WO 01/ 18860 PCT/ US00847 | MPROVED APPARATUS AND METHODS FOR | NTEGRATED

Cl RCU T PLANARI ZATION FIELD OF JHE I NVENTI ON 5 The present invention

rel ates to sem conductor devices, including integrated circuit ("IC")

devi ces. Mor¥CSHI¥ftularly, it relates to a nethods and afFAflatyes or

pl anari zi ng and/ or enbossing patterns onto surfaces of sem conductor
devices that contain silica dielectric coatings, and particularly

nanopor ous silica di el AMPROVERARPAR4GTUSAENDWIETHODS0 seni conduct or devi ces

produced by these rre%,lgﬁ?ﬁl OF THE | NVENTI ON
Processes used for the a%ﬁ%&@ﬁ&# 8‘ vi ces al nost

i nvariably produce surfaces which significantly deviate froma pl anar
configuration. Wth the 15 {rs& % | arge scal e integration,
this problemis expected to° lg?gdbe. gﬁ%&i ance, the production of

i nt egr at £d Thermesettsnveyyincelkttsto s@gjusndesomdslicespineluliay Brcgrated cireuit f or med

sequenti al | y a.sen.conduct.o ubstrate. ny .of these |layers are

patt er ned %&%8‘?%"8%%8“8@8‘%?‘[%§ﬁ£%?s tgépﬁg’f’l\/&ﬂ%‘dﬁmlﬁ"bf particul ar

regi ons of pamhziegaenl/drambossing pdtteins owve lshrfdcandMerhibaiduatBdevicelaritat i ons from

t he planar copdition.in underlyi | ayers 20 becqme npre pronounced wth
the additi o‘f‘?n%fn W%e%e%xcgaaﬁupg%’gﬁ%arqa% Ea%?orgﬁﬂqfﬁﬁ‘angﬁbﬁ‘ér and circuit

f eat ures. Noatigsusavel ssbstmatmiuaor degic&predubedthibae MaMyds 488 0bl ens t hat

adver sew i@acttu the yield of finished products. For exanple, variations
in interl evBP¥8i"&l ectric thickness can result in failure to open vias, poor
adhesion to underlying materials, step coverage, undesirable bends or turns
in 25 conductive netal [ gy - el |..as - dept h- of -focus” problens for
optical lithography. In 1RG0 PEIHE INVENTION - ot e mul tiple |ayers of

i nt er conneckrsceisdes had fhreiedavicanes safigontitctor@edba lalnyospihddiablyze the surface of

certain layers durin he nmul.ti-ste ocess. Plaparizing., snoothes or
| evel s t he ¥9 uﬁﬁf"é%‘ﬁ% Wg‘f‘:%rﬁg(n,'lﬁfiaenldégf‘gﬁgFer&é\%nérecof"g@'&t?nir\%mé er to properly
30 patt &f n trdae toweed gaseriabe/scale ugeation, nhie groblemds Qipe@ed th Sncrdae. fRaat ur es

r 1 i .. . : . .
produced UShe cg,qftlc }%‘géucgon of integrated circuits typically requires multiple layers to be

formed sequentially on a semiconductor substrate. Many of these layers are patterned
by selective deposition or selective removal of particular regions of each such layer.
It is well known that small deviations from the planar condition in underlying layers
20 become more pronounced with the addition of multiple additional layers of
semiconductor and circuit features. Non-planar substrate surfaces can cause manj
problems that adversely impact the yield of finished products. For example,
variations in interlevel dielectric thickness can result in failure to open vias, poor
adhesion to underlying materials, step coverage, undesirable bends or turns in

25  conductive metal layers, as well as "depth-of-focus" problems for optical lithography.

In order to effectively fabricate multiple layers of interconnects it has become necessary to
globally planarize the surface of certain layers during the multi-step process. Planarizing
smoothes or levels the topography of microelectronic device layers in order to properly

30  pattern the increasingly complex integrated circuits. IC features produced using optical or
1



1 WD 01/18860 PGI/USO0/ 24847 other lithographic techniques require

regi onal and gl obal dielectric planarization where the | thographic depth
of focus is extrenely limted, i.e, at 0.35 mand below. As used herein,
the territWO0yde¥0 pl anari zation" refers to a conditi on WREFUSW 248428 filmi s
pl anar or flat over a distance of O to about 5 |inear m croneters.

