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ORGANCHYDRI DOSI LOXANE RESI NS BACKGROUND Field of the Invention 5 The

present invention relates generall ic films formed from

si | oxane basedwb‘%@hﬂ% and net hods m’l mmma m[" ing those fidciRisocAiashsmor e
specifically to | ielectric constan orrredfromhlgh organi c
content organohydri dosil oxane 10 corrposP‘fo? ons and net hods of nmanufacture
thereof. Related Art Sem conductor devices often have one or nore arrays of
patt er ned i nt er cOrPERHECTBYC| BLIMSa FROM rQRCANOHEPRIRGS ITORKRHECBEPINS t he

individual circuit elements 15 thus formng an integrated circuit (10).
These interconnect levels are typically separated by an insulating or

dielectric fil %Aj;k@yd@bsl y, a silicon oxide film chemi cal
vapor depositio pl asma enhanced CVD ( PE ‘ lm @ﬂ@ﬂ s was the
nost 20 comonl y; used, fmaer kAbefQionsuch diel ectric as the
size of circui t‘E'EerrE'rTrs—a'n'd"rel're—sp aces between such e1'@héénts decreases

the relativeby high Hielpgesent icomstam wfladeshgerdiaidly oride films is '
probl emati c. 25d!LQlé’éf%E.‘LC Q1R %%ﬁ%?aff&?(‘%rll@kghg%a@e% ¢@ushanind han that

of silicon oxide tric ornmed from sil oxane based resins are
becom ng wi del y"akleds QfemsnefAAtaARing H1oq [FAE™F orahet "PF8m si | oxane based

resins are the Epéasflctermyedoflrmmwé@mrt &QnStéﬁtﬁ%lllm@XQBﬁmeEcHsQ) resins
(See, U.S. Pat. (?1 272 s 11:9 197 go Ilnsloet al.; and U.S. Pat.
No. 4,756, 977, 56?‘“ *i‘ég PEgE" ‘i4a°|°8’s°ﬁ8 e?rga"‘\“"i“y LHIOSTIOXANS_ 3 W 00/ 41231
PCT/ USO0/ 00523 Eomewsirtionki dred sedhofls | o ndaufrovige Yhewerfdi el ectric
constants than CVD or PECVD silicon oxide filns and al so provi de ot her
benefits such aBeéatethdgd gap filling and surface planarization, it has
been found 5 that typically the dielectric constants of such filnms are
limted to approxi Bipondecinr GeEAFes 668 hars onsaPr Ngres, 523, 163, Jun.
9, 1996, Ball anger&ys &Jf bat&m iaSekdmmectt hevel eltdatr séreonst ant of
suchi nsul ati ng fil S cirt@ﬁgd:[ tqurdu\Q/Qeg e 4 e%gx}pl ow power
consunption, croSs- allck Xn I"gnal “delay "ar er equil re& orm ng an

i nsul ati ng 51 ks hEqrndng| extintegsatehritinsaisw( B0 | Fhassirabl e. As

si | oxane basedr@ﬁt@rminer;taievéleverbetwlldamb ga;sxaiaitlebl B¢ andpl anari zation
properties, formng such fi ased .resin terials is very

| s fronmlbs
desirabl e. | naddffyoh " °%\D‘E}Ise&erﬁgrﬂ%§Jrlgﬁ?ggfﬁvhoa‘{i%yl’05\/ a’?@r%& ri cconst ant
filnms formed froride |folanéobuskdsiagisimatisrilalgpehidsivoRaveom HIVEH

resistance to caa%%ﬁ@%ﬂ%bbw (pécmukdc%m Labl end qugmnuf acture
| ow20di el EC%I‘I c constant fil fromsil oxane based resinsvia standard

processi ng £&chAPHLRELY Iuﬁe?m%teﬁéﬁﬁef%rsi"lr’fﬁ‘ protesds tht®Srequire an
anmoni a or ammﬂowadmn,vatsl viee teipe of atmmsiphel emdr8ee and. She PaiaewisNo.

5,95 723 Sop. bl dAR R AN, Chedledeesane R UBZIAL DI DR ( See.

Patent No. 5, 336 , or other non-stan e of
sem conduct or prSE%E%Ctr&Pecawad’édOf%WAWlPﬁoac%’@rd&aﬁéemw th the present
i nvention, met hpdsbBhaaficusi ng sol utions of organohydri dosil oxane resins of

hi gh organi ¢ content_to manufacture |ow dielectric constant insulating
filnms are p?%VIded Im order to provide a lower dielectric constant

than that of silicon oxide, dielectric films formed
from siloxane based resins are becoming widely used.
One such family of films formed from siloxane based
resins are the films derived from hydrogen

30 silsesquioxane (HS8Q) resins (See, U.S. Pat.
No. 3,615,272, Oct. 19, 1971, Collins et al.; and U.S,
Pat. No. 4,756,977, Jul. 12, 1988, Haluska et al.)



0 3 tJL 2003 WO 001 41231 PCT/ USO0I 00523 The sol uti ons from which UWE”W“WB
dielectric filnms in accordance with the present invention are forned

cont ai n organohydri dosi | oxane resi ns having one of the four general

f or mul ae: 5[HS|0I sln [RSIOl.slnf or Formula 1 [Ho.a-i.osi I n

[ Ro. a-i.0Si D op ‘EF% or Formula 2 [Ho-i.0Si0l.s-2.0ln (Rg%ﬁ’g@joos%
Formula 3 [HSIOl.sl x [RSI01,5] y [Si Qz] Z Formul a 4 wherein: 10 the sum of
n and mis fromabout 8 to about 5000; the sumof x, y and z is from about
8 to about 5000dowewst] Rhiifeselactfedmé ramwbstiet Liwed andlyasthst it ut ed
groups includin b e Y. rQups, Lkylq9roups, aryl
groups, and m xguresnr’}tache(r%‘ll:}g’iﬁ"1 é@tg%ﬁ gEg\é&f%l&qI@gﬁ s/}élocfeyglrlgglm% or carbon
cont ai ni ng subsélsuamoyida oteexr @@nﬁél’@ﬁ foghnak aentargeds gapf unct i on of the

ratio of the an?yﬁﬁqgofanat 8L NG Fﬁﬁﬁéi’ﬁéa?tloﬁ”bi?g'ﬂ@“b%eﬁf £bhigs pr esent
i nvention egglog%zo sol utions confaining, or anohydri dosi | oxane resins
d

having a ca Fudppiealinddy Shigapotyid |Cél’6§F‘I”&)@(Sanﬁ:{af sashngiiie a pol yner
backbone enconpassingizktiet dadmraklingodl arsd 008y ggreaateangseép pag.ti cul ar,

each backbone sbl | cqn atsog%sl&ong,ed tg todlseagh f N ge Qaclfbone 25 oxygen
atons. Some embodr MENt's f A~ accordance Wi th the resent i'nvehtion enpl oy

spin coating techni @iegef oas al{l-mwn(;ath@r‘djm‘les@kﬂtlmmhtt b8e such

or ganohydr | dos! | oKaNE 165 E Doy, TPLRALLNG- UGN cLeslh FoLUL LOnS Arg 30

approximately 5 nin an a priate so vent -3 0
3JJ L 20080 \Aolewmglcmaumnso@momaﬁaéértem Semeéh flehay agk t he

present inventi phguiticRl, €ebhtnd 'ah”&né@Ia[@%gf £ Q1M OF 33N ahyde i dosiilcoxane resin
sol utions by spin coa tlgg g‘?gﬁo § are ided. Such di el ectr c filns

advant ageousl y fARE3 St ge &t s t30i9%EPPYPRRES than 3. 0.
Films wth greatesint hatedDalMlfiver ganeficsiadsyap uBiitlsngypndal | y have

dielectric consé 'g%ﬁo{%mp%rfélePETﬁxannglfﬂng\%@émt he present

i nvention is descri reference to vari ous iments thereof, it
will be und®? st dbtPHangt PeRed & Sibolir hehtal saté presdsipsddahde exaipl es and not
limtations of addstionyentiwiuldlbeSdesardbiws tooshdd Qati ansl st @dapt at i ons

of the specific grr?étear |fzilf§lg%dfor£§‘tepog§ mllggg ge?aas%%arggi to those 15

skilled in the & |ca|ons ations or variations that
rely upon the t®aktiisgs whiehdayeesemigh ﬁ\?éﬁﬁf—@@\c%éiq craskirded by the

enbodi nent s hergaautlernelozgnsnd%emdt@e he swirkBlL e tdhenaspiebbtusnd oscope of the
pr esent inv

ods of f.o dielectric fil fromsolutlons
cont ai ni ng g@gaﬁbﬁf‘kﬁﬁ%r&&??’bmé Fégrf‘?ﬁstgfg esbﬁ%ﬁrﬁe&aﬁsgﬁf
enbodi ments of vhe yieesent prrastiog. tedimigokati oits tdneﬁtmmner
or ganohydri dosi L@Xane 68k 8se3WaRIr ONE f ahhSnhSra GeNehAbn f0r NUl ae:

derivative type of atmosphere (See, U.S. Patent

No. 5,145,723, Sep. 8, 1992, Ballance et al.), an ozone
25 atmosphere (See, U.S. Patent No. 5,336,532, Haluska et

al.), or other non-standard type of semiconductor

process, are avoided.

