used.

With reference again to step 202 of Figure 2, in the solution of the
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




which nultiple solvents are used. 5 Referring yet again to step 202 of
Figure 2, as nentioned above, in one enbodinent, the plurality of
materials conbined to formthe solution includes a surfactant. In one such
enbodi ment, the surfactant conprises nore than zero percent but |ess than

appr oxi mately one percent by wei ght f th The tant is
used | RIERACAINERLHIY Cl?‘f@ﬂ% 1§ gpmphised G’?éx%? IS?i ‘Ftpy gﬁe§%‘? g@&h - por e

t |, Furth factant i
?33?22&%@%&%@@@ EA R S A

enbodi t of pr sen Lnvention, the solution is conprised of a
m xt ur & FhHVH t&@@ cglveg sHUT 8R4 he (HSQ) pol ybut adi ene (PB), and net hyl
i sobutyl ketone (MBK). Additionally, in 15 this enbodi nent, a FOX(r)
solution (15 percent volune by weight of HSQin nethyl isobutyl ketone)
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percent age 0 ene can be vari his enbodi ment, to control
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enmbodi ment, the solution ultimately produces a nanoporous 20 dielectric

Fil m Vigelubs isds&eaplaatt Nt baehitichuembsiliigest, ahdandfagtiant coaipriges and
curing process. Such spin coating and curing processes are described bel ow
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applying 25 the solution prepared at step 202 above the surface of Figure
1A. Thaf the sohttiorst Bhe204fadthat ps esedin subbdimembodppkntso,tfee sol ution
prepared at step 202 to a surface above which it is desired to forma

r edd on emfiipdey bielpl 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




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 Figure 2 has been applied thereabove. In one enbodi nent,
solution 102 prepared at step 204, is applied above the surface of
substrate 5 100 so as to proyvide_.a |ow.dielectri¢ constant nanopaqrous
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i nterl antlodaaiagi hanethod fprédded Ifor Kouning &lreaiopogoeomsitarialnanopor ous
material of the present invention functions superbly as an internetal
di el ectafied dub¥e)ueht erdadmend| tihicly heduads REpetidts betwpbrmmighboxding of t he
present nethod are recited above, the present inventionis well suited to
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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

A 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

95  region of low dielectric constant nanoporous material for various other

applications and purposes.

10




applications 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 nanoneter- |evel size. As nentioned above, the pore
generator material is a thermally 1labile | ow nolecular weight polyner

(e.g. poly nethyl nethacrylate 5 (PMMA), pol ybutadi ene,. pal ypropyl oxide,
pol ynor bor n{iefevaing againgbh Higuwier LB( theypors g?’é%ﬁ@?ﬂﬁ‘@@ﬁ%?ﬂilﬁégﬂcaﬁﬁi ch
deconposes under certain, conditions. ill. b escri bed bel.ow in

conj unéh@‘@ﬁ%%lfﬁatsh]em’dpg@ﬁ%? 8#' o‘ﬁr‘?‘?‘sg\iﬁ)%ntlﬁcﬁﬁﬁqﬁvé’pa 5388 gure 2, the
pore generator .materj.al 104 is eventually renoved/ deco t her mal
pr ocesie‘ieé sigg- | AgvRentipred aRoy gt P?’]’exg?%efré"? rapag?nggllggﬁgﬁgqg%l.yaw,[ h
reference,still to F qure. 1B, 4, 1] Lment of the
pr esen?gtfl}l‘?/iﬁ?’fi’%?}?cgi pwﬁﬁb%&oﬁg%eggg%?&légﬁ%th ollﬁg}ﬂ]on g%géto the surface
aboye wsi NN bt r.eg| hehggtric 15 constant
nan ppm]h@ﬁéﬁ’.t gélsygﬂ%%%ﬁeﬁgf EBQ&?EE%%B%? géggg&oﬁﬁot@gegﬁbh enbodi nment

sol ut Wndfimbss ?et?g.l SR B DU PR D RIdReaScRpYSes hadesur face of
substrate usi ng such a spin-on-process. Furthernore, in still another

enbodi RBALin 36L& A%, 182 Wil BoRlekadbyd bRlcw dRichajumdthic kit she of
approxi mately one m cron above the surface of substrate 100 using such a 20

Spi nN- ORIRARERSSof Figruretl (ApAl Reep e0badiFigate 25ty pdtlgenematoses appl yi ng
solution 102 to the surface above which it is desired to formthe region of

| ow  dinghtRetdl i ID4censicanthalarepmvedidavatrpasad bysa njeemappress foocess whi ch
enpl oys a spin speed of approximately 1000 to 4000 revol utions per mninute.
10  leave pores in the matrix material of solution 102.