"Regi onal planarization" refers to a condition 5 xhereir. the filmis

pl anar or othMth@w‘@hmacdﬂhﬁhan&ﬁmefmgadmwnd§lob§1 daddettic fishatizdfie@vhért ieONEL €I S.
"d obal pI anarization" refers to a condition wherein the filmis planar or

flat over lHcgiPBtaRRPE °fc§?°“8 S Eel Lo byt ORO0EP RhEla™. nhtvsibeins.

Wt hout swufcfiiql -@nhl figatiodfieh” Rk ﬁ'aQQﬂltmnmlﬁf@r{ ih@?ﬁxh %’blan%pﬁ' flafGfr T depth of
focus will manifest itself as a limted |ithograp Fk£roce35| ng W|ndow 10
O ie previdsiigraef Siprhovetilingat Riserastery| é?f?awmﬂatanwat@ treferséq & ppndition

t echni gue whlRictidfiim 195@5&%§ﬂat%v&9atcﬁ§t&r@1:ofdbo@tSvto%bmtg@ﬁﬁéaF ;&M@érse“ al, is
deposited on a surface in a manner adapted to arma surface rel ati veI y

free of topbgriapmgrization”refarsdeq penditionyderehyibe ﬁlnexsolﬂmoyﬂnrgovm@mme | ayer
have appr gxi,pat 68 ¥ bk mmeetrﬁ#em&m&s Wittt AgnbRTRRS BERYgh the

planarizing 15 material and into the device er Wt e®surf ace

conf i gur ablap#izafion; the lask ahdapthxiffepup Wbmamfyetll@vbf !Sr%lnsﬂt@rlﬁmrﬂpbwt he devi ce
material surfacewifdoihough this technique has been adequate for some

appl i cati ons where a nodest degree of planarity is required, present

pl anarlPzing matcria's and present nethods for depositing the pl anari zi ng
material @.e 0f{ .6yt iR d P ol s G I surface for
demandi ng appl |lcat| orﬁl?g}gegc as ?Ra {%?nﬁ cr%nggggfﬁc%ﬁé%ﬁpgb@%gtl on. The
degr ee of ppFesaarmaterial.dg., p glaprsizingaenterial, isrepenittd en esnrachiotaraanerteiaptadept h of
the topogrARRY . sRfhct REVAY HE ofibEdeipfly hf%h A0kt e between
a hi gh point aﬁa ac | ow lpoy H‘%ﬁ% over i nglé}g{gﬁ% %lvl?’?% 3]% di vi ded
by the deptrir lgfe %m@xmsdg ﬂmﬁﬁye etah tateeetghiog procesds theowgh thgslahanzntzk h,

15 material and into the device layer with the surface configuration of the planarizing layer

being transferred to the device material surface. Although this technique has been adequate
for some applications where a modest degree of planarity is required, present planarizing
materials and present methods for depositing the planarizing material are often inadequate to
furnish the necessary planar surface for demanding applications such as in submicron device

20  fabrication.

The cegree of planarization is defined as the difference between the depth of the topography

on the device surface h,, and the vertical distance between a high point and a low point on the

overlying material surface h,, divided by the depth of the topography on the device surface
25 hg

h-hy

h,

The degree of planarization, in percent, is



The degree of planarization, in percent, is 2 W 01/18860 PCT/ US00/ 24847
x100 Generally, for typical device configurations, planarizati on using the
et ch- back technlgue has 5 not been better than approxi rratel #ﬂs

cal cul at ed W8%Pet hod described above for features grE‘éT FOOeHh 300
mcrons in w dt h. The | ow degree planarization achieved by this technique
is attributed to a lack of planarity in the planarizing material. Thus, for
el ongated gap-type features greater thhaly 30006m crons in width and 0.5

m crons in depth, the useful ness of a%etch- back techni que has been
limted. 10 U.S. Patent No. 5,736,424, Ttncorporated herein by reference in
its entirety, describes a nethod for pI anarizi ng surfaces of substrates,
such as semcon u r materials pres tep o an etch-back
ot oceas. 1 nOFHTAY ot WP R BVt o, Pt aon e s SR DR IAE on o
C:Jr abl e yi S@aws?nmﬂtatm% apfrotiinB@lyG8%tab %l&ﬂdlﬁtfyﬁﬁ@métﬂé& @G@lbb{_[ll_z;]bb% ﬁhlﬁ‘ed of

