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interline dielectric layer. Also, the dielectric layer can act as a protective layer for

protecting the device from the environment, if it is applied to the top surface of the

semiconductor device.

The term “semiconductor device" used herein is intended to mean a vanety of
devices having a substrate consisting of semiconductor material, such as silicon, having
patterned thereon semiconductor integrated circuits (ICs), large scale integration circuits
(LSIs), very large scale integration circuits {BLSIs) ultra large scale integration circuits
(ULSIs) and the like as well as any other electronic devices employing semiconductor

matenal.

Background of the Related Art

In the prior art production of semiconductor integrated circuit devices, fine
patterns of semiconductor regions, electrodes, winng and other components are
fabricated onto the semiconductor substrate by using conventional process steps, one
being chemical vapor deposition {CVD). After formation of the wire pattern on the
device, an mnterline dielectric material deposition i1s formed between the honzontally

disposed wiring, the pattern overlaid with dielectne film forming matenal, and multi-
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di oxi de, whi ch has I-f dielectric constant (k). of. about 3.9. In contr
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S Still other insybad 5iB@nddBCss Fhatl £362PAULAE ([ch), e BRYIBE fonstant of insulating

matenal used between conductive paths, for example silicon oxide (SiO,), becomes an
increasingly significant factor in device performance. As the distance between adjacent
conductive paths become smaller, the resulting capacitance, a function of the dielectric
property of the insulating material divided by the distance between conductive paths,
increases. This causes increased capacitive coupling, or cross-talk, between adjacent
conductive paths which carry signals across the chip. The increased capacitance further
results in increased power consumption for the IC and an increased RC time constant, the
latter resulting in reduced signal propagation speed. In sum, the effects of miniaturization
cause mcreased power consumption, limit achievable signal speed, and degrade noise

margins used to insure proper IC device or chip operation.

One way to diminish power consumption and cross talk effects is to decrease the
dielectric constant of the insulator, or dielectric, which separates the conductors.
Probably the most common semiconductor dielectric is silicon dioxide, which has a
dielectric constant (k) of about 3.9. In contrast, air (including partial vacuum) has a

dielectric constant of just over 1. Still other insulating materials can provide films having
2
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of approximately 2.0 to 3.0, significantly lower than that of the silicon
dioxide films. Therefore, it is well-known that reduced capacitance in the
use of certain organic or inorganic insulating materials can result in the
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Uneven: becaus e p?asna based deposition
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general ly been unsatisfactory In one or desired electrical or
physi cal properties of an interlayer dielectric coating outlined above. For
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vincrease in thg dingleesducios de0Red, At Mdst tdTaheRadrk| Gkidbre@ MbYbdTuflSaisRERR
bei ng used. In response to the need for |ow dielectric coating materials
whi ch can be umestingsthg above-mentioned stringent electrical and physical requirements. The
dielectric film forming materials include inorganic materials which are applied over a
patterned wiring layered structure by chemical vapor deposition (CVD) processes.
Typical examples of useful inorganic dielectric materials include the already cited silicon
dioxide (Si0;), silicon nitride (Si;N;) and phosphosilicate glass (PSG). The preferred
formation of these inorganic dielectrics by chemical vapor deposition processes leaves
these inorganic dielectric layers inherently uneven because plasma based deposition
processes exactly reproduce the uneven and stepped profile structure of the underlying
winng pattern. On the other hand, useful organic/inorganic diclectric matenals such as
polyimide resins, organic SOG (Spin-On-Glass), and other organic/inorganic dielectric
materials have generally been unsatisfactory in one or more of the desired electrical or
physical properties of an interlayer dielectric coating outlined above. For example,
polyimide resins demonstrate high moisture absorption due to their polarizing chemical

structures, which moisture causes an undesirable increase in the dielectric constant of the

particular polyimide material being used.

In response to the need for low dielectric coating materials which can be used as a

replacement for silicon dioxide, it has been found that certain polycarbosilanes can be
3
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generating controll ed processes under controlled conditions to generate
certain organo

In U.S. Patent No. 5,789,325, to Shandra et al., a polycarbosilane material is
dissolved in an organic solvent, spin coated onto an electronically patterned device, and
the resulting coating heated in an oxidizing environment for a time sufficient (up to six
hours) at high temperatures to ceramify and thereby form a silicon dioxide containing
hardened coating on the electronic device. The very purpose of the Shandra et al is the
heating of the polycarbosilane coating in an oxidizing environment to attain complete
conversion (ceramification) to a to a silica containing coating. The Shandra et al. process
is, like that of Kobayashi, inadequate in achieving k values below 3 because the nature of
the uitimately formed silicon base coating would inherently have a dielectric constant

approximating that of silicon dioxide (3.9).

It has been discovered that certain polycarbosilanes can be subjected to energy
generating controlled processes under controlled conditions to generate certain organo
silicon films having low dielectric constants and sufficient glass transition temperature
values (Tg) above 350° C so as to form heat resistant semiconductor film coatings, which

can withstand the hostile environments of semiconductor plasma processing. The
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silicon filnms having | ow dielectric constants and sufficient glass
transition tenperature values (Tg) above 350 C so as to form heat

resi stant sem conductor filmcoatings, which can withstand the hostile
envi ronnments of sem conductor plasnma processing. The 4 0 S‘EEQﬁga@i WO
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such as theP"P”Fﬁ@at), el ectron- beam (e-beam), U V. Iightﬁcan%hgﬁﬁﬁother
functional high energy source. These energy sources are applied to the

pol ycar bosi | apelyonfanohkcqur emting dencreing pIacesaesacan GIMIIY Rald CRRIZHN BQUrE S¥hnder t

the polycarbgsilapes to pal yorganosilicon material s ' nexpect
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| ess. These | ow_k pol.yor sj |4 ' ' : uf fici ent
t her mal st abi I‘I?ctr‘§/asgr'§ télgp%g{&%) %fgﬁﬁg}gﬂl&%&g%& gg’tg 1 als%??\sépﬁaﬁs?%glg%hgoi ng
.sem conductor processing, |ow noisture absorption to retain film

resistivity, and stability to a varjety QL¥connDn et hhng rocesses.hAs in
t he case of applyi thf‘éﬁ 1%1(5&9130@%@:5%@“: tric; EANRES At GPE nf invention have

sem conduct or WAy &fshedidif (P98 My | QeI ¥ERIBRflclR Rirfa8RNRIRERthe use of
dielectric cogtlngs can be easi|ly applied in high ﬁle|d to electronic

substrates usilmyiet agedtsr d Mipeorebathe-iosiang gl yscganesifieont dighniirguesatings ppessys
insuring the cost. effectiveness of th | ycar.bosi | an [ .
meeri ars. | Fi AERGEaRt #e T SRR En PR U B P RR P28 conduciive
devel oped and sgic3610@3Emh RRErBhN (ARS oRIRb.I TiRBE Sow & pdlSe ghribsiliabh @iel¢ditdsO also
el ectronic devices in addition to ICs, for exanple, printed circuit boards

(PCBs), multi pesseps sufticiertgthemmlisiabdiivise h%antitRéY‘dW)P“Eﬂas%ﬂFﬁed‘WﬂEe‘Pﬂgom
e T
3.0, and nost ipraeteiadplof doasson etching processes. As in the case of applying an organic
photoresist film coating to a semiconductor wafer, the present low k polycarbosilane
generated dielectric coatings can be easily applied in high yield to electronic substrates
using standard spin-bake-cure processing techniques, thereby insuring the cost
effectiveness of the polycarbosilane precursor materials. Finally, the polycarbosilane
generated dielectric coatings developed and disclosed herein are applicable for use in
other micro electronic devices in addition to ICs, for example, printed circuit boards

(PCBs), multi-chip modules (MCMs) and the like.

Summary of the Invention

The present invention provides methods for forming thermally stable, adhesive,
low dielectric constant {(k less than 4.0, preferably less than 3.0, and most preferably less
than 2.5) polyorganosilicon dielectric fitms for use as semiconductor insulators.
Surprisingly, the methods of the present invention can provide polyorganostlicon
coatings having very low dielectric constants which coatings are generated from specified
polycarbosilane starting materials employing wet coating and standard high energy

generating processes, without the need for exotic production techniques or incurring
5



than 2.5) polyorganosilicon dielectric filnms for use as sem conduct or

i nsulators. Surprisingly, the nethods of the present invention can provide

pol yorganosilicon coatings having very |ow dielectric constants which

coatings are generated from specified polycarbosilane starting materials

enpl oyi ng wet coating and standard high energy generati ngmﬁg%ﬁses,
ring

w t hout the need for exotic production techniques or incu 505 DEC
2003 WO 001MOPe/784Y| US00115637 di sadvant ages found i n ot he®Orwow1s637
dielectric filmformng nmethods. In accordance with the present invention,
there is provided a process for the preparation of a |ow dielectric
const ant pol yorganosilicon coating by applying to a substrate a
conposition conprising a specified polycarbosilane of the general fornula:

HS - RER x,R3, | Si .R4 %EBFO? LA (1 zg%88i --- RRo RO win
which: R, R fsa%vr?ﬂtaﬁsgoug‘%\%ho Ko s Aisse Téﬁff"éfggéﬂ?t 08 substituted or
unsubstituted al kyl ene, cycl oal kyl ene, or arylene group; R2, R3, Ra, R5,.
R8 and R9 each indlenpend ntIy,reRresents a hydrogen atom or
accordance with the present invention, there is provided a process for the
preparation of a low dielectric constant polyorganosilicon coating by applying to a

substrate a composition comprising a specified polycarbosilane of the general formula:

[ 1 1 T 1 [ ]
H R3 Rs Rg
Sll_ Rl Tl SII —R; St — RIO -
R; Ry O —Rg Ry
| _ —_— X —y —_ z |— 1w
FORMULA (I)
in which:

Ry, R;, and Ry each independently represents a substituted or unsubstituted

alkylene, cycloalkylene, or arylene group;

R2, R, R4, Rs, Rg and Ro each independently represents a hydrogen atom or
organic group.

R represents an organosilicon, a silanyl, a siloxyl, or an organo group; and

X, ¥, zand w satisfying the conditions of [10< x + y +z+w <100,000], and y and

z and w can collectively or independently be zero.