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

90  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

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

solution 102 using various other application processes.
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Al t hough such specific solution application inplenmentations of the present
25 method are recited above, the present invention is well suited to
applying solution 102 using various other application processes. 11 Wth
reference nowto Figure 1C, and to step 206 of Figure 2, the present

enbodi nent then subjects solufion 10 | ch has been_ applied to the
surface of Wibkrelrengppowiie l?tilgiuﬁér Ia\%%%g.zq%nog%‘%?@g?h‘%ol ution 102
is formed into a region,of |qw dielectri onst ant nanopor oys terial
hbove Breseat sprdiatisn Wanstibiees soBtendoRRERi hof BRSL abBHEatE, "h06
drives out ol vent. prese in sQlutiop 102, causes, GULi f

conponbhf gugpce 8 Fﬂ?ggﬁ%ﬂgéq’ E?n?j%‘é%@ggf'?fgé% %sggsdob%’ %8%8?3‘?% mat eri al
in areas,.104

is, th¥ qug}%{srﬁﬁrr‘]?‘ %Q&%BPO@S%()@%&&%,]% doRsPBE A5y (}\éﬂsirﬁaf@jr or SHAG That

i hvVol'ves e generatron o w nol ecul ar

Plt glill)é/ SI:ILI&E}&% ﬁggg%s;tr?ﬁe fO(ﬁ.e‘E\[*lﬁletth%i'm%?g) JRAS ks ?66H ReRYg generator

ermal process, ese | ow ecul ar wei ght

by- pr Og&g%a Bgégerrﬂsﬁi AihtBh 10 dhlsBy Wkl commhe e6mpohentesf of the region

of | ow ctric constant nanoporous material (now shown as 102). As a
resul t goRticnUi 62 A8@remRbsidevodpBbarbbicgaiiatanndtariapdn csagddri al 102
Is forned 15 above substrate 100. The size of pores 106 and fil m norphol ogy
“of aregyel ehal porday106aré Rirnhal aswbpiel boFigfret 1@, [orat igetter at or before the
thermal treatnment of step 206. Additionally, the thermal treatnent applied
will aFgenatiod bfpoces 10@ invlpbotloggenérativn oElwt terdecidar susght bpn conpri si ng
the region of low dielectric constant nanoporous material,. 20

10 products as a result of decomposition of the pore generator material.

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

95  embodiment achieves its accomplishments without requiring substantial

revamping/retooling of existing semiconductor fabrication processes and

equipment.



Wth reference stil
of the present enbodi nent advant ageously forns
wi t hout requiring the tedious etching of small
conventional processes. Additionally,
enbodi nent achi eves its acconplishnents w thout

to Figure 1C and to step 206 of Figure 2,

t he nethod
a nanoporous nmateri al
particles associated wth

t he met hod of the present 25

requiring substanti al

revanpi ng/retooling of existing sem conductor fabrication processes and
equi pnent. 12 Wth reference nowto Figure 3, a flow chart 0 of st eps
perfor med i Withaedeweaseao thFigigiendra ABodhar: m000 $tRES pe d Wyent i on

i's shown shown, in flow c nmet hod, of the pr ent enbodi rrent
i ncl udé§COIéSaPﬁ§ %@hp@lc&harﬁéﬁiqsﬁ ngfoftﬂ*@%é% Hé‘é%’r 104 SREBH ment (i

oxcopt Ao SRR B fﬁgﬁéﬁ@pﬁ%@ﬂ%&gkﬁ%%ﬁq‘? el 4188 s02
20 . 305 SR8 o HRIT LS PN ROt oG o  BEHATANE! 1 s

bel ow Lp 1 t nbodi nent
perfor ﬁsep%eé@a Oﬁgggé\ggé%glgﬁsg@egngx g@? %{}B{E}Eé)g édr?l{n %};Hetzte}%t in solution
102. Igy, A0E; h P ess conprises
subj ectl ng gf%tg?éoﬁ}agl%g to g%é%&%ﬁii{yﬁgpgﬁo%h@% '{;&f;@dg@d())? g%grom mately 50
-degree DU2 2t 2048 86 vent. At step

304, u;'? %@mgygceﬁgpgg%ggfgaéﬁggfm@? en perforns a first thernal
treat n?@ﬁea&ba%rbo Step18e2.c304, ihd0308 hee Hewvribied Indbwiia dwnlt ant
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
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.

