;e3eLR6TL PO 6 JAN 2003 ' VAPOR DEPCSI TI ON ROUTES TO NANOPCRQOUS SILICA S
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 10 The i nventi on(ibelANt)88
t o nanoporous dielectric filns and to a process for their manufacture. Such
films are useful in the production of integrated circuits. DESCRI PTI ON OF
THE PRI OR I for lower dielectric constant materials for use as
i nternet al Amml-ﬂmgm@“mwmg 15 dielectrics for technology nods at 0.18 mcron
feature sizes an elow is well-known in the sem conductor industry.

Al t hough the ne€®¥or obtaining such filns has been known for a nunber of
years, comercially available materials have been |imted to a those having
a dielectric constant in the range of k>2.7. Although low dielectric
constant materials a ' ' ' t also be
met for a 20 useful gﬁﬁ‘@@?ﬁ@%@?%ﬁ@@%@%@ﬁﬁﬂﬁﬁes These
criteria snclude electrical |eakage, breakdown, and el ectrom gration; high
chem cal purity) a six nonth or better storage life, |ow noisture
adsorption, chem cal resistance; thickness uniformty, |ow stress, |ow
shrinkage, and crack resista - AU = Al | ow t her mal
expansion, |ow thermal weig 8 BT 1Ne orous silicas are
good 2S materials which neet these criteria and also offer dielectric
constants of 2.7 and below. In addition to a |low dielectric constant,
nanopor ous sHECD OF THEINVENTIONvant ages for microel ectronics applications
including.thermal stability up to 900,C) pore sizes 30 which are smaller
than m cfQel &8 myeREen feéaé%%}f’@geowmdé&e%fﬁc{ £ fdtag grepsss Sadhern the o
6 JAN 2003 s efieRREHE! Sl ffHSkE UleBANRNY prbbiA A MlebbRdRASGIL SO S,
deposition using tools siman to those en% oyed for conventional spin-on

gl ass (SOG processing; as well as the ability to tune dielectric constants
over a w de e k= porqus silicas also avoid thickness
constraints Dt RN e &8ni th conventional SOG s, 5 and have
the ability 1 ; i i i i chene
far multi pl e@gge%on 3&‘%‘2&“&%@“%@& trtlEc}{ gesf{'rlgs;/f%% B%‘: aﬁgmgﬁ{é&gﬁg{dgéﬁ)j?‘éa
constant 150 ldmlestristefiod e2hndlb el an@n® pdcrfefuteistzas hadbdlowdewaldantages,
it also may suffer from several disadvantages which are conmpn to nost SOG

material s. THeE® seRiganduciar mdpgsy. valthough tensedipheiteining sugl Hinspasitsen For a
200 mm waf er, f eSLLLC I.S..LyoL eal i for
cach d o ect Kndvhdoth il lorShark iuilerbhaly Y ARblc Mabtfl e teel TR 62

order of 0. 1tw¥B havingreficledric aomstgnir theaaigefof &s2i7onAhhoughdowidi¢legripr ecur sor

is lost which results in higher costs to the I C manufacturer. A |arge
vol une of soF9esiantimaterals angrequiredeginyrpbesat ofliva critera pshalso be met £ ecur sor s

i,n order,§0 LOWRS dielectric material in the semiconductor uses. These criteria include electrical

LE) L'

kY

leakage, breakdown, and electromigration; high chemical purity, a six month or better
storage life, low moisture adsorption, chemical resistance; thickness uniformity, low
stress, low shrinkage, and crack resistance; high thermal stability, low thermal
expansion, low thermal weight loss; and low cost. Nanoporous silicas are good

25 materials which meet these criteria and also offer dielectric constants of 2.7 and

below.

In addition to a low dielectric constant, nanoporous silica offers other advantages for

microelectronics applications including thermal stability up to 900 °C, pore sizes

30  which are smaller than microelectronics features; a material that is widely used in the
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~'viscosity for deposition. However the evaporation of the solvent results in
a 15 concentration of inpurities in the film As |IC dinensions contﬂﬁu!éNtZ@ﬂ}
shrink, IC manufacturers require ever lower inpurity |levels which thus
require the use of extrenely pure solvents which adds a nontrivial expense
to the precursor production. As a result of changes in fluid dynam cs and
mass transfe 08S, Lk e hey. i Y} I1d: } Ly,

t hi ckness angcfrﬁgﬁd}é: %oﬁ\?@duﬁﬁg’eﬁ%%% QB g£ %H‘ ?ﬁ%ﬁré&%&%ﬁg‘)%{%@ gﬂ@{)ﬂ@gﬂr nmes
nore di fficuldihase GHYISYERHOE cotveREohd §pinasirglassdSO®) praesssing; as melihgpies such
as flat panel displays. Oten, spin-on materials suffer fromthe appearance
of a nunber difilit}i thitenceditlekiricdonsssnts pven aefdecangede kI-3¢. INaPperass sdispy ex

dryi ng and pol yner.i,zatj on processes. Furthernore, the, extent. .of .l | and
gl obal pl anafEd AYGIE AT ERMSHAIRS EOSTASKMEA APVt Vish EomsRLaR SPES nunber

of vari abj esan&‘ﬁ%@%@at%ﬁtﬂ@% bded (813 shiBE M) ﬂ%@?ﬁl ﬁnlaﬂﬂtegﬂitiﬂngm fok On
could result T ndifferent plafarization results. I's invéntion solves the
above probl emmltiple seapieshduchg technalogp aodesshysithing shepdielectris consymtao Vedeer by
condensation of silica presursors fromthe vapor phase. In this way, 30
essenti al | y ¥alzepplthpughpaneoppenys silisa hastheseordyatfagest 1 alspmaysufferfom i ng i n
much hi gher + 16 el t ; I hi gher
purity. In agea'!e{all (%gfl 3@4&@?%&%&@?%@&]}:\%&@' éﬂ !e%llﬁérm%qﬁ@#%%kfﬁ:%@g eposi ted
by a l'iquid gddativelafeda® hatefidlicalQimpNeROFed L1200 @nd Wefet, MO BLdnoTOf slical | | ca
precursor is deposited onto the wafer froma 5 vapor. This nay be conducted
by silicld prpreaussorisdyapesiytdepasifeddar ¢deh dielensric [aiers Howeverothmagiual welpae| i ke

filmon the fer,surface. Thi al.so _incl ude co- QsSiti f rom t he
vapor phase 8 thg Tl 1§ 8 £h° o ar_/%rdtrgéwe’lﬁ}er%r&? ?158@18#3%8‘30%8?@?@’1&“ after
the silica p{ax%%h'xrs%’irs-lonQJhY&FFehﬂ%tih%Fg}%FQoéﬂﬂthé raAsadredY ASMRRSIWIEnOT the
silica precursor to an initiator or catalyst such as an acidic or basic

vapor, wat er ofsgdeent ig tiypically useddn$OG and napioporsus eilipeprepunsers ithardet bulower
gelation. This intermediate product is a wet.gel. film.i Lch the pores of
Phe 11 L m contarey Tor Trrs b ERSVE b p s iy e s lis i A ng. "or i ng
the pol ypeeri é&f&em{mntmﬁ;tpxﬁﬁésdm tRe ARAOASIC lineasiohd édhtinué fo g, RE ze on the
order of nanoneters. Additional optional steps may include a treatnent to

make the fil mahyfictopdrs biquire gvérdawer impirite levels evhichethpotequise theatseoh to aid in
pl anarixation 15 and gap,filling, i.e. refl.ow__and/ or aging and ther mal
Suring bef or EXGaly Pt hshiigVien i kodrvin) SupBite R e ditirer EhomT
| NVENTI ON Tha siae i SiUaPiR A gﬁﬁl AmBffkien a8 trhNFEP b {IHRARGRO KIS
dielectric coating on a substrdte ich conprises a) vaporizing at |east
one al | coxysptabimm obaghisiing Him ulifords o shickmegs abrefaplive indek ednkexdifficuline
([:orrposi téoon & fo &_&su strate, %ﬁ?@puﬁm ng t he d%posi t ed a(Ugox Si I.?ne
conposi t9on t 85 PTRAPEOGAPL 1O tﬁérs_ggsﬁm}fcﬁl SOICTESH ALV ARBI YR 25 d)
drying the eyposetil a%%y?édeﬁﬂﬁpﬁ‘}mnﬁ bR ontrRRERRY s RF MoRDIn abiadrcy el ¥
hi gh porosity, |l ow dielectric conStant, silicon containing polymner
conposi tion ofa nimbendfstiffereet kifdreofi fluedefeasnarisingiromdhe eesplex demigandduct or
device produlgo (;'m%}/iz%id?':rpgggessges. tljﬁhhcrr%grc?a]réperxltesn?gf local and global planarization

depends on a complex interrelationships among a number of variables. Using a

25  deposition technique other than spin deposition could result in different planarization

results.

This invention solves the above problems by depositing a nanoporous silica precursor
on a wafer by condensation of silica presursors from the vapor phase. In this way,

30 essentially all of the precursor is transformed into silica, resulting in much higher
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3 0 6 JAN 2003 a) vaporizing at |east one al koxysil ane conposition; b)
depositing the vaporized al koxysi | ane conposition onto a senicondgqiéﬁ 0
substrate; c) exposing the deposited al koxysilane conposition to NJDJ
vapor, and either an acid or a base vapor; and 5 d) drying the exposed

al koxysi | ane conposition, thereby formng a relatively hi gh porosity, |ow

dielectric con t, silicon containin I ti t i

sem conduct nyeix{;a&weétsrélve FSOBRRRE OB ﬁg‘f i‘f@%ﬂ'ﬁ\ﬂﬁ?\l& {}'gxérmiy shows
a schematic r 1 nducti ng the
process of  hErh ?%Hn@%fg{eﬁﬁﬁﬁgg l@?ﬁ%ﬂ’% %géc Ao REFERRED

EMBCDI MENT I n the inventive process) one begins by vaporizing at |east one
al koxysi | ane conposition. The al koxysilane conpri ses one or nore conponents

sel ected fr oﬁqcswélrxgrtgmlpﬁ inyeRtiogy; p ﬁ@lc@pre&m@wﬁep%@é omawﬁhﬁgvatfmfrqmlarml a: ZO

RRSi-R 2..0f .t.he R d d I Ca
al koxly group%fapoéi ng‘rﬁ%’W°§$‘i‘i&%§‘9xlﬂﬁ?§Pfﬁc rou PW xoqrtrggﬁﬁxgr\]/gg%tlp te

15 o8 e i sk b g et oo,
consi sting ofhehwagoopfere o kylvent pineiiyrl splvieat apendepuitionitetire dr after the silica
precursor. Polymerization and gelation caused by exposure of the silica precursor to
an initiator or catalyst such as an acidic or basic vapor, water vapor, thermal means,
10 light or other means that cause gelation. This intermediate product is a wet gel film in
which the pores of the film contain a fluid which can be removed by subsequent
drying. Drying the polymerized film then yields a porous silica film with pore size on
the order of nanometers. Additional optional steps may include a treatment to make
the film hydrophobic, a heat treatment before polymerization to aid in planarization
15  and gap filling, i.e. reflow, and/or aging and thermal curing before or after drying to

increase film strength.

SUMMARY OF THE INVENTION

The invention provides a process for forming a nanoporous dielectric coating on a

{ 20  substrate which comprises
a) vaporizing at least one alkoxysilane cornposition;
b) depositing the vaporized alkoxysilane composition onto a substrate;
c) exposing the deposited alkoxysilane composition to a water vapor, and either an
acid or a base vapor; and
25  d) drying the exposed alkoxysilane composition, thereby forming a relatively high
porosity, low dielectric constant, silicon containing polymer composition on the

substrate.