pl anari zatign ollo izatlo e coating polynmer is
sel ect ed t oM Wﬁ”@?‘evﬁ@ g’éﬁ’gcrf’ "éwé‘éh th%@ﬂﬂ?’ﬁ&éﬁ?%lﬂ@é&“&?wg%f%l zati on,
and the poje uemhbﬂai fo% 12k 6NEIehat VA tHe Rl iSRS AR Tus, W e hRgdte

pl anari zed by t process. Wil e an inproved planarization is clained,

apparent |y W‘@%F%Wrﬁbgr?%% thap S0 B&&@SW ‘t"ﬁth agd PP&WETQFS ig derth dhe usefiingsd ded
process st egrARGhGAINRE@NIqhY hds Dedn@fiileded. I n addition, this 20 reference
fails to provide a solution for planarizing substrates coated with
nanoporé@ns dielectric filnms, since by their nature, such |ow density filns

cannot be gischagh 8k, 4,718,492 ﬂ&o%&a@d&%miﬂl@ reRReLd i kD ehiBipeticatR . Chem cal
mechani cal pol i shing ( CWP) s another known nethod that has been

ef f ect i vel ymethed f%@anﬁ‘lﬁmg Frafeggsiof pubstepiesparh 3 %mseﬁ@#up@ém@ma efYire surface of

dielectric icﬁ}h%ra%rresﬁﬁGQéﬁb B8 ettiRbdcR pfocesSBihRg refé}‘exgzéaén%n&h?mtcal conposi tion
or slurry is applied polishing pad and is used to polish a surface
until a des¥Fiee 1&5@@@8@ asuERhlg vispaps palymetfoatingen teoppbsraie SWERSEH y renpve

el evat eds t ORALARKaARhioh SR8 By PijHAhicH IRl dbaRB! THe SdimRing flat areas.
However, CMP

selected to etch at the same rate as the surface in need of planarization, and the
polymer coating is etched down to the substrate, which is planarized by the process.
While an improved planarization is claimed, apparently by starting the etch-back with
a flatter surface, an added process step and complexity is required. In addition, this
20 reference fails to provide a solution for planarizing substrates coated with
nanoporous dielectric films, since by their nature, such low density films cannot be

etched at the same rate as the underlying substrate.

Chemical mechanical polishing (CMP) is another known method that has been effectively
25  used in the art to globally planarize the entire surface of dielectric layers. According to this
method, a grainy chemical composition or slurry is applied to a polishing pad and is used to
polish a surface until a desired degree of planarity is achieved. CMP can rapidly remove
elevated topographical features without significantly thinning flat areas. However, CMP
does require a high degree of process control to obtain the desired results.
30



does require a high degree of process control to obtain the desired
results. 30 3 WO 01/18860 PCT/ U500/24847 Dielectric filnms fornmed of

organi ¢ polyIg/, such as pol yaryl ene ether and/or fluori Pl yaryl ene
et her pol yner s',l%%ve been pl anarized by applying CW° to g pS& |ai7l y cored
film followed by a final curing, as described in co-owned U S. serial
nunber 09. 023,415, filed on February 13, 1998, the disclosure of which is 5
i ncor por atideietine Rlapdormed ef eraandg pelymrers, suchas polyasyipne qthanendler t hi s ref erence
fails to i, 3chQSRIAPMNE OB RNMetZ FavR bodr! firQRzAB5 SPLIRARORAY BYS diel ectric
material on the %Suy]ra ace of @B?t{f étr_ate.nﬂFur"?%e.r,§ ?%gis previ ous net hods
are i nadeqaatéy fused fme {llawedby olnel turing, 3sidessribédAace-onwnahlU.Si@rdi f f erent ar eas
of 2 substiple B4pSALs fidllon FSnAYR9 9O he ikt YPERIRIs t OPOIr aphy ont o
specific portions of a substrate surface. Is1s particularly inportant as
t he nove tiowenodsed byvreferencerhgesin ints enfirety e dHowgrdratbis referenaedsilstequi res nul tipl e