SUMMARY

In accordance with the present invention, methods
30 of using solutions of organohydridesiloxane resins of
high organic content to manufacture low dielectric

constant insulating films are provided.



25 [HSIOl,sln [RSIOl.sIm or Fornmula 1 [Ho.9-i.0Si0l.s-i.eln 3 JUL 2003
[Ro.9-i.0Si101.5-i.slro : or Formula 2 [Ho-Z.0Si0l.s-2.07 n [RS 01,§7m (ljl2

" Fornula 3 [HSIi01,57x [RSi01,5]y [Si02]Z Fornula 4 wherein: 30 the sumof n
and mis fromabout 8 to about 5000; the sumof x, y and z is from about 8
to about 5000;W9804124 3 j |~ | ; ¢ ~~~3 WD 00/ 41231 PCTNSOGFEOSPRAd R i s
sel ected from substituted and unsubstituted groups including normal and
branched al kyl groups, cycl oal kyl groups, aryl groups, and m xtures

thereof; and 5 The speckbig:MHis %reh MOMNithe0hi EAEAQN CONIRL NINY
substituents in the resins of Fornulae 1-4 is function of the ratio of

. . a
the amounts of GRHIERGENHEER i 1S PrEReYoBVERDOYR R £OTP&fticul arly
favorabl e resul ¢entarie obgansieghniidolildeanelrespes centingf one ganithelO
substituents bej i r f .between about 40 Mbl % to about 80 Mol
% In other enb%cg'% %%?g%avorabﬁgg'results are obtained with the nole
percent of d ganifeisiobsti t{aendSslei ag in the range of befrwesilaabout 5 Mol $
to about 25 Mol % For substituent R a 15 nmethyl group, these ranges
correspond to a caebonotdhient) ofRefie otk Yambrisdr i°gosi | ox BAEWHEsi2n " of
bet ween about 8% @gnd @Q@Ets_ 14% iyiobei weegp about 1% and pHamt) 6% by wei ght,
respectively. The organo 'ydzr'l osi | oxane resins used in naking 20 dielectric
filnms, according HsiCnbbdilRBRPsslaf [$Helpresent inventi onFoxmnahdve
nol ecul ar wei ghts b%%\éeggnabout 400 and 200, 000 atom c nmass units.
Preferably the resins Aave’ nol ecul ar wei ghts between about 1000 and 100, 000
atom c nassitnits, nbeesphedermiang hetsvgeBm25balo e tH0a0080: avd060, 000
atom ¢ mass unifg, JR0EOP! Preferabl v gl ueen sbaul 180,000 dnd 40,000
at,om ¢ mass uni f's. e Oorgamoh éll‘l dosﬁ oxane resl ns use% in mdki ng the
dielectric fil nhdRe ipupehestatedepnpribsitd tpeTd 3nd ninerhativrsd Applications
VO 98/ 97944 andy NOpABAALOEing Wokcha N eth2D- hERGETa K998 r o are commoni y

assigned with e _present a i cation and incorporated herein by reference
"5 70 3 Jf1L. POOTNOTRIEST PEH BIUPG053 MEHIAES of MYARE Tt esent
invention typicallyaesptoyeSPiMdICQabE RGgRAEBNG fluashar cappdingali on of fil s
cont ai ni ng orgasnu%h q;ci ggéi I{)g%@l% JrresslirpssbfA?ogﬁﬁ of 1Qr4diigary skill in the
art knows, senicondactor s Substrated %are curren"ﬁy avafl%ble in a vari ety
of sizes rangi nipriatdpnast st |ragdot of ddeopmpentys iafchesrtingli aneter to as

| arge as twel veyddaghigssin dianeter. Therefore, it will be understood that
the process paraneters presented hereinafter are for a four inch or 10 siXx
inch wafer and are Espofimerts &fi vee mpegesesiwvntionhesplemdi fications to
the volune nf neRiidhs SOHLHINARGCOARRINYALLQdk1Icxaati pasdnsspeeds or the
various tines descri bed bel ow are a%?r oggi ate for g‘% s(gec,i fic application.

or e, CAYEY

It will be furt Vrmﬁnae?%?%‘g&trf"ﬁ'é? €38 TR R 4P88PEi cation are
within the scopesing bpveid mflymhe prakbent emvampassAng Arbodamaiten of

or ganohydr i dos: §iq>&%'8%_r5§§' g%@npse&ﬁg.ed IHYpQPtl_rﬁtHdTa@g bhen neRikBopeth an

a‘;pr opriate sol yvant TYPLEA S Yonded ta 82 Med Y2058 &one

25 oxygen atoms.

Some embodiments in accordance with the present
invention employ spin cocating techniques for
application of solutions of the organohydridosiloxane
resins. Typically, such resin solutions are

30 approximately 5% to 35% (by weight) resin in an

appropriate solvent.



20 approximately 5~ to 35~ (by weight) resin. Advantageously, nethyd jyi 2003

i sobutyl ketone (M BK), heptane, dodecane, butyl ether, butyl acetate,

i sobutyl acetate, propyl acetate or a blend of hexanethyld|3|loxane,
octanet hyl trisil oxane, and 25 octanet hyl cycl ot etrasil oxane, or conbi nations
thereof are uAWH41H@E sol vents, al t hough ot her approprlateP§HV$@@%§3nay

al so be enployed. Prior to use, the solvents are preferably dried over 3~
or 4~ nol ecul ar sieves. 30 The resulting solution is then filtered under

ambi ent condi tions Yha-@W4aiQf chB8aihddts@bEOPhdeuicsest Wehderdeioun in the art.
It is generally preferable to use a filtration device having a pore size

| ess than -6 elegtypg Hilms) foyfpes Cfﬁloﬂ‘l?ﬁﬁarﬁ@ﬁ/diﬂsg@?hmeabout 1 ~tm A
typical filtratdesinpsoresionssey apmrcﬁ)asuﬂg mdtrdasubr®. Adrovifedln the spin
coating pr ocess, Ckhglg:[gcatno@yg OSI van § % h%Q,I uil on prepared in the 5
manner descri be d’ above'is spense ont o at corhear its center. In
sone enbodi fentdseleherivaf@nsiahtsr empiiicadl At lesrmartphadudi g tfiémdi spense

cycle, while ”Wl%gngr@M'tmﬂt g0 Md1® WRGER1 WidupskUtRe s SPin at a
relatively | ow spee ically less than about 500 10 revol utions per

minute (rpn. fH@lﬂFéb\érf?é’ecﬁ‘(’:?ée‘?"s“fcolcf’ﬂﬁk%f‘?ﬂ/ léséhﬁll‘im et period and
then additional spins, hereinafter referred to as thickness spins,

general |y bet ?E o, MOOO and 3000 rpm although other spin
speeds may be Fatre. 15 Once the coating process, as

descri bed above, is E’EP%%% edent hﬁqx?e%%%ﬂ §§'Q§etsrc%ﬁedt L 1S the substrate
coated with the reS| n sol ution, heat e fect a e process and a
subsequent 1€ur E¥S5PEERIS. tOTH@rpaRe %?Wé§‘§“?%n‘ﬁ\?é§°?he”sd’l3\}énpef rom t he

rgsin sol uti onuwae2btéde thahsthase, enmusﬁwnﬁmn@obya@énﬁem flsow, and begi ns

t he conversion c})(];mttfescga g Egmfth locl>|n(sal e r| G fl'nlv”}x The CH e process
conpl etes the SORVBr ST ol o the™ Toat i'ng t9 tthe diel 19 AP Any

conventi onal am#a@ﬂmmathomﬁ@ralaﬂanéht#S-‘elsenﬁl bly%cbpfe@nfuhese 25
processes. Pr efn@rtabhylstm RBRAG A u@gf gécérh@ ég@lseeafot@&&%olsé an integral

part of a S{?él ng, ap arat us us g gthe substrate or wafer,
al t hough a epzf A ué‘rFOr stj C’B%Jl AGEtAEPTi ed i n accordance 30
wi t h enbodi rrenta@apf:at:tmsg)roeseatlétrmnem tbat i ;=21 sposuthealdeachThes bake
process can be Gappked Qi+l B3804 N6 bsal (PSRN RaSHEhas an atnosphere of

an inert gas, nitrogen, or nltrogen/alr m xture. One corrrmnly ~ s JLiL
t~i ~3 WO 00/4f?@?dF’(‘ﬂ"?‘U’S(‘PGFGGBQ?%Pﬁﬁéﬁelff@attionaea‘ﬁ)‘pfé‘rléltG ®enmpl oys one or
nore "hot pI at epirtio edtscdope edHatred pwakernt firomnbhebow. The coated wafer is
typically ated for up to about 120 sec at each_of several hot plates at
successi velzfg 5 hi ghBfthemerafares fyleatfif HHABS bt hsetesiohe at
t enper at ur es befoweeihn g uir gd06h pawti RSACox e Heppne akrproeesddednpl oys a
heati ng appara i | ate E t i ked for
about 60 sec a{a‘é?g%%ﬂé}ﬁcé}%ﬁéd%&fn&% ?';E ?k?%nﬂsrre%%ﬁg Pﬁ&% ?Felcoﬁr ot 10
plate for an apSr8kifmt oaptednserdRkedpiieid c¥pr2opRsinsi Ravigd the waf er
i$ transferredohe aftth'ié’ Goet gphata frormarddyi rd bake pexi od of
appr oxi rratel y 60 sec