The invention also provides a semiconductor device produced by a process which

30 comprises



0 6 JAN 2U03 phenyl. In one preferred enbodi nent each R is nethoxy, ethoxy
or propoxy. In another preferred enbodi nent at |east two R gr OUDSgaﬁrﬁAN 2003
al kyl al koxy groups wherein the alkyl nmoiety is C to Ca. alkyl

al koxy moiety is & to C6 al koxy. In yet another preferred enbodi nent at

l east two R groups are ether~al koxy groups of the 5 formula (C- to C6

al koxy} ~ whe sor could be any or a

conbi nati on %JEV%IOEZ&? o etggte(gresaumﬁygﬂsdnfgter Bﬁ gl;i(ym | ane, tetrapropoxysil ane,
tetrai sopr OpBXd/@Johmlﬂg,thé %ﬁo@éﬂ@ﬁlk@%%ﬂhﬁ@é@ﬂ@sltﬁﬂ&mto a semiconductor substrate;
tetra(rnethoxyethoxyet hoxy)silane which have four 10 groups which may be
hydr ol yzed aﬁbemq’@mgé’@m@@wé@ AlkoX)sBansc@mosition to aMaar yrrex g ¢id8ean such as
methyltrieth si | ne Si | aneé aryl al koxysi | anes such as
phenyltrlethﬂﬂégfﬁ A¥ YRE"Ecur sors such as triethoxy5il ane which yield

Si H functg ongj altymottﬁee sedl 'amoxiréﬂah%bxﬁg G EREBYSMEIE @t hE VeI R ABzh

t etraki s(‘et hoxyét hoxy}si | ane, tetrakis( utoxyethoxyethoxy)5|lane

tetraki s(Z lpomsityllowaliglyciit aomstant estliconi cotitizt nprglpmhosompaisitanen thad

t et raki s(nmet hoxyp silane are particularly useful for the invention.
AddltlonallysmﬁﬁPW#gF f&hVH@Pyzed condensed or pol ymerized derivatives of
t hese species can be used in this invention. OQther precursors of utility to
this invention could include precursors which can be thermally or

photol ytically crosslinked. In general, the precursors can be gases,

lii duids or solids 20 at room tenperature. The silica_precursor conposition
may optibhal ly conprise a EB@EEEE@&B%*- EPRAVING or a catal ytic

anount of an acid. Water provides a nedlun1for hydrol yzi ng t he

al koxysil ane. Preferably the splvent conposition can conprises a relatively
hi gh 25 vol aFiduird ¥ sE6Wy £Bdhefatia répetsahiavioh i Arpppacdnad suitably fSlovindtingAhe
relatively high volatility solvent is one which preferably has a boiling
poi nt of abopfocePitheinveesan. preferably about 100 C or |ess. Suitable high
volatility sol vents nonexcl usively include nethanol, ethanol, n-propanol,

i sopropanol, n-butanol and m xtures thereof, O her relatively hi gh

vol atilify sol vent conpositions which are conpatible with the other 30

i ngredi ents can be readi| deternlned b those skllled inthe art. 5 06
JAN 2003 A rel ati JRETAllg (¥t BE {BODIVENThi ch

ul PRERERRED, ':.\h_!ag.
EEEI R e e e

nonexcl usi vetympositidit Thalapeixgbifana REmpekssdne otﬁi‘drﬂﬁ&rﬂ?arﬁn@sﬂ@ﬂh& fionttheas

et hyl ene glycoly 1, 4-butyl ene glycol, 1,5-pentanedio but anetri ol ,
1, 2, 3- but anegFauplconsisting dhAlkoxysanes haviag theXormylar oxymet hyl ) - 1, 3pr opanedi ol |
1,9.,1, ut anedi ol , 2-nethyl -1, 3-propanedi ol, tetraethyl ene egcoI
ﬂriethylene gl ycol nnnonethyl et her, glycerol and m xtures thereof. O her
relatively low volatility solvent congositions whicla are conpatible with
the other ingredients 10 can be readily determ ned by those skilled in the
art. The optional acid serves to catallyze the reaction of the al koxysil ane
with the relatively high voIatiIityF€§ ent, relatively low volatility

sol vent and water. Suitable acids afe hftric acid and conpati bl e organic
acids which are volatile, i.e. which evaporate from15 the resulting
reaction product under the process operating conditions) and which do not
introduc® inpurities into the reacti oRproduct. Preferably the precursor
conponents are purified, such as by distillation such that the al koxysil ane
conposi tion has no nore than about 250 parts per billion of trace netal
inpurities RN I %ﬁﬁ@ in an
anount of frgﬁﬁiggﬂ?kéﬁégfgkﬁﬁgmﬁ@ 00 %? ;hagﬁr lqg$gfﬁ§&3 ecur sor

conposi ti on. alkylatkeypreiperwhetein drgakylandietyris € o€y 2ARy%nt cheaddkonty mb2tPbsand
nost preferably from about 50 %to about 100 % The, sol vent conmponent tray
be present i FiimCaplkany. of ctherorkamycareups: opd e dalsnce, dfany, arg indeperdegty of the

Shand mo prarard Bl e sitR RS R oo RRRIS, dieRT e, tushibded 00 0

sonposition can contain nore than one solyent) it is preferred that it not

contain both a high and a low volatility solvent. It is preferred that the
sol vent or solvent m xture evaporate at a relatively constant rate. In the
alternative) one or nore solvents can be 30 applied singly, sequentially or
in mxture to the substrate prior to the application of the




6 0 6 JAN 2003 al koxysilane or after the application of the al koxysil ane.
Such can aid precursor viscosity, pore control, or to help the m s&ibbiAN 30§3
of water vapor into the silane. 'Wen both a high and a low volatility
solvent are applied in a mxture prior to the 5 application of the

al koxysil ane or after the application of the al koxysilane) the high
volatility sgHeugnin eonpefeent cmbpdimes eath R is methaxy ethoxgfor propoxpbbut 1 % to
about 90 ~o by weight of the precursor conposition. A nore preferred range
i s from abolanothespreseragsherburhimenta deastiato X eaups arm alkylalbpn ugoups Whesiy apout

30 % 'Wen bot hi. gh. and | ow,volatilit | ve ' ok he | ow
vol atility s@f’@gﬁﬁ m@b%%bsﬁéh&oa??a@k)ﬂgg%?&%%?%i rﬁn&ﬂgf 1%%31 gﬁ@ﬁ%@%ﬁ%ﬁ@% about 1
to about 40 foler pRiferdd GhbédifeRt RMkENO R § lafel cbr-afkd¥y o &F e ed
range is froam ab(r)g?é 1 %to about 20 % and (r%Ds pref er abIdjgfg‘f(())ﬂr%r about 1 %to
about 105% fbmuladCe to & alkonf), weiesin b as Ztd @ne nmay be from about 0 to about
50. A note preferred 15 range is fromabout 0 to about 10 and nost
preferably fromabout 0 to about 1.5. The acid is present in a catalytic
amount whi c ‘he ' ] : It d ok i art.
Preferably tkwge%rrlﬁ%a?l%rggg &l)ljo%gfoe%eg%@dt?g%gﬁbéél%%rﬁgrﬁélgéhfs#]gﬁnesa 8%? se0 to about
0.2, nore prefrestaddysilhe) ot mpbx%ilfaﬁe,aﬁmiio;ﬁoﬂﬁysi&lﬂd, nmost preferably from
about 0 to about 0.02. 20 The al koxysil ane contai ni ng precursor conposition

i s then deposira@eethetysthexxlsjans mta(methax yethoxygthaxweitang avidelchaye fawbst r at e,

dptionally hayj : | i c oL a dielectric
filmon ]toyhe gr\élrlg%gg{cg%/ﬂcgfﬁ%ﬁ %‘z'tra‘reﬂzlfi glgana%ozd%éggo é-ﬁla\ln%b%ﬂggaf 0 be processed
into an i nt egkAbkexgdilabes suchlas aictiBlirivihok gslane bilane] fykdiok9glan&ducalke 25

substrates for the Er esent invention non-exclusively include sem conduct or

material s suRtiEnyiriefarxysiipncansappssqresysd)as tdethpxsanerivhich wstd S ons
gl eo 9 | 3 s Vil oo >
ST con, " Spr Pkl o8 Rufl YSHRhBBoRAGRRLORBMBE: og i Rtur be

t her eof . Theetrbig@thorheRoRy)SisER] tetraltiS blitoRiyStBb petHoR i J¥REN YeriaRis2-known
| i t hographic techni ques and may be conposed of a netal, an oxide, a 30

nitride 16 asthyshey)silan .tet&kiia(émhexmh@woﬂ\age,fa@ﬂtth&slmntégxmevwésibnci ca.)
n tide T 03 t1tan umoitri _ e,
lun mam o Seeaee oS R Sy D AU B BURUARED, ceeEfed

si | i con oxynétpol fferizEdae vhivie of tHesdRebRs caNBeIGdednis tHad invBstidm Dok of an
integrated circuit. Such are typically cl pseldy separated from one anot her
at di st ancespresuragre of ulityrip ¢his iveatien enuld ingkide presuesorvlich can by hemndly or

| ess) 5 and norne. preferabl y,.fr about . Q. 0S to about, 1 m cronefer. For
deposition off Rh‘r?ééfgtﬂﬁ? Ipéqsél,mlieﬁgin&eggﬁ,glerprgg%gglcﬂ B%gqsgs,\}lgﬁgi:siqé%h%n any
of severm waysomushp&aruey, flowing an inert carrier gas, such as nitrogen)
past the precursor into a deposition chanber or by heating the precursor
relative to the 10 substrate tenperature. An apparatus suitable for

depositing the precursor is shown schenati |y 1n Figure 1 and. described
more ful 1y noeh i Ve e chatPStite HEP @R aRL o s £ BHeF: i ihor m ned
by those skiwh@faddlod heatditic anburlidnah abid. WierRr@GadshediSNBf Ryd+bEzing
rai sed significantly above the tenperature of the substrate to all ow

adequat e depdsiakogysilane referabdy thesolyerloromposifionfcen apmpriscapaciatively bighheat i ng
the 15 koxysi l.ane conposition to a t rature of from,about 0.C to about
300 C. el TR FolSRTAR aur a8y fo f s EBG BhifE Lrmi R BRI Sol y rom
about 200 C Mébﬁ%neWCﬁpreﬂ}ﬁbNﬁWﬁ béigid g PORFE BE DYt 150 ftﬁep&ké,g%f&@gfy the

substrate by allow ng the nert earner 207gas to carry e vapori ze

precur sor ondtout héd ¥Tibstesat $uitshlerhigh volatlitysolvents nanexsidsively inalpde on t he
substrate. It is desjrahle that the precyrsqr be ,a |iguid gt the substrate
t enper at ur e BFPR g?ﬂiﬂfﬁ, W REPERQ); SORIRA =§§’é§3@ﬁh%’}f{wt%@&f aw?oqﬂi'eauefy

t he precursofr,.t naf T L QR: tgned in
SUch = vay  Soih ETAEEh KRN Blyen WdoSRichi R PEDRR BT wRE MERRANC 0
wel | -kngon tiagtclzae ckitelredbilynietermined by those skilled in the art.

5



25 the art of vapor deposition. Either before or after precursor
deposition, it may be desirable to also deposit a solvent to create(lg JAN 2003
porosity in the precursor. Mrre desirable is to create the solvent in-situ
by hydrol yzing groups fromthe precursor. \Wether using added sol vent or
solvent added in-situ, it is desirable that the volune fraction of solvent
inthe filmbe approximately equal to the volune fraction of porosity
desired 30 in the final film 8 0 S ~A~ Zoo3 Dependi ng upon the precursor
enpl oyed) gelatelaviveydbywmeiatidiy salpertsomertitivmistdnatvadch fieferatdnbas oboifingduct

is hydrolyzed and_ condensed until it forns a gel For exa this

| . | e,
coul d be undepiarERPDY 179 &joﬁbigaersm%\me&rawla@ut@ﬁégé oA Righgm Si-&nPaBl%EJOWapor

b ia. t th bst : f [
Cnvent on. o BRbE0, BT GBER pobeb ST s APl U 8BS it g 1
first exppseglycelsa,uwhﬁahy@@@slyaasﬂl,ufb%m@a@glw, I, S.pbiieneiididl yapor or the
base vapor, however, in an al Térnate enbodi nent, tﬁe coating may first be

exposed t o t hatanefriol,Vahdbutanetriod Lasthyl-propanenel, 2{bydrotienathyled. vapor - The
exposures may be cgndycted at at, pheric 10 pressure, sub-atnpspheric
pressure or §{ﬂy@p@<§9},§ﬁphgﬁu&ansélgg?c}p@tﬁwlsbﬁtpg&a@cigl;é@rap@wleagg&cﬁft he base
vapor nonexclusi L lnHSlfcr?e{{ﬁm. 1 ; A . ondary
and terti arywﬁtv?ﬁ%#i&ﬁgs, ary a%lﬁégﬁgﬁ%ﬁ%ﬁné%l}bﬁggég%fgbm%wu?t'e‘%whereof
whi ch have aldwivblarifitypsalviint oémpdsitidns 2HiclCare compatshle prhfthe athbyingf¥dicntor | ess
and nore preferably 25 C or less. Preferred am nes are nethyl anni ne,

di met hy| Hfi ngan ber Fillhé?tﬁw&ﬁghlé}h%g Biitled dnthdt n- propyl ani ne, tetranet hyl
anmoni um hydr oxi de, piperidine and 2-net hoxyet hyl am ne. The ability of an
am ne to accept a proton in water is neasured in ternms of the basicity
const ant Kb) ThadpribiddacidlseryeKio cadtalyiedthe praefien ofttle alMoryhilanatvith tierepiiveldt t he
base may ran%e From about | ess than O to about 9. A nore prefeixed range is

from about 2nigh vekdiity solxent. seltivelyrlaweaiolasilijy 5ol vant apdwaten Swtabls agidnare S,

i tabl lLusi vel v incl ude nitric acid kbl
or gani ¢ aci AU HPAaR 1P EOFBRAE pLEN: o e Ryl aTe YRR TR LB ng
react i on)Pr oehecies dliing Rlacti e piodeGemde e pRick b peRRHE thRiGonsa ikl Whickfiodo not

introduce inpurities into the reaction product. 2S5 In the preferred
embodi ment) nheinfpfecerigpugtios injgathe reactipn pradycta Brederably tasprecper ranges from

or of or abi y. 1 Fapasan 6 BuBES SHTH Shy M BRRNG hatl BARME. 00, 10 ™

continued hydsmpysiion bis icworl thaxytsoul as&rakskpvﬁBilnds:oupmceaﬁ&iaﬁﬂxphhﬁes’elci d or
base catal yzes condensati on of the hydrolyzed al koxysilane and series to 9