planar - SUda6esouwty Panaride § G LAR nahBforods/diSecn RnAllcfiPRI @b POrLiOns of a

singl e substrate. Itron, as ature sizes approach 0.25 gm and
bel ow, pr cbitene! skubbtratsat er connect RC del ay, power consunption and si gnal
cross-tal k have becone increasingly difficult to resolve. The integration
of low dielectric constant materials for interlevel dielectric (ILD) and
i nt er net alFudhal tbese prexiofs wBhodsppd inglrguatfor prosiding lqealivgd plansidatien dthese

pr obl ©%5 - d@gc? it YR o?fa suti:ggtps rfale %}' ?Jr@ﬁ%s'sﬁg 6E e {Egége'rr UK Io ol &
nanopor ous 778 prepare romsilica, i.e>, siticon. ased Material s.
VWhen air, spiciifc rertobinge bfoctubstetesorfate athis of pafiticulady imortaniias €a mave doveardsui t abl e

silica enial . ' = . har e (i ipc films
W th rel at e PR ANORE, Shi Rt B R R bl G HGREBLELS D TS
prepar ed dikesubisparatpsrtiosuafla singlesubstreen  waf ers, suitable for fabricating
integrated circuits. 25 The re is also a need in the art to pattern the

surfaces of potential mcroelectronic device s or integrated circuits. A
nunberl15of IsuddniampisiCdeanae ezdsrappmachdkit$ pinmaddbdw, probleos mithdgerearingst RC

el ectron-beam Lt NOAGARRYA af Worr &rdb-vdik hR YL AR ncrehshDly HiBeld 8N
resulve. The integration of low dielectric constant materials for interlevel dielectric (ILD)
and intermetal dielectric (IMD) applications, is helping to solve these problems. One type of
such low diclectric constant materials are nanoporous films prepared from silica, i.e., silicon-
20  based materials. When air, with a dielectric constant of 1, is introduced into a suitable silica
material having a nanometer-scale pore structure, dielectric films with relatively low
dielectric constants ("k"), e.g., 3.8 or less, can be prepared on substrates, such as silicon

wafers, suitable for fabricating integrated circuits.

25  There is also a need in the art to pattern the surfaces of potential microelectronic
device s or integrated circuits. A number of such methods are known, and include
phtotolithography, electron-beam lithography, and x-ray lithography. With electron-
beam lithography, the beam is rastered across the surface of the article to produce the
patiern This is a slow, expensive process. Other previous methods for patterning

30 ivclude @ method and apparatus for micro-contact printing that requires complex
4



beam | i t hography, the beamis rastered across the surface of the article to
produce the pattern This is a slow, expensive process. O her previous

met hods for gpaidigsgebng 30 i o:e | ude a nethod and appar atg;&é%?_fm 7

m cro-contact printing that requires conplex 4 WO 01/18860 Lﬁ%1724847
control nechanisns to keep the print head parallel with the dielectric
surface, as disclosed, eje., U S. Pat, No. 5,947,027. Gven the

conpl exity B?Htrf’ﬁ@e%ﬁﬁﬁ?saéf’g?p tg‘%ﬂmﬁﬁaﬁBﬂénﬂé"é‘E theylidecip sufgse @7 patent, there
remains a neieloded, el\EbEUS. PN 5981020 GiverPtié c AEANRY LEMEBEREM0f patterning
on the surface o&#g dielﬁﬁtriq filmon a substrate. 5 For ‘all of these
reasons, t h&THEmTRgs fArreribed bx the 'G5 vpisa, there rempainsiaRsecip i antdenagakiablend