The polycarbosilane coated substrate is then subjected to a thermal or high energy source
under controtled conditions to cause interaction and crosslinking of the pelycarbosilane
to form a polyorganosilicon coating having a dielectric constant of less than 4. In a
preferred process embodiment, the polycarbosilane (Formula (I)) coated suBstrate 1S
subjected to thermal energy by heating it in multistage process steps at sequentially

6



organi c group. R6 represents an organosilicon, a silanyl, a siloxyl, or an
organo group; and x, y, z and w satisfying the conditions of [10< x + vy
+z+w <100, 000], and y and =z and w can collectively or independently be
zero. The pol ycarbosil ane coated substrate is then subjected to a thernal
or high energy source under controlled conditions to causd b §fifellBkti on and

crosslinkin f pol ycarbosilane to form a pol yorganosiLi | ng
havi ng a di gyﬁggé$£s constant of less than 4. In a preferregtgﬁggﬂg@%}}
enbodi ment, the polycarbosilane (Fornula (1)) coated substrate is

subj ected to téevansl teeperapyredyf feat 507G iot abaut MIOLC stralge cprmdled scondiepss anhd

sequentially 6 0,5 DEC 2003 WD Q0/ 75975 PCT/ U500/ 15637 el evat e e
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envi ronnment s t&agggyaq,qﬁg 1 RS, BokyGat %bv{ gthg sifarfga thermal |y stable

pol yor ganosi |l i con ~ coatl ng having a el ectric constant of |ess than 4.
The preferred process herein is directed to baking the polycarbosil ane of

Formula | in multistage.steps at seqguenti al el evat ed t enper.at ur
ol ateaus of from arBPTESTCEIRES Be S AEaeh TG Ui P bERBGS iR AL FoaYe
environment; ang Iﬁﬁl{igtggysté}ﬁaai sddeleNdy ereute&esrﬁﬁrat@feeﬁnﬁ@ﬂs%@lm .’{B‘af%_f l@@%clt@ne
| ner Irm

at tenperatures exceedi ng 400C to forman organosilicon poly r
~havi ng el ect riababi 4501 fsin] aatontrgllqsl opwet dndscny lremmente pid Suithpr/heating ehdeeurrngethe

. -gonstant of less than 4. 0. re precisel in the bLlng or baking process
G e pr esentPreyaRid pdlycrrodte B GRRFALSE afecdiFe DB L i 38 SrEthaRIERST o
-l tiple heatiggyh&aRim Bavirkt eRErivdllyS 2EURNAS Hrbpertibs cBaGEBTzddeBpes atisle@sic of
not nore than 100 C and 200 C, respectively, under atnospheric or

non- oxi di zi ng qaastgnt; ofjless thangt.0.Ndarerpsesisel v dn tha heating enbaking processgé theopresdgon
gas) environng . condi f | O Perd suf.f i Gl 0 'qﬁ-ﬁ g.l'ﬂg,;

cross link théggotlﬁg’a{rﬂgoﬁs(%]f%ﬁ)g;l? Sr‘?hﬁé’?ﬂ laakfljkgé"%%?%do}“i/éﬁar] oép{ean giaﬂh%)

t enper at ures Odiepsf at Yy 2OMally tireiddg Gemperafut3Codf hot biee thano$609 Tkirig 200,
thereafter heat curing the cross- |inked polycarbosilane under .
non- oxi di zi ng EHFFHSHABIREE Ft@ogphers, g porupXidEHe Eaibt IN5Y YIOD-TERRINE BATRSHUIEH

such as N trOogRmirflAQR £bén %as?%m?igﬁ}??ﬁﬁi bR dHs 1 J;eﬁoéégufﬁﬁeﬁtmécilﬁit&lf@ﬂt

densification of the final ofgano con coating t orm a
characteri zed dmg caosk bimk thi pdlpmithosidanepfusthembakirizythe glodyaitngilanseit sqaerdtived of

. pol ycarbosi| angosm 360“':(.0 Eony(SO% é to%?gctsfﬁrlgljle?%%s&%]ktut]g? Tn%?hereaﬁer heat cunng the cross-
linked polycarbosilane under non-oxidizing environments (e.g. inert or non reacting gas
environments such as Nitrogen, Argon etc.) at temperatures of up to 450° C to achieved
densification of the final organo silicon coating to form a film characterized by a low

dielectric constant.

By selecting the specified polycarbosilanes of Formula I and subjecting them to
the particular thermal (heating) process conditions herein, a cross-linked organosilicon
polymer is achieved which possesses low dielectric constants of less than 4.0. The
selection of the particular polycarbosilanes of Formula | and the subjection of these
materials to the multistep heating process of the instant invention enable a controlled
crosslinking (and optionally oxidation) of the polycarbosilane starting (precursor)
materials to form the present polycarbosilane generated organo-silicon polymers while
avoiding the complete ceramification or oxidation of these polyorganosilicon materials,
which ceramification generally takes place in prior art polycarbosilane heating
processes. The Instant process generates a low dielectric constant polyorganosilicon
coating that is thermally stable under hostile high temperature environments encountered

mn semiconductor processing and further demonstrates good adhesion to substrates upon
7



the particular thermal (heating) process conditions herein, a cross-linked
organosilicon polyner is achieved which possesses |ow dielectric constants
of less than 4.0. The selection of the particul ar pol ycarbosil anes of
Formula | and the subjection of these materials to the nultistep heating
process of the instant invention enable a controlled crosdlifii W@ (and
optionally oxidation) of the polycarbosilane starting (precur‘so,r%

materials t WA Bhe present pol ycarbosil ane generated or gahBVS$PY 136,

pol yners while avoiding the conplete ceramfication or oxidation of these
pol yor ganosi | whieh thehetketi@liScoatdd)i ch ceram fication generally takes place in
prior art polycarbosilane heating processes. The instant process generates
a low dielectric constant polyorganosilicon coating that is thermally
stabl e under hostile high te t VL QRUTRn i :
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acconpl 1 shi no,LAW k ﬂéﬁgg,gg@;ge@am Bbor aUrkGRrdIRE deflink Yro&0Rt 16 1diBake

presently miniratufize W ring sem conduct o’ " wafers. It has
been found thaid tire saeh aspardphitat @ohtings| eksé eadsshigkipg cod sdesiaat ecaction bhite

and cure such_topographical _coatings use cross-linking and.chem ca
" reaction thatd1sgfhstthe |958aPASILISPR RBTE i"%%tf‘oﬂ“?'iﬁ‘flﬁ? 3018?35}{% “‘ﬁa?"t“ﬁéﬁ? é?sullt that

~ pol ycar bosi | age rainbl3iticBE pOEFH s IBRkd ahB6xiRIAERO2 Bbhi STTBRAL ¥ PéponBerance
cl eaved and oxi 8| ed to a point of formng a preponderance of oxygenated.
si licon throughoygertadteal sigdoarthmiughouieheimptepial, Mharely slignindtiog bemednietitigl features
features of organo sj.licon coating. Put another wa h ramfi
organo-si | i co%nf“? IOREAN0 RPN F BB Hemﬂﬁtﬁ?{r WVaYt hﬁrcgéaé%g%&s Ogﬁda@g'ﬂ'con fiths

resistivitiesgaRRidXinME ph8r &t lpke@bsed havd ERistinties aperokinfatigX bilticyn divxidk and
resulting in %ri.ttl eness and ot her properties unsuitable in a |ow |
di el ectric cotrstinfiexiblyl salidostsubipg incBUBIENESS H1de8WST PIBRATIED AGERItaBle in a low

- patterning. By, cont E(?r%Ieaat iﬁ'hmhi@§at §nnéegg&]§nt pEentt rh%milf& é\g];?’d%“rh attemigg. !

. pol ycar bosi | anes prov erein react 1n ecifie n subjectéd
to the nulti-tmakitng isdpen dburidndial et insthnppcgesisosiads pesuddad hérenfriehenin a

form ng polymeric nmaterial ich has the requisite electrical propertie
for sem condtRefidied Wayurhemsyhieaisd ta e ‘PHE"B%%‘E@E?PS B*@Bé’?’sfai“ggm(%?sst rf i

stability undgr f8€SHRingPMaRe PEhi&PNAvhicRNRsahe Ribicadlbastali propérdies for

substrate surfaces used in the electronics ) N
semiconductor insulation use and the physical properties of thermal stability under severe
processing conditions and high adhesivity to substrate surfaces used in the electronics

industry.

More precisely, the polycarbosilane precursor compositions represented by
Formula (I) react under the high energy source conditions of the present invention to
generate low dielectric constant polyorganosilicon films (k less than 4) suitable for use as
dielectric interlayers or interliners in semiconductor integrated circuits. Crucial to the
materials discovered herein are the findings that the polycarbosilanes of Formula 1 have
(1) a reactive hydrido substituted silicon and (2) stable alkylene, cycloalkylene, or
arylene substituents (R}, R7, and Rj¢) in the backbone structure of the polycarbosilane.
These two features offer an polycarbosilane polymer that is both reactive and durable
when subjected to the multiple-stage heating process of the present invention. In the
preferred thermal embodiment of the invention, solution coatings of the instant
polycarbosilane materials are subjected to a multistage heating process at sequentially

increasing temperature plateaus of from 50° C to 450° C in multistage steps of less than
8



I ndustry. More precisely, the polycarbosilane precursor conpositions
represented by Formula (lI) react under the high energy source conditions
of the present invention to generate |ow dielectric constant

pol yorganosilicon filnms (k less than 4) suitable for use as dielectric
interlayers or interliners in sem conductor integrated circuﬂgﬂgfqmmcial to

the nmateri vered herein are the findings that the | | anes
of Formul a % e?g)g%%)l) a reactive hydrido substituted silicon %35!?'8@
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t he instant poncarbosHane materials are subjected to a nultistage
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Cto 450 Cin nul ist e st eps fEl | ess .than 8 WD 00/ 75975 0.5 DEC 2003
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pol ycar bosi | ane; and, thereafter, the polycarbosilane generated
pol yor ganosi | i mulisidge heatinigygotsss fis natiky ohewrtded ai medl anwiTbmyers tteprodate a non-

t enper atures of 50 C r a non-oxidizing environnent to
. conplete the C(BWE} {r‘]frBﬁsq‘&E crﬁ& K BapFaTge Ulame@%f‘?‘f ally useful insulating
coatings having dielectric constants of less than 4. In an alternative

thermal enbodi nment, the total nultistage heating process is carried out
under an inert enviThsnmsentionspgeifigeibepresentad hassin & 2 rpcessolon Hieriephratinn &f

pol ycar bosi | ar\@}qd%élgaﬁbvgmsuﬁg ; ngiﬁf%f]%t)alngg llcso{% %Jtén%?l L3 ns?saenta?dpr%%rd?nlgn 48

.a process for the preparati on rc cons

pol yor ganosi | i ppiyrartesidaricad f (gemmall Bortigila €); 4a0QY) slibirgting t]{bqiqmoarﬂwﬂadeaaeugﬁ
ecting the polycarb03|lane to high energy

general Formul a %é’ nd@&F Qs)u
under cont rol |BFESRAF e eouphivenistto cRRvepdhg Bty aRast! afitdo acpelyorganosilicon
* pol yor ganosi | uﬁa&alrﬁamglaailentam eans@an@uslo%@ésg tan QC{E%B@@&bS&)neH{] atfiSMal G

4. In one enbodinment, a thermal step 1Is enployed by heating t

pol ycar bosi | arg emlqmﬂ thysheatjag Nesapolycarbenifpns at mokispgaheating temaergiungplateons

about 50 C to ﬁnSangCﬁ'togq a cé)rlll\t/%CI Ct heﬁlSBQ le t%acroggesrlt {h%%glygz?rbgsr}lagg poegrll Xcﬁ]emhe tcat
resistant, polyorganosilicon material having a dielectric constant of less than 4. In one
practice of this process, the polycarbosilane is subjected to isothermal plateau
temperatures of from 100° C to 200° C in one heating step, and from 200° C to 350° C

and above 400° C in sequential heating steps.

In still another embodiment provided herein is a process for the manufacturer of a
semiconductor device comprising the steps of (a) applying a solution of the
polycarbosilane provided herein as Formula (I) onto a semiconductor substrate having
electrically conductive components fabricated therein; (b) heating the coated substrate at
gradually increasing temperature plateaus of from 50° C to 400° C under certain
environmental conditions for sufficient periods to convert the polycarbosilane to a
crosslinked organosilicon polymer which tenaciously adheres to the substrate surface;
and (c) curing the processed film coated substrate at temperatures of up to 450°C to
generate a polyorganosilicon electrically insulating film coating having a dielectric

constant of less than four.



resi stant, polyorganosilicon material having a dielectric constant of |ess
than 4. In one practice of this process, the polycarbosilane is subjected
to isothermal plateau tenperatures of from 100 Cto 200 Cin one heating

step, and from200 Cto 350 C and above 400 Cin sequen ktpﬁ@tlng st eps.