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




material (e.g. the matrix portion) of solution 102. In one enbodi nent, the
20 first thermal treatnent stage conprises ranping solution 102, which has
been applied to the surface of substrate 100, to a tenperature of

approxi mately 400 degrees Celsius in an inert anmbient (e.g. nitrogen) for
approximately 30 mnutes. 25 At step 306, the thermal process of this
enbodi dislectriecopdandmateaial deeotite ntvézrmmafcereal)rﬁrﬂolggagelq?o Imduce
deconposition of the pore generator material such that nanopores are

f or med onetdmbodimeentowhe egped dbermal doerfiagnt siagersoanpYiSes rapHEngyt ri x

material) of solution 102. In ope.enbodi mept, the secon her mal treat nment
st age 6olpians 92, whisinas QW%?PBﬂe‘iGQ,tgﬁﬁPE CRA SBQ%H'ag%gpbe #o the

surface of substrate 100, to.a  tenperat .0f .appr oxi nat e 50 degrees
Cel si u$CIPEERIYTRS tamwﬁw&‘i&% itees ﬁﬁysflarap%%?%fﬂh{%} °$b i nut es.
I n gnot her enf?di ment of %WS’ esaarll_{L I nvention, the two-stage thermnal

pr o8 es FOEERY {Yr FRUF RLDREE Yo TVRYWEY- sol uti on 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 anbi ey, a&ﬁj&ﬁgxé %%%o?@&%g%ﬁ?h??r@?éﬂ fiveadiodl tRe temPaLgRUr e of

appr oxi matel'y r approximately 30 m nutes. Next, in

the preg aF%EQéEsQ‘?Qtperﬁﬂ'%éJ ak $ol60s. andst, Lahayst kNG HieRHyses, remain
wi thin the safre piece’of equipnment (i.e. thé wafer is not transferred to 15

anot hemepj eIl BHHE S BThde aNsulsteateal 0 ds raniped frefpeleaiwvere of
approxi matel'y 400 degrees Celsius to a tenperature of approximately 450
10 temperature to a temperature of approximately 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
95  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




degrees Celsius. In this enbodinent, substrate 100, and its overlying
features are nmaintained at a tenperature of approxi mtely 450 degrees
Cel sius for approximately 30 minutes. Finally, the present enbodi nent 20
then cools substrate 100, and its overlying features to a | ower tenperature
(not necessarily as low as roomtenperature). Wth reference still to
Fi gur e substantialorestasppingdetoging ofmxiging semippydvnetos fabnisabienhod of the
present enbodi nent advant ageously fornms a 25 nanoporous material wthout
requi r iDFBCASKES AW BUYIRIRRIRY-ng of smal | particles associated with
conventional processes. Additionally, the method of the present enbodi nent
achieves its acconplishnents without requiring 14 substanti al

i ng sem,conductor fa ation ses and

i ng/ ret,pol i f i S '

equi phent.  ANERGUGH SBHR FPERls TiedmldiRery,isps dd bedpresgnt fehgfos ont

t hod . ' b t I af i I.S.:\0el. | jted t
T 50 s P Bt R et DR AR BN by SRR Lo

ti : S . . i d

e mod P oo R Sn GO e B SRS peb DU BAD IEY, o= 2
capaci .gpagign¢ reducing RC effects between nei ghboring netal |ines. The
present 1 nvention further provides a nethod for form ng a nanoporous

mat eri al which achi eves the above acconplishment and whi ch does not
require etching of small particles. The present invention further provides

a met hod fomHhey fhe@rasdidt inaeapehopisviddLs inéthudefori formhey @et hod achi eves
t he above-listed
10  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
above accomplishment and which does not require etching of small
particles. The present invention further provides a method for forming a
15  nanoporous material wherein the method achieves the above-listed

accomplishments and wherein the method is compatible with existing

semiconductor fabrication processes.