appar at us f @id 6kbinf/inBtiod SFpaidrARAbA B8 birfe SN QLAY ishdaRE, di el ectric
films, including silica-type dielectric films, on substrates. There is a
particulér need for such nethods and apparatus for planarizing and/or
enmbossi Ng PakaaloR the@ARorkOthBR RARMQYRe Sl ik eGR 01 1 Foggd’ fn&B%ds 6. SUMMARY OR
THE I NVENTION I n order to solve the above nenti or?e problens and to provide
ot her i npr oRPABHE &1 ackigying the/pipnarisaiop prserdeterping of disiestiedilms.f or ef f ecti vel y
enbossing p b 286k ; : i . Films to be
enbossed byin?ﬁgﬁ%é? ﬁaotgge %ﬁa&aéa%}gg{%% Bgét&%;eégﬁgmﬁg%gﬁl%ﬂﬁ%{dg{agf ably include
di el ectric fuch msthads and ppraratus for plasaiizing avdior crobassing pattews dwei ces, such as
integratgd ginbsddblsSilicMPeReRE Blgr ably, the filnms to be treated are
nanoporous silica dielectric films with a |low dielectric constant ("k"),
e.g" typically ranging fromabout 1.5 to about 3.8. The invention is also
contenpl ated to 20 i ncl udegGRPRSY HFOAS: RRAA¥Sed by these nethods. In one
preferred enbodi nent, such™ conpositions rnclude filnms having surfaces that
do not devi Btasder paeiva thslahengrmentionsd grohsiy ahd/torpprvédetortmnin@rd®mentand havi ng a
degree of p{h@ﬂ@Edti_%ﬂ hqgeﬁ&ov@itmétﬁﬂ&?br?Ff%’tivagl grgﬁéaa‘s?i}sxgﬁiana% ecf\g?'nOpor ous silica

films can be fabricate y using a mxture vent comnposition
15 patterned surfaces on polymer films. Films to be embossed by the methods and

apparatus of the invention preferably include dielectric films suitable for use in
microelectronic devices, such as integrated circuits. More preferably, the films to be
treated are nanoporous silica dielectric films with a low dielectric constant ("k"), e.g.,
typically ranging from about 1.5 to about 3.8. The invention is also contemplated to
20  include compositions produced by these methods. In one preferred embodiment, such
compositions include films having surfaces that do not deviate from a planar
topography by more than 0.35 p, and having a degree of planarization of at least

55%, or greater.

25  Nanoporous silica films can be fabricated by using a mixture of a solvent composition
and a silicon-based dielectric precursor, e.g., a liquid material suitable for use as a
spin-on-glass ("SOG") material, which is deposited onto a wafer by conventional
methods of spin-coating, dip-coating, etc., and/or by chemical vapor deposition and

related methods, as mentioned in detail above. The silica precursor is polymerized by

5



and a silicon-based dielectric precursor, e.g., a liquid material suitable
for use as a spin-on-glass ("SOG') material, which is deposited onto a
waf er by nal nmethods of spin- coatlng, di p- coat and/ or
by chenicgﬁe§gg%99dep05|tlon and related nethods, as ne%g oneé I'n det ai
above. The silica precursor is polynerized by 5 MD 01/ 18860 PCT/ US00/ 24847

chem cal and/or thermal nethods until it forns a gel. Further processing by
sol vent  @%eice 3de theppamerhgds ‘@F‘EEfWﬁaB@aﬁW}ieﬁH’%@&‘ﬁﬁ by palYeayi ol et

radi ati ongy.j.QRk zmeagng gidétAdnibedin, A bea umm&&édxmén%maﬁgmmhhat result in
curing and hardeni, ngaof t he applied Film At an appropriate point in the

process, KT appl simarmetheds @atdéwita%ewgmw%ﬁmnﬁ ofthgappliedififn- obj ect, al so
art-known as a conpression tool. This is, for exanple, an object with a
flat surface, or other tyﬁf of surface SU|tabIe for the purpose. The

pi anar? zaf\l BrivBIPEEE PPN fiePrRcass She arplighln is gentasiad Willkh a force suffi ci ent
to eff ethgXxell*lyauofq|o§fe&teﬂsotéf*ﬁm%%fa§§€on§ﬁre§sﬂ3§tJo! | This i ¥6r éx'&ﬁx?ﬁ:a{r} er the

pl anari zation object Is separated from 10 contact W th e dielectric film
and any r et hithg flprsefesssoratheptypaplsudenssuisablsdfor be ppypesgadbe a har dened
nanopor ous,, di-eleqlbiet: afd hln?ﬁ'e Bfolugm tdg@th&e&m ﬁr&ghffﬁﬁgi to eff@ém ments, the
gelling or aging step I s skipped, | anar surface or ttern is