0 6 JAN 2003 increase nol ecul ar weight until the coating gels and

ul ti mat i : f. i nal | he waf 8- h ed .causi ng the
sol vent d(; bg‘ﬁé g@%&%ﬁ"?@%@éﬁ? rege\f%’g%ﬁaé? eené mo%/nearmﬁfn[t)8??%‘%%%?&3%6%3%ds or
m nutes, prehissuahdy % vpweighoof thd pltitsdre ohPosaiont A WbrehradrRd rangass frolm i s
dried in a conventional way. Elevated tenperatures nay be 5 enployed to dry
the coating riPutRP & taaput Hikte and mnst preferably e abav o %ﬁ@&hfabg&%loo Cto
about V0 C, preferably fromabout 200 C to about 400 C and nore preferably
fromabout 300 C to about 350 C. As a result, a relatively high porosi ty,

| ow di el ect r The S0t @Binposdnt 9 Be PEARER TN b MBI YIFRHEMCDBRAS%ith ABoft @56 ON
the substrate. The silicon containing polynmer conposition preferably has a
di el ect rdk 10y weight efthe pfechirsonscatmsition. A moregiferredirabge isfiom ghoef @7atol y from

about 1.3 to ab . 0. _and nos referably fraom aboyt 5 to about 2.5.
The pore si z%boé’?géiq?%mﬁﬁﬁﬁ%g‘iaﬁ’]iy&?’? ﬁ?fﬁ’éb){yﬂ Oﬁb&%' I&h’?ﬁ ‘%‘BPFPSB{:?P’ 100 nm
more prefer alyndsf Qbitai - : rom
about 3 nmto a%gutgb[ﬁ‘z%{? nﬁ]ﬂm%%tg%gﬁﬁg lgE(’)11y é@h@{pm@f@ﬁemaé i R ofiaftBoth &

high and a low volatility solvent. It is preferred that the solvent or solvent mixture

evaporate at a relatively constant rate. In the alternative, one or more solvents can be

30  applied singly, sequentially or in mixture to the substrate prior to the application of the

6



silicon containing conposition, including the pores, ranges fromabout 0.1
to about 15 1.9 g~cnm, nore preferably from about 0.25 to about 1. 60 6/UaKB003
and nost preferably fromabout 0.4 to about 1.2 ,g/cns. For sone

enbodi nents of the invention, it may be desirable to react remaining
silanol groups in the gel wth a surface nodification agent such as

he~canet hyl di si | azane. i 0 . be.dang by .f | owng hex,anet hyl di sil azane
Vapor past t AECRAERE By Begbrliion Sf AR Mhefailny sith M FBRR S
non-1imti ngﬁé&‘i&g! e SEAUE, drdo hil wm&mtyamu@ bp&mﬁéé%}gﬁs 25 Figure
1 exenplifies a déposition apparatus suitable for conducting the exanpl es.

The apparatus is conprised of a pipe 2 which is connectEd to a source of
inert carrieg,_gas such, as nitrogen. The source flow rate of the pitrogen is
control | ed b&v P&ﬂfﬁ?ﬂbﬁgt@@naaé%%@%@%@%?%@?&@@&%@@ﬁ% PEOE & theove any
nmoi sture.c Th i [ I Gh s

pr ef erabISy a&g@%@ﬁofﬁlﬁ@@% )((:%Sﬂélgen ae}?%g&?%gpl%ﬂ%{r gfctﬁgglgp’?%?%mgﬁ“ ichis

to be deposi veldtilityeo]enasdraporiert Buy pressid @rlanimaunbefirdrabdid 1 % Go Sbolidb 2003
tape 10 which is controlled by tenperature controller 12. A pipe 14 exiting

the sanpl e chabbeeighhsk the sreeuiserqomnesisioac drmere paierrasaengeds frgasabont h% to
d iti 6., Pi L f | b heat | t
T8 whi ch i's. oTEoB7 aie By el B sBhRd i thoubd el byt ehind a "
control l ers aRdyvhaatilyNeveARSs platink 3h&ow WIRARY sdif& 9+ﬂ§&eﬁm@f€é@%&m in
b 1% 'S € cont al ner of

chanber. Deposition Chanber preferably a stain S ste
appr oxi nt el gn gmpuntdesn aroud i ovettost 4@ AdbyTwE ghtrof hieespréamgpr cempositidrardye

enough to contain ? 4 inch,s'hlic n t\f,'\f%ir 2 %@q]aciteel bl ock 24 which is 4
inches in di HIPET BRTCITRG 13788 i Hemebo 0 aBopt v8 AR ElGRably froppabquE 4
Thi s bl ock 24, & dboud1d @.4 i nches below the exit fromthe pipe 14 outlet,

whi ch conmes through the top of the chanber 16. The wafer 22 is placed on
cop of block 24 such that the gas flow fromthe pipe 14 inpinges directly

on the surfagce of the wafer 22. The t and bottom of deposition chanber 16
separate so ﬁﬁ%“lﬂl%{?ﬁo\ggwéﬁﬂtq%@"Wﬁggﬁr?“ba&‘?ub%t%b%‘e%’- i‘hgiogepreigred t he

deposi ti C : t | Qf r id th ght
Sonl - THE denilr 1) rapan a0 paR DR pelsRR, FhH ok Bt ¥l ch

the carrier gudicpmsaninataatic enbanswhich ti be Radilydettrangedy thbest hilldd LE 1

20 This exanple illuystrates a process wherein a precursor
cet raki s(met Hb'i‘?éf‘hgjiﬁé’faﬁigk@? mglargato pEaqd fdlape srnges e abapdl toahaye onto a

silicon waf ef sWRjoed\pdeferhtl & Frod I ] ' ' igd- 2S
The precursor :’Agiot e?reaekri s?mgt hgé}yfé? h%)%‘?‘)%ietpﬁjgky @?ﬂgg%e%@ffé@q‘)%&g

Tul | yt own, P#autTHi2s precursor material is distilled to renove the inpurity
((2-(2met oxyet hoxy) et hdnol) which is found in quantities of up to 5 % by

wei ght 4T the silane. The distillation was acconplished by placing 5 nl of
e PO Y MRS S ARSI RSSCH B  a FRp e
tube at 100 prefariblysemicoidmetdr fubstres eptivhallylhavidy Hpaldih @0@@s on its

surface and forms a dielectric film on the surface, Typical substrates are those suitable

to be processed into an integrated circuit or other microelectronic device. Suitable

25  substrates for the present invention non-exclusively include semiconductor materials

such as gallium arsenide (GaAs), silicon and compositions containing silicon such as

crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, and silicon

dioxide (Si02) and mixtures thereof. The lines, when present, are typically formed by

well known lithographic techniques and may be composed of a metal, an oxide, a

30  nitride or an oxynitride. Suitable materials for the lines include silica, silicon nitride,

9



at the bottom of the deposition chanber. The wafer and block are not .in
the chamber while the precursor is distilled. The distilled precursog 5%& 2003
deposited as follows. The pipe in which the precursor was 5 placed wa

heated using its tenperature controller 12 to 240C, the connecting tube was
heated to 246C using tenperature controller 20. The bl ock was cooled to 5C

P e L RSB = 0 B D RS e B8, gb e

pl aced on t 2 heda & tyqaen flow
was turned gtﬁn%tur%f}rﬁng %’dg%fgcotfo c{im&%\)ﬁ?e aﬁagaﬁaﬁg\?\hecd c{}%uﬁoow&?or 5
minutes. Nexinstlh@rediariategrasd cipmie Suanate ttypecallyfoboselyassparered feeon anel pl aced

into an aging chamber (a seal able chanber with a vol une of ~1, Ilter) W th
5 nl anmoni LR sbdistracesni3hoyt Wemicsemalsts ardess, meferalyd muctowieterios I6saf or

mnut o, 3 of PEVEE By B AP RBORuES E B e ) 1 Coposi ted on the

waf er was approxinmately 3 cmin dianeter and at the center of the wafer.
The fil mwas characterized by ellipsonetry to have an average thickness of
2500 angst r ober @pdmann au ¢hcagbsirage.rthe pregarspnehaxpasition. ls_wonmg oharyorfr esponds
to a density of %?1 %ﬂ MPLE 2 This e~ca elllustr s a process
wherein a pr¥¢t B't“ys ASOY ZloMdnsan HERyFaTHOR9B %)mg?geé‘ng “deposi t ed
in the vaporpphass: ﬂf&@d@po%idog%ﬁ&nwaf&fby%hm the prdeBRoABEMiIves i gi ven
period of thrlna arid then'drie hi s exanple, the nikrogen flowrate is
i ncr eased anshbairhtewsdpdratufd. odn ipparatus sritpble for dq:dsmngmlmpmwsmme shawmre of

deposition. 1 0 JAN, 2003 T recyrsor i , .

tetrakis( rret%?gwé'tl??&wet‘h‘l\wyi 9%5%&% dfioee Bﬂ@éﬁf%‘%ﬁf‘eﬁapgﬁf syighle gi st i1 ed
to renove t pla{:ggﬁg \ feQund in
quantities gfp up toéatgl e%xﬁyyﬁ%\% R&W@}ﬁe s%ﬁg{fgﬁ%%e dln%lE lttﬁ%n was
acconpl i shedproyurpbraempgraturais naiscd kignificantly stmrveithe @wmperaaire béthandbgqtateiong t he

crucible int eel tube 5 and heating to 240C for 5 hour ile flow ng
dry nitrogenag’é% “E%Péﬁ? PPFIEOR [iRS- ci’éi??“&?fl‘ﬁﬂ?ﬁﬁe% YﬂP°BE?£%¥1 calipB Mkt at

t he bottqm o in the
chanber ]\%hl I%kéﬁllgﬁ%édggﬁnggg@hrﬁﬁso%ﬁ&b ﬁ precurd;?r was
deposi t ed asprefdrditdyromTiteupil pe°C ro ativiuc P40 FE apd mowlﬁeﬁeraMpfrdtﬁ ghoaczad ‘gas
heat ed usi ng t%rrper atyre controller 12 to 240C, the connecting tube was
heated to 249@ Bg'i?'?gj) nperature controller 20. The bl ock was Gaol ed to 6C,
pl aced in the chanber so that it was 4 inches bel ow the top of the chanber
when the top and bottom are attached. A blank 4 inch silicon wafer was

pl aced on t dphevVapokieedprcirsand depesitel antocthe wzstradedwaﬂowﬂﬂgathamamgmmrf I ow

was tur on at a race of 300 15 ee/ m nut eandallovve to flow f
hi nut es%%Nex¥ast“l’i€a‘E% YPOTIERS RIpRIRRY O&Fﬂjh!‘f’ﬁ\ébs\%?ee‘l' %k‘ PEROIRERR %‘gorfﬂ aced

t th
S'm. amoni Gl oy Ay b paeise 9 e BrNERE e theclny KA YR ekt T) Ty
was then renexperaturerlthtiezhche sitetragrodn de iseissequendly heated taliqukTPihiefpegcutdor

m nutes, followed by 2 m nutes in a 320C oven. The fllmdep05|ted on 20 the
waf er was appFoKp H’&t‘é‘l‘fﬁf erhéﬁ?%cﬁoaicb%‘?eérm%éeﬁ?ﬂ@ﬁéIEW&WM suchdhataf er .