[HSlO15]n[R51015]m, or Formula 1

[Ho.4-1.08101.5-1.8)n [Ro.4-1.05101,5-1.8]n ; OF Formula 2

[Ho-1.08101.5-2.0)n [RS1i01.5)n OF Formula 3

[HS1i03,51x [RS1i01,5]y [Si0:2]: Formula 4
wherein:

30 the sum of n and m is from about 8 to about 5000;

the sum of x, y and z is from about 8 to about 5000;



350G A final cure process is preferably enployed to 15 conplete th@ %QUM?
of the film The cure is preferably perfornmed in an inert atnospher 3 £
descri bed above for the bake process. This final cure process can enploy a
conventional t curing apparatus, for exanple a horiz ace
with a 20 terrp‘g‘?g%re range of about 300C to about 450C ange{;‘)/r%e%o&lr’%gl y from
about 375C to about 425C. In a typical furnace cure process, the baked
wafer is cured for 30 mnutes to one hour at 400C at a nitrogen flow rate
of 4 liters/ m naid R2As| & bstferi Ei:omls%t&ltbéédilaidd/eh}tubﬁfﬁatlmﬂce process can

enpl oy a highte t h

oxygen-density- og'{p%ow‘ghp&l \?p%lgkﬁ%%tardc?gr?ﬁgﬁégrocgg gp‘?\%) ‘baked wafer is
cured on a hot ¢¥HCElEYlgrpser aryd é%@ﬁee?@‘éb‘é{%ﬁlu%@@@ﬁﬁoﬁoc for a
period 30 of frggmabout 1 to about 15 mnutes in a nitrogen or - inert

at nosphere wth an oxygen density of |ess than about 100 parts per mllion.
For exanpl e, a suit &bkespgrificf Mo Yjol~lorganie\@0GRALeBIcREHINS00/ 00523

cure at nbspher esigstaehbgyed nvchb 9e£‘j!r¥§ QgeRofhoMer ate of between about 10
and about 30 lifers It will é q\?rstood t hat the above bake and cure
processes were %ﬂ%ﬁ?ﬁeﬂff%‘re FF‘Fﬁgt? e 2Peros &S ShfFEE%ANd that ot her
tenperatures, dwatatriehs, dhdsensbenb@afirkake, qyatesutanl pefamyabyed, where
appr opr i ate Eer%stdl't‘s‘k&?ésob‘%f BQS et%“'t%' “19 fé jJe%E fCotl cl QA substrate

depends on of “Varl abl e ude r gani c content of
the 10 or gér%hyﬁﬂ%ié%%&%ﬁ@lﬁésm tft%l;fé‘“éﬁ of Retive B nRPo ¥ t he resin,

sol vent properti®@olr estd dBuecabatomai.ghtn Paidicrhpgeimdnddle resin sol i ds
in the resin so% utio mount o resin spl.ut i on d%spensed OE%O t he

h
bstrat e ang tils Shue S RN R g onaRed R CrRom ke ey

percentage of regiamisobilistitmenhe soing itonthe hangki cRevettwren esul ting

dielectric fil mpLenyegsSely tof BEohi HeMoaNE. SRRRA sQbst NG ddY ®kRess spin,
the thinner, the resulting dielectric film In addition, the thickness of

the diel ect™ ¢ 59Wlc Sﬁc"&fé'péﬁasﬁnrﬂ?eeszﬁoﬁ’é?iﬁoé‘daﬁa AnRFROTOf the or gani c
constituents i mdﬂt@n@rgﬂﬂﬂﬁydrgd@@hj@i@nellmm rAstordf ngtweeanbodi nent s

of Lhe Present Juyenkiofhy diagensind & Bhedled $30:o0k Wionifiat 1o betveen

about 5 % and a out resin by wei ght on i nch using a spin
speed between affodty P66TfandeaBettiIoH0 rpm resul ts in dielectric films

rangi ng from about 3000,ryd@nglPHo2A0Rame ! FediflsCkBESSin YRN1ALI ON 1N

thi ckness, determ ned by 1ndependent measurements on a single wafer, ranges
from about 4. 4 ml@cer% aW&mS@ RFEARHRG| {0t HPIRAFPREF I TSt hi ckness i s
less than 1 % greseatt mverrirbadi cantimvef mbhecylzeseaighty erttvesn di el ectric

films formed from r%‘b‘oé}}’ad LofO5hd WA M FSLLD kYL OBS A $RLN coating
nmet hods are provi él
the re31ns have molecular weights between about 1000

and 100,000 atomic mass units, more preferably between
) 25 about 10,000 and 60,000 atomic mass units, and most
preferably between about 20,000 and 40,000 atomic mass

units.

The organohydridosiloxane resins used in making
the dielectric films are further described in PCT
30 International Applications WO 98/47944 and WO 98/47945,
published 29 October 1998, which are commonly assigned
with the present application and incorporated herein by

reference



.05.J UL "'"Il";03 WO 00/4l231 PCT/US00/ 00523 The dielectric filnms arlfelfJot nwg
from sol uti ons of organohydri dosil oxane resins having a nole percent of
organi ¢ substituents preferably in the range between about 40 Mol % and
about 80 Mol % and in the range 5 between about 5 Mol % and about 35 Mol
0. As denonst r¥@ 133 t he exanpl es bel ow, such diel ectric FFTHE000523

advant ageously exhibit |low dielectric constants, typically approxi mately
3.0 or lower. In addition, the filns exhibit adhesion to sem conduct or

substrates of 10 gr @xekﬁédéwtaaogke&dﬁoamem@orf Q'y'p@.%lﬂg Cé}@n@gt eristics
enconpass nonlimtin strate t erties of filns

nmeasurenents that ill
of organohydri &M Sgahb“%oﬁ%?ﬁ&ﬁq}%%.%’s‘ Eh‘éajblroé’sé’ t ntion. The
met hods of neasumeaEniny sed e ydbidss flokxkoasredinski | msTdsmealofess (A): Film

t hi ckness i s anggu&m qncghébgpg chlol,)lgno efl\%ccdﬁ'égcﬁ(ogs 102 nodel

010-180 Film Measurenment System avai rom Nanonetrics, Co.
An average of ZYNPEAILEBAELR §“§Feflﬁﬁé JvGdapPbhsito? FaWaPeY e reported as

the filmthicknassesf @5n@ﬂcdﬂ fSINPhLE. sﬁﬂlclélesmé@aﬁumﬁenmcwselﬁorrect ed
for the refract] ve |nde el i psoneter. 2)

€ asurae Qn,a Rud q_é S
Refractive | ndéXa™REFFa ?l‘Ve PREEXT SHPLEE WA & 8?1 *Rifdol ph Resear ch
Aut oEL el |'i psormtee'lefgsenglta w.a\leberngtder@fc0633tk33mmhe3}>r@c@sect ric Constant:

Diel ectric consgaqahetérggsﬂsmsd Holdgatehe canaGidagcea ol fagel” OV)

measur enent_ t echni que_an W ett-Packard 30 Mod
seni conductiér r%d‘s&?‘@ﬁe‘r‘ﬁf%%@f‘énﬁé? o Adduetkarior PukpgsesTINdYt est
procedure enpl aymsa fedafidativhat o6 -t ablhd Mf stateelisl 2 adlivibhe - 10 0

o WB0L2L, PCTLUDL 0092 L) ckicss. oL eaCh JUST 1 andl ng

fnom about 0.5 M Cro Gtron Viscosit Brookfield
Synchro-lectri c,deﬁcgébﬁ%tl@ﬁlowl\/@éél apRIPrEA288 far émpl epedibia o neasure the

VI scosity of or§a96391¢IdOSIIItow§mp seewirtﬁefwddy}%tabdarmi&@tfo&ermerature

I sot h full the waf
et od 1o T00C T ALEGHT TBRETHORN o o8 T BPRE B LR o7 Peor i ng

initial 10 wei gitixiThef i tist pueeatt i shveménonanped from 100C to 425C at 25C
per mnute (under nitrogen atnosphere) and held at 425C for four hours to
determ ne percent wai gbtutiogsof6prfiramadiczdesidmxaRel yesin fiisl ns are spun on

15 silicon waf qax%paeaé%y%mwlkbn%'ﬁﬁe 2Rd; SRACG RA! LEpASHAfrvaryi ng widths
(0.35 - 3.0 Eunﬁ)@ The wafers are d and cured usi ngrthe appropriate

recipe. The cur¥dVeaFer sTGaLhEn WLaFEIIRFIAHCEFI §¥%cross the pattern
of lines ard t hipproktsstelacitonoi 35Xyl netight) resin.