The foregoing descriptions of specific embodiments of the present

2 invention have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise
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

25  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




acconpl i shnments and wherein the nethod is conpatible with existing

sem conduct or fabrication processes. The foregoing descriptions of specific
enbodi ments of the present 20 invention have been presented for purposes of
illustration and description. They are not intended to be exhaustive or to
limt the invention to, the precise. fornms disclopsed, and ohviously man

modi f i tthéﬁgv%ﬂo%é’?id&f{%pb%&ée diams 81)@@(3@4 ﬁsmtocﬁml HeEbove tyeachiyng.
The enbodi.nents were chosen and described in order to best explain the
princi&qgﬁg%ﬂ$%e invention and its 25 practical application, to thereby
enabl e others skilled in the art to best wutilize the invention and various
enbodi nents with various nodifications are suited to the particul ar use
contenplated. It is intended that the scope 15 of the invention be defined
by the C ains appended hereto and their equivalents. 16 CLAIMS 1. A

met hod for formng a region of |low dielectric constant nanoporous material,
said nethod conprising the steps of: 5 a) conbining a plurality of
materials to forma solution, said plurality of materials conprising a | ow
dielectric constant material, a pore generator material, a solvent and a
surfactant for dispersing the pore generator material; b) applying said
solution to a surface above which it is desired to form said region of |ow
di el ectric constant nanoporous material; and 10 c) subjecting said

sol ution, which has been applied to said surface, to a

16




thermal process including the step of renoving/ deconposing the pore
generator material such that said region of |ow dielectric constant
nanoporous naterial is forned above said surface. 15 2. The nethod for
formng a region of low dielectric constant nanoporous material as recited
in Cdaiml wherein said surfactant is selected fromthe group consisting
of anionic, cationic, and nonionic surfactants. 3. The nethod for formng a
region of |low dielectric constant 20 nanoporous material as recited in
claim| wherein said | ow dielectr(dAMhstant material is conprised of
inorganic material. 4. The nethod for formng a region of |low dielectric
constant nanoporous material as recited in Caim3 wherein said inorganic

material is 5,a_sil icon- i NOF ' Lal.. The met hod for
formng a regi oﬁ‘ 18?“1%%&?5&@@% %%é%ﬁgfg’rﬁﬁiegédﬁgﬁgpéé%ﬁtmt erial as recited
in dai gé}s% b ! hriai terial is conprised of
or gani cn}lré? I a?$ 'i‘%ﬁgﬁglﬂs]%’iﬂ’nrg%tﬁ%gﬁo%#ﬁ#sgﬁ%ﬂ%ﬁgﬁsr ggi on of low dielectric
constgnt nangpes@bininptgrluallitasf netetisld to fowh aisoliiosh enel plusditg or gani ¢
material is a silicon-based organic material. 7. The method for formng a
regi on obfnmxdalem@mpﬂsmg:@rl@wagclecm: PRI MeAleripp Ed1OraiZeaataci ted in
Claim1l wherein sajd porg generator. material .is coggrised of, a thermal ly

| abi | e | SisErlea@okenheng RoUBCIARE fOr JRPENElEMobS ESNUALMUEHEL n
conditions. 8y, Th8 iR¢ BAY sbRIid " e eRe’ RYVAWRED O fET Foimm cONST ANt

said region of low dielectric constant nanoporous material; and

10 ¢) subjecting said solution, which has been applied to said surface, to a
thermal process including the step of removing/decomposing the pore
generator material such that said region of low dielectric constant

nanoporous material is formed above said surface.

15 2. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim | wherein said surfactant is selected

from the group consisting of anionic, cationic, and nonionic surfactants.

3. The method for forming a region of low dielectric constant
20  nanoporous material as recited in claim 1 wherein said low dielectric

constant material is comprised of inorganic material.
4. The method for forming a region of low dielectric constant

nanoporous material as recited in Claim 3 wherein said inorganic material is

25  a silicon-based inorganic material.