In still another enbodlnent provi ded herein is a process
manuf act ur er sem conductor device conprising the step
applying a %‘I’B?’?‘%’ﬁs of the polycarbosil ane provi ded herei nﬁ(a-{)’ﬁjﬁé)')??r?ﬁ "a (1)

onto a sem conductor substrate having electrically conductive conponents
fabricat ed t hdBrefiDestkiptibee of thadrawwéngsoat ed substrate at gradually

i ncreasing tenperature plateaus of from50 Cto 400 C under certain
environnmental conditions for sufficient periods to convert the
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adheres to the substrate surface; and (c) curing the processed film coated
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electrically insulating filmcoating having a dielectric constant of |ess
than four. 9 0 5 DEC 2003 WD 00175975 -PCT/ USOQ' 15637 Bri ef Description of
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description as set rth belowwith reference to the acconpanyi ng draw ngs
< wherein: Fi gurpeeseni gnvantiorobavieg ot plonarized idisleastic dilmelryeorrhiagofor devidtallized
..-according to tp resent invention having a planarized dielectric film
. =lrayer coating SHBf™f netal I i zed structure. Detail ed Description of the

" Preferred Enbodinents "Silanes" as ny be used herein are conpounds whi ch

contain one or nore S|I|con S|I|con bonds The term"silanyl" refers to

the silane rad2etal 2 ambedimentsr hosi | anes or the

pol ycar bosi | ane ge d t |y.or. i he
present invention- rl?ﬂ%ge'?e ag%%\é?y&ss:é er?gé?r?la)sléjl %ﬁg d(L:I ‘ftga? ﬁ%gﬁgg%ﬂgsc?rg%%éérl C
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. The term "sil| Qgilpousdh VrSthe present invention. The term “polysilane™ is intended to include

oligomeric and polymeric silanes; i.e., compounds which include two or more

monomeric silane vnits.

“Siloxanes™ as may be used herein are compounds which contain one or more
silicon-oxygen bonds and may or may not contain cyclic units. The term “siloxyl” refers
to a siloxane radical as it may occur in the polycarbosilanes or the polycarbosilane
generated derivatives {polyorganosilicon compounds} of the present invention. The terms
“polysiloxane” and “siloxane polymer” as may be used herein are intended to include
oligomeric and polymeric siloxanes, i.e., compounds which include two or more

monomeric siloxane units.

The term “organic™ or “organo” refers to a branched, unbranched, or cyclic
hrdrocarbon group or radical or 1 to 26 carbon atoms, typically or 1 to 8 carbon atoms.
“Organic” or “Organo” groups include, among others, alkyl, alkenyl, alkylene, and aryl
groups.

The process according to the present invention is carmed out by first providing the
polycarbosilane of the above described Formula (I) and then subjecting the

polycarbosilane to a multistage heating process to convert the polycarbosilane to a
10



to a siloxane radical as it may occur in the polycarbosilanes or the

pol ycar bosi | ane generated derivatives (polyorganosilicon conpounds) of the
present invention. The terns "polysiloxane" and "sil oxane polyner" as nmay
be used herein are intended to include oligoneric and polyneric sil oxanes,
i .e., conpounds which include two or nore nononeric siloxardd JFfi Y8} The
term"organi c" or "organo” refers to a branched, unbranched, or cyclic

hydr ocar bon YR 8i159%r radical or 1 to 26 carbon atons, typi c{YS%8587¢0 8
carbon atons. "Organic" or "Organo” groups include, anong others, alkyl,
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invention is carried out by first providing the polycarbosilane of the
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2 . : . ¢ P
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environnment to harden the part’icul ar polycarbosilane generated | ow k
process is a curing step at temperatures above 400° C and 1s generally conducted in a

non-oxidizing environment to harden the particular polycarbosilane generated low k
polyorganosilicon coating. It is to be understood that the present multistage process or
any part hereof can be camed out under any environment such as Inert gas, air
atmosphere, unreactive gas, oxygenating gas, or mixtures thereof without departing from

the spint or scope of the invention.

In the general Formula (I} of the particular polycarbosilanes used in the present
process, the substituents R; Ry, and Rjy groups of the Formula (I) polycarbosilanes
independently represent a substituted or unsubstituted alkylene, cycloalkylene or an
arylene group. The arylene group may be any divalent aromatic hydrocarbon such as
phenylenes and naphthenes. The R, alkylene, cycloalkylene, or arylene groups insure the
thermal stability of the polycarbosilane starting materials during the intense energy

applications of the invention, particularly the multistage heating process.

R, R3, Ry, Rs, Ry, Rg, and Ry each independently represents a hydrogen atom or
an organic group in the form of a substituted or unsubstituted alkyl, alkenyl, alkynyl, or

aryl group. The alkyl, alkenyl, and alkynyl groups generally contain from about 1 to 8
11



pol yorganosilicon coating. It is to be understood that the present

mul ti stage process or any part hereof can be carried out under any

envi ronnment such as inert gas, air atnosphere, unreactive gas, oxygenating
gas, or mxtures thereof without departing from the spirit or scope of the
invention. In the general Formula (1) of the particul ar pol ydariFgsiihianes
used in the process, the substituents RL R7, and R o Qu of the
Forrmula (1) ‘% ?%&f)om | anes independently represent a subs‘fcrl?[lr’ﬁﬂgp%d
unsubsti tut ed alkylene cycl oal kyl ene or an arylene group. The aryl ene
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ﬂ#groups having from 2 to 8 carbon atons. The al kenyl group may be ethenyl
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having up to on at The al kenyl group may be di enyl i-n nature
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preferred polycarbosilanes include drido or al kenyl substituted
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Ly hydrd de- poloysatoanl! aRtin GRidAN BRIGRSS YRY dith '3k kroublihen 2 > 0.
~.“pol ycar bosi | anes ut| I'h T he present process may coO I n"oxXl |zed
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pol ycar bosi | avegmeih I (z > 0) operate very effectively in, and are well within the purview of, the

multistep heating process of the present invention. As is equally apparent, z can be zero
independently of x and y, the only conditions being that the radicals x, v, and z of the
Formula I polycarbosilanes must satisfy the conditions of [10< x + y +z+w <100,000],

and y and z can collectively or independently be zero.

The polycarbosilane compounds used herein can be produced from starting
matenals which are presently commercially available from many manufacturers. They
may be produced by using conventional polymerizable processes. For example, the
starting materials can be produced from common organo silane compounds or from
polysilane as a starting matenial by heating an admixture of polysilane with
polyborosiloxane in an inert atmosphere to thereby produce the corresponding polymer or
by heating an admixture of polysilane with a low molecular weight carbosilane in an inert
atmosphere to thereby produce the corresponding polymer or by heating an admixture of
polysilane with a low molecular carbosilane in an inert atmosphere and in the presence of
a catalyst such as polyborodiphenyisiloxane to thereby produce the corresponding

polymer. Polycarbosilanes can also be synthesized by Grignard Reaction reported in U.S.
12



Formula | (z > 0) operate very effectively in, and are well within the
purview of, the nultistep heating process of the present invention. As is
equal |y apparent, z can be zero independently of x and y, the only
conditions being that the radicals x, y, and z of the Fornula I

pol ycarbosi | anes nust satisfy the conditions of [10< x + y +ZM)E1EH] 00011,

and y and z .col.lectively or independently be zero. The bgsi | ane
conmpounds u?gamﬁggéin can be produced fromstarting nateri@ftxﬁﬂﬂgﬁ§are

presently commercially available from many manufacturers. They may be
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" ‘producti on of waielviatieryefargdiicl eoll-éheEsm BS usadtireinsnsbidr ik GRgtare@blefi®dissolve
el ectrical devices. The instant pol ycarbosil ane of the above-nentioned
formula | is BppPiYEyLesiigRs and aithe synengis|sifsrtivebneantal dgycpratyerfithe resvling

filmlayer to ubj S I Byt r -
erbodi mont , PTGt ST o FAReat VARPE B i e dp Bl iel Hhips piming
appl i ed ont o adéulishting mapdei usgd &b exltini tbaldisyolotord tedtabie scloaqpe maritde organic
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as a coating solution. Various facilitating nmeasures suc% as stirring
and/ or heati nkkerray be used to aid in the dissolution. Suitable solvents
i ncl ude organic solvents such as nethylisobutyl ketone (M RK), dibutyl
et her, xylene, benzene, toluene, n-heptane, hexane, cycl ohexane, octane,
decane, or cyclic Apptihiior pOihgShdiax poBSadBsilahBEonto planar or topographical surfaces

or substrates can be carried out by using any conventional apparatus such as a spin
coater, roller coater, and the like. Preferably a spin coater is used, because the
polycarbosilane used herein has a controlled viscosity suitable for such a coater.
Evaporation of the solvent by any suitable means such as simple air drying by exposure

to an ambient environment during spin coating or by the application of a vacuum or mild

heat (e.g., <500C) yields the desired precursor polycarbosilane coating.

The topographical substrate containing fabricated electric components, to which
the solution of the polycarbosilane is applied, includes a wide variety of metal or
elecmically conducting layers found in conventional semiconductor devices. Typical
examples of such a layer include a circuit or wiring layer, an electrode layer, and the like,
and the matenials of these layers include Al, Cu, Ti, TiN, Ta, TaN, W, TiW, CVD-SiO,,
SiON, PSG and the like.

13



i ke. Application of the instant polycarbosilanes onto planar or

t opogr aphi cal surfaces or substrates can be carried out by using any
conventional apparatus such as a spin coater, roller coater, and the |iKke.
Preferably a spin coater is used, because the polycarbosilane @d @ rein
has a controlled viscosity suitable for such a coater. Evapor[flﬁﬁ nl t he

sol vent by Q%O@Ifggt,@bl e neans such as sinple air drying by %I?R?:Hﬁ/?ﬁﬁﬁo an
anbi ent environnment during spin coating or by the application of a vacuum

or mld heat (e.g., <50C) yields the desired precursor polycarbosilane
coating. The topogrEphihtekinessubf theapadycarhesiddnni qogtiigiban batvadely| wered | depending

conponents, to which e sqlution of the polycarbosil I s, appli.ed

el udes & wi PO GOIGR ShePHinegPisataE SR R CBRAIGRT R PRbE B0t et
i n convent i onajih&eplr& AN ChONdidE Uh € 88ncedtYRioBAdf the X RadDsiPine SIsGlich, ItRY et
include a circuit or wring layer, an electrode |ayer, and the like, and

the material s coftingproeedsdg.r pin egtingle apd configuratipns aff the umderlyirgNayeyy heptipg or

CVWD-Si O0?, Si . PSG and the |like. 13 0 5 C.2003 WO 00, 75975 P 2. S0Q) |
5637 The' thi o BsiE Grpimas e & Gederdba Fnghebivnar IRabRySRpriaie
dependi ng  UPQRRAY 1d BEMARS rake SOALLITOARA MERbdsQmY Hiohe PPN, HBLied. 3 t6f
t he pol ycarbosil ane used, other particulars including the concentration of

- the pol ycar bosd inamenss@in)t i on, the wet coating process (e.g. spin coating),
and configurations of the underlying |ayer, heating or baking
~.tenperatures, and the like. Generally, the thickness of the polycarbosilane

is preferred to bessl} tRaliGN9e (R paeitboalRsdi®end BhEl0N6 i BijedtBd Qo the
preferably, about 0.1 to 2 mcrons (M. After formation of the

pol ycar bosi | artherswl pengesscofathi prpsert tinvestign bihersinetie coatinizas subjestpdilo prdic-etage of
the present invention wherein the coating is subjected to nuldtoj- St 0

hogt  ne. or oce it Sidatich StdlebtiiSRakiit ehpRaRrarhitn Faflodt & B8se
to 450C to prm&?ﬁhzreLethﬁ &RBkd BY ith hardefed &srte ReMohOEdFiMI fiNG Uhe cobANE fayid Ng
the coating and estroying the polycarbosilane structure of the film The

mul ti-stage baleptrRyieg theepalysagposprrscimsiuenphiicdts. Thy mutiistagg bekinscrabaaine
Blycanbosi el totbih (PPRTELE SLBNTRNGHhSIREC S U ol o el

suf fici ent to tereperaerd hiet ts @kseed it 08Mtin an @ssoespheric drivétrgueh pmikomivirameent for a
polymer; (2) time sufficient to remove the solvent and cross-link the polycarbosilane polymer; (2)
heating the polymer at a second higher isothermic plateau temperature in an atmospheric
or nitrogen blanket environment of up to 200°C for a sufficient period to further cross
link the polycarbosilane coating, (3) heating the polymer to a third higher isothermic
temperature plateau of up to 400°C under an atmospheric or nitrogen blanket
environment for a peniod sufficient to harden the polycarbosilane coating without causing
complete oxidation or ceramification of the organo silicon polymer; and finally (4) curing
the polycarbosilane coating by heating it in a non-oxidizing (inert or non-reactive
gaseous) environment at temperatures in excess of 400°C for a sufficient period to yield
a hardened partially oxidized or non oxidized cross-linked polycarbosilane polymer
having an electrical dielectric constant of less than four.