Advantageously, methyl isobutyl ketone (MIBK), heptane,
dodecane, butyl ether, butyl acetate, isobutyl acetate,
propyl acetate or a blend of hexamethyldisiloxane,
octamethyltrisiloxane, and

) 25 octamethylcyclotetrasiloxane, or combinations thereof
are useful as solvents, although other appropriate
solvents may also be employed. Prior to use, the
solvents are preferably dried over 3A or 4A molecular

sieves.

30 The resulting solution is then filtered under
ambient conditions via any of the filtration devices

well known in the art. It is generally preferable to
use a filtration device having a pore size less than

-6~



20 using a scanning electron mcroscope (SEM. The degree of plangri Ratimn
for a particular line and space width is calculated by nmeasuring the ratio
of the highest point of the filmversus the |owest point. 7) Stress: Film
stress is neasured using a 25 Flexus''T' nodel 2410 Film Stress Measurenent
Syst em avai | aboso#nam Tencor | nstruments using standard neRATAEE0/008P Cr ack
Threshol d: A single coat filmis spun, baked, and cured on a bare silicon
waf er using the 30 appropriate recipe in 1000 thickness increnents. The
waf ers are exam ned 29-98 hrs following cure to check for cracking. -11 o
~ got ~~ WO 00PRAYIH pE-r nBobYRIGE2 3T Eaiffiion1PRREESH US§Sbat B %ket one (M BK)
(127.9 g) was ] (A R ecul ar sieves and conbined with 28 g of 80
Mol o nmet hyl hygﬁ%gosﬂégfgﬁeo'rggjimﬁ, whi ch contains 5 approxi mately 19~

carbon, as neasur edlrplehlgugg%f@gaqfigsc&&%astst’eghgg, to forman 18 wei ght ~
0 IFtered to O.

resin solution. The solution was . _ Eun. The sol ution was
coated on a bapegandhyslyidppi korpngafesinsiaigtacropveiRbegnalh &g n coater.

Approxi mat esy RamheOfudske 1304 RYNEEE s SOl dPen@BaVest Pl A6edeeNat hg Waf er.
After a 3 second delay, the wafer was sgun .at 2000 rpmfor 20 i seconds.

The coated waf BFehadESH&eBESHN 11y 887 MGBLRotths ¥eEeri¥illone minute
each at 150C, 2zéewdin andt3bf&ry reaspagttiieldispéhee bakeld, wahélewas 15 t hen
cured in anit t e i t u S jnitially at
5006, 1 o1 1 omed Bl PERABIELT (it Fatl WAGD Bloh MOMERSEL 81 1T Vs hel d
for 10 m nut esretdeivelychedsereads PPl v 1pas etdn BEPHENBER. The furnace

temeratur@omgeh@i&iébtnﬂﬁgg wihfeer (8,9 .houheaddspdide loweeets back to 300C
over a period 9f gbwmé{] 2 ou&;s.t Ei Isg1thri.%kne%§ {oern%x mglies I’L-6, det erm ned
after the bake™Step'Sh&Yd&t B TEG adat™ o5F £&F th &°5P8D, corrected for

€ cur
refractive i nderins,s hgireénabedowefarfeblte 2s 2BiExmns eép2nd sil oxane

sol vent blend (bexamathyldsi) %}e%xima@etzwbtﬂ&idmaeﬁm, and
)(57.4°9)

oct armet hyl cycl otri si | 6xane g was dried over 4~1 30 no| ecul ar sieves
and conbi ned wPtHqughe ofher BOinVEPE$IFEtAYy PRy HP U0 GRBRREPFELS to form an

18 wei ght 15-12 Once the coating process, as described above, is
completed, the coated substrate, that is the substrate
coated with the resin solution, is heated to effect a
bake process and a subsequent cure process. The bake
process removes the solvent from the resin solution on

20 the substrate, causes the polymer to flow, and begins
the conversion of the coating to the dielectric film.
The cure process completes the conversion of the
coating to the dielectric film. Any conventional
apparatus known in the art can be employed for these

25 processes.

Preferably, the apparatus for the bake process is
an integral part of a spin coating apparatus used for
coating the substrate or wafer, although a separate
apparatus for curing coatings applied in accordance

30 with embodiments of the present invention is also
suitable. The bake process can be carried out in an
inert atmosphere such as an atmosphere of an inert gas,

nitrogen, or nitrogen/air mixture. One commonly

-7~



.03 J U1 7?-03 W 00141231 PCTNS00/ 00523 resin solution. The sol ugiyopwe
filtered to 0.2 Eun. Approximately 3 m of the polynmer solution was place
on a bare 9 inch silicon wafer. After a 3 second delay, the wafer was spun
at 3000 rpmfor 20 seconds. 5 The coated wafer was baked on three

successi ve hotWPIHBE for one nminute each at 150C, 200C, aPfdl/dfpyees23
respectively. The baked wafer was then cured in a nitrogen atnosphere in a
hori zontal furnace set initially at 300C, followed by a ranp to 360C at a

10 rate of 4C g - d ' S an, J.ncreased to
3BOC at a ratergggﬁ%%?gnmﬁ%%dgsrﬁég%ﬁsngg:ngi?gsrr{)geﬁiogrgo%\gsqﬁetl d at 380C for
30 minutes and RYs&EEs[ obherkepthabR £RrBOO®2E0Er fxPHdEILEH - of Thbout 2 hours. 15

Exanpl e 3 The sida@%anfa ot vient vk enth asebBe&XBoPlD 20( 85w 1@0 was dri ed
over 9A nol ecul ar_ si eves ao(rg conbi ?g} vvit_Lh 238.5 of 80 | %

met hyl hydri dosi6x&he®2" r¥&siSVEL%t S1%h 81358 eiFfE2 1 ES " sol ution. The
sol ution was$ fiHigheedtémpdratuEan., Theiseldyi orhavdwtdpipessedeonta silicon
waf er, which S _spun

baked, and cured.as-.in e 2. 25 Exanple 4 40
Mol ~ met hyl hy ﬁ“&&’&%ﬁ%&%ﬂ’%@&?ﬂ ?Cblo %9)7,6 C\/\halnghEﬁggﬁjt'ai égea%’fﬁlo%?iqprrat ely 9~
carbon, as neasumoegsbyerfpildyer Bohdatiaok appatéens npvingstioorehiheed with M BK
sol vent (63.7 for 1 i ¥ €51 { e.sol ution was
di spensed on aq:)sllalttggbn %/\Illa er, g\l?\ﬁﬁé%‘%rlés S%k{%%ﬁlﬁ’%bﬁﬁg~%ggo? 1231
PCT/ US00/ 00523 W&S CspubheihFhisakadensts frErahpreed toThestrated hetif er was t hen

cured in aintrNges abAosPhepeokina 1yl B8CESBakenbbidbd Yatat2080€C f ol | oved
by a ramp to 444G.30,2 Al €90 O Tlkee N8l 45 400G ", gRg.bour and
) for a third bake period of approximately 60 sec at

350°cC.

A final cure process is preferably employed to

15 complete the curing of the film. The cure is
preferably performed in an inert atmosphere, as
described above for the bake process. This final cure
process can employ a conventional thermal curing
apparatus, for example a horizontal furnace with a

20 temperature range of about 300°C to about 450°C and
preferably from about 375°C to about 425°C. 1In a
typical furnace cure process, the baked wafer is cured
for 30 minutes to one hour at 400°C at a nitrogen flow

rate of 4 liters/min to 20 liters/min.

) 25 Alternatively, the cure process can employ a high-
temperature hot plate curing module which has an
oxygen-density-controlled environment. In this
process, the baked wafer is cured on a hot plate at a
temperature between about 400°C and 450°C for a period

30 of from about 1 to about 15 minutes in a nitrogen or
inert atmosphere with an oxygen density of less than

about 100 parts per million. For example, a suitable



5 | owered back to 300C over a period of about 2 hours. Exanple 5 60 Mol %
net hyl / 20 Mol % benzyl hydri dosil oxane resin was conbined with M BKsbUikeHi]
to forman 18 weight % resin solution. The solution was di spensed on 10 a
silicon water wobwafwas spun and baked as in Exanple 1. Therbswesnaf er
was then cured in a nitrogen atnosphere in a furnace set initially at 300C
followed by a ranp to 380 C at a rate of 4C mnute, held at 400C for one
hour and then | owered back to 300C over a 15 period of about 2 hours.

Exanmpl e 6 60 MU, aptesaleze b 2<hicrgr vhet iy PiRyaeeridsidoxake resin was

conbi ned with MiBKesRéatenloch® 20 drf Boanr 18 waikehbk /et esin sol ution. The
sol ution was dispensed on a silicon wafer, which was spun, baked, and cured
as in Exanple 5. - 14t wigl3bg(undegupodOtat 4123 8PPy /RIB0LOISBTTABLE 1.