17




15 nanoporous material as recited in Claim?7 wherein said thermally labile
| ow nol ecul ar wei ght pol ynmer whi ch deconposes under certain conditions is
selected fromthe group consisting of poly nethyl nethacrylate (PMVA),

pol ybut adi ene, pol ypropyl oxide, polynorbornylene, and dendriners. 20 9.
The method for formng a region of |low dielectric constant nanoporous
material as recited in claiml wherein said solvent is conprised of a

nmet hyl isobutyl ketone éM BK). 25 10. The nethod for forming a region of

| ow di el ectri 6. thameihod forafospord asegmneatilaw dislected e@tart G aim | wherein

step b) conprises applying said l.utjon, usin Spil n-on-process, to said
surface SBBYRCIRHE Epateklaliag I@@%W& gaaf%m LP‘%%%‘P&&?‘%&%H’*?@‘FCWBW dielectric
constant nanoporous. ;18 materi al : thod for formng a region of

| ow di el &OP} F‘ﬁt %%ﬂaéﬁsl c%ggﬁ%fgﬁgrgkglgceﬁ&gqrﬁzs recited in claiml| wherein
step b) conprises 5 applying said solution to said surface above which it

is desired to formsaid region of |low dielectric constant nanoporous

mat er pal wi t hgaThpinahal fofociies 8 regivhnd lewspiclectne potags. 12. The net hod
for formng a region of |ow dielectric constant 10 nanoporous naterial as
recited inan@parions mathaleasvestied imflaonpmihessin sapbpsganic Baferialds tion to
said surface above which it i.s desired to formsaid region of |ow

di el ect r SHIOBNRIRAO BANEpRETRl naterial with a uniform

7. The method for forming a region of low dielectric constant
10 nanoporous material as recited in Claim 1 wherein said pore generator
material is comprised of a thermally labile low molecular weight polymer

which decomposes under certain conditions.

8. The method for forming a region of low dielectric constant
15  nanoporous material as recited in Claim 7 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.

20
9. The method for forming a region of low dielectric constant
nanoporous material as recited in claim 1 wherein said solvent is comprised
of a methyl isobutyl ketone (MIBK).
25 10. The method for forming a region of low dielectric constant

nanoporous material as recited in Claim 1 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
18




t hi ckness of approximately one mcron, using a spin-on-process. 15 13. The
nmet hod for formng a region of |low dielectric constant nanoporous materi al
as recited in Claim1ll wherein said spin-on-process enploys a spin speed
of approximately 1000 to 4000 revol utions per mnute. 14. The nethod for
formng a region of low dielectric constant 20 nanoporous naterial as
recited in aim1l wherein said thernal process of step c) conprises

subj ecting said solution, which has been applied to said surface, to a
baki ng stwgerizlo drive out said solvent. 15. The nethod for forming a region
of low dielectric constant 25 nanoporous material as recited in Caim15
wherein said baking stage of step c) is perfornmed at a tenperature of

FoFFor o, AL PeBGAGH%) B B PEn R IPEAR LRI o2 "R
recited hﬁné}é@jgﬁg b é‘t@ﬁéleais%%ﬁé@ir% BBl WRERSE SEpA) conlyfiiseg) conpri ses

subj ecti ng ution, which has been applied to said surface, to a
firstst happBling ssidisohiostoagdd sndatoatoweshnd it edesaledtto datmsaid 5 st age.
17. The nethod for formng a region of |ow dielectric constant nanoporous
mat eri al regionadiloedlicleciacenstetwasppoious anaferiph withtanarfm treat nent st age
of step ci)l, 'Bs performed.to i nduce curing of said |ow dielectric 10 constant
mat er i al tIEENESPHBSIRE g OB PIOSF ng a regi on of | ow diel ectric constant
nanoporous nmaterial as recited in Claim1l6 wherein said second thernal

12. The method for forming a region of low dielectric constant
10 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.

15 13. 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.

14. The method for forming a region of low dielectric constant
20  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.

15. The method for forming a region of low dielectric constant
25  nanoporous material as recited in Claim 15 wherein said baking stage of step
¢) is performed at a temperature of approximately 50 degrees Celsius to 300

degree Celsius.
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treatment stage of step c) is perfornmed to i nduce deconposition of said
pore 15 generator material such that nanopores are fornmed within said | ow
dielectric constant material. 19. The nethod for form ng a region of |ow

di el ectric constant nanoporous nmaterial as recited in Caim1l7 wherein
said first thermal 20 treatnent stage of step c) conprises ranping said

sol ution, which has been applied to said surface, to a tenperature of
approxi mately 400 degrees Celsius in an inert anbient for approxi mately 30
m nutes. 25 206. The nmshod forf formiing airegjon of dgvahielsttrioepngiasitect ri ¢ const ant

nanoporous material as recited,in_ (. ai 6 wherein said second.t hernal

t reiat ngnt‘lagf)ﬁ‘@rguéﬂmé?’éﬁl a5\ reg b i Qgs‘mr Né]qﬁ@nsgéidjﬂ?&“&?f’@ﬁes%f ch has been
applied tp said surface,.t r raxi : 4 degrees 20