Since the baking and curing takes place in an alternative atmospheric or nitrogen
environment, a non oxidized, an oxidized, or a partially oxidized cross-linked
polycarbosilane results depending on the environmental conditions (oxygen atmosphere
or inert gas) in which the baking or curing steps occur. The controlled multi-step baking
conditions enable the polycarbosilane coating to inter-react and cross link to a

polyorganosilane derivative but remain unceramified (oxidation to silicon dioxide) and

retentive of the organosilicon character of the polymenized polycarbosilane. The resulting
14



heating the polyner at a second higher isothermc plateau tenperature in an
at nospheric or nitrogen bl anket environnent of up to 200C for a sufficient
period to further cross |ink the polycarbosilane coating, (3) heating the
polymer to a third higher isothermc tenperature plateau of up to 400C
under an atnospheric or nitrogen bl anket environment for a Pér0F6c003
sufficient to harden the polycarbosilane coating w thout causin conpl ete
oxi dati on oM™@8PAHTi cation of the organo silicon polymer; BREURHEFTY (4)
curing the polycarbosilane coating by heating it in a non-oxidizing (inert
or non-reacti flele€tAs B eiShas AMNAIERATBMstaft k bERREhat U! SiSfdrib] P& #fan Gl aA®QAesf OF
a sufficient period to yield a hardened partially oxidized or non oxidized
cross-|inked pueiprkhbiess thame.Spdhy melyordaansilang pisishiy demnerdiragisditde geparation

constant of |ess. than four. . Since the bakin nd curjng t | ace in an
al ternative atoif)glé) i 23y tﬂfrfl?yoé‘gﬁ Su'@ﬁ@i ‘Poﬁﬁgﬁ{’%* F%hoR® ‘ii‘%‘l%%%%'f c{%mtll""q or
oxi di zed, or aopsdriphtdal Yor@ueile 20k guieSEd hirikeor spBdisear bosi | ane resul ts
dependi ng on the environnental conditions (oxygen atnosphere or inert gas)
“in which the baking or curing steps occur. The controlled nmulti-step baking
condi tions enabl e the. polycarbosilane coating tq ihnter-rea n ss Link
to a pol yorganosi I}grﬁfgg%Ae I?C\geziltsﬁ“gete%f'raﬁléerr&laﬁ H?\C”értg%]fl St'r’exﬁ %%l}(ul%ctf tﬁ%a(r?]m of
~silicon dioxi dekingfifocebsLdonipnisysea Bist bBE oDrGANBSII 71060 N0 OOHT;aciRbnditep BE from

pol yneri zed pol ygarbosilane. The resulting 14 0 5 PEC 2003 WO 00/ 75975
—PCTI USOO 15637 HieltedtPilc andyathinhsten ofifmne abeytc2Z8oRsteatll0 k- ohs| wdk beqoane 4,

~ preferably le S : :
pol yor ganosi | %ﬁg%mg ?}é%%p%h%lﬁscﬁlg%l:%%ﬁfﬁ% g&geerﬁglr%gtf]fgoﬁr bé?ﬁlg%? nedr nar-e

stress, ther elprosest oftibpesdnt irventi@acisiting heaging sgp atloadt8C and tless fthat 400°C. It
t-opographi cal .conductiv ire patterned surfaces or substrates. Preferred
i ncreasi ng teﬁﬁé&&?‘h(@“ﬁl'ﬁ%‘e’}fﬂ&g H‘etli’fély‘iafs?é’F‘éﬂ‘l‘F ‘Jrﬁf?’frp‘élla MeSiEY#e! SRS ng
process conpr irg@serdiufds” plateab£ROhp f (P MoBNO Uind’ Aher! HirdOE hearfiRC R A@Bé&gséaf
from 120C to 160C, and a third sFep of from about 220C to 300C. \%II
becone appar exlycarpositiae dixdongl casng) #teancisothérond tetmmpatufe plateap oédwnt 244t ing
(or baking) a rin process of the .present. inventiqn. is,that heating
Step above 20080 s AR hetlant igRE B el Trbiis 8Bipg ™ he
pol ycarbosilane of fornmula (1) at elevated isothermc tenperatures
pl ateaus of up to 200C and then finally heating the processed )
pol ycar bosi | ane ( beVbiitenet pibsgpngrued psilisnting i specalnit hatithe proeaseiag vader

from 240C t0  ,mospheric (oxygenated) conditions results in the following partially oxidized cross-

linked structure:

B H H ]
C— & — ¢ — & —C—
0 0
C—§ — ¢ — & —C—
O O
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260C generates a pol ycarbosilane having a | ow dielectric constant of |ess
than 3. Wiile not to be construed as limting it is speculated that the
processi ng under atnospheric (oxygenated) conditions results in the
followi ng partially oxidized cross- |inked structure: G iC [Lé:b C %l S - C
-1 -C0O0 15 0 5 DEC 2003 WO 0G 75975 PCTI USOQO 15637 The str bl &0
specul at ed when_ the instant process is conpletely carried oyt _
non-oxygenat‘%{amff():ﬁgqti ons is as follows: HSI CSi C C Si %iCTé%qﬁﬂu’ri ng
- the process formation of each of these structures, the silicon-hydrogen
bonds in the precurihestrpabycpsdaiatdd when theliysven pracasssie somplemy conedbusindeng
adhesi ve bonding with the coated substrate. Curing can be carried out at
any tenper at umenzryeeRisd cendivonsivasisHowsnpl etion of the crosslinking and
har deni ng of the polycarbosilane in an inert environment to a partially
oxi di zed cross-linked dielectric |ayer. However the curing tenperature
should not be bel op=350C because a |l ower tenperature is insufficient to
conpl ete the «crosslinking of the polycarbosil an?hpol ynmer. Generally,| it is
. preferred that curing is catried out.. t enper atjur es of f £bm 400C tq about
450C. Simlarly, the curing fti ne can e varied under consil|deration qf the
curing tenperature and ot herl conditionsl, and generally, the preferred
. range of curing ting is fromMiabour—30 @ nutes to Saboutr—60 (h Nutes.

C Si C Si
St C Si C

During the process formation of each of these structures, the silicon-hydrogen
bonds in the precursor polycarbosilane polymers causes formation of strong adhesive

bonding with the coated substrate.

Curing can be carried out at any temperature and time suitable for completion of
the crosslinking and hardening of the polycarbosilane in an inert environment to 2
partially oxidized cross-linked dielectric layer. However the curing temperature should
not be below 350°C because a lower temperature is insufficient to complete the
crosslinking of the polycarbosilane polymer. Generally, it is preferred that curing is
carried out at temperatures of from 400°C to about 450°C. Similarly, the curing time can
be varied under consideration of the curing temperature and other conditions, and
generally, the preferred range of curing time is from about 30 minutes to about 60

minutes.
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16 0 5 DEC 2003 WD 00/ 75975 PCTI USOQ 15637 Curing can be carried out in a

conventional curing chanber such as an electric oven, hot plate, and the

like. Curing is carried out in a non-oxidizing atnosphere (Nitrogen,

Heliumor the like) in the curing chanber. The inert atnosphe rally
b 0B b

used in the follow ng Exanples is a N trogen bl anket. O her zi ng
or reduci ng waglhimapheres may be used in the practice of thepprRggisss7
invention, if they are effective to conduct curing of the polycarbosilane

to achieve the lowk dielectric filmherein. In illustrative Figure 1, a
pol ycar bosi | ane di SMERS £ D¢ RUBEY QYeln BEONVENUNBLANTINE,Flhammb fcsrfugléﬁ-f B FEH O

substrate 10. ,Ngf ?oagbfﬁtet b Sﬁ@tC%lrﬁrl %CEE{I'h loflY 3901?%§hcﬁ21£gaa{tmos é} re

pl anari zed surfacd repro C|ng t steppe prof i tter
nmetal |ayer \MﬁNuimgemd-iaelnmozt yheelskedfin plad tLﬂ’mgedlaBibeIpsT hel inert, atmos;ﬂie&t gerelrally

wi de step 20a such a el e e an narrow,. step 20b, such
as wiring. Af{gy 1P6P O&h”gog %‘Wgesn’étaa ”WgFféb hyheéyéfl Okz‘ﬁzmﬂr?éfi‘—'fﬂ’ﬂ

pol ycar bosi | ang,dspi&és rh§% ﬁ@hd‘édql‘?%eﬁﬂa&}{:@%f EH&%r&%ﬁﬁhvéﬁV&r i2@f ey lendrdcfi®e 1o
pol ycar bosi | ane ot . for above. Thereafter the layér I1s subjected to

the multi-st epondmemuhng ofithd pobmrhgsqan@mhleherfsllw&ehdﬁctbedlltmdreeam
resulting in the flat dielectric interlayer 30 surface denonstrating the
gl obal pl anarization acconplished by the nature of the low k dielectric

-~ pol ycarbosi | ane fi lniaakiioy gidufe 1,epd@HdsTetielBitES BEr1HeP O3S shdwly &ddtddon.
-~ Naturally, the instant polycar bosi | ane and process can be used to

“sequentially Oécﬁ&tﬂ"}‘?ﬂﬂqt% @lbp%i%tﬁ ekthiptaethad| theaipetprt dpjecttie ladss A0 et Bobat a
silicon-cont ah El?zhﬁ’lsﬁ@ ro%ﬂé’i}:g'&% Jtefpp@& g%lf‘?eegftﬂg b S“m E%?aléﬂhz?wh ch®
€s

coating snoot e |rregu surtaces rious subs Fed™n
excel | ent adhgad wo.tydes ofiplstietriedBtept, Hies a&@laﬁiremgwﬁx&mdpezuiwubﬁ at b eléctt®ieind 2
0.5 mcrons). This, polycarbgsilane interlayer coating nmay al so be covered

by other coat FHHEEUBHORSPLAOHUFD 2xMinee 64T fgaatia eobhraars) VPR Ealte

oxi de |ayers, >8] fhk GRfant PolRiBLARNE Wet NISpin Thhtb& Der AR RRMAI GARE DN the
coati ngs, silicon nitrogen containi ng coatings, silicon ni trogen car bon

cont ai ni ng coaollymkpsdm erfomdMHd!bbY«&hc@ﬂbmh@@a@I rsg%lbjmtomhbtmula;smp

coatlngs are 6 WhICP:IS | qr t

herein by ref g?agn eam:l Cla'mgoPmc%SSulr"er%m ???8n§éq5%3f§1rr‘p6esu e d" pr e% Fﬁm[che

i nstant proceaferkger mufrﬁtmnmunmﬁgemblgmdl pldmnam QEbdi@;ﬂtdh&gSleie hit e

bet ween Iined onductor_elenents on an electronic or fabricated

seni conduct or © mﬁslf"f"d"t gxelectnc polycarbosilane ﬁ]m achieve in the practice of present process
mvention. Naturally, the instant polycarbosilane and process can be used to sequentially

coat multiple patterned metal layers.