THI CKNESS OF FldelBe ERQMJEXAVBLES: et Exanpl rRakadi Jhi sidiessBakery Non-
Uni form tyOére Thi cknes%gur ed Non- UniformtyExanpl e
192020. 4993640 289X RADI VP30 TIPHAFHE5 T 19858 IMEI 8 3D I E6H5351. 3vExanpl e

945750. 4% 7550 bakExayqles ©44984 59Gogap| ewlt3 4888 20pBenmpl e 7 An 18 wei ght
% resin solution of_an 80 Ml %5 t hyl hydr.i dosi. | pxane resin in a variety
of solvents was spuftandiF5REdS a3 g‘g‘fc%’?%‘g A é&ﬁﬁ?)“?te” .ef‘i'h@ I m

t hi ckness aft era baketraer deptrds far at hembedf refcvhybabhIrmbex Thegi ven bel ow in

Tabl e 2. TABLE 2_; TH| SKNES R LV 1 OF - 80 MoL 0% 19 METHYLHYDRI DOSI LOXANE
RESI N | N DI FFERENT SO_VENT%‘J%% veﬂn;{g:Riiég: active oo
10 organohydridosiloxane resin, type of substituent in the

resin, solvent properties, resin molecular weight,

) percentage of the resin solids in the resin solution,
the amount of resin solution dispensed onto the
substrate, and the speed of the thickness spin. The

15 higher the percentage of resin solids in the solution,
the thicker the resulting dielectric film. Conversely,
the higher the speed of the thickness spin, the thinner
the resulting dielectric film. In addition, the
thickness of the dielectric film can depend on the

20 nature and amount of the organic constituents in the
organohydridosiloxane resin.

According to embodiments of the present invention,
dispensing 2 ml of resin solution that is between about
5 % and about 35 % resin by weight on a 4 inch wafer,

) 25 using a spin speed between about 2000 and about 3000
rpm, results in dielectric films ranging from about
1000 A to about 9000 A in thickness. Variation in
thickness, determined by independent measurements on a
single wafer, ranges from about 0.4 % to 6 % and

30 preferably the variation in thickness is less than 1 %.

In certain embodiments of the present invention,
dielectric films formed from organohydridosiloxane

resin solutions by spin coating methods are provided.

-0~



1 ndexFi Il m

Thi cknessAcet onel. 4377580Cycl ohexanonel. 3914380Cycl opent anonel. 3999@@5&“21’
di met hoxy propane (DWP)1.3618517M NK1. 3954352 -15 0 3 JUL ?003 WO

00/ 41231 PCT/ Wo@t419§1523 Exanpl e 8 Resin solutions of 80 MuycT#s00/00523

met hyl hydri dosi | oxane resin in the sil oxane solvent were prepared by the
nmet hods of Exanple 2 (18 weight %resin) and Exanple 3 5 (26.5 weight %
resin). The solutions were dispensed on a wafer, spun for 20 seconds at
speeds bet weenTheOdicdredt5O00L ¥ vy agndf denast fgomgpokytiansErdnpl es 2 and 3.

Thi ckness aftep My@%laogyﬂ&ﬁar@rgélwr{sﬁa%gg_l rhéleglp\é%etael@fv in Tables 3
and 4. 10 TABLE . THI Cl ~TESS OF FI L METHYLHYDRI DOSI LOXANE

RESI N I N SI LOXAKERTEE. VERTt £ 1998 RESKRE S O PURETI ORI B ISPPRESPEED Speed
(RPM Baked Thi ektwets siBabded %bﬁhdlﬂhdhoramtgbl %.and in the range

500 WD 00/ 31281 B LGB 0B PABLE o IS 1ERS. GF FI LMS OF 80 MOL %
VETHYLHYDRI DOSHEMOSNE aRES| An | N eS|exaepphes $(§_1VENTS‘€<2*B o RESK Nf AS FUNCTI ON
OF SPIN SPEED gpegd {RBM: Bakssk 1hhiekk Msss Baked: Moget A f@nBt bt s,

typically approximately 3.0 or lower. In addition, the
films exhibit adhesion to semiconductor substrates of

10 greater than about 8 kpsi.

The following characteristics encompass non-
’ limiting measurements that illustrate the properties of
films of organohydridosiloxane polymer resins of the
present invention. The methods of measurement used are

15 as follows:

1) Film Thickness (A): Film thickness 1is

measured using a calibrated Nanospec® AFT-Y CTS-102
model 010-180 Film Thickness Measurement System
available from Nanometrics, Co. An average of

20 measurements at five locations on a wafer are reported
as the film thickness for each sample. Thickness
measurements are corrected for the refractive index as

measured on a Rudolph ellipsometer.

2) Refractive Index: Refractive index is

25 measured on a Rudolph Research AutoEL ellipsometer

using a wavelength of 633.3 nm.

3) Dielectric Constant: Dielectric constant is

determined using the capacitance-voltage ("CV")

measurement technique and employs a Hewlett-Packard
30 Model 4061A semiconductor measurement system at a

frequency of 1 MHz. This test procedure employs a

metal-insulator-metal (MIM) structure with the

-10-



(9% 1000162893. 22000107843. 2300088212. 8400076061. 3500066200. 6 5 Exanmple 9

Vi scosity of solutions of 80 Mol nethyl hydri dosil oxane resin in di ff@gqq]gi_m
solvents are given below in Table 5. 10 TABLE 5. VI SCOSI TY OF SOLUTI ONS

80 ol % METHyh byl DOSI LOXANE RESI N Sol vent % sol i dsVi scoectrays0/00523

(cP) M BK191. 72M BK30. 03. 24Si | oxane bl end185. 11Si | oxane bl end26. 510. 86 -17

0 3 JUL <<~p3 WO 00/ 4l 231 PCT/ US00/ 00523 Exanple 10 Properties of the
dielectric films of Exanples 1 and 9 are given belowin Table 6. TABLE 6.
PROPERTI ES OF BREUEEPRI €I FPRAE 1P8peF R ranpFem 135fpPle 4t el ectri ¢

const ant 2. 52. BMg%"icﬁ?Hnal Llﬂ}( plate, 1 MzRefractive index (filml.371.356cured
at 400 C) Stress psi 84 kpsilsothermal Weight | 0ss0.3% hrNot @425 C, 9

hr measur edPl anari zat)i onSoVetian VunBddMNot | (ické: ankl Braakdipddit er nmeasur edCr ack
threshol dl1 p rrcqg_su_r . I } I t BK)
(2000. 19) Warsﬂ\%))%rlJ e oo&ggtg%\%@ggﬁ%%r’s%)\%g %ﬁgb%%)r?gi Egd%wgo, 1.1g of
20 ol $ nethyl By drdatogiel bhane scesihy ohicvaaehy@Fitesidoapp? Basidtely 4~ to
5% carbon, as geasuied By Bwikerf eedodandurscattering, to forma sol ution.
The solution was filtered to 0.1 Vim The solution was coated on six bare

silicon wafers usi M) a deatkenmadnICAspiGrrgdatetts Aera8°8i56cond del ay,
the wafers werg. R aPynoft +SPeREE 5 2NUNL S £8M d@R0a1Q KOQP gopm for 20

seconds. Accel eration before the thickness spin and deceleration afterwards
were both at acrethowst ts0egwdl ibyateeckefomfe reaPEd s Idréthaked on three
successi vey hot S ' e; £a5h At 12080 £ 20060 0@N¢ 350C, -18 0
successi Ve, Ol w QLSS hRe PR AlES; £aGRnAkad 0

425°C at 25°C per minute (under nitrogen atmosphere) and

)
held at 425°C for four hours to determine percent weight

loss.

6) Planarization: Polymer films are spun on

15 silicon wafers patterned with line and space pattexns

of varying widths (0.35 - 3.0 um). The wafers are
baked and cured using the appropriate recipe. The
cured wafers are then cleaved horizontally across the
pattern of lines and this cross-section is examined

20 using a scanning electron microscope (SEM). The degree
of planarization for a particular line and space width
is calculated by measuring the ratio of the highest
point of the film versus the lowest point.

) 7) Stress: Film stress is measured using a

25 Flexus™ model 2410 Film Stress Measurement System

available from Tencor Instruments using standard

methods.

8) Crack Threshold: A single coat film is spun,

baked, and cured on a bare silicon wafer using the
30 appropriate recipe in 1000A thickness increments. The
wafers are examined 24-48 hrs following cure to check

for cracking.