Col'si us Pirad SoRaisedsghissfind s CRAp A e Eh RS TR aPLE Yo 00 TR RCG For
form ng j A i SRS, hé&s ] Tehenbsd . said

nmet hod cgﬁ?%’ﬁggﬁﬁg%{eggtﬁw%ﬁa) conrg}qgian%&gﬁg?ur ality g?bﬁdﬁt erials to
form g satagel on, said plurality of materials conprising a |ow dielectric

constant material, a pore generator material, a solvent and a surfactant
for dispersing the pore generator material; b) applying said solution to a

surface above ich it is_.desired to .10 f j d i fl dielectri
Eonst ant nanodgpjgﬁg nﬂﬁib%ﬁ? i f?orgwag @)re%IGBj%ﬁ%’{’p gLe&frice ‘IEﬂOSLtJn%I}(%on, O&V/hi Icﬁ ﬁ;s“ :
een applied to ' ; - t id [
of I prginélpgg?g,qug?I'&%ﬁxgi%fl%sfﬁ%&tea O (Faib 6 WerHQGEP first Yhlinidiat said region
treatment stage of step ¢) is performed to induce curing of said low dielectric

10 constant material.

18. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 16 wherein said second thermal
treatment stage of step ¢) is performed to induce decomposition of said pore

15  generator material such that nanopores are formed within said low

dielectric constant material.

19. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 17 wherein said first thermal

20  treatment stage of step ¢) 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.

25 20. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 16 wherein said second thermal
treatment stage of step ¢) comprises ramping said solution, which has been

applied to said surface, to a temperature of approximately 450 degrees
20




nanoporous material is fornmed above said surface, thermal process
conprising: 15 a baking stage, said baking stage perforned to drive out
said solvent, a first thernmal treatnent stage, said first thernal

treatment stage performed to induce curing of said |ow dielectric constant
material, and 20 a second thermal treatnment stage, said second thernal
treatnent stage perfornmed to i nduce renoval /deconposition of said pore
generator material such that nanopores are formed within said |ow

di el ect r Celstenin athinesparapicat forapproximatelynd ABAUESr forming a region of |ow
di el ectric constant nanoporous material as recited in Caim21l wherein
said surfactant is selected fromthe group consisting of anionic,

cat i oni ¢, -and, pogi, g6y (B (RAL A0S of B dTRAIELARYahET foring a

region of low di‘electric cons Nnopor ous erral as recited in Caim

21 wher ehgngahdub isfil oflithaholl comaist iBNigsi @k 1S comprised of

i norgani c eri al The nmethod for formng a region of low dielectric
const ant nan@pommbmmgugrlmalhtjasf medetiad to ford aispll@®mwbadei n sai d i norganic
material is a silicon-based inorganic material. 10
plurality of materials comprising a low dielectric constant material, a pore
generator material, a solvent and a surfactant for dispersing the pore
generator material;
b) applying said solution to a surface above which it is desired to
10 form said region of low dielectric constant nanoporous material; and
¢) 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
comprising:
15 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
material, and
20 a second thermal treatment stage, said second thermal
treatment stage performed to induce removal/decomposition of said

pore generator material such that nanopores are formed within said

low dielectric constant material.

25
22. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 wherein said surfactant is

selected from the group consisting of anionic, cationic, and nonionic
21




25. The nethod for formng a region of |low dielectric constant nanoporous
material as recited in Caim?2l1 wherein said |low dielectric constant
material is conprised of organic material. 15 26. The nmethod for form ng a
region of low dielectric constant nanoporous material as recited in Caim
25 wherein said organic material is a silicon-based organic material. 27.
The nmethod for formng a region of |ow dielectric constant 20 nanoporous
material as recited in Claim?2l1 wherein said pore generator material is
conpr i sesitrddctantther mal 'y | abile | ow nol ecul ar wei ght pol ymer  whi ch
deconposes under certain conditions. 28. The nethod for formng a region of
| ow di el ectric constant 25 nanoporous material as recited in Caim 27