The Tilm Wasurﬁfb"i‘ﬁﬂd‘e?ﬁ&héﬂ’s Maifitd. ‘P\'IE&M%\%Q ai% &} Riby g Rk ddllpess of

6250 angstrons an n average retractive 1 ndex o whi ch corresponds

to a deresi t whotut@f 4apeH dpositibn. Eiftek mmr@mﬁpnae@ks@wcﬁ&det sapye to be
porous and of a thickness of approxi mately 6250 angstronms. 25 $~~AVPLE 3
Thi's exanpl edesirpbls fp alse deposifravobyat tgrspalp Rowsity m;tm BsEursgp More desirable is

;ﬁ[ Ir 2&;:}5( ”EH.% c)l%/a?e )%F\}erqp 1)r<1¥31tusby| h%l'&?oli'zsing & o?q%é %r then p}egl?rst\)/rz.iwet er}%gl%gont °a

added solvent or solvent added in-situ, it is desirable that the volume fraction of

solvent in the film be approximately equal to the volume fraction of porosity desired
30  in the final film.



13 0 6 JAN 2003 wafer which is then aged for a given period of tinme and
then dried. In this exanple the nitrogen flowrate is held constanteb(gm
cclmn,) and allowed to flow for a longer time (30 mn.) to increasD 2003
deposition. 5 The precursor is distilled

t et raki s(nmet hoxyet hoxyet hoxy)-silane. In this exanple the precursor

material is the sane as that distilled and used in Exanple 2. The distilled
precursor was deposited as follows, The pipe in which the precursor was

pl aced was hPapadingsipod the prreadbdiisaplogdd, gelatier/pd¥meazabi G néxénitiaeaect i ng
tube was heated to 246C using tenperature controller 20. The bl ock was

cool ed to 8CThereaetien pradudids gyﬁr@lmd)@rd eppdensed until ivosms ajgabliagey. Fer ow t he

top of the c en the t d.battomare attached. A _blank 4 .inch
i T con war PRHE ERagR bR AR ATER RSl bREARRuorSe AL e ooeq.
The ni tragenyfgopwr bas vapbiegh a8 adinoRid plsEth@5ubzRfteCPAMBuMpiRs andlisal | oned to
flow for 30 mnutes. Next the chanber 'was opened and t he wafer was renoved

and pl aced iimventiom, adasegvaphairiobide§ gassowd besése Rréfardbéy theicodting iv firserpased - - 1

15 liter) with 5 m amoniym hydroxi de 28-30% sealed and left for 10
T nutes.  ThelOdaWeieT NARST ARG FiopekBowd 19 FisiAcid\ePerariBe Pase Do FeweYes inoven

at 170C for 1 : | oEShs i J : T, il m
deposi ted oné&hngatgvg%lgg’dlvr\&/ggtégpro%héﬁniﬂglr}z}-&jk %Z‘Pél)%dg? g%gatgle@yaiﬁﬁog gtb Aee center
of the waf ervapbpend tHemiviewatehedae! The 2gsbstnes alaly ibp sondiciad bt etriGipherdn aver age
t hi cl tness of 9400 angstrons and an 20 average refractive index of 1.125
whi ch cdfr esprésidEe. spb-ATpRSPEFRG PIEFSUE STRUGLCHEMOEDhsKIPPEesaurp 5Suitsbls hasemior e
illustrates e i . i . ethoxy)-silane is
deposi  od 1 riten iE5Be VR HoRa Rl Y rilas o B AL UEK ShoR Bty PO |

gi ven per i odseebnddrirendeetidrip aikytlimfds, alYleniina¢Mest] aivtnes and mixtures thereof
t et raki s(et hoxyet hoxy)-silane. This p’rqgﬁursor material is distilled to 30

renove the iY¥ghihaye p boiling poins of peew 2R6 'S onlese mraferaply 98 “Frerderaand mose of

5 %14 b i i h i iy dist.illati
;gcz)(r)rpl i shed? rg{/e%lﬁgé?%%g?cﬁf %’f'e\f%ﬁeglh%)n?l:ggsu‘l?rg%%emgl%rﬁgf’u%?‘g?hgi the’pﬁglciozgm??le
cruci bl gsi n frieetyielined #%tﬂﬂﬁnh?ﬁ-bkdb?la&ﬂn@@ﬁrﬁe@ﬁy]inﬂ%@n dloRide! oW Nng

dry nitrogen gas .through the tube at 100 cc/m nute, and out the exhaust at
t he bottom obiPemdingepdsimatbonyehwiamine. Theahiliyof anaming lockcept 8 prien im 5 t he

chanber whil h r rSor i istalled. T istiJl.ed precursor was

deposi ted as‘%%f }es&&ga'%ﬁr%ﬁén E?i éolgrt] S a|51gﬁ9 F%’ésp%F g&u@g rlgwgoggf'hzrb ®was heat ed
usi ng t?”per@%f-ﬂiﬁd(&%ﬂﬁhérﬂ,rthé?m@f e Bhase ﬂlb}eraﬁgé'lf}@ﬁltdbwt lessfia\@ g0 ARat ed to
235C using tenperature control[er 20. The bl ock Was cool ed to 6C) placed in

t he chanber %oAthere praferpdsrangs in Sioasalivat Hie abret ¢ ¥y raest prrferelbly Mooy abgleh t he

top and,pott r . . j il.Jcon. wafer | aced on
tap of the brgtr)gggutzsﬁ?L{lﬁéﬂ%ﬁgﬁégggsﬁgeng%ggh%%% i cragby\e%d?ﬁogﬁ%@ turned
on at a racepgfini@bide whishnist @oRAIE, k.| venibltledapofateoftorh Qe R8ulfihf tdatton Next t he
chanmber was opened and the wafer was renoved and placed into an aging 15
chanber (a sEaflugvaderiherbeocess aperaaingspuditonss andiwhich denopintiedscefimpantieni um
hydr oxi de 28- Stg,%;reasc%al ed d%QP |l eft for 10 m nutes. The wafer was then

renoved fr Oerto on pro
25  In the preferred embodiment, the mole ratio of water vapor to acid or base vapor
ranges from about 1:3 to about 1:100, preferably from about 1:5 to about 1:50, and

more preferably from about 1:10 to about 1:30.

The water vapor causes a continued hydrolysis of the alkoxysilane alkoiy groups, and

30  the acid or base catalyzes condensation of the hydrolyzed alkoxysilane and serves to

9



. the chanber and dried in an oven at 170C for 10 m nutes, followed by 2
mnutes in a 320C oven. 20 The filmdeposited on the wafer coveredQtgreaN 2003
entire wafer and had a central spot that was approximtely 4 cmin dianeter
and at the center of the wafer cracked and flaked off during the drying
process. The remaining filmoutside the central spot was characterized by

el li psonetry; ' .

aver age ref rlg%%ﬁ%g%ﬁlﬁgg%p%F {gﬁg%gmﬁ%ﬁgg% gé%%ﬁg‘ga@ggi&é&eggigégqgﬁgﬁ 26

gl ee. 25 EXANnRfy, e ®afthisshearedmlising tHesveat 1 DedebAae The ¥IRERIcVaporates
precursor) tekralus(ethoxyethoxy)-silane 30 is deposited in the vapor phase

onto a sili corerwgpesrd ahjechndsortmiantesgprefetably fomiabent I BiunutetaeabpANI?003
period of tinmg and._th dried,, Xrt this exa , the deposition conditions
are changed ‘?‘W”t‘f’rfeTE‘ég ig frgd inganxeniong W%ﬁevéwgée‘?‘l’%é?‘“%‘f"f‘%’?e on the
over-al | «depQsiit.| id I i In
this exar?pl e&ﬁﬂéy%ﬁgcu gnogfdoﬁg#%%fg sl'%?t ﬁ{%ﬁgﬂrﬁ &g@&&@iﬁﬁ%ﬁr%gg@nd used

i n Exanpl e 4100Tgetocibstii 600, preferabBdromasoud 200 SCtedbas 400PC and mbne pi pe i n
whi ch the precursor was placed was heated using tenperature controller 12

to 235C, t hePretsrly: firmgboyha00s Iepubdsd €. Ascaesil Rgelalingly highpagosity,

controller 20. The bl ock s..c00l ed t.o. 8C , 10 JNet nber so that
it was 4 i ncl gs&;%lgftgvcvcg ﬂsetx'?[of)'ﬁg?'{ ?cf{]ééuélﬁﬁ%Q&ncﬁﬁgéﬁiﬁ?ﬂ[éb?{)oﬁgr?ﬁ ot t ona ar e
attached. A dfubgidte ~ThoSiliceh boRaRinBiYmMrdmposi6en peifedably Hak aldigedptiock and

t he chanber was closed. The nitrogen flow was turned on at a rate of 400
cc/ mi nutl® anebnalahbeidfdormn abétolal faoaboud 3.4 moteepreferdiy fromaabontilBée abm 3dhened

and the wafer was renov nd pl ac i nt o ing cha r,.(a seal.able
chanber i t hend st EHtEHED o sboft £ e Hhebt 7155 Hhe Birie o i BPIEOD .- 3096
seal ed and |@hkesffesm hBoi 1Nt 86 abdhiitQ OWARE mot@reld ]y TRAP MRSt b haotdpaue hanber
and dried in an oven at 170C for 10 minutes, followed by 2 mnutes in a
320C oven. THenmi fnd nepestiesdlofomaboud wm te abart 88 nmh dhedensity afdher and had
a central spot that was approxj.nmatel.y.4 cmin dianmetgr and he center of
The vaf or cralsant ariRE SRBEOUHPn doridge P rigeohop oudd 1 it

remai ni NG fi| 904k hidre Eﬁé@erﬁﬁptﬁoﬁ% aISR@D.25a8 abdRNaC /R Z8id vkt pldréaBIgmet 'y
to have an average thickness of 22,200 angstrons and an average refractive
i ndex of 1. 2frémwhbetD.¢tr aespd?dgcmo a density of 1.34 g/ec.

For some embodiments of the invention, it may be desirable to react remaining silanol
groups in the gel with a surface modification agent such as hexamethyldisilazane. This
20  may be done by flowing hexamethyldisilazane vapor past the wafer before or after the

drying step. The following non-limiting examples serve to illustrate the invention.
EXAMPLES

25  Figure 1 exemplifies a deposition apparatus suitable for conducting the examples.
The apparatus is comprised of a pipe 2 which is connected to a source of inert carrier
gas such as nitrogen. The source flow rate of the nitrogen is controlled by a rotometer
4 and passes through a desiccant 6 to remove any moisture. The pipe connects to a
precursor sample chamber 8 which is preferably a steel tube which contains the

30  precursor material which is to be deposited. The chamber is surrounded by a heating