-11-~



PCT/ USO0/ 00523 respectively. The wafers were cured at 400C for 95-m'4131t QE,
in a horizontal furnace under a nitrogen atnosphere at a flowrate o f 03
liters/mn. Filmthickness as a function of spin speed, determ ned after 5

t he bake step and determ ned again after the cure step, co%ﬁ@%@ﬂgﬁr
refractive i nd‘w?(’/‘il?]gi ven below in Table 7. TABLE 7. TH CI'= FI LM5

FROM SOLUTI ONS OF METHYLHYDRI DOSI LOXANE RESI N CONTAI NI NG 4- 5% GARBON Speed
(RPM Baked Thi ckness (A)Baked Non- UniformtyCured Thickness (~)Cured Non-
Uni f orm ty100069361. 0%/2480. 9‘VQOOO4799ﬁx%ﬂ5m. 99800039270. 08%11320. 499000
39260. 4936160. 79%00Q30980. 3%B82080. 5%60 . 2928880. 8% 10 Exanple 12

Met hyl isobutyl ket goenfMiBEbut30. @Ponwasmdbked10ver grl.dol@gular sieves
and conbined with 10,59 of 20 nb| % net hyl hydrj dosi |, oxane resin, which

yl
contai ns 15 appt'6Xi At PP BIRE 05 50 CaPBIn LB E I At R ot Lt & 8%he sol ution
was filtered todd. 2 hetrthylHyelrsabsilicaneasesat ethieh eomarigssi | i con waf er

using a spinp c Foo s r econd I f e spun at 3000
rpmfor 20 gecga%égfmﬂﬁ%%elé’r gtl]i%o?la%oeqr’%dr ggt ﬁéa?%%?kﬁgsgﬁ%%rﬁ and
decel erati on aftaskwaceistaping, bbe hfm anr 48 ewefght1§ regirg sdlyciono3 WO

001 41231 PCT/ U%%l(g/ Q9% io‘;%%ggof{ﬂ!ﬂr%%ctomgz V@%SETHQS%%@%@%BOQ%%N ee

successi ve hot ates for one mnute ea(;h t a C,
respectively. Roagedhdriendageoh inmh waléconveatiayetdsb0m@, corrected for the

refractive 5 i ndebeRtidndl sPIhCKNASS .VaRbEsoPialeYo SURI & FRESUr ement s.
The wafer ﬁﬁz cured at 400C for 30 .m n'?ilt es in a horizon furnace under a

al
nitrogen atfosplérBehSHYTH N Yot L16F°4°7 ths YALFR: t%&knéss after curing
aver aged 6178Aseconded¢lsy,f thet inef k0 waef spat i ate 2i000expmoffok. 366. Thi ckness

varied by 0.9%qQu8hqS. MBARULETE SraE¥ANBL Gabdd on three

successive hot plates for one minute each at 150°C,
200°C, and 350°C, respectively. The baked wafer was

15 then cured in a nitrogen atmosphere in a horizontal
furnace set initially at 300°C, followed by a ramp to
380°C at a rate of 4°C/minute, where it was held for 10
minutes, then increased to 400°C at a rate of
1°C/minute. The furnace temperature was held at 400°C

20 for one hour and then lowered back to 300°C over a
period of about 2 hours. Film thickness for Examples
1-6, determined after the bake step and determined

again after the cure step, corrected for refractive

) index, is given below in Table 1.

25

Example 2

A siloxane solvent blend (hexamethyldisiloxane,
octamethyltrisiloxane, and
octamethylcyclotrisiloxane) (57.4 g) was dried over 4A

30 molecular sieves and combined with 12.6 g of 80 Mol %

methylhydridosiloxane resin to form an 18 weight %

-12-



Viscosity of the solutions of Exanples 11 and 12, is given below in ‘liaﬁ} e
8. 15 TABLE 8. VI SCOSITY OF SOLUTI ONS OF METHYLHYDRI DOSI LOXANE RESI N9 JUL 2203
CONTAI NI NG 4- 5~k CARBON Exanpl €% sol i dsVi scosity (cP)Exanpl e

120. 01. 26Exa - 71.80 20 Exanpl e 14 Pol ymer sol uti onsMafsGodakgpar ed
accordi ng to@ﬁg]o@?hods of Exanple 11, using the percentages of nethyl

subtituent in the nethyl hydridosiloxane resin listed in Table 9, bel ow
Films were prepared by spinning the 25 polynmer solutions onto 6 inch

silicon wafersrubih 216Q96n= ftldnselutiddRRsOoxi deeirPesl beg jan. the surface.
The spin, bake_and cure conditjons used were identjical -20 0 3 (IfJl a;

103 WD 001 41233PPEPHiN@SSi 0d 78 tF LR SROIEEEr PREYH BRAnBIECeD. Each waf er
was cl eaved i nbs d5=@ml esclangd tikenaghisi.onAtvecacts sapphe was neasured by

the stud pull &gg‘y,i qf%hga%?%rs EESXLA)#’%'OMO'? ][f Ao Iggory&l,_ues reported

are the 5 average of es tesSte or eac II'm I n nost” cases, the
adhesi on faP| uFee creaked gefeha'at hakepoxy thaeersure@ssifechotuggests t he

adhesi on at thg)fiddpebshe abutt eaéRcR 1309t fad@°d, haRqt hisy ugl ues
reported bel ow, 10 TABLE 9. T%Tu%?gzu L VALUES FQR FI LM5 W TH DI FFERENT PER
CENT METHYL SUBRTRSUENPESYMbITRE KBERYI QLT pafI tRefh qred in a

(kpsi) 09. 559. 24 08x &8 a8RAOOplfe b ibx anipd e zbbht bt fytnaceobatyl ket one (M BK)

(63.8g) was dried ) qver 9=~ | ecul ar sieves and conpined with 14.0 g of 20
ol s et hy! hyd o g afie 0L nEobiieR Bk AT SBprERCratety o= Lo 5o
carbon to fer nracsAdUleO/minthe, 20nsQ ki As Wasi d itbtes agidr dd,2 Vim The
sol ution was coated on two bare silicon wafers using a spin coater. After a

Sbsecond del aythehelngarapsd vkt S89purrtar 2809 THh’forimtesecBhes.

Accel eration b t | gknes pi rati I S were

both at a rat e%g?ﬁ%\aﬁ E%mgg%)gr pm ggg.héphdg%\%asgg&%v\gfg Eghﬁ%ﬁsﬁﬁ‘ge 21
then lowered back to 300°C over a pericd of about 2

hours.
15
Example 3

The siloxane solvent blend as in Example 2
(661.5 g) was dried over 4A molecular sieves and
combined with 238.5 g of 80 Mol % methylhydridosiloxane
20 resin to form a 26.5 weight % resin solution. The
solution was filtered to 0.1 pm. The solution was
dispensed on a silicon wafer, which was spun, baked,

) and cured as in Example 2.

25 Example 4

40 Mol % methylhydridosiloxane resin (14 g), which
contains approximately 9% carbon, as measured by
Ruthexford back scattering, was combined with MIBK
solvent (63.7 g) to form an 18 weight % resin solution.

30 The solution was dispensed on a silicon wafer, which

-13-



"~ ,~ ;th~ ,rafll~ WO 00/41231 PCT/ US00/ 00523 successive hot plates for
one minute each at 150C, 180C, and 300C, respectively. Filmthicknedss i "3
the two waf ers averaged 4550k corrected for the refractive index of 1.903.
Thi ckness var iy, by,.< 0. 7% over 5 5 neasurenents on each opctw@od@i£rs. The
wafers were curec? a7i 400C for one hour in an horizontal furnace under a
nitrogen atnosphere at a flowrate of 4 liters/mn. Thickness after curing
averaged 9688A, corrected for the refractive index of 1.366. Thickness 10
varied by < 1. %%sowpun Sameaskednentinn Eraspbd lof the bakedvalfafes. The
dielectric con n f s { ri . 04. . Exaqpl.gs 16 through
20 Exanpl es 16%{6‘% %ﬁg@ ‘52%% eé%%g%lﬁgggr%%gas%ﬁ%félgén%kl ng 8lge| ectric
filnms from or gaeohyditikdsiyl exaBeliCesbhbowad diyf heramp twr gaAPE azubsti t uent s.

The sanme process _of fornming a solution, filfering, dispensipg, Spinning,
baki ng, and curriaﬁﬁ,"%s‘{ 8é§‘g?‘i‘1b%'d }ﬁeﬁdeﬁ‘én‘{)qoeéléo%g’d\?e%ﬁ/& ?fé‘;e]gihe@'ne bar e
silicon waf er wageeo@luti2Qol Bosachvel £rambasctbadditoyghogPs. Reported
t hi ckness val ues are the average of five neasurenents on a single wafer.
Results are summarized in Tables 10 ang,ll,;bal ow. -22 fi 3 JUL ~~p3 WO

00141231 PCT/ USO0/ 00523 TABLE 10. SOL ORGANCHYDRI DOSTLOXANE RESI NS
Exanpl eMbl %% car bon } nsaql } . .

%organi c(g)(g)resi néﬁ%%qi tﬁu}e{%?@gn%{]@%%% benzyl hydridosiloxane

met hyl 4- 514. OM*BE18. WAS 6RMBERAAPY EI0 W BX hst Brept4 oM SR &r016863. 7Exanpl e20%

propyl 8-1226. 8M.BKd8. 2 1630, 36X UL200e solution was dispensed on
n- but yl 10- (J:.él& 9723 NK17. | €2094.5- 201 Si.| oxane' 18. 019cycl ohexyl

91864. 2EX .
66. OExanpl €20%pf W?L%-“‘?%@FOI\/I"MWB’%O@HWQ a@ldeﬁaéﬁ?l HoXAEEAYPL si | oxane,
oct anet hyl tri sill.ox@ne, baked sefensidsy ltoye| oty dsi hoxdedenTABLE 11.
PROPERTI ES OF DI ELECTRI C.FI L e o
Exanpl eThi ckneSSVaPY AT i%nThAc kBT PPt PO EC BT i TH%Fof 8143"5Ft er (99 Const
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Example 6

60 Mol % methyl/20 Mol % chloromethyl
hydridosiloxane resin was combined with MIBK solvent to
20 form an 18 weight % resin solution. The solution was
dispensed on a silicon wafer, which was spun, baked,

) and cured as in Example 5.
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was spun and baked as described in Example 4.

thickness after bake,

index is given below in Table 2.