wherein said ﬁ'gah]: il : ' : whi ch
deconposes un%%‘ref cer eﬁd@gﬁﬁﬁl!ﬂ%‘é‘%%&?ggfﬂe\glﬁgﬂgﬁlgm tﬁfeﬁgr oup consi sting
of poly gmidporonehhesialatecitdMMT1aiR2 IPwhy il agiddoe: diplcyds opy! oxi de,

pol ynor bor nyl ene, and dendriners. 29. The nethod for form ng a region of

| ow o el emstart matestahist compmegosfonsrgrtieniastrials recited in G aim 21 wherein
said solvent is conprised 5 of a nethyl isobutyl ketone (MBK). 30. The
met hod for formng a region of low dielectric constant nanoporous nateri al

ted i J 2, . by . v T4 sol uti on.
sing a spi n-oh rometast i ol el Rl SEROL Sps R RE SRS Gearea o
form sai g, X &80 Afatd Y RIrELRGH Tl C1EAET ABkrdIRRMROT it garliB Ukt

is a silicon-based inorganic material.

10
25. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 wherein said low dielectric
constant material is comprised of organic material.
15 26. The method for forming a region of low dielectric constant

nanoporous material as recited in Claim 25 wherein said organic material is a

silicon-based organic material.

27. The method for forming a region of low dielectric constant
20 nanoporous material as recited in Claim 21 wherein said pore generator
material is comprised of a thermally labile low molecular weight polymer

which decomposes under certain conditions.

28. The method for forming a region of low dielectric constant
25 nanoporous material as recited in Claim 27 wherein said thermally labile
low molecular weight polymer which decomposes under certain conditions is

selected from the group consisting of poly methyl methacrylate (PMMA),

22




3 1. The method for formng a region of |ow dielectric constant nanoporous
material as recited in Caim2l1 wherein step b) conprises 15 applying said
solution to said surface above which it is desired to formsaid region of

| ow di el ectric constant nanoporous nmaterial with a uniform thickness,
usi ng a spin-on-process. 20 32. The nethod for formng a region of |ow
dielectric constant nanoporous nmaterial as recited in Caim2l1 wherein

step b) conprises applying said solution to said surface above which it is
desired po%@t&dz@@ﬁ,@o Yregphosie) palyapdiaseylene, m&qr@ﬁ{mﬁénopor ous materi al
with a uniform thickness in the range of approximtely one mcron, using a
spi n-on 25 process. 33. The nethod for formng a region of low dielectric

-on. . or formng 1ow di
Cpi ne on- pr ocesd TSR £ R R oo R B ™ 000 t o 4000

revol uti gagoRGbuSniéRal as3dcitdd i ORI HWerdiasaid@lvetdgicompeised ow
dielectric constant nanoporous material as recited in Caim?2l1 wherein said

firststhefmahethyt sebutyhketatcaddlBIK).st ep ¢) conprises ranping said sol ution,
whi ch has been applied to said surface, to a tenperature of approximately
400 degrees Celsius in an inert anmbient for approximtely 30 m nutes. 35.

The nethod for . farmng a,region.of |ow dielectr.i onst ant .10 nanopor ous
material as régi ?é%l“feﬁh‘& g(?%oﬁl%%f%glﬂné) il(aws(g%%ﬁﬁmt Oé% Ut r eat nent
st age of ‘] oL AP | 8l SepdihQ bSApR&s; been applied
to said é’é@‘?@%@‘s 0 a1%l§aﬁé§g?tg§ﬂdirr{;@é ﬂiappr oﬁyr%at El?py%]éso egrees
applying said solution, using a spin-on-process, to said surface above which
10 it is desired to form said region of low dielectric constant nanoporous

material.

31. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 wherein step b) comprises

15 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.

20 32. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 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 in the range of approximately one micron, using a spin-on-

25 Process.

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

nanoporous material as recited in Claim 30 wherein said spin-on-process
23




Cel sius in an inert anbient for approximtely 30 m nutes. 24

10

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

34. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 wherein said first thermal
treatment stage of step ¢) 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.

35. The method for forming a region of low dielectric constant
nanoporous material as recited in Claim 21 wherein said second thermal
treatment stage of step ¢) 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.
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