By the above methods a silicon-containing plananzing coating is produced on the
substrate. The coating smoothes the irregular surfaces of various substrates and has
excellent adhesion. In addition, this coating can be quite thick (e.g. > 0.5 microns). This
polycarbosilane interlayer coating may also be covered by other coatings such as further
S10; coatings, SiOy/modifying ceramic oxide layers, silicon containing coatings, silicon
carbon containing coatings, silicon nitrogen containing coatings, silicon nitrogen carbon
contamning coatings and/or diamond like carbon coatings. Such multilayer coatings are
taught in U.S. Pat. No. 4,973,526, which is incorporated herein by reference. And, of
course, the polycarbosilanes prepared in the instant process can be formed as interlined
deposition coatings or films between lined conductor elements on an electronic or

fabricated semiconductor substrate.
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17 WO 00/ 75975 0 5 DEC 2903 PCTI US00/ 15637 The foll ow ng non-limting

Exanpl es are provided so that one skilled in the art nmay nore readily

understand the invention. Exanple | 2 grams of allyl hydridopol ycarbosil ane,

[[SI (CH2CHCH) HCH2] 0. 1[ Si H2CH2] 0. 9] n, (AHPCS) purchased from Starfire

Systens, Inc. was dissolved in 4 grans of anhydrous di butyl[]gq}ibem] The
TS

sol ution wa iltered through a 0.2 mcron filter. Abo this
sol ution vva?cg%%g;ﬁsed onto the surface of a 4" wafer and th%n tEaéw&/%’fer ,

. was spun at 2000 rpm for 30 seconds. The coated wafer was heated in
sequenti al el evat edhediflewgurasliniting@3ampESGre anevidgiow thatronerskdigd ih e art
for each step under at%rh’p]sphtare é@_léer%} conditions. Then the filmwas cured
in a furnace JdP2VDRE FFUHYIHORTSIY HHFEP®: nitrogen environnent. IR spectra
were obtained on the filmas-spun and after each process step. The
assignment of the infrared absorption of this material is shown in Table I.
The structural change of the spun fil mEkamplglt he sequential heating and
cure can be nonitored by following the infrared spectra of the filmafter

~each process step (sgems of AllyiaRidobolgdEbosiakd, ¢ HCHORCHIICIS [ SiFBAHE 5],
during heating of the filmis the decreasing intensity of Si- H absorption
at about 2130dMHPCSTipurabaseddranm S&ﬁﬁ@fSYﬁ%@SST’glﬁl—Wﬁ%élﬁsoéYeéa“ ¢ errmsrPiisehsitowsn
Graph 1) indic ' = [ r wth
t he decrease o@@ﬂﬁ%ﬁg—g@gﬁhﬁ%g&@? ﬁﬁ tﬁé@lﬁé@?é’ﬁ lg%%gl;ﬁeléeﬁ g‘gglgt a }(it?\tfvI ‘

~ ~1050cm 1, i nditkidisbingon tvas dRpérssd ofitoShe Orfacnoi 1¢” whie apd e theevadér wisespun at

- absorption at 1357, 1048, and 765 cm 1 indicated the cgl%gtfsairvati n of Si-C

. structure in t4980 B?‘B(f%fs’é). SeFpRds; F‘P%?Wi"%ﬁferdﬁ%%}i‘w e flexat spectra.
suggests that (th crftt!ul'egllo"{*%lb_@r lﬁjad'%gﬂ%?%dc 1 0hCe ﬁﬁu(e??@'egﬁl@é deRRBEHre

-+i nkages of Si-C Si- @) The refractive I ndex was neasured
on a Wool ar n (air) dopdivives.eTherTthe fflm|vwas afitedin e fumace at400C fetidweniufes knder
thickness of 6242 A and refractive index of 1.46 at 633 rim The

di el ectric col®¥oRil SRR ured by the standard CV curve technique at 1
MHz, using MOS capacitor structure. The dielectric constant of the

~prepared filmwas 2.5. Table 1. |Infrared_ Absorption Assignment for AHPCS
IR spectra were obtained on the film as-spun and after each process step. The

assignment of the infrared absorption of this material is shown i Table 1. The structural
change of the spun film during the sequential heating and cure can be monitored by
following the infrared spectra of the film after each process step (shown in Graph 1 and
Table 2). One obvious change during heating of the film is the decreasing intensity of Si-
H absorption at about 2130cm™’. The integration of the Si-H peak area (shown below in
Graph 1) indicated the reaction of Si-H during the process. Concurrent with the
decrease of Si-H, was an increase in the absorption spectra at about 1050cm™, indicating
formation of Si-O bonding. The presence of the absorption at 1357, 1048, and 765 cm™
indicated the preservatton of Si-C structure in the process. The information obtained
from infrared spectra suggests that the film after curing at 400° C has retained the
bonding linkages of Si-C, Si-H, Si-O, and C-H . The refractive index was measured on a
Woolam ellipsometer. The film after cure at 400C showed film thickness of 6242 A and
refractive index of 1.46 at 633 nm. The dielectric constant was measured by the standard
CV curve technique at 1 MHz, using MOS capacitor structure. The dielectric constant of

the prepared film was 2.5.

Table 1. Infrared Absorption Assignment for AHPCS.-
Wave Number Assignment
(em™)
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Wave Nunber (cm) Assignment 18 0 5 DEC 2003 WO 00/ 75975 PCT/ USOQ 15637
2958CH3 asymetric stretching ~ 2923CH2 asymetric stretching 2883CH3 s
etric stretching 2853CH2 synmetric stretching 2131Si -H stretching
1357Si - CH2- Si deformati on 1254Si - CH3 symmetric deformation 104§§ ﬁm mag

936Si - H2 scissors node 846Si H2 wag 765Si -C-Si asymetric stretc |n? 0,
-0.3 - Oyr CSCC Dvl 330C Nl ." "a - . (r AC " CO
1"C O‘C 7 f?wbgqm NOS a .a ww. gy{~n..1 Si - H peak aréa)(5§66km)s §peak
area (3050-

2958 CH3 asymmetric stretching

2923 CH2 asymmetric stretching

2883 CH3 symmetric stretching

2853 CH2 symmetnc stretching

2131 Si-H stretching

1357 Si-CH2-Si deformation

1254 .| Si-CH3 symmetric deformation

1048 Si-C-Si wag

936 S1-H2 scissors mode

846 SiH2 wag

765 Si-C-Si asymmetric stretching

Graph 1 Infrared spectra of the films after each process step. (a)
As-spun; (b) baked at 80C;(c) baked at 150C; (d) baked at 250C

(e) cured at 400C.

Table 2 Peak Area In Infrared Spectra After Each Process Step

Si-H peak area (2300- C-H peak area (3050-
2000cm-1) 2700cm-1)
As-spun 2397 1.953
80 22.97 1.851
150 19.77 1.924
250 : 9.13 1.813
400 5.92 1.433
Example 2

2 grams of allylhydridopolycarbosilane (AHPCS) purchased from Starfire
Systems, Inc. was dissolved in 4 grams of anhydrous dibutyl ether. The solution was
then filtered through a 0.2 micron filter. About 2 mL of this solution was dispensed onto

the surface of 4" wafer and then the wafer was spun at 2000 rpm for 30 seconds. The
19



2000cm 1) 2700cm 1) As-spun23.971. 953 8022.971. 851 15019. 771. 924

2509. 131. 813 4005. 921. 433 Exanple 2 2 grans of allyl hydri dopol ycarbosil ane
(AHPCS) purchased from Starfire Systens, Inc. was dissolved in 4 grans of
anhydrous di butyl ether. The solution was then filtered thr ougm%gflga@
mcron filter. About 2 nL of this solution was dispensed onto t aace
of 4" wafer gts n the wafer was spun at 2000 rpmfor 30 ﬁﬁ%’%@?ssﬁhe .

Graph 1 Infrared spectra of the filns after each process step. (a
As-spun; (b) baked at 80C, (c) baked at 150C, (d) baked at 250C (e) cured
at 400C_ Tabl @agedpeafkr wpscheated 21 sefinentielly sjseated amperagrese{ SRCPl Hesad S2BE 19 0

5 DEC 1003 00175975 PCT/,U500/ 15637, t ed f t .
Seauent a1y tar duss Bl Ehe Gt A Ssfheg Al T SondBlon, ARG BE R Rlcured in 2
m nutes each fARERE 22400BEPREbE nliMitds) undendhitrb sriankeeshvirbemend m was cured in

a furnace at 4000 C for 60 m nutes under a nitrogen bl anket environnent.
| R spectra were obtained fromthe filmas-spun and after each process step.

The assignnment of fhe infrared.a r pti of _thi jal i.n
Tabi e 1o The ot r acRagr ket iR SRRt Hin % sl S FRee e eradet B T
heating and cuk@nfnt dfRhéMifateQBsbr¥on dfQhik Mdtenid! isRRowmin Pateel sPhe todwctabl t he
filmafter each process step as indicated in Table 2. One obvi ous change

. during heat i ehange efibe tpunnfilmsduring thfeseneansinhigating ekqurgcagtbegnoniforgdhdpr pt i on
~at about 2130¢pd'1.. The .intearat.i f-.the Si- . in
CGaph 3) i naiBUpaire e AR Pe 0 e REES 5fp Sl n dobRY.
~Concurrent W Ohe obHeustGH@ARRing hedingldf itieTKade the debRbsngmsenaity bfSirdase in
the absorption at about 1050cm E, _indicating formation of Si-O bonding.