TABLE 2. THICKNESS OF FILMS OF 80 MOL %
METHYLHYDRIDOSILOXANE RESIN IN DIFFERENT SOLVENTS

%ggﬁgggvﬁrosfa%g ;[:gsfnh%.ndlaelrggnt.éﬁ ffl lsgq.ventcsorml eted.
' The film
corrected for the refractive

Solvent Refractive Film Thickness
Index (A)

Acetone 1.437 7580
Cyclohexanone 1.391 4380
Cyclopentanone 1.399 4865

1,2 dimethoxy 1.361 8517

propane (DMP)

MIBK 1.395 4352
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PCTI U500/ 00523 2. The nethod of claim1, wherein formng a soluti onUo{ Lﬂ
sol vent and an or ganohydi -i dosi | oxane resin conprises formng a sol ut‘|6 88
a solvent and an ., . organohydri dosil oxane resin having a cage

conformati on. wagemdizafNe dielecti-ic;filmfoanmed by the nethegugbogiai m 1.

4. A dielectric ?I f‘m on a substrate fornmed by a nethod conprising: formng
a solution of a solvent and an organohydri dosi |l oxane resin conprising a

pol ymer having a general forrmula: [HSIG .sJn[RSIO.s]m or

[ HO. 4- 1. OS10L. 5-1. BIn[ RO. 4- 1. OS10 . 5- | EXsplenB [ Ho

t-~.0Si O-.s-2.0]n[RSIi O~. s] m~ or [HSI 0~, 5] X[ RSI O~, SJy[ Si 02] 2, wherein the
sumof n and mis fresarmeELtBoid ADeUt MEDOD netth@l B itfosX loYana@nd z is
from about 8 tq _about 5“19‘?0 .gnd Fé il’ll an er%eral ;orén.g a,thi s selected fxom
substituted andGr8ubdtTYuCed HEI T ARA" bFanck&aPat Ky 1°Ygrdtips, cycl oal ky!
groups, substi metbddanf dxswbbe 2 ullédwaight dr depsn) aandtl mxrmpieed t her eof;
di spensing khe (e@l ytiofLran ot BesSHOST AL Cso ARliNET BP-d he pubsLaake to form
an organohydi -i dosi | oxane resin coate su%strate; aki ng the

or ganohydr i dos®l 82&8% re¥dPnfepaakFesapds ralt SPE§IF hpvieeiny P esinflial

sol vent, causesbbe pahymed bekdd @, gandn pot tHxambyesanweidt 3the resin to the
dielectric fil thi@i?des'szgfteg g’ak]eULas?E’ Fin R:anu§90 0r15253 e\é\@ OQI 41231 curing
t he organohydri osiToxane Tesin céat 8d SUpstrare, erern ot e convey sion
to the diel ect gigehimldws ipofiphlased. an@74. AY. AY9. A AuY. AL. Af

_. AS3. A@Y. Af A. Ay{r. Af S. AY9. AS{L. AUL. Al A . AyUL. AYL. AShl r. A L. AfL. Aal L. AfL. A3
r.Al L. Au. AlY. A@» TABLE 3. THICKNESS OF FILMS OF 80 MOL %

; <Prsab' (./.) 4] w nMBTHYEENIRIDOE TRPXFAEC RES AN CEY GHLOXRRE | 2iVEAN'ca] ca] ca] ca] ca
] c~a] ca] ca] ca] ca] ca] ca] (TEHURESTRYL RS FINCALPRE QR SPEN IBEED +

Speed (RPM) Baked Baked Non-
Thickness Uniformity
(A) (®)

1000 7454 3.5

2000 4994 1.5

3000 4037 0.5

4000 3480 0.7

5000 3162 1.0

~16~



Q S a Zao{;

FGE vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] caé] élsh 403
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 89{| *>BRSzupkf a\ W ca] ca] ca] ca] ca]ca] c
aJ ca] ca] c"a] cghy 119 ] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca‘,]cqﬁ} &3] calcalc
a] ca] ca! ( XY] z?’ ?? gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca gﬁ%)ca] cajcalc
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calU caU]ca]ca! (tvT U

Viprrxrn: "((c((,...W///0=1k3ytoje [V]ca]ca]ca]ca]ca]ca]calca]ca]cal

ca] cal ca] caU] ca] ca] ca],ﬁ&]L ahca]myécgg.ﬂ%abﬁa]&a]&a]%ca] cal] ca] ca] ca! k33

455) 5, 55505t 9: V; ; ; nmm

? @aooM#Bzupj e’ 282 e ﬁ%fi E LY x‘b% ngt "E’a‘ caU] ca] cal] ca
] Za@U] ca] cal] cgj] ca] cja] Cazl ca?c bgl caL*GWIaﬁ ca csgia ca]%g%‘&?&BB] Hcalcal
BGBVBBBBBUCXCS CCYDDDFR @G Grbyrf+ H7HEHREY! | +KLUzihicth 2§ &, 1M ca] ca] ca] ca] ca
Ul c”a] caU] ca] c(a] ca] cgd] c"a] ca] ca] cNadraakeals”al qa]lcf@]fg@]c a]] cal ca]c”a] ca]ca
] cal] caU] ca] ca] ca (%)
LLMWNNI NOY PPPPPPQBRGR(PGSQSQS’LSj-SyCQ‘ﬁ’?T TRV wenda\ W d ZUj e [V]] ca]ca] ca
U] c™a] ca] ca] ca] caU] caljiwapc aU] c a] cﬂas]zca U] cMa]ica]ca] ca
U] c”a] ca] ca] ca] ca] ca] qadteattecatcahcateca
U] cMa[ Ve VKWSVWAW WAKXYYBPYRZZZ7777x\ {\1\0{7]8]4] 11 0’\’\’\231);2] d™YTid_2Uj e []ca] caU] cau
] caU] ca] ca] ca] cal] ca] qafcatrcrat ché] Tarcalcaffcatfcatcathla] ca] cal ca
U] c”a] cal] caU] ca] ca] ca] 0 2.8
charnno ) bbdddddst 111 YyTQ YSid_ZUOeU] ca] ca] ca] ca
ﬂ cna] ca] c!amama] calﬂ]o(p U ca] ca] cq%gé) g%] c’\a]/ca'] cQ:’aU] cal ca Hcalcalcal
c”MaU] ca] ca] ca] cal] cd] %%H] cal ca] c3 620
tﬂc’\ai i kklT@tl111 FnNf n'[ nyn" p%oXpupppprrrsspm kvirsw[vquf ZUi d_ZUj eU] ] ca] ca
Ul c”a] caU] cal] ca] ca] ca] ca] c™a] ca] caU] caU] ca] ca] ca] cal] ca] ca] ca] ca
Ul c”a] ca] caU] cal] ca] ca] ca
Ul c*a] cal] caswwwww yyyy] {e{ z{ {{ @ zupkfa\ W £lld ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] cfal] ca] ca] ca] caU] cal] c aU] ca] ca] ca] calU] caU] cal] ca] ca
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oy 00 ()3 B Ly oa ) e L T B SR (PR B wie ()
kBJ. }[ <" #10%p &) bﬁi@\ﬂ/@f}aﬁ&béf 3 #109%/ 2/ & () - ! #10%22228& () -3
10% & ()- yl09%& ()-@) XrS4s 10% & ()-' Yml0% & ()- 10?/7?/ 107?/7?/
10?2/ 2/ X 1 +10%/ ?/ & ()- "1 +10%& ()- !N +10%#5#& ()- a
10 TABLE 5. VISCOSITY OF SOLUTIONS OF 80 mol %
METHYLHYDRIDOSILOXANE RESIN

Solvent % solids Viscosity
(cP)

) MIBK 19 1.72
MIBK 30.0 3.24
Siloxane 18 5.11
blend
Siloxane 26.5 10.86
blend
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-10% & () - &#1098E& @FS#Q&#QG%EE&W(}n&#ﬂﬁﬁEE&'()-#ZA_‘aO{VU4! "@OU & () -
10% & ()- L' mLO% & ()-10(10(10( 710% & ()- " y/ 109M&N&' ()-; K| [: vUu4!
"#1099@&' ()- , #10% ' - & ABLE, £10BBQPERZTES -OF DIBIECIRIC )FILMS10% ( e& () -
f10% & () - | [ NA4! = 5 — T EEE0% ) -
TUHI09R ()-  "#10%(b& () -*1[NA4AL 10 10%6>& () -
Dielectric constant 2.5 2.8
MIM parallel plate,
1 Mhz
Refractive index (film 1.37 1.356
cured at 400 °C)
: Stress 50 kpsi B4 kpsi
Isothermal Weight loss 0.3%/hr Not
@ 425 OC’ 4 hr measured
Planarization over a lum 91% Not
line and space pattern measured
Crack threshold 1 um Not
measured
5
Example 11
Methyl isobutyl ketone (MIBK) (2000.1g) was dried
over 4A molecular sieves and combined with 501.1g of 20
mol% methylhydridosiloxane resin, which contains
10 approximately 4% to 5% carbon, as measured by
) Rutherford back scattering, to form a solution. The

solution was filtered to 0.1 um. The solution was
coated on six bare silicon wafers using a conventional
spin coater. After a 3 second delay, the wafers were
15 spun at speeds ranging from 1000 to 6000 rpm for 20
seconds. Acceleration before the thickness spin and
deceleration afterwards were both at a rate of 50,000
The wafers were baked on three successive hot

plates for one minute each at 150°C, 200°C, and 350°C,

rpm/sec.
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thickness as a function of spin speed, determined after

the bake step and determined again after the cure step,

corrected for refractive index, 1is given below in Table

7.