10



25 EXAMPLE 6 This exanple illustrates a process wherein a precursor,

tetraki s(et hoxyet hoxy)-silane is deposited in the vapor phase onto

silicon wafer which is then aged for a given period of tinme and théﬂﬁdAN&EJ
rn this exanple) the deposition conditions are changed 30 in the deposition
apparatus to have a final effect on the over-all deposition. 16 0 6 JAN

mteriar s fPeooridh (EePEHTRLSL HRtERRRe Bl P57 nll B ITEERY i e 1 6
found in quagimple eﬁaxﬁﬁertu@.nre@ vepJHARY préueidt ahdicdrier gk L Bepotitidn@hambeéd ation

was acconplished by placing 5 nl of ‘the 5 precursor in a crucible and
pl aci ng t he t&.uBipelld is prafweblstsenfbundaﬂéyadmamr@apmgﬁ wbICEOQQDmI@dleSbMour S

while flow n dr%/%nltrogﬂf %s hroughthetubg Occlmnut]z alnd out
t he exhaust LIS GOPBAIGT e JIPBY AT OTPNERARS @RS Neghiae Igpes FUN MBI ock
are not i aﬂiﬂp P’%”W cursor is distilled. 10 The distilled
' precursor vvas éep S ?ge%]] aé‘}k@ﬁ[ ieThe pi pe in which the precursor was
pl aced was heated using tenperature controller 12 to 200C, the connecting

tube was heated to 210C using tenperature controller 20. The bl ock was
cool ed to 10©eP¢sitereehamber ﬂrélscmaméqu 3 stajriess sieel qraaemrpfnmemsereéwwe top

of the chanbgr j silicon
waf er was pllglg}e' @Plch%:g%mt %}Pﬁﬁ?%?{){oﬂg‘ 1¢C andéct%%ﬂgﬂtorénpm hsnlg%b The
ni trogen fl owaia22tantAcekeDBlodk 28 whidhes afindHe irc Giamkte bed asdnoa;b!; &g oho flow
fior 15 m nutes. Next the chanber was opened and the wafer was renoved and

pl aced i o whichgheyatandR3isis. This HiepkAH Sétsénaﬁﬁ@crhcmmlnwahwriufremdhc pipg

i ith 5, i um 20 ..hydr,oxi : | f
i nat bs Thet AP TR RS EHCRe S S hR bR e Tl R 22 PRRed e
at 170C for tﬂe%dﬁww@msufcﬁltﬂa@ged%@m& ﬁbxﬂ%@;fslpbmmn&a e damefly odlte film

deposited on the wafer covere e entire wafer mvvas characterized
by el | i psonesurface of Hevwalan22y dha gep and oitiegsef @Oﬂﬁqmwmmgéﬁ separat@srithan

o-cc. 25 ExebopbeR o wles i heetinis SRR B kBl ok e >

precursofs | Saﬂﬁﬁ’@@drﬁﬁé ibihell hﬁe}”ﬁﬂﬁxranpi‘ﬁ%ﬁt 4. Oﬂ{c%cﬁos‘-’rhéﬂ &&%B&’?Eﬁ ari"'h' chis
then aged for a gi ven perlo of tinme and then dried. In 0 6 JAN 20D3

t hi s exanpl eputeh@6de hediotioumthoamghiivthicnthe spwier gesnage @xit o amedmagomhm @n
apparatus to,have a fjnal effect on the over-all deposition. The precursor
is tetralti sfué’i‘ 1E)‘?&fjeﬁ*roxy)-si | ane. In this exanple the precursor nateri al
is the sane as that distilled and used in Exanple 6, 5 The distilled
precursor was deposited as follows. The pipe in which the precursor was

pl aced was heated using tenperature @&A&E_ﬂﬂ&l 12 to 200C) the connecting
t ube wa eated to 210C using tenperature controller 20. The bl ock was
dool ed t0 8C, placed in the chanber so that it was 4 inches below the top
of the chambegiswhemplefudtthtdsprddds b«q’kk‘i’rﬂhgi‘e@uﬁ&t ached. A blank 4 inch
silicon wafer was pFaced on top of the bloctk and the chanber was cl osed.
The ni t r ogentefrekis(metboxyetheagietbox atsilanistdepotited (rothe y¥aporphnge ento aalliconed t o
flow for 10 m putes. Next the_chanber was qpened and.,the wafer was renoved
and pl aced i WfG* ﬁ“%‘?r‘i ﬁﬁ a gLyerperodgi L ? ”&arﬂ‘ﬁlﬁg’r“!with a volunme of --1
liter) with S ml ammoni um hydroxr de 28-30% sealed and left for 10 15

m nutes. The wafer was then renoved fromthe chanber and dried in an oven
at 170CXSor The picnutsesis téttﬂldmretlmbyetlzonybﬂnkg)ssilanc ecem'he Oixdlytowhy @A) | m

deposited on_the wafer cove tﬂ@ entire fer. &fr | mwas characterized
by el | i psormel ik Pf"c?”ﬁ?f\r/énﬁéfﬁ’ Histyledin rapensdae gppurty 8b?-angst rons and an

glec. ref rﬁ%ﬁﬂor@em&asém%onlwhéﬁ iR i QEARTRONED b3 B bISRakhn e O- 80

silane. The distillation was accomplished by placing 5 ml of the precursor in a
crucible and placing the crucible in the steel tube and heating to 240°C for 5 hours,

30  while flowing dry nitrogen gas through the tube at 100 cc/minute, and out the exhaust

11



+ 20 EX~MPI ~ 8 This exanple illustrates a process wherein a precurso

tetral ds(et hoxyet hoxy)-silane 25 is deposited in the vapor phase dinAHZMJ
silicon wafer which is then aged for a given period of time and then dried.
Tn this exanple, the deposition conditions are changed in the deposition
apparatus to have a final effect on the over-all deposition. The precursor

5 the oans SNPHUFABEG BdRRy chiinblh PHER S lGIBLERN Highe BRIDSGS, 5
2003 The di swhil¢ ¢ freaestrsoOdisiidad. deposited as follows. The pipe in which

the precursor was placed was heated using tenperature controller 12 to
200C) the connecting tube was heated to 210C using tenperature controller

20. The bl cooled to 5C .5 ' hamber, so that i 4
nches: bl ow ISR oo wiigmbeliatioldhe. By HRb T e et orithed. A
bl ank 4 isnchpgidd G@meleddalsindas 1inBerarhir® Borkt@MeP 12 t1udeLOGE c@ﬂﬁecfti:ﬂ%t@&a”ber

]
was cl osed. hQl'he nitrogen flow was turned on at a tale of 400 cc nut e and
al | oned to fwawhdated to 24i6A0eing tévapdratiteeconbaliee20. wlibe bloek eds aodlet he5Waf er

was renoved and placed into an agi ng chanber_ (a seal able chamber with a 10
Vol urre of _~1PIReecin)inGEhATLST 59 el oY drinFRFaPEIOvUbe JeR aiibs ChRAPREChERGNE of (

or 10, Mt 5 end oL R RERTUSY SLAMURG OSSR & b1 o

oven at 170 m nu m nutes in he film

deposi ted onblbtieandfterchanverest didedeThe hitropeh Elow Witufdedmnwaa raBaraoderi zed
by ellipsonmetry to have an average thickness of 27,650 angstrons and an
aver age 1Pef réséminpge pnghallowsd to glow 2p§ miANER corresponds to a density of 1.09
g/cc. EXAMPLE 9 20 This exanple illustrates a process wherein a precursor,
tetraki s(et hoxyet hoxy)-silane is deposited in the vapor phase onto a

si |icon waf eNextthé Bhdrsbdr e o0& dnQrthewafey Qs Bahoved 208 place®imodn hiiag dri ed.
In this exanple, the qeg05|t|on conditions are changed in the deposition

appar at us t cchamber & seladle hmber wish atvieluimes/ef ~ bliter)dwigos imliapymomdsmThe

precursor i r.akihsGatkhoxyet ho <Sid ane.1n t.hi s_exanple the precursor
material is Sq%dg&gg?rggg@% %%1 eédi"glﬁ)t If%r IR R et %ﬁg&‘ﬁ tlhgg 1%{10\%9%‘5% 8,
The di stlisl | efle phaabésmd ded it @petdn £d70C f@! 10amuteINBLPWHELY B LRS! it he

precur sor was QI aced was heated using tenperature controller 12 to 200C,
t he connect i FY Euyennd§e idmdeposited pa e wafenyas epgreximately 3 conirdibineter 20, The

bl ock was cogl.ed to 10C -placed if the 30 chanpber that it s, 4 inches
bel ow t he to%doa? tl?%%en%?é’ erw%]énfqﬁl{gn} %Bs @Wﬁ%ﬁﬁcgﬁyfglpmﬁe@\%ﬁ?ﬂ@3 are
attached. A dlerdgakthidkadic bf 3500 ARBuryRé Bid WREvePARGERa@Ive IARRxQF 1LIUB, Whagk and
t he chanber was cl osed. The nitrogen flow was turned on at a ratE of 400

ccl mi nut e arf®rEPP@Wedo 8 §ensiywiOeY2 ¥er.m nut es. Next the chanber was opened
and the fer was renoved and placed into an agi ng chanber (a seal able
dhanber “With a vol une of ~1

EXAMPLE 2

This example illustrates a process wherein a precursor,

25  tetrakis(methoxyethoxyethoxy)-silane is deposited in the vapor phase onto a silicon
wafer which is then aged for a given period of time and then dried. In this example,
the nitrogen flow rate is increased and allowed to flow for a longer time 10 increase

the rate of deposition.

12



-5 liter) wwth 5 ml ammoni um hydroxi de 28-30In, sealed and left for 20

m nutes. The wafer was then renoved fromthe chanber and dried in ab 6§03
at 170C for 20 mnutes, followed by 2 mnutes in a 320C oven. The film
deposited on the wafer covered the entire wafer. The fil mwas characterized
by ellipsonetry to have an average thickness of 33,550 angstrons and an
average refr i i . j L4250 I of 0.45
g/ cc. EXANPLE?!:EL%\YéICéIBBI_ﬁﬁ?e@%%ﬁ%xﬁéﬁ%&g@?éﬂ%ﬁbﬂﬁpé ggog?ﬁﬁéﬂ%?{secur sor,
t et r aki s( et hdisyitied oxelnosk tiknenpusityl €p(2sink thdx yath dxtygetiraody wiibh dsefoand i a
silicon wafer which is then aged for a given period of time and then dried.
In this exanghantitiepef up s % by wetsbhin the shanearlhieshviligheon was aseompiplasd by on
apparatus to_have ipal effect.on the,over-all deposition, 20 T

o ecur sor | < PRVl pE Rk aRrafit i cuPIr i e fERRUS T st e,
distilledtogy 15O 4H WPEHrI 2 Q%%/ t ) | j in
quantities of ﬁgpét{%gs % byw\/\/esit%b#gsz'i“gﬂf?g Si gﬁled.? eggig\lgif?l Hartﬁ?g%é\%gs
acconpl i shed 10y cghanitagnd out thefexhimest pr the bosan of thea depasitionlchamher, (Ttaci ng t he
crucible in th Stﬁﬂﬂf ube and heahtéi ng tg. 200C for 5 hours while flow ng
dry nitrogen“gHeE ap ﬁjr‘?’? Rt 18 thserhambenyhide fhginserigsor idistled. 25 t he exhaust
at the bottom of the deposition chanber. The wafer and block are not in the
chanber while the precursor is distilled, The distilled precursor was
deposi t ed asTheldstulisd pitkerspr was deposinédds follewnr Eeaipipein whish pheaprechrv@svdreat ed
using tepperature coptroller 12 to 200C, the connecting tube was 30 heated
to 210C Y&i nglacehpas Bsalebusingiemperatyre sontiofies 13t 40 Wa thecosnesding dutgoyao -~

6 JAN 2003 p | Ay o i | I top of
he chamber SEaet 1 GRsEiIoRBtratRe Lol 107 The oigRE R LBGeEMATE, | PEon
waf er was pl pleed ftht opariibertsh eharlioRks AmdhéstRIGNEEIEH ofhe chARB&dvhehiNge

nitrogen 'Fl ow was turned on at a rate of 400 cc/mnute and allowed to flow

f ?)r 13 m nut &P andesefioprase aamser A/\Hléﬂlb‘lbé}?édilifﬁﬂ weafier ‘@S\/Eéﬁce}ﬂ ondep ?fethﬁvleq and
i ohes i antiocR hheAMEL whBaRER e HEORTIEY Yol pfa e # Tiublor 0, ' ©)

waf er wakS t hed/misurevad alléwed folfeove harisaninaes. Nekemebmrﬂ&brmae@ﬁatedlam@]é or 20

m nutes, foll oggd by 2 mnutes in a 320C oven. The filmwhich was deposited
on the waf er WaEY &as depawedand Heceddmtean aging chamher{a sealatde ehamher »éd 0y 10

ver hgo et 1 s ErbHE AR B AR R R 280 R QCRMRIEIRYOL o 45

g/ cc. EXA N mlifutdsl THe WieSwax heR rémbVddBdrh Biethambf ARGRRAMI8H Bidh A
precursor, tetraki s&et hoxyet hoxy) -sil ane is de&om ted in the vapor phase

onto a silicéfhelosd0winetss.ifellewehbygaindtes ina 3307€rovper Thd fi depositedroat t hen

dried. I4nthi L1i.0n. i ti,0 are ¢ ed.in.th

deposi t15h asarLBReCupntoiutERPE L Y008 b W a5 0er SRR Sisodheftm. 20
The precur sowas Ghdrdiérided Byt lippsiirh ex Navesinl s8R ge tHicknBisSofE280RAS AR and
precursor material is the sanme as that distilled and used in anpl e 10.