t r anst er r Baten gherspdacg jobthe &im,iapd fhereﬁﬁterélmplmmh@ame%wsenhraterbfwrng or after
contagg Widh.f b mwefeiebtﬁgﬁtmﬂdga teAGinf) %%Fb%éés%féf,é 99% dn3@lted > AP: ;aratus for
planarizing or patterning a diel ectrlc mon a substrate broadly

i ncl udes: Prodce 4 hpridengs narpporapsAigleaice dhnatfie: Imeesgisiopioneb a pl anari zati on

obj ect, n CHBERLIRSS 6rABink 9@} is sRPpéd) aving a

wor ki ng f%lrgem#ﬁcéltts fﬂg@aﬁgg;ar ngf‘!ﬁ) T 81) nﬁﬁ@%&%ﬁ%?ﬁr%@%ﬁgsy on tool is
oper ably conivees edhe delegiee fime th@t‘)“%"@@n@l*fmglolé#ﬁﬂr eentactgithahei ng t he

posi tion, “,B:J_ mgrfgce%?ﬁlefpﬁﬁﬁ?zaﬁ@ﬂbél?d to the dielectric film

15
Appouratus for planarizing or patterning a dielectric film on a substrate broadly
includes:
(a) a press for applying contact pressure to a planarization object, L€, a
compression tool,
20 (b) a compression tool having a working face that is planar or patterned,

wherein said compression tool is operably connected to the press,

(¢} a controller for regulating the position, timing and force applied to the
dielectric film,

(d) a support for the substrate while said dielectric film is contacted by the

25 ompression tool.

The press for applying the compression tool can be any suitable art-known
mcchan:cal, hydraulic or gas-operated press device, for example, an arbor press, a
kydraulic press, a pneumatic press, a moving cross-head press and variations and/or

30 combinzations thereof.



(d) a support for the substrate while said dielectric filmis contacted by
the 25 onpression tool. The press for applying the conpression tool can be
any suitable art-known rncchan: cal, hydraulic or gas- operated r ess

devi ce, for WREMIP® an arbor press, a hydraulic press, ﬁ@??c press,
a noving cross-head press and variations and/or 30 conblnatlons t hereof. 6
W 01/18860 PCI'/US00/ 24847 The support is any suitable device for fixing
the substrate in place during the conpression process, and optionally

i ncl udes a.workpi ece as a vaeuum. chuck, mechani ca

cl anp(s) orﬁ\‘gf'ﬁ%mﬁc@?’ﬂl@ﬁﬁeﬂaw%fé& ghing the Stf?‘éﬁlﬁtpEF ‘5‘4‘7@ g% 5 position and
al i gnment  GhmbResichasdessadi. opfrds}ﬁuyammpﬂe,ests»c@méceﬁ&azd¢r85ucm as vac@np| anari zation
obj ect, and can be ﬁ Ligﬁ&w rt- knaown devut; for, exanple, an optical
flat, an obf#es onfnge a”é"af)? ?) %R8 R‘"H?@“%‘H‘PE devices, fof maiiainipg i t h' a pat t er ned
wor ki Ng SUrgo@ifiéh and alirienfléfitkadubdljeect With a working 10 surface that wll
enboss a dielectric filmwhen said cylindrical object is rolled over said

dielectric film and corrbl nations thereof. O course, such a conpression

tool has armeRékhedichasetist fata fma%azﬁﬁamb?ecofmdéaaraswdhhme a-pl anar or
patterned |rrpre55|ontothe I mto be’inpressed Inapreferred

enbodi ment MeWedginspicesempls: angptical Satewrpbjectwitieaplanr Hakdesac8ast one vent

for transp%fob@a vMﬁ:Fbeaﬁerﬁéd WRRRS sl cedk c}lfnaﬁaaﬁ Hﬁcé&‘%tﬁ'a%ﬂ&@gce of the
conpressi on too onpr essi on. For exanpl e, vent preferably includes at

| east olfe cpedare it WHI ergbees a@eleainfilaurien edd @srlmfiwl elierbisaalisd@rert ool , so that

the vent cQnnQfisiicild, £@0cHbikatiohd !WAHEN OF Bbise QIR L BSSIrARiok @RI h&kOr renovi ng
vapors or gases fromthe inpressed film 20 and/or for contacting the film