The presence WFORPHEN abaorp?i30pmat Thggmeeratiosof tha §i-Hasak ame (ENBIEIFULEs the
preservation %ﬂn@?ﬁﬂb‘i&%’lﬁgﬁ%&io&%ﬁ 6}% si% %ﬁ%&%:dgflﬁ%gm@ P}J'b%ss. t@&i&ﬁﬂg& Whn the

pol ymer during e’ process. e I nformation rominfrare :
the decrease of Si-H linkages, there was an increase in the absorption at about 1050cm™,

indicating formation of Si-O bonding. The presence of the absorption at 1357, 1048, and
765 cm’ demonstrates the preservation and maintenance of the Si-C structure in the
backbone of the polymer during the process. The information obtained from infrared
spectra suggests that the film after cure at 400C has retained the bonding of Si-C, Si-H,
Si-Q, and C-H linkages. The refractive index was measured on 2 Woolam ellipsometer.
The film after cure at 400C showed film thickness of 6425 A and refractive index of
1.468 at 633 nm. The dielectric constant was measured by the standard CV curve
technique, using MOS capacitor structure. The dielectric constant of the prepared films

was 2.6.
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Graph 2 Infrared spectra of the films after each process step. (a)
As-spun; (b) baked at 80C;(c) baked at 150C; (d) baked at 250C
(e) cured at 400C.
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spectra suggests that the filmafter cure at 400C has retained the bonding
of Si-C, Si-H Si-O and CHIlinkages. The refractive i ndex was neasured
on a Wholarn el lipsonmeter. The filmafter cure at 400C showed film
t hi ckness of 6425 A and refractive index of 1.468 at 633 run ;ﬁf ]
di el ectric constant was neasured by the standard CV curve te% EJ@ usi ng
MOS capacitor structure. The dielectric constant of the prelpar ed films was
2.6. .(r)~ WR®¥WHam>~ - Q- - - ,em,rm.m,>m, nt eoa THEHPHS7
Infrared spectra of the filnms after each process step. (a) As-spun; (b)
baked at 80C, (c) bakerhbit3 R&ROArdadn lafisedl Syecita Ater(IBdchCRifoeess#Btegt00C. 20 0
5 DEC 2003 WD 007 75975 Si - H peak | &f.géh=(1d 289¢2308H peakcaperak 383203050-
2000cm 1) 2700cm 1) As-spun24. 022,08y leg). 962 15019. 64%7&330_;5301 .621.784
4008. 471. 527 fExampie—3—2-grans—of ;Ibbll rdopotycarbosi 3 (HPCS)
[ Si HZCH2] " h%ﬁﬁﬁ’h’ggd from S arf i AAVZg oy o 1o ﬂz E; 556l ved—iA—4—ar-ans
3 rl LI “uUo U T uriT o UAar 7 i uydtbllu, LELLAZ) v Ul SoUl vVOuU T - yl
of anhydrous phn'ryl ether The <:g§19§‘inn was  then f|
mcron filtell5®bout 2 nl of thi$!86fution was dispens@88onto the surface
of a 4" wafen 240d then the wafer jWas$2spun at 2500 rppl 784 30 seconds . As
in the earlie¢npfxanpl es, the coafgd7wafer was heated| sggmentially at 80C,
150C, and 2Z0CTor three m nutées, each step carrired out under atnosphere
(air) conditions. Then the filmwas cygd jinza furnace at 400C for 60
m nutes under a Nitrogen blanket environnent. IR spectra were obtained for
~the filnms as-spun and after each process step. The assignnment of the
“infrared absor pti op gafmstdfhgdrigtipelycabodilanS(HRES)) [SiHAIH §,, PurcHasedSfrér Gtatfisd

Systems, Inc. was dissolved in 4 grams of anhydrous dibutyl ether. The solution was

then filtered through a 0.2 micron filter. About 2 mL of this solution was dispensed onto
the surface of a 4™ wafer and then the wafer was spun at 2500 rpm for 30 seconds . As
in the earlier Examples, the coated wafer was heated sequentially at 80C, 150C, and
220C for three minutes, each step carried out under atmosphere (atr) conditions. Then
the film was cured in a furnace at 400C for 60 minutes under a Nitrogen blanket

environment.

IR spectra were obtained for the films as-spun and after each p;ocess step. The
assignment of the infrared absorption of tlus matenal is shown in Table 3. The structural
change of the spun film during the sequential heating and cure can be momitored by
following the FT-IR of the film after each process step. One obvious change during the
sequential elevated heating of the film is the decrease intensity of Si-H absorption at
about 2143cm™’. As demonstrated below in Graph 3 and Table 4, the integration of the
Si-H peak area indicated the reaction of Si-H during the process. Concurrent with the
decrease of Si-H, therc was an increase in the absorption at about 1050 em’', indicating
formation of Si-O bonding. The presence of the absorption at 1358, 1048, and 763 cm™
indicated the preservation of Si-C structure in the process. The information obtained
from infrared spectra suggests that the film, after curing at 400° C, has the bonding
linkages of Si-C, Si-H, Si-O, and C-H. The refractive index was measured on 2 Woolam
ellipsometer. The film after cure at 400° C demonstrated a film thickness of 3752 A and

refractive index of 1.536 at 633 nm.
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change of the spun filmduring the sequential heating and cure can be
nonitored by following the FT-IR of the filmafter each process step. One
obvi ous change during the sequential elevated heating of the filmis the
decrease intensity of Si-H absorption at about 2143cmi ~. As gﬁ]rggr}ﬁ[brat ed
below in G aph 3 and Table 4, the integration of the Si-H p«gl

I ndi cated the reaction of Si -H during the process. Concurr

decrease ofY@P¥T¥7% here was an increase in the absorption gﬁ&mgﬁﬂmﬁsi%o
cml, indicating formation of Si-O bonding. The presence of the absorption
at 1358, 1048, and 763 Table 4. ilnfliaced Adsirpeioprassignweni for AMPEP- C structure
in the process. The inf QrRENmIRPt al NRGsigdmti nfrared spectra suggests
that the film after curl(g;lgl at 4000 d has the bonding Iinkaf;es of Si-C,
Si-H Si-O and C-H The ractive i 'Iﬁ)ﬁ mgﬁﬁ%ﬂfei Him@m @ Yol am

el lipsometer. The fil m aBidF eure—at &R SRS trated2a—H m t hi ckness of
- 3752 A and refractive iI388% of 1. 536 FIZ@WEGWC SHEH mérh/ 15637 Table 3

Peak Area In Infrared S|@8%%a Affer FhEHIBYmMEEc syeichng 0 5 HEC 2003 WO
00175975 PCT/ USOO115637 | 788 e 4. | nfr aCHEHR spgmtmdt stetchiesi gnnent f or  AHPCS
Wave Nunber Assignnment (emad } 2958CH3SaHWteRhingC Stret ching {2923CH2
asymetric stretching 2%%@—5 S elT1 C| §L.ERb &} defhrAdnen - - - CH2 symmetric

_.st retching 2143Si-H strq mg—1358Si¥ IS fbr?:‘fht6 54Si - CH3
symmetric deformation 1(5_3:%%4 c-S—wat gj,(:*g? yn@ fﬁ{@é\u S llluée 861Si H2 wag

1 wag

72#.763Si - C-Si asymmetric stes8tthing,
S 932 Si-H2 scissors mode
861 SiH2 wag
763 Si-C-Si asymmetric stretching

Graph 3 Infrared spectra of the films after each process step. (a)
As-spun; {b) baked at 80C;{(c) baked at 150C; (d) baked at 250C
(e) cured at 400C.

Table 5 Peak Area In Infrared Spectra After Each Process Step

S1-H peak area {(2300- C-H peak area (3050-
2000cm-1) 2700cm-1)
As-spun 19.81 0.968
80 19.09 0.931
150 9.81 0.503
220 7.21 0.397
400 4.62 0.387
Example 4
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Itl p Si-H peak area (2300- C-H peak area (3050- 2000cm 1) 2700cm 1)
As-spunl9. 810. 968 8019. 090. 931 1509. 810. 503 2207. 210. 397 4004. 620. 387
Exanple 4 4.H (r) >~ ]!/00 YYL 3003 X100 ]OOP 2?2100 Z!W3 1100 lam 1 tI00 | OV
MA 000 Ww. -d.I~tl Graph 3 Infrared spectra of the filns after each

process step. (a) As-spun; (b) baked at 80C;(c) baked at 150C, (d)5 BEk#d]
at 250C (e%ﬁcure at 400C. Table 5 Peak Area In Infrared Spectra After

Each Process $ 0 5 DEC 2003 wo 00n5975 PCTf US00115637 SCHAMLISEY
aIIyIhydridopolycarbosilane (AHPCS) purchased from Starfire Systens, Inc.

was di ssolved in 4 Zggra!ﬂis oﬁﬁl]yﬂlﬁ&‘&fﬁbm@caﬂbmw (}H’EPKES) pufdh@sed Gloutt Baffireas then
filtered through a O. mcron filter. About of this solution was
di spensed ont cOYSteRs, B‘Gr‘l"%ﬁf@!sséf"ed 4 opReel aevﬁmdrp%ﬁifbwbetwaf Ehe spdsuapes at

2000 rpm for éﬂﬁﬁﬁ%ﬁ&’&ro %l% 0. 99@&89& éb?ﬁﬁ% dEJF ﬁﬁ& s%ﬁﬂ%h? %% s hé/nég(? o<

150C, and 250 ree nutes eac atnospheric (air I ons.
Then the fil mthasurfise ofla #hwafet uﬂid\aleeﬂ&twalieﬂwﬁz; §pan aBPJOOm\rputfas?»(lmd@:rdsa The
ni trogen bl anket enV|ronnent The refractive index was measured on a Wol am

el | i psonet er. cPAEIpafnwes hepted sqgrentinlly #080C shdieand #30h foninge gy o Fatiu66 A
and 1 ef 1 act i Ve,laiifthoQlhetc (4 cBRdiRSHS. e ulfilfllval %fnca G984 A200"8For 30

nmeasured by the stan urve fechni que,

structure. Thenmuehan&rmmnaqmsb&mkm&hvhmmnmnepared films mas 2 4 The peak
;-a rea The refractive index was measured on a Woolatn ellipsometer. The film after
cure at 400C showed film thickness of 5466 A and refractive index of 1.479 at 633 nm.
The dielectric constant was measured by the standard CV curve technique, using MOS
capacitor structure. The dielectric constant of the prepared films was 2.4, The peak area
for cured films: Si-H: 7.09, C-H 1.53.

Example 5
2 grams of allylhydnidopolycarbosilane {AHPCS) purchased from Starfire

Systems, Inc. was dissolved in 4 grams of anhydrous dibutyl ether. The solution was
then filtered through a 0.2 micron filter. About 2 mL of this solution was dispensed onto
the surface of a 4” wafer and then the wafer was spun at 2000 rpm for 30 seconds. The
coated wafer was heated sequentialiy at 80C, 150C, and 300C for three minutes each
under atmospheric (air) conditions. Then the film was cured in a furnace at 400° C for 30
minutes under nitrogen environment.’

The refractive index was measured on a Woolam ellipsometer. The film after
cure at 400C showed film thickness of 5549 A and refractive index of 1.469 at 633 nm.
The dielectric constant was measured by the standard CV curve technique, using MOS
capacitor structure. The dielectric constant of the prepared films was 3.5. The peak area
for cured films: Si-H: 2.72, C-H 1.45.