The distil | et presegerisFactivedndexnd <l Q8awhivh eomespords: tp aridepsitynnd HedSnglec. as
foll ows: Theypi i i.ch t I s, pl aced ated usin
t enper at ur e E@rﬁ? 1‘rflgl ‘{oaesr f‘%ﬂ %CS@OW #ﬁ%gé‘g%elﬁo??{ﬁuﬁ ﬂ{ac\{gosffgﬁ %esﬁ8gt eg to

210C usi ng t@m@xiﬁtatﬁlﬁﬁgm‘lﬁ@sﬁbﬂngf 20. The bl ock was cooled to 7C, placed
in the chanber so that it was 4 inches below the top of the chanber when
the top %nd bottomare attached. A blank 4 inch silicon wafer was placed on
top of the block and the chanber was cl osed. The nitrogen flow was turned
on at a rate of 400 cclmnute and allowed to flow for 15 m nutes. Next the
chanber was opened and the 30 wafer wagax@ipved and placed into an aging
chanber (a seal able chanber with a 2T

This example illustrates a process wherein a precursor,

30 tetrakis(methoxyethoxyethoxy)-silane is deposited in the vapor phase onto a silicon

13



0 6 JAN 2003 volunme of ~I liter) wwth S nml ammoni um hydroxi de 28-30%
sealed and left for 5 minutes. The wafer was then renmpved from the 0Ga/fidefs
and dried in an oven at 170C for 20 mnutes, followed by 2 minutes in a
320C oven. The film deposited on the wafer covered the entire wafer. The
filmwas characterized by ellipsonetry to have an average thickness of
30, 350 angst ; e A 2¥ i ks 1a 4Kl i ponds
to a densi ty»c%?’ls‘gﬁ%? lg gg\é"éEXA dL%VJl 18}4%?@% ggég?r]%ﬁne IHIJ]\g[H}‘S?[}é@(ﬁL.J%?OCGSS
wher ei n a prgeogeofiow rat isheld ¢eishas Y3Ih@imin)sindatiewed tafpo Sot €ldnger tirhe
vapor phase onto a silicon wafer which is then aged for a given period of
time and t hdB0dRrinado inpreaspthe depasitive, the deposition conditions are changed
in the deposition apparatus to have a final effect on the over-all
deposition. 15 The precursor is tetraltis(ethoxyethoxy)-silane. In this
exanpl e she 'ﬂ{c%uétﬁ%ri?ﬁisﬁﬂécﬁie_tﬂaﬁi_sf h&FoRGethSdN-sihd. | Il Gk Sashpis@d i n
exanples 6, 7, 8, and 9. The distilled precursor was deposited as fol |l ows.
The pi pe i n prbdur$ortvhatenial és the samewa thapdintied sabuded it Esampler?g Thedisted ur e
controller 12 to 200C,, the éonrt)(gl ting. tuhe was ,he% ed to 210C lIlSi ngﬁ

38 RAPRE 20

t enper at ur e RIBTRIFQY W asdeppsite Btk IR Rhich Bremyecurspr Jas #lac

chamber SO {adfed!dsinaSmferaiENES TP 12 F184PRRIRToh iR G RAI astRGRA e t O

and bottom are attached. A blank 4 1nch silicon water s placed on top of
t he bl ock ari6fGaessirigaameperanascaltmdled20.THhebldakogsreobleduo 86, flaredénitten at a
nate of 400 cctmminute and allowed to flow for 1 S m nutes. Next the chanber

was I OEF A€d ) “'{bﬁ’é?‘?/\%f’*b‘t‘ WRa 4 IRQies belevaihg Rl of by C‘i‘ﬂ%‘??f e gheigp @BQ ROEPM( g
ydr oxi de. 2grgg N AP SR Hlicon b sl fhded th'sly 8¢ 1 bRRABUUE.

renoved fromhahbecwastiesedarmhedtiregbn flovavadvigheddn dtadaref sT308QcAhinuEand
followed by 2 mnutes in a 320C oven. The fil m deposited on the wafer

covered t he @igpeddo flawdor 3G manytes. ANgkithe phamher ses ppenedyand the yafsrmpety to
h ' , 5 t
dex of 1 OBy M B0 o AtaenlorlE: [OMRBIC A BIBIEHTOL AN V]

2003 $~ABPLHitdS with S mhxanidréurn|bydixide 28536% Dieale@ 35d WIEfoRi10 miine€CURSOr ,

t et raki s(et hoxyet hoxy)-silane 5 is deposited in the vapor phase onto a

si | i con waf evafghwanthies remeypddgem theprhamher srdhdiing ingn ayven g K Gder tthen

silyl ated befare o ' . : § ' - :

tetrakis(et ﬁ%‘ﬁ‘#gﬁsh@%"géi’éﬁ’gﬁ’é’.“ﬂ%]%i“ﬁg’?gcé&?g%"r Srnl%ictf]ehﬂ %EiPOIS%Cdcﬁnstp F leag,cd to
renove the ivpapproxihate(24 emntinxigredubradndl ar thatveater bithe auafer. iITheqilaniast | es of
up to 5 10 b)géwei ght .in the silane. The distillation was acconplished by

pl aci ng 5 nicharactemacs by ellipsespetrtohaye 3a japeragaiiirppsaf 9409 prestromsiapdani n” t he

steel tupRe { f . I | ;oW r L.t rogen gas
t'hr oughlﬂl"tl:9 hea%&g@ggg%ﬁggﬁé g‘éil% gr?’%&t%? “&ﬁ%?g%r?esﬁfﬂ‘ledsg?(%adgl\gf&g}f%t%eé) {:)C(jt tom of the
deposition chanber. The wafer and bl ock are not in the chanber while the
precursor is distilled. The distilled precursor was deposited as |5
follows. The pipe in which the precursor was placed was heated using
tenperature controller 12 to 200C, t cfing tube was heated to 210C
usi ng tenperature controller 20. The%ﬁ%ﬁi cooled to 8C, placed in the
chanber so that it was 4 inches below the top of the chanber when the tap
and bottom are attached, A blank 4 inch silicon wafer was placed on top of
the bl 0@R aridhit peareie pibistraiga 8 percgsewhersine precyrbary isgekistethoxyohexilarel on at

arate of 4 clmpute and allowed to.flow for .15 m putes.. Next. t he
chanber Wasqggg Oé‘gl’gﬁldt%? NaPRRPhaFe (\’/ﬁ% 3 5ig0 L r%}“af ’éégﬂ’ R LOHEXER ng
chanber (a gﬂﬁbgl@kgnﬁ%ab@gnaﬁgdh a volunme of --1liter) with 5 nm anmmoni um
hydr oxi de 28-30% sealed and left for 10 mnutes. After aging, each film

was pl aced back on the spin chuck and washed with 30 m of a solution
conprised of 25 15 nil acetone m xed with 15 hexanet hyl di si | azane; the

] ) n . :
waf er was spul§ BIeCwH is shrakistethox yetberWesilang.| d hsreeqursonmaierialds digtilpssied,
t hen thgpsp is dt D’IMBQ I 5% S I ,ng t he
film toggvaggxggtw%ﬁigr@%gﬁ@'ts@gzc%c atﬁﬁ%? ‘tsl@f:ttlj | gﬁ%g’s m Q{e} %lftﬁl téggtk one
hour previous to use, but was never m xeg, mare than 8 hours before use.
After the film had been washed, the wafer was placed in a 170C 30 oven for
3 mnutes followed by a 320C oven for 3 mnutes. 23



0 6 JAN 2003 The was deposited on the wafer consisted of a central wetted
spot approxinately 4 cmin dianmeter which became hazy during the sifgl akiogn
process and a very thin filmwhich covered the rest of the wafer. The
central spot was so opaque that it could not 5 be characterized by
ellipsometry, The remaining filmwas characterized by ellipsonetry to have

t hi . , fr. i ind f
S aas whioh DhEIEER B s, A AaR M A B A RS R on)
the dried fip@eu@sr MytrodbrRRIng plakthgEXOMRIbId th (hOkeclauB RIdhealihg! i 2EeS a

process wherein a precursor) tetrakis(ethoxyethoxy)-silane is deposited in
t he vapor phfesé emrowhilsflbwogrdyaitegengaethroughtthetsbe geD0fasrminutg, aethogter i od

et aki s ot HEFR0Sk Iy BEPPUFTE of 1 AFRSI G IARLEA MO SHORAB R | <
the same 55 ha2hafbsl hilthe BREUHDLL diftilREATRE Riskifled LU SbokhS dBsRIGERUT SOf

was deposited as e pipe in ich the precursor was placed was

heat ed usi ngfollomse The pipe iaoviticlothe rechisolr WaRPQ@ad vhehaamdnsiiy tegperabge Was
heated to 210C using 20 tenperature controller 20. The° bl ock was cooled to
12C, pl aced $antEobler EhEndRd Cs thercranectipg ighe wasihgated so BRI Grusingdempprasfre t he
chanbet when ;Fg a r t ed. .b 4. inch,si.li.cop wafer
was pl aced oh o;l)lreg?&t @e%ﬁ%@:&k{%g&ga&ﬁgo gﬁg‘rﬁci%%évl\%gh%c%:ﬁg@gﬁ S#R%t ILI(V??ggen

flow was t urinehesoielaw ti toplof tfchdiBecwhet thetéh aichorbhrsedidcded! Al 4 10
m nutes. Next the chanmber was opened and the wafer was 25 renoved and

pl aced ik o Wah sdican wakeinasplicad snomel e bingkisad thei chamberwasstesedf The |iter)
ith 5 m oNi.umsh i de . 28- 30% d,and, | eft  f O, m nutes. Aft
hoi ng. oach TEPRMEN 3 thira a8 TS Hie REAST AR e A kBB P 8750 ot

a sol ution cgiguésed of 15 mlL acetone mxed with 15 nl

hexanet hyl di sil azane; the wafer was spun at 250 rpmfor 15 second while the
filmwas being washed, then the 30 speed was increased to 1000 rpm for 15

d | | owd he fil 24 6. JAN 2003 dry. h
Thck. Comrs Neft b Bttt Vs obriad A BHE PR s Snovsilady Bbe B et beindl v
never nipsed ¢Ranthek BEaRblhambeekiha vehane 6f L BfitebN@i 5 hiNahatbiggn washed,

the wafer was dpI aced in a | 70C ovan for 3 mnutes followed by a 320C oven
for 3 m nut ekydratide d&S08epered ardl loft fohk0 marfuses. diheovader wasshemtemayeddifosy . The

filmwas ch rjize by.ellipsor $y.tq.have a verage_t hi ckness of
16, 150 angstatrrh gr?fésgh%f agﬁ%g\f;éprg%O?cthf{bi%gorﬂﬁdwuwf}gﬂa\ggﬁ@h?mngg? Fe&ponds
to a density3xchveh g/ cc. After the silylation, the dried fil mwas
hydr ophobi c. EXAMPLE 15
i 20 The film deposited on the wafer covered the entire wafer and had a central spot that

was approximately 4 cm in diameter and at the center of the wafer cracked and flaked

off during the drying process. The remaining film outside the central spot was

characterized by ellipsometry to have an average thickness of 19,400 angstroms and

an averape refractive index of 1.265 which corresponds to a density of 1.26 g/ce.
25

EXAMPLE 5

This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane

30  is deposited in the vapor phase onto a silicon wafer which is then aged for a given