TABLE 7. THICKNESS OF FILMS FROM SOLUTIONS OF
METHYLHYDRIDOSILOXANE RESIN CONTAINING 4-5% CARBON

Speed
(RPM)

Baked
Thickness
(&)

Baked Non-
Uniformity

Cured

Thickness

(A)

Cured Non-

Uniformity

1000

6936

1.

0%

7248

2000

4794

4%

5061

3000

3927

.08%

4132

0.4%

4000

3426

3616

0.7%

5000

3048

.3%

3208

6000

2735

.2%

2888

10

15

20

Methyl isobutyl ketone (MIBK)

Example 12

(30.5g) was dried

over 4A molecular sieves and combined with 10.5g of 20

mol% methylhydridosiloxane resin, which contains

approximately 4% to 5% carbon to form a solution. The

solution was filtered to 0.2 um.

The solution was

coated on a bare silicon wafer using a spin coater.

After a 3 second delay,

rpm for 20 s

econds.

the wafers were spun at 3000

Acceleration before the thickness

spin and deceleration afterwards were both at a rate of

=190~
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Example 13
Viscosity of the solutions of Examples 11 and 12,

is given below in Table 8.

15
TABLE 8. VISCOSITY OF SOLUTIONS OF
METHYLEYDRIDOSILOXANE RESIN CONTAINING 4-5% CARBON
Example % solids Viscosity (cP)
Example 1 20.0 1.26
Example 2 25.7 1.80
)
20 Example 14

Polymer solutions were prepared according to the
methods of Example 11, using the percentages of methyl
subtituent in the methylhydridosiloxane resin listed in
Table 9, below. Films were prepared by spinning the

25 polymer solutions onto 6 inch silicon wafers with a
6000 A film of silane oxide deposited on the surface.

The spin, bake and cure conditions used were identical
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TABLE 9. STUD PULL VALUES FOR FILMS WITH DIFFERENT
! PER CENT METHYL SUBSTITUENTS

Mol % Methyl Stud pull value
(kpsi)

0 9.5

9.2

10 8.6

15 8.8

20 9.6

15 Example 15

Methyl isobutyl ketone (MIBK) (63.8g) was dried
over 4A molecular sieves and combined with 14.0 g of 20
mol% methylhydridosiloxane resin, which contains
approximately 4% to 5% carbon to form a solution. The

20 solution was filtered to 0.2 pum. The solution was

coated on two bare silicon wafers using a spin coater.
After a 3 second delay, the wafers were spun at 2000
rpm for 20 seconds. Acceleration before the thickness
spin and deceleration afterwards were both at a rate of

25 50,000 rpm/sec. The wafer were baked on three
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180°C, and 300°C, respectively. Film thickness on the
two wafers averaged 45504, corrected for the refractive
index of 1.403. Thickness varied by < 0.7% over 5
measurements on each of two wafers. The wafers were
cured at 400°C for one hour in an horizontal furnace
under a nitrogen atmosphere at a flow rate of 4
liters/min. Thickness after curing averaged 46884,
corrected for the refractive index of 1.366. Thickness
varied by < 1.4% over 5 measurements on each of the two
wafers. The dielectric constant of the film after

curing was 3.04.

Examplas 16 through 20

Examples 16 through 20 describe the process of
making dielectric films from organchydridosiloxane
resins of different organic substituents. The same
process of forming a solution, filtering, dispensing,
spinning, baking, and curing, as described in Example
15 above was used. One bare silicon wafer was coated
in each of Examples 16 through 20. Reported thickness
values are the average of five measurements on a single
wafer. Results are summarized in Tables 10 and 11,

below.

-22-



&n1098& () -
&n1098& () -
&n1098& () -

&n10%

y! 109 &&' () -

&n10%$& () -

&n10%$& () -

'm &n1096& ()-

1" 109 & () - 3103 3R31P$ | 71098& () -
8=F 10% & () -

IL 1099 & ()-\\] ]]1*]_2?k"= &110%
\ 3109 & & ()-\310% &\ & ()-\310% & & ()-\310% & & ()-\310% & & () -

y1 10% & & ()-*].]/] 4] TRBLE] T) £ GOZUIIONG QEORFANOHYRIDUSILEXENE \ 3100 &\ & () -
]eE+:\310%&\&'()-\310%&\&'()-\3
310%&\&'()-[]\]a]f]j]k]p]u]hL,:\

\310% & & () -

10% & & ()-\310% & & () -

' 71\ 310% & & () - C H L]

'A1-\310% &

&n10988’ ()
*F 109 & () -

' MQZVZWEF ZI ZqZr ZZeG+4 &n1098& () -
''m &n10Y8& () - ZZZZZZZeE+4 &n10%8&' () -
&n1098& () -

''m &n109B8&3(JIY L o3
&n109%$& () -

&N109YB& () - Z2227777Z7ZxXk"= &n10%b

-'m & 10%$& (PeThAfdeddons) | [ - k™=
| @0% & () -

I Y" S10% & () -

310% & & () - \BTI0% L ()- 7 \51 \310% &' A3IPA A (-] “"lu]ly] z
11111111 xk”=\ 3%’&?%" F( 109 . /’%GES By 108" olvent ”“egﬁ{ v
y710%) & () -\[310% &\a sbst it gg;tl )% &\ &' () 1111907 k2B fa<kn=) 31010% "[s& () - 10
% "s& ()- 3\ g TOY% 3 bk 0% § J.UU/O‘Eb
& () - BALAW DA B?tjg’*%u_k Qs iﬁ%% " () NEGIE ég(é%ag 100 "4&° () -|1098_"s&
l()_lO(yG_"S&II\ AN /\II\/\/\CE}\ _\ fldedcr}/ n.,.ol/ 1.0 S&l()_
(10%_"s& ()- 1@9@?‘136 @P%Wyl"‘ "hL5,‘:310%;_'1§89( _"s& ()
-10%_"s&' () - 109/&6: s& ) - h(ANANANNSG =10US " 4 -110% "s&
() - 10% _"s& (Bxa'mb(.é.()%éo%" S&ap(y)l Aol | [ 26740
~Y@#10%/H/e&' O 71090& ()- YII0%& ()-1Y 109Q4&K £30.2
Y " 10980& () -| Example ¢B0oF10%st {24 0%8&: () { G3.97 MIBK 17.9
18 64.2
) Example 20% 15-20 14.5 Siloxane’ 18.0
19 cyclohexyl 66.0
Example | 20% phenyl 15-20 9.0 MIBK 17.9
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5 TABLE 11. PROPERTIES OF DIELECTRIC FILMS
Example | Thickness | Variation | Thickness | Variation | Dielectric
before (%) after (%) Constant
cure (4) cure (A)
Example 4550 0.93 4688 1.8 3.04
15
Example 4775 0.90 4965 2.5 2.97
16
) Example 3350 1.2 3063 2.86
17
Example 4416 0.37 4144 1.4 2.86
18
Example 4337 3.1 4171 5.3 3.03
19
Example 4786 0.58 5054 0.51 2.82
20
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accordlng to the present invention were approximately
3.0 or lower. Films with greater than 40 Mol% organic
substituents typically have dielectric constants less
than 2.8. These values may be compared with the
dielectric constant of a film of a previously known
hydridosiloxane resin with no organic substituents,
cured at 400°C which exhibits a dielectric constant of
3.27. 1In view of the foregoing, it will be understood
that the present invention provides methods of
preparing dielectric films of organohydridosiloxane
resins. It will be understood these methods of
preparing dielectric films employ standard processing
techniques of semiconductor fabrication, avoiding use
of ammonia, ozone, or other non-standard atmospheres.
Further, it will be understood that the present
invention additionally includes the dielectric films so
produced. These films are advantageously used in
semiconductor devices as insulating materials with low

dielectric constants.
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curing the organohydridosiloxane resin coated substrate, wherein the conversion to the

dielectric film is completed.
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