Example 6

2 grams of allylhydridopolycarbosilane (AHPCS) purchased from Starfire
Systems, Inc. was dissolved in 4 grams of anhydrous dibutyl ether. The solution was
then filtered through a 0.2 micron filter. About 2 mL of this solution was dispensed onto
the surface of 4” wafer and then the wafer was spun at 2000 rpm for 30 seconds. The

coated wafer was heated sequentially at 80C, 150C, and 320C for three minutes each
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- was dissolved in

for cured films: Si-H 7.09, CGH 1.53. Exanple 5 2 grans of

al I yl hydri dopol ycar bosi | ane (AHPCS) purchased from Starfire Systens, Inc.
was di ssolved in 4 grans of anhydrous dibutyl ether. The solution was then
filtered through a 0.2 mcron filter. About 2 nL of this solution was

di spensed onto the surface of a 4" wafer and then the wafer was syl E@&@J
2000 rpm f oky30s/8840nds. The coated wafer was heated sequepttabovs E
150C, and 300C for three minutes each under at nospheric (alr) con |t|ons
Then the filmwas cured in a furnace at 400 C for 30 m nutes under

ni trogen envi upaeretmospheri¢ &ingerdivensi ddexthadiim magsuied & o firnacpab49Yefor 30

el lipsometer. The f|| after cure at 400C showed filmthickness of 5549 A
and refracti vEPHGEY mfr%g’ée At %835 rn.  The dielectric constant was

measured by the Stfﬂléi?d’fﬂac@\/e Gldey &at eivtdwa.a Wbl dfigSomerpathd film after
structure. The dielectric constant of the prepared filnms was 3.5. The peak

area for cur edrefdt POREC stwpwad ﬁl@ thEkness Plffi77[1'5“~ aphrefpelyeandexf 4 5 76t 633 nm.
.al Iyl hydridopghy %rlct%ﬂ% 40?1@ Eﬂa ygé?sm%b"g? Baseda LW ﬁr?% écfu% ¥1§H§%OS'
an Ydrous

r ans butyl “et hér e so i on=was then

filtered thr oug;hacaor&:ﬁcm@rvhh dicletteie con%fmudjftﬂe piepartd filkhswaos. at The pe#lSarea
di spensed onto the surface of 4" wafer and then the wafer was spun at 2000

rpmfor 30 seddrfueed fitps: Sidhtleth il dr2Swas heat ed sequential ly at 80C, 150C,
~and 320C for three mnutes each 23 "' O 00/ 75975 0 5 DEC 2003

.-"PCTI USOQ 15637 under ~at nospher.i r) en the, fi cur ed
.I'n a furnace at 40%@? or nof; I%ﬁi"@! ﬁ’o%lgﬁargﬁrvﬁixra ORme 168 demoyﬁ%%tesa

Crefractive i nda¥ctwoSlaRGS LS 84 hefling Wuaksamﬁﬁldlﬂlmsmrmtyeﬁrboihﬁe bérerated t er
cure at 400C showed fil mthickness of 5777 A and refractive index of  1.4576
at 633 nm Tﬁe Iyareanesiliqongreiies easraleia torma ofithe Exispt efinxidatian §3irkd aed/Si-tr ve

- techni qge - SbBfd M@ﬁno&)aﬁﬁ& h?eWcE&tJoHﬁﬁﬂ{ ?theT&ﬁltgf ahifs! This c‘aﬂl@lﬁﬁ@x{‘EarPEe_ the
pr epare Il ms was 3 e peak area cure ms: Si-H 1.88, CH
1. 25. A Conpapbswyeddfonksaniollewing, Table taamd the Wi 1p|act1r€nef (Graplt # e Asehkeain] é,tske
qermnSt rates ?emperature (in atr) is raised, the Si-H peak area decreases and the dielectric constant (k)
of the resulting films increased. This dramatically demonstrates that by controlling and
changing the heating process temperature or atmosphenc conditions, the structure and
composition of the processed film can be predictably tuned to produce a film with
certain desired properties. The rise of the dielectric constant (k) is directly attnbutable to
the decrease of Si-H and Si-C content and the increase of Si-O in the film. As the Si-O

content increases in the film, the film can be expected to behave more like Si0O; film and

the dielectric constant k will also be closer to that of S10; (k of $Si0; is 3.9).

RN
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Graph 4. IR spectra of cured AHPCS films baked at different temperature
(a) Baked at 250C (b) Baked at 300C (c) Baked at 320C

Table 6 The companson of dielectric constant (k), Si-H peak area, and C-H area
Final Bake k Si-H peak area C-H peak area
Temperature (C)
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direct correlation of the heating process to the ultimte pol ycarbosil ane
generated polyorganosilicon product generated in terns of the extent of
oxidation (Si-H and Si-C bond retention), and dielectric constant of the
resulting films. This correlation can be observed fromthe foig ﬁ%ﬂ@ Tabl e
6 and the IR spectra of Graph 4. As the final bake tenperatur 8 3 i's
rai sed, the k area decreases and the dielectric con of

t he resultlng P&7%§§|ncreased This dramatically denonstrat@éﬁ?%m£&gu
controlling changing the heating process tenperature aor alrmcnhprl c
condi ti ons, the stre®dure afdd compBdsitionlof the/-§9 ocessdd fil méan be
predi ctably tuned t 80producd a filmswith dertaireg®sired propertidés. The
rise of the dielectprg constlant (kpgs diregctly atggibutable to jbhe
decrease of Si-H and Si-C content and the inCrease of Si-OIn the Ti1m
the Si-O content increases in the film the filmcan be expected to behave
nore like SiQ2 filmand the dielectric constant k will also be closer to
that of Si 2 (k of ASiiaficated &ho®, anﬁ’n@phe #stattudpeetrg odps auiedeNPES 1dviat s
.baked at different tenperature (a) -Baked at 250C gb) Baked at, BOOC 6%¥
Baked at 320ClEMRRARIUESSKWakheating sisadrking @&%awﬁ@a@ Wi ©F rore ARE Catq Pe

Table 6 The c i C r H
area 240 5 R 3005 s B0t PESHE SRR tlnesocl A5REsE Bk Rl

" 3003. 52. 721. 4%c32¢3t 8tp 88foRabég F4GUT mcaﬁ@ﬂCabwte\:vmmm@l t:litfbedtlmsiﬁaﬂtcoatmgs

.l ti-heating,st.e t sequent m el eya rat t hat heatin
Cep 1ok ng SPRHEE & PHEEAEIAE RA BrolbEocht Sodsne et pfiens plgsgu ot

achi evermrent obsplawxki ﬂualaes&mf% cb}bm;%atﬁmgsaboﬁb@.spref erred range for this
treatnment step is from about Cto 260C to achieve optimal dielectric

filmcoatings

The Examples all clearly demonstrate that the present multistep heat treatment of
polycarbosilanes disclosed herein generates a low k dielectric polyorganosilicon film

coating of unexpectedly unique structural character.

While foregoing is directed to the preferred embodiments of the present
invention, other and further embodiments of the invention may be devised without
departing from the basis scope thereof, and the scope thereof is determined by the claims

that follow.



having a dielectric constant k of less than 3. An isothermal heat treatnent
pl ateau of 250C will yield a | ow k polycarbosilane filmof about 2.5. The
Exanples all clearly denonstrate that the present nultistep heat treatnent
of pol ycarbosil anes di scl osed herein generates a low k dielectric

pol yorganosilicon film coating of unexpectedly unique structural 05 DEC 2003
character. Wile foregoing is directed to the preferred enbodi nents of the
ptresent invention, other and further enbodi nents of the invention nay be
devi sed wi thout departing fromthe basis scope thereof, and the scope
thereof is determned by the clains that follow 25 0 0 DEC 2003 What is
clainmed is: Agﬂzaceas for the preparation of an electrically insulative
pol yor gan. osi ¥ial coznpns.ing_ providinga pol ycarbosilane of

t hegener al fornula H3BR5R8 R Si- RSISi-RR S t0 1-7-- 1 RRORK 2X4 J y6
z9w L_ i n whileh: m:nrowsaqfdhwr@aémq ja &lsetgalht mynlpshebergagogliseibst i t ut ed

or unsubstituted matenal comprising:

a) providing a polycarbosilane of the general formula:

} [S‘J L"H_}

' Rj, Ry and Ry each independently represents a substituted or unsubstituted

_in which:

alkylene, cycloalkylene, or arylene group;
: Rz, R3, Ry, Rs, Ry, and Ro each independently represents a hydrogen atom
_ Or organic group; .
Rg represents an organosilicon, a silanyl, a siloxyl or an organo group; and
X, v, z and w satisfying the conditions of [10 <x+y+x+wW< 100,000],

. and y and z and w can collectively or independently be zero;

"b) coating a substrate with the polycarbosilane to form a polycarbosilane
coated substrate; and '

¢) . subjecting the polycarbosilane coated substrate to a thermal or high encrgy
" source under controlled conditions to cause interaction and crosslinking of
the polycarbosilane to form a polyorganosilicon material having a dielectric

constant of less than 4,

2. The process of claim 1, wherein the polycarbosilane is subjected to an e-beam or

U.V. or other high energy source.

3. The process of Claim 1, wherein the polycarbosilane coated substrate is subjected

to a thermal process by heating the polycarbosilane in multistage increasing
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al kyl ene, cycl oal kyl ene, or arylene group; R2, R3: Ra, R5, R8r and RO each
i ndependently represents a hydrogen atom or organic group; R6 represents
an organosilicon, a silanyl, a siloxyl or an organo group; and X, y, z and
w satisfying the conditions of [10 < x +y + x + w< 1| 00, 000]g mﬁﬂﬁ and
z and w can collectively or independently be zero; b) coating 4“% S Pite

w th the polycarhgsilane to forma polycarbosilane coated gubsdehasedy and
c) subjecting the polycarbosilane coated substrate to a thernmal or high
energy source under controlled conditions to cause interaction and

crossi i nki ng efnpetahee pailatearsiod SomaHe Ctle 468 nocopuiry e galysarbsi@aaintather i al
havi ng a dieleqtric gonstanttof | ess than 4. 2. The process of claim1,
wherein the pRIY¥EESEPhne T4 Wi ected to an e-beamor U V. or ot her
hi gh energy source. 3. The process of Claim1l, wherein the polycarbosil ane

coated substrate is subjected to a thermal process by heating the |
pol ycar bosi | ake i nThagre¢ess effelainyd vatesein reaplFadopane 2o SA\AEP BiF1eS gy ected

PCT/ USO0/ 15637t enper aﬁ?&&@{@@%%& 8 sbhCI%E fo 5O°EIR nd Qﬁgeggtggé ardfen

pol ycar bosi | ane Tnto the P rganosi'rcon materi ess o0

Cl ai m 3 wher ei n ¢ hethaghalcar hogiduasepeaairetofdtds RoaCeoi3s0Uinjwres edinal o

i sot hermal plateaus of from 100C to 200C in one Reating stage and then to

i sot hermal pl at S8HINSOFERIRE (RESHt SFmPFRtreEoeYe 4°%BS0C prior to a final

.- heating or curing stage at tenperatures above 400C. 5. The process of Caim
.. 2 wherein the polycarbosilane is subjected to successive nultistage

. i sothermal pl at eauTlheabiasgof Glajne 2 atharas tiefpdlgashosiians 19 00Ected00 Siccasstve 450C.
6. The process of Claim 1 wherein the entire nulti stage heatd f~ th

pol ycar bosi | ane TPetigtage piper &F}?a‘élﬂﬁﬁwgé?f’ﬂ?rﬁﬁuﬁej °3fh‘i??§‘8ﬂﬁ§¢n¢?99&crﬁ%‘?

" pol yorganosi |l i cqgptrat eri al prepared by the process of Claim1l. 8_ A process

for preparing a polycarbosilane filmcoating having a | ow dielectric
6. The process of Claim 1 wherein the entire multistage heating of the

polycarbosilane is carried out in a non oxidizing environment,
7. The polyorganosilicon material prepared by the process of Claim 1.

8. A process for preparing a polycarbosilane film coating having a low dielectric

constant (k) of less than 4 compnising:

a) applying to a surface coating of a polycarbosilane of the general

formula;
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constant (k) of less than 4 conprising: a) applying to a surface coating of
a pol ycarbosil ane of the general fornula; 27 0 5 DEC 7003 WD 00/ 75975
PCTIUSO0/ 15637 HSI - R R2 - x R3S | R4y z R8 S - RORO win which:
R, , R7, and R each independently represents a substituted orRQSD 200
unsubstituted al kyl ene, cycl oal kyl ene, or aryl ene group; R2, , Hﬁ, &5,
Rg and R9 each independently represents a hydrogen atom or [, l.c.group.
R6 represenﬁgogﬁ7ﬁﬁbanosiIicon, a silanyl, a siloxyl, or anngggﬂ@%B oup
and x, y, z and w satisfying the conditions of [ 10< x + y +z+w <100, 000],
and y and =z and w can collectively or independently be zero. b) heating
the coating at sequentially elevated isotherm c plateau tenperatures of
from50C to 400C for sufficient periods to crosslink the polycarbosilane
precursor mwthout ceramification —of the coating; and — —

H R; Rs Rg
“"__"_S‘l_ R! ISI S’l _R'j Sl e RIO —————
R, Ry 0 —Rg Rg
_— — x |L— —3Y | -1z |— —lw
in which:

R, Ry, and Ry¢ each independentiy represents a substituted or unsubstituted

alkylene, cycloalkylene, or arylene group;

Rz, R;, Ra, Rs, Rg and Ry each independently represents a hydrogen atom or
organic group.