15



10 This exanple illustrates a process wherein a precursor,

tetraki s(et hoxyet hoxy)-silane is deposited in the vapor phase onto 6 JAN 2003
silicon wafer which is then aged for a given period of tinme and then
silylated before oven drying. The precursor consists of

tetraki s(et hoxyethoxy)-silane. In this exanple the precursor material is

the sane as cthat. distihled.a Ln les.d13 and..14. The distilled
precursor we F éipogéllrgée%].d #ﬁ%%gﬂﬁﬂ%ﬁﬁﬁ%ﬁ%ﬂ?ﬁ@?@ eE\%étloé'scoPgﬁt’IoBme c%’l%g ipe in
whi ch the praGHE 8gfoshith dppaGRld WaRvbaRh eflalkelbot ARRVERLIYES 0RO I er 12
to 200C, the connecting tube was heated to 210C using tenperature

controller 20. 20 The bl ock was cooled to 10C, placed in the chanber so
that it was i nches bel ow the, top of the chanber when the top and baqottom
are at t ached! NPISFEAY lﬁt?t%ﬁ?‘%‘h?’ﬂgﬁi‘r?xﬁb‘f‘@ﬂ‘e dhig enarapie dhe RIEPRTE BHEIY| ock
and t he chand I : [ was turned on at a rate of
400 cc/ mgnu?eg?gcnﬁﬁ %&\%ﬁﬂﬁgﬁp ?ﬁg@vu%%@g%aﬁpﬁeu ‘es. Next the chanmber was
opened and the wafer was renpoved and placed into an agi ng chanber (a 25
seal abl e chanber with a volune of ~1 liter) with 5 ml ammoni um hydroxi de
28-30% seal B disdlledprecymser wasgleppsitedas follfwse Thegipadgn whiskithe preavtsoswad aced

back on the 0 chuck and.washed with 30.m sQl ution co ised of 15
ml acet one r’r@ >g<cee V\‘/’\/%‘}tw_hea Uﬁfn\lﬁzﬁ.gg?gﬁréi%w%igo}l%%{?ﬁ 3 ﬁe[%ﬁé?’é‘}ecﬂg{”?ﬁwsat 250
rpmfor 15 sige@idoa0tE@ utiig térhperivarsconbng 20asTBdblotn®as o EReRe, Was
ilncreased to 1000 rpm for 15 mare seconds, 30 allowing the filmto

evapor atld drplaend inike elvagrdier sathias it yets drinehes helownthg éap eftthe clresmbepmdiethe 0 6
JAN 2003 houy _previQus to us b s, never. m xed nore, than 8 hqurs before
use. After tiB af’ﬁéﬂﬁﬂ'ad"%gtg%%%\%sﬁéb&n hige 18 W r&aéek’ﬂe_ﬂ“?pl (S'E?_ oven
for 3 m nut egofiohdPiehNbér v?»z?s%s@u.e_?ﬂée 9¥trio|§eﬂ‘h8wt\€a%-tu%'3§ oh at mdﬂggpéad ed on

the wafer covered the entire wafer. m was characteri ze

el | i psonet r yed/mirtwdes ancoallcanesitadlow for ¢& misstenf NExt3ks datbenyas opamed andl then

aver age ref racfti ve index of /1,099, which ,corres}?o ds a density of 0.4?
R Jeir

g/cc. After YHET %@ jamavednd plaged;inte an pging e ksbembesisbrE 16 10

Thi s exaspl eydihint BF ~a1i€st) FithIPREARmORRIER PréxiBE 8§.308P Sealed and left for 10
tetraki s(et hoxyet hoxy)-silane is deposited in the vapor phase onto a

patterned sininigas. vibeoyafemwatithes raneied fipatthe chamberi mdripd in adoedn 4ti me and
then silyl at ed.pef i ng., The. o , .

Lot raki st et o CuRGK] TUFs, AUH tyd Biinied3brs Sysme c The G depasited omi <
the sanme as the wadtcodérsl itd &ir@Rdred 8fEhAda ERRAPLRS tHfdr whs aﬁ:}\ﬁ):ﬂgﬁa@%é%m The

distilled precursor was deposited as follows. The pipe In
precur sor weis diraetedandeas theecenent of therwafercmpeked tavd Bakabhdff dhdigy the Arging 200C,

t he connecting tubg, was heat to 2&0% using tenperature controller 20. The
bl ock vvg@ C()Qfg%?ds't hg wmg@ggﬁr&c&sx ing [ent él?ﬂfg?a%BarlaﬂéﬂzthbX/vas 4 inches
bel ow t he t agiiglortds 16 RFADST aWBER taibﬁn&Qef@ﬂﬁo@@&Ogggmgg fd g 5‘%%%3' A bl ank

4 inch silicon wafef was placed on top of the b er was

cl osed. The miractingenddx efl. B which wedespondd toa deasiey af 1.30Fccc/ m nut e and
allowed to flow for 20 mi nutes. Next the chanmber was opened and the wafer
was renoved and placed into an agi ng chanber (a seal able chanber with a 25
volunme of 1 liter) with 5 m amoni um hydroxi de 28-30% seal ed and |eft
for 10 m nutes. The wafer was then renoved fromthe chanber and dried in an
oven at 28TOC for 20 rr~inutes, foll oBXAMPLE 6vi nutes in a 320C oven. 26

This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then dried. In this example, the deposition conditions are changed

30  in the deposition apparatus to have a final effect on the over-all deposition.

16



0 6 JAN 2003 The filmwas characterized by SEM and was found to be porous
with a thickness which varied on different areas of the wafer from 5§ﬁ@%m
Angstrons to 10,000 Angstronms. 5 The previ ous exanpl es show Chat good
nanoporous dielectric films can be prepared by vapor deposition of silica
precursors. 27 "What is clainmed is: 1. A process for form ng a nanoporous
dielectric coating on a substrate which conprises a) vaporizing at | east
one al koxysilane conposition; 5 b) depositing the vaporized al koxysilane
conposi ti on Qhtpracusiop$d tetrtlds(ethoxgethosi)agand)e THis posiutsed makdenk jssdistited to
conposition to a water vapor, and either an acid or a base vapor and d)

drying the eX%@‘éQj‘hEIIWB&SYSQT@ﬁéh%)P&%’PD|VHHCh wHewrbp quaniiosPl apte PP veI y

hi gh porosit 0 li.caon

componithon S e Th Hebt SraeRShRRlon Hls e ERROTR0A B BLORRI B e o ()
i s conduc$ ed phstuRRati maruubqee a{dqgwﬁg R BIERO Hetste@N tube afd hedmetaRooEC of
from about O C to about 300 C. 15 3. The process of claim1l wherein step

(a) is conducf@leijhwrs wmdatf@rwmmdnmtrcgﬁm ﬁhrp@gh thg tubped 19@ od/sdmutefand ait m 1
wherein step IS co catal anpunt cid in. the
Composi 1 o, et U B She dRabidh dhreftafnnts wptr aft bEEk Bt i
wth at Ieasttheom“g;eg%hgﬂ.fﬁolgrg@d}goﬂ,gdfs{}gecporrp05|t|on 6. The process of

claiml1l wherein at |east one organic solvent is applied to the substrate
prior to step (b). 25 7. The process of claim1l wherein at |east one
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heated to 210°C using temperature controller 20. The block was cooled to 10°C,
placed in the chamber so that it was 4 inches below the top of the chamber when the
top and bottom are attached. A blank 4 inch silicon wafer was placed on top of the
15 block and the chamber was closed. The nitrogen flow was tumed on at a rate of 400

cc/minute and allowed to flow for 15 minutes.

Next the chamber was opened and the wafer was removed and placed into an aging
chamber (a sealable chamber with a volume of ~1 liter) with 5 m! ammonium

( 20  hydroxide 28-30%, sealed and left for 10 minutes. The wafer was then removed from
the chamber and dried in an oven at 170°C for 10 minutes, followed by 2 minutes in a
320°C oven. The film deposited on the wafer covered the entire wafer. The film was
characterized by ellipsometry to have an average thickness of 22,000 angstroms and
an average refractive index of 1,112 which corresponds to a density of 0.53 g/cc.

25

EXAMPLE 7

This example illustrates a process wherein a precursor is deposited in the vapor phase

30  onto asilicon wafer which is then aged for a given period of time and then dried. In
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I ndependently C~ to &4 al koxy groups, al kyl al koxy groups wherein the al kyl
moiety is Cl to Ca al kyl and the al koxy noiety is 10 C1 to C6 al koxpyp J&N 2003
et her-al koxy groups; and the balance) if any, are independently sel ected
fromthe group consisting of hydrogen, alkyl) phenyl, hal ogen, substituted

phenyl . 9. TheisRKkSGERS mfde@bﬁ&im &nwﬂ?dn%b %beﬁniuﬁe @@B@% ’apﬁ%r%ﬁ’o or

propoxy. 15 10. The process of claim8 erelfi at le roups are

al kyl al koxy dmeepsfimtieffectror the oadrkafl deposieiby. The frecirgorGé al kyl and the
al koxy nmoiety is C- to C6 al koxy. 11. The process of claim8 wherein at
| east two R dettadds(gihexyathexy)ilpasxin r@rscnmmpfﬁ the proutshematorialis ahy Gnetas C6
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placed in the chamber so that it was 4 1nches below the top of the chamber when the

( 10 top and botrom are attached. A blank 4 inch silicon wafer was placed on top of the
block and the chamber was closed. The nitrogen flow was turned on at a rate of 400
cc/minute and allowed to flow for 10 minutes. Next the chamber was opened and the
wafer was removed and placed into an aging chamber (a sealable chamber with a
volume of ~1 liter) with S m! ammonium hydroxide 28-30%, sealed and left for 10
15  minutes. The wafer was then removed from the chamber and dried in an oven at

170°C for 10 minutes, followed by 2 minutes in a 320°C oven. The film deposited on
the wafer covered the entire wafer. The film was characterized by ellipsometry to
have an average thickness of 19,300 angstroms and an average refractive index of

1.169 which corresponds to a density of 0.80 g/cc.

EXAMPLE 8

This example illustrates a process wherein a precursor, tetrakis(ethox yethoxy)-silane
25  isdeposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then dried. In this example, the deposition conditions are changed

in the deposition apparatus to have a final effect on the over-all deposition.

The precursor is tetrakis(ethoxyethoxy)-silane. In this example the precursor material

30  isthe same as that distilled and used in Examples 6 and 7.
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"vapori zed al koxysilane conposition and an inert gas over the substrate. 5
15. The process of claim1 wherein step (b) is conducted by flomﬁngég
vapori zed al koxysil ane conposition onto the substrate. 16. The pro gA%}WS
claiml1l wherein the base vapor conprises one or nore conmponents sel ected
fromthe group consisting of anmoni a, am nes and m xtures thereof. 10 17,
The process of claim1 wherein the nole ratio of water vapor to base vapor
ranges from about 1:3 to about 1:100, 18. The process of claim1l wherein
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t enper at ure &9p dncbbotidynate al@ched. tAoblabkdtindt0Hlirf wafef wesplabmldn toprif the es t o
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step (d) 10~ volume of ~1 liter) with 5 ml ammonium hydroxide 28-30%, sealed and left for 10
minutes. The wafer was then removed from the chamber and dried in an oven at
170°C for 10 minutes, followed by 2 minutes in a 320°C oven. The film deposited on
the wafer covered the entire wafer. The film was characterized by ellipsometry to
have an average thickness of 27,650 angstroms and an average refractive index of

15 1.228 which corresponds to a density of 1.09 g/cc,

EXAMPLE 9

20 This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then dried. In this example, the deposition conditions are changed

in the deposition apparatus to have a final effect on the over-all deposition.

25  The precursor is tetrakis(ethox yethoxy)-silane. In this example the precursor material
is the same as that distilled and used in examples 6, 7, and 8. The distilled precursor
was deposited as follows. The pipe in which the precursor was placed was heated
using temperature controller 12 to 200°C, the connecting tube was heated to 210°C
using temperature controller 20. The block was cooled to 10°C, placed in the

30 chamber so that it was 4 inches below the top of the chamber when the top and bottom
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20  The precursor is tetrakis(ethoxyethoxy)-silane. This precursor material is distilled to
remove the impurity (2-(2-ethoxy)ethanol) which is found in quantities of up to 5 %
by weight in the silane. The distillation was accomplished by placing 5 ml of the
precursor in a crucible and placing the crucible in the steel tube and heating to 200°C
for 5 hours while flowing dry nitrogen gas through the tube at 100 cc/minute, and out
25  the exhaust at the bottom of the deposition chamber, The wafer and block are not in

the chamber while the precursor is distilled.

The distilled precursor was deposited as follows. The pipe in which the precursor was
placed was heated using temperature controller 12 to 200°C, the connecting tube was

30  heated to 210°C using temperature controller 20. The block was cooled to 8°C,
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5  wafer was removed and placed into an aging chamber (a sealable chamber with a

volume of ~1 liter) with 5 ml ammonium hydroxide 28-30%, sealed and left for 2
minutes. The wafer was then removed from the chamber and dried in an oven at
170°C for 20 minutes, followed by 2 minutes in a 320°C oven. The film which was
deposited on the wafer covered the entire wafer. The film was characterized by

10  ellipsometry to have an average thickness of 23,500 angstroms and an average

refractive index of 1.095 which corresponds to a density of 0.45 g/cc.