with gas ordWaiking faphialds papalje st tenderringig plenas of pavermadingyessian ghe Wien r enovi ng
vapors or Ggasesue ifdfesée@nduit connects to atnosphere or to a gas or vapor
collection system "I n one preferred variation, the conduit can be
optionally connected to a source of pressurlzed gas or air, in order that

a flow pf gag pﬁe?é?re@ €mbodiment, the compression tool is constructed to have at least one
vent for transporting vapors or gases to or from the working face of the compression
tool compression. For example, the vent preferably includes at least one opening on
the working surface of the compression tool, so that the vent connects to a conduit
through said compression tool for removing vapors or gases from the impressed film

20 and/or for contacting the film with gas or vapor phase reagents during the impression
step. When removing vapors or gases, the conduit connects to atmosphere or to a gas
or vapor collection system. In one preferred variation, the conduit can be optionally
connected to a source of pressurized gas or air, in order that a flow of gas can be
directed to the working surface of the compression tool, to facilitate separation of the

25  compression tool from the impressed film.

In a further preferred embodiment, the vent is a system that includes one or more
purge inlets opening on the working face of the compression tool and passing
completely through the compression tool, that operably connects to one or more purge

30  channels running along the working face of said compression tool, that are operably
7



directed to the working surface of the conpression tool, to facilitate
separation of the 25 conpression tool fromthe inpressed film In a further
preferred gphofisggpnt. the vent is a systemthat includesy ;umre pur ge
inlets opening on the working face of the conpression too passi ng
conpl etely through the conpression tool, that operably connects to one or
more purge 30 channels running along the working face of said conpression

tool , thatorasaedspewapinlets. Asfgy e versawtropdui dosuibeddwas: theyrgtect ed to purge
inlets. Ag.fof. Bﬁg 48 Yoo c&%&eatoadg%ewap&%ﬁm?s stefanBidf g€ 1 nlets are

optionally opera nnected to a gas or vapor col ectl on system and/ or
suer; e ut StprJeswlreﬁSzlE%‘Fd@a% S In ar:other preferred enbodi ment, the support
i ncl udes a conpliant support that is fornmed using any sui tabl e conpl i ant
material. Sinply by way of exanple, such a corrpllant support can be forned
f rom aScohpretbsi mefenptﬁrqh@énmenhﬂ@@moésmmﬂeeac myimm tgﬂtvi scous material,

a pol ymer . hl add 3?%% Iy c fluid, and
conbi nat i o(}r%sﬁgﬁ%{ge%ly St Ele%&lﬁ%f@étgﬁﬂoﬁnéﬂ an “opt 1 %‘ﬁmf]l séﬂdlo i ncl ude a
vacuum chuekplizorsuppirician be formsedsindrs & compredsiblepofymenc: qoupressitla during corn

press ion, top L,Rﬁm Q‘(r‘:r‘s@adsg&ft&{af q 85%3@%@5?{ 1'f@at\$l§ﬁa aﬁt?LSSIB'L ?e%gfalea' ng or

patterning '€l ectri ate I nc es the steps of 15
(a) appl yhngasic diuel, suitconbinatidnsihgreet UFheovorkpiec hgldersan aloti!mal(}b) pl anari zi ng or

patt e&B' N u?[' gx?chﬁrh%@% 'f&rhold th@sutogtﬁateal R3] 1t1%% d?nlu‘?é( d) Cur(C) gel I'ing

sai d |elec ric ore, or ater S ing the

di el ectri coffiprbssion20 The i nvent| on furt her includes a dielectric filmon a
substrate that is planarized or patterned by any of the above-described
met hods and/ or apparatus. Further still, the in%titian includes a

subst ant i &ht yv q:ritiamalscb inelddesamupidad pladirgingor patersng 4 dielegoafiinep on a

iﬂﬁf)”?teeat%m thgyinau&g%%%&ﬁs genprising: applying a conposition that
15 (a) applying a dielectric film precursor to a substrate;

(b) planarizing or patterning said dielectric film in the apparatus of claim 1;
(c) gelling said dielectric film before, during or after step (b);
(d) curing the dielectric film.

20 The invention further includes a dielectric film on a substrate that is planarized or
patterned by any of the above-described methods and/