R¢ represents an organosilicon, a silanyl, a siloxyl, or an organo group; and

X, ¥, z and w satisfying the conditions of [10< x + y +z+w <100,000], and y and

z and w can collectively or independently be zero.

b) heating the coating at sequentially elevated isothermic plateau
temperatures of from 50°C to 400°C for sufficient periods to
crosslink the polycarbosilane precursor without ceramification

of the coating; and

c) curing the coating at temperatures of from about 400°C to
450°C to fully convent the polycarbosilane precursor to a
polyorganosilicon layer having a dielectric constant (k) of less

than 4.
9. The process of Claim 8 wherein the polycarbosilane is heated at an elevated
1sothermic plateau temperature of from about 240°C to 260°C and the cured

polycarbosilane coating has a diclectric constant of less than 3.
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c) curing the coating at tenperatures of from about 400C to 450C to fully
convert the pol ycarbosil ane precursor to a polyorganosilicon |ayer having
a dielectric constant (k) of less than 4. 9. The process of Caim8
wherein the pol ycarbosilane is heated at an el evated i sot herm£ ﬁ;tl @hjeau
tenperature of from about 240C to 260C and the cured polycar § a

coating has a dielectric constant of |less than 3. 28 0 5 DE% _%%03 WO
00175975 PC YBA%'ABB37 10. The Process of O aim 8 wherein th& é&'ﬂsﬁﬁ’ st eps
are carried out under atnospheric environmental conditions and the coating
I's an oxidized cross-linked polycarbos 1 |ane. 11. The process of Claim8
wherein the heating and curing steps are carried out in an inert
environnment and the coating is a nonoxidized cross-linked pol ycarbosil ane
12. A processpor the msc%psaroatmgﬂl qf wﬁermlmga{emﬁﬂ LRRE ac0adRGk Bhiehdlni C
substrate conprising: a) applying to an el ectronic substrate a

pol ycar bosi | af@naspharife geheradnial fandighsand fthepatingRgaspxidizedyergss-linikd 7 Ry RO w
i n which:

polycarbosilane.

11. The process of Claim 8 wheretn the heating and curing steps are cartied out in an

inert environment and the coating is a nonoxidized cross-linked polycarbosilane

12. A process for the preparation of a polycarbosilane coated electronic substrate
comprising:
a) applying to an electrontc substrate a polycarbosilane of the general
formula:

H Rj Rs Rg
"'_"""_Sll_"“ R1 rSl Sli —R5 5’] —_ RIO —
R; Ry O —Rg Ry
S —] X A —_ Y |— —1 Z I —— W
in which:

R, ,A R7, and Ry each independently represents a substituted or unsubstituted

alkylene, cycloalkylene, or arylene group;

Ra, Ri, Ry, Rs, Ry and Ry each independently represents a hydrogen atom or
organic group; and R, represents an organosilicon, a silanyl, a siioxyl, or an
organo group; and

x, ¥, z and w sausfying the conditions of [10<x + y +z+w <100,000], and y and

z and w can collectiveiy or independently be zero;



Rl , R7, and Ri o each independently represents a substituted or 05 )
unsubstl tuted alkylene, cycloal kyl ene, or aryl ene group; RZP 13§ 0@% ”ﬂe%
Rs and R9 ea ﬂ'}f]ﬁ ?Jendently represents a hydrogen atom or oy HRIA oup;
and Ro represents an organosilicon, a silanyl, a siloxyl, or an organ
group; and x, y, z and w)sat ihezitjdgnglet bndymbuiilaﬁmmoamﬁ (ub@tq:atx i-H mulizstages at
<100, 0001, and y and z and w can collectively or |nde ndent 5 zero; 29
WO 00/ 75975 0 SsqwmialP003 PCTI USOY 1563716b€)t641&9§meﬁf§“1feﬁ8 gf é ¢ 4p @bout
coat ed substr |tist,ages at sequent] e u of

f r om about 50?@0@8%?” 40 C to int er-reaar?d &s h@%@% ﬁ g&pﬁgﬁ%,&%s

pol ycar bosi |l ane; and c) curing the pol ycarbosil ane coated substrate at
tenperatures of from about 400C to about 450 C to convert the

. pol ycar bosi | ane to a polc;}or g &n0Rg Ithtz:@nlyﬁa;besrﬂiam Colaﬁbﬂeﬁubﬁ%i?n@ gmnstgtures of
dielectric co | ess than 4. 13, d of ,C.ai 1 V\,her he
pol ycarbosi |l a g]équgd substrate is hegqoege ?‘i’tr s%gastag %sofcﬁermalgh

. plateau of frqmlﬁlgggguaﬂgt@ato about 100 C . 14 The é]b@@aﬁé,s]lgoﬁl Mmdaterial
“wherein the pol ycarbosilane coated substrate is heated in a second stage

_i'sothermal pl degabaghg & lowdileotic coogarCof lesabout 200 C . 15tharide net hod of
~Claim 12 wherein the polycarbosilane coated substrate is heated in a third
stage isothermal plateau of from about 200 C to about 350 C prior to

curing. 16. Thg neteendthodbaTIam 22 WiRFeR thelpoB/cafoxit@iclzostel sutssuanak Geated
substrate is heated in nmnultistages at sequenti aII el evat ed i sot her mal

t enper at ure plinduasts of stagomsotiigonal ploeag of 03031191115 2Ctp phoutd08ye - from
about 150 C to about 190 Cin a second stage, and from about 250 Cto
. about 400 Cin athird stage prior to curing. 17. The nethod of Claim 12
wherein the heating nultisteps are carried out in an oxidizing atnosphere
.to oxi de the pol ycarbosilane material |ayer.

14, The method of Claim 12 wherein the polycarbosilane coated substrate is heated

ina second stage isothermal plateau of from about 100° C to about 200° C .

15.  The method of Claim 12 wherein the polycarbosilane coated substrate is heated

in a third stage isothermal plateau of from about 200° C to about 350° C pnor to

curing. _

16.  The method of Claim 12 wherein the polycarbosilane coated substrate is heated in
multisiagcs at sequentially elevated isothermal temperature plateaus of

from about 70° C to 90° C in a first stage, from about 150° C to about 190° Cina

second stage, and from about 250° C to about 400° C in a third stage prior to

curing.

17.  The method of Claim 12 wherein the heating multisteps are carried out in an

oxidizing atmosphere to oxide the polycarbosilane matenal layer.

18.  The method of Claim 12 wherein the heating multisteps are carried out in an

non- oxidizing atmosphere to prevent oxidation of the heated polycarbosilane layer.
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18. The method of Claim 12 wherein the heating nmultisteps are carried out

in an non- oxidizing atnosphere to prevent oxidation of the heated

pol ycarbosilane layer. 30 0 5 DEC 2003 WO 00/ 75975 PCT/ USOO 15637 19. The

nmet hod of Claim 12 wherein the polycarbosilane is spin coated onto a

sem conductor substrate conprised of a fabricated pattern havij§qrg i) st

conductor and a horizontally adjacent second conductor with a

bet ween wheWEAP7#HE gap is filled with the pol ycarbosil anePGHHg?oﬁé‘?”ZO.

The pol ycar bosi | ane product produced by the process of Claim19. 21. A

process for formng a dielectric on a sem conductor device conprising a)

providing a first conductor and a horizontally adjacent second conductor,

formed on a substrate wherein a gap is formed between the conductors; b)

appl yi ng an ect fith t | formula H

R3R 5R8 - | s%b S Si -&th‘%qa{“ﬁ 13 véhel} %g%%%’és‘ﬁ% ‘5“%‘& Ftﬁtﬁh%ﬁgf’r@ R , R,

and Rl G each s¢émidendesterent | ysubetmteg:emptrsecho%mbbma@qdm@uerolha\ulr@zuﬁm ¢onduceat

gllkyl ene, Cyglllcp ﬂﬂ&%ﬁ' Ogd]z{%e lsgpo%dggl%ﬁetor@nh a@%p ml%détwé:e\)ﬁ whmb?&g gﬁi) each
1s filled with the polycarbosilane coating.

20.  The polycarbosilane product produced by the process of Claim 19.

21. A process for forming a dielectric on a semiconductor device comprising
a) providing a first conductor and a horizontally adjacent second
conductor, formed on a substrate wherein a gap is formed

between the conductors;

b) applying an electronic substrate a polycarbosilane of the general
formula
— =1 - T - ]
H R; Rs Rg
——-——-S[— Ry ‘Si Sli —Rs Si — Ryp 44—
R> R4 0 — Rﬁ R9
- — x |— —y — — oz W
in which:

R, Ry, and Ryo each independently represents a substituted or unsubstituted
alkytene, cycloalkylene, or arylene group; R: Ri, Ri. Rs, Rg and Rg each
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0 5 DEC 2003 WO 00/ 75975 PCTI USQ0115637 i ndependently represents a hydrogen
atom or organic group. Rb represents an organosilicon, a silanyl, a
siloxyl, or an organo group; and x, y, z and w satisfying the conditions
of [10<x + y +z+w <100, 000], and y and z and w can collectively or

i ndependently be zero. c) heating the pol ycarbosilane coated ¢g rAage in
mul tistages at sequentially elevated tenperatures of from about 50C to
about 400 V@8VTHT®r-react and cross-link the polycarbosi| &%&Y48"H¥6'm a
pol yorganosilicon material layer; and d). curing the polycarbosil ane coated
substrate to conpl gh@egeiidtflySicpreseré at Rrddeh Ya@Imd 30 @P¢dniC SROUPRRE ITefksens &n

| ow di electric constant |ayer. 22. The product prepared by the process of
Claim2l. 23. A prousswstigent heilprdparaioxpn opfana#sioeeroupc 4nd X, i hFured iwe
pol yor ganosi | i con

_ omdpars o | suped e
D) heati ng the pol yearsmeths RSB UGBl PYRE-P 00 POPE K IR R u”

mul tistages at sequeMcidlelyoreh@peheshilyeapeaoat ures of from about 50C to
about 450 Cto inter-react and cross-link the polycarbosilane to forma

pol yorganosilicon material having a dielectric constant of |less than 3. 24.

The product prepared by ct)he R\regggés%hgfpogcgribgnsi ag’c ?f:zoated substrate in multistages at

sequentially elevated temperatures of from about 50°C to about

400° C to inter-react and cross-link the polycarbosilane to form a

polyorganosilicon material layer; and

d). curing the polycarbosilane coated substrate to complete conversion
of the polyorganosilicon material to a low dielectric constant

layer.
22, The product prepared by the process of Claim 21.

23. A process for the preparation of an electrically insulative polyorganosilicon
material comprising:
a) providing a polycarbosilane; and
b) heating the polycarbosilane coated substrate in carefully controtled
multistages at sequentially elevated temperatures of from about 50°C to about
450° C to inter-react and cross-link the polycarbosilane to form a

polyorganosilicon material having a dielectric constant of less than 3.

24, The product prepared by the process of Claim 23.

32