EXAMPLE 11
15
This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then dried. In this example, the deposition conditions are changed
in the deposition apparatus to have 2 final eftect on the over-all deposition.
20

The precursor is tetrakis(ethoxyethoxy)-silane. In this example the precursor material
is the same as that distilled and used in Example 10. The distilled precursor was
deposited. The deposition process was as follows: The pipe in which the precursor
was placed was heated using temperature controller 12 to 200°C, the connecting tube
25  was heated to 210°C using temperature controller 20. The block was cooled to 7°C,
placed in the chamber so that it was 4 inches below the top of the chamber when the
top and bottom are attached. A blank 4 inch silicon wafer was placed on top of the
block and the chamber was closed. The nitrogen flow was turned on at a rate of 400
cc/minute and allowed to flow for 15 minutes. Next the chamber was opened and the

30  wafer was removed and placed into an aging chamber (a sealable chamber with a
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1.064 which corresponds to a density of 0.31 g/cc.

EXAMPLE 12

‘ 10 This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then dried. In this example, the deposition conditions are changed

in the deposition apparatus to have a final effect on the over-all deposition.

15 The precursor is tetrakis(ethoxyethoxy)-silane. In this example the precursor material
is the same as that distilled and used in examples 6, 7, 8, and 9. The distilled precursor
was deposited as follows. The pipe in which the precursor was placed was heated
using temperature controller 12 to 200°C, the connecting tube was heated to 210°C
using temperature controller 20. The block was coaled to 10°C, placed in the

20 chamber so that it was 4 inches below the top of the chamber when the top and bottom
are attached. A blank 4 inch silicon wafer was placed on top of the block and the
chamber was closed. The nitrogen flow was turned on at a rate of 400 cc/minute and
allowed to flow for 15 minutes. Next the chamber was opened and the wafer was
removed and placed into an aging chamber (a sealable chamber with a volume of ~1

25  liter) with 5 ml ammonium hydroxide 28-30%, sealed and left for 15 minutes. The
wafer was then removed from the chamber and dried in an oven at 170°C for 20
minutes, followed by 2 minutes in a 320°C oven. The film deposited on the wafer
covered the entire wafer. The film was characterized by ellipsometry to have an
average thickness of 45,650 angstroms and an average refractive index of 1.094 which

30  corresponds to a density of 0.45 g/cc.
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5  is deposited in the vapor phase onto a silicon wafer which is then aged for a given

period of time and then silylated before oven drying.

The precursor is tetrakis(ethoxyethoxy)-silane. This precursor material is distilled to
remove the impurity (2-(2-ethoxy)ethanol) which is found in quantities of up to 5 %

( 10 by weight in the silane. The distillation was accomplished by placing 5 ml of the
precursor in a crucible and placing the crucible in the steel tube and heating to 230°C
for 3 hours while flowing dry nitrogen gas through the tube at 200 cc/minute, and out
the exhaust at the bottom of the deposition chamber. The wafer and block are not in
the chamber while the precursor is distilled. The distilled precursor was deposited as

15  follows. The pipe in which the precursor was placed was heated using temperature
controller 12 to 200°C, the connecting tube was heated to 210°C using temperature
controller 20. The block was cooled to 8°C, placed in the chamber so that it was 4
inches below the top of the chamber when the top and bottom are attached. A blank 4
inch silicon wafer was placed on top of the block and the chamber was closed. The

20 nitrogen flow was turned on at a rate of 400 cc/minute and allowed to flow for 15
minutes. Next the chamber was opened and the wafer was removed and placed into
an aging chamber (a sealable chamber with a volume of ~1 liter) with 5 ml
ammonium hydroxide 28-30%, sealed and left for 10 minutes. After aging, each film
was placed back on the spin chuck and washed with 30 ml of a solution comprised of

25 15 ml acetone mixed with 15 ml hexamethyldisilazane; the wafer was spun at 250
rpm for 15 second while the film was being washed, then the speed was increased to
1000 rpm for 15 more seconds, allowing the film to evaporate dry on the chuck. This
solution was mixed at least one hour previous to use, but was never mixed more than
8 hours before use. After the film had been washed, the wafer was placed in a 170°C

30  oven for 3 minutes followed by a 320°C oven for 3 minutes.
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be characterized by ellipsometry. The remaining film was characterized by
ellipsometry to have an average thickness of 300 angstroms and an average refractive
index of 1.335 which corresponds to a density of 1.60 g/cc. After the silylation, the
dried film was hydrophobic.

EXAMPLE 14

This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a silicon wafer which is then aged for a given

period of time and then silylated before oven drying.

The precursor is tetrakis(ethoxyethoxy)-silane. In this example the precursor material
is the same as that distilled and used in example 13. The distilled precursor was
deposited as follows. The pipe in which the precursor was placed was heated using
temperature controller 12 to 200°C, the connecting tube was heated to 210°C using
temperature controller 20. The block was cooled to 12°C, placed in the chamber so
that it was 4 inches below the top of the chamber when the top and bottom are
attached. A blank 4 inch silicon wafer was placed on top of the block and the
chamber was closed. The nitrogen flow was turned on at a rate of 400 cc/minute and
allowed to flow for 10 minutes. Next the chamber was opened and the wafer was
removed and placed into an aging chamber (a sealable chamber with a volume of ~1
liter) with 5 ml ammonium hydroxide 28-30%, sealed and left for 10 minutes. After
aging, each film was placed back on the spin chuck and washed with 30 m] of a
solution comprised of 15 ml acetone mixed with 15 m! hexamethyldisilazane; the
wafer was spun at 250 rpm for 15 second while the film was being washed, then the

speed was increased to 1000 rpm for 15 more seconds, allowing the film to evaporate
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5  byellipsometry to have an average thickness of 16,150 angstroms and an average
refractive index of 1.138 which corresponds to a density of 0.66 g/cc. After the
silylation, the dried film was hydrophobic.

EXAMPLE 15
10
This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
15 deposited in the vapor phase onto a silicon wafer which is then aged for a given
period of time and then silylated before oven drying. The precursor conasists of
tetrakis(ethoxyethoxy)-silane. In this example the precursor material is the same as

15  that distilled and used in Examples 13 and 14.

The distilled precursor was deposited. The deposition process was as follows: The
pipe in which the precursor was placed was heated using temperature controller 12 to
200°C, the connecting tube was heated to 210°C using temperature controller 20.

20  The block was cooled to 10°C, placed in the chamber so that it was 4 inches below the
top of the chamber when the top and bottom are attached. A blank 4 inch silicon
wafer was placed on top of the block and the chamber was closed. The nitrogen flow
was turned on at a rate of 400 cc/minute and atlowed to flow for 20 minutes. Next the
chamber was opened and the wafer was removed and placed into an aging chamber (a

25  sealable chamber with a volume of ~1 liter) with 5 m! ammonium hydroxide 28-30%,
sealed and left for 10 minutes. After aging, each film was placed back on the spin
chuck and washed with 30 m! of a solution comprised of 15 ml acetone mixed with 15
ml hexamethyldisilazane; the wafer was spun at 250 rpm for 15 second while the film
was being washed, then the speed was increased to 1000 rpm for 15 more seconds,

30  allowing the film to evaporate dry on the chuck. This solution was mixed at least one
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wafer. The film was characterized by ellipsometry to have an average thickness of
5 33,300 angstroms and an average refractive index of 1.099 which corresponds to a

density of 0.47 g/cc. After the silylation, the dried film was hydrophobic.

EXAMPLE 16
10
This example illustrates a process wherein a precursor, tetrakis(ethoxyethoxy)-silane
is deposited in the vapor phase onto a patterned silicon wafer which is then aged for a
given period of time and then silylated before oven drying. The precursor is
tetrakis(ethoxyethoxy)-silane, In this example the precursor material is the same as

15  that distilled and used in Examples 6, 7, 8, 9 and 12.

The distilled precursor was deposited as follows. The pipe in which the precursor was
placed was heated usin g temperature controller 12 to 200°C, the connecting tube was
heated to 210°C using temperature controller 20. The block was cooled to 10°C,

( 20  placed in the chamber so that it was 4 inches below the top of the chamber when the
top and bottom are attached. A blank 4 inch silicon wafer was placed on top of the
block and the chamber was closed. The nitrogen flow was turned on at a rate of 400
cc/minute and allowed to flow for 20 minutes. Next the chamber was opened and the
wafer was removed and placed into an aging chamber (a sealable chamber with a

25  volume of ~1 liter) with 5 ml ammonium hydroxide 28-30%, sealed and left for 10

minutes. The wafer was then removed from the chamber and dried in an oven at

170°C for 20 minutes, followed by 2 minutes in a 320°C oven.
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by vapor deposition of silica precursors.
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comprises
a) vaporizing at least one alkoxysilane composition;
5 b) depositing the vaporized alkoxysilane composition onto a substrate;
c) exposing the deposited alkoxysilane composition to a water vapor, and either an
acid or a base vapor; and |
d) drying the exposed alkoxysilane composition, thereby forming a relatively high

porosity, low dielectric constant, silicon containing polymer composition on the

10 substrate.

2. The process of claim 1 wherein step (a) is conducted by heating the alkoxysilane

composition to a temperature of from about 0 °C to about 300 °C,
15 3. The process of claim 1 wherein step (a) is conducted with water in the composition.

4. The process of claim 1 wherein step (a) is conducted with a catalytic amount of an

acid in the composition.

20 5. The process of claim 1 wherein step (a) is conducted with at least one organic

solvent in the composition.

6. The process of claim 1 wherein at least one organic solvent is applied to the
substrate prior to step (b).

25
7. The process of claim 1 wherein at least one organic solvent is applied to the

deposited alkoxysilane after step (b) but before step (c).

8. The process of claim 1 wherein the alkoxysilane comprises one or more

30  components selected from the group consisting of alkoxysilanes having the formula:
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R

wherein at least 2 of the R groups are independently C| to Cy4 alkoxy groups,

alkylalkoxy groups wherein the alkyl moiety is C; to Cy4 alkyl and the alkoxy moiety is
10 Cjto Cg alkoxy, or ether-alkoxy groups; and the balance, if any, are independently

selected from the group consisting of hydrogen, alkyl, phenyl, halogen, substituted

phenyl,

9. The proces§ of claim 8 wherein each R is methoxy, ethoxy or propoxy.
15
10. The process of claim 8 wherein at least two R groups are alkylalkoxy groups

wherein the alkyl moiety is C; to C4 alkyl and the alkoxy moiety is C; to Cg alkoxy.

11. The process of claim 8 wherein at least two R groups are ether-alkoxy groups of

20  the formula (C; to Cs alkoxy), whereinnis 2 to 6.

12. The process of claim 1 wherein the alkoxysilane comprises one or more
components selected from the group consisting of tetraethoxysilane and
tetramethoxysilane.

25 |
13. The process of claim 1 wherein the alkoxysilane comprises one or more
components selected from the group consisting of
tetrakis(metho;lcyethoxyethoxy)silane, tetrakis(ethoxyethoxy)silane,
tetrakis(butoxyethoxyethoxy)silane, tetrakis(2-ethylthoxy)silane,

30 tetrakis(methoxyethoxy)silane, and tetrakis(methox ypropoxy)silane.
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5  15. The process of claim 1 wherein step (b) is conducted by flowing a vaporized

alkoxysilane composition onto the substrare.

16. The process of claim 1 wherein the base vapor comprises one or more components

selected from the group consisting of ammonia, amines and mixtures thereof.

17. The process of claim 1 wherein the mole ratio of water vapor to base vapor ranges

from about 1:3 to about 1:100,

18. The process of claim 1 wherein the base vapor has a pKy, of from about less than 0

15  toabout.

19. The process of claim 1 wherein the substrate comprises raised pattern of lines

comprising a metal, an oxide, a nitride and/or an oxynitride material.
20 20. The process of claim 1 wherein the substrate comprises a semiconductor material.

21. The process of claim 1 wherein the substrate comprises silicon or gallium

arsenide.

25  22. The process of claim 1 wherein step (d) is conducted by heating the exposed
alkoxysilane composition to a temperature of fram about 100 °C to about 400 °C for

from about 1 minutes to about 10 minutes.

23. The process of claim 1 wherein the alkoxysilane composition has no more than

30  about 250 parts per billion of trace metal impurities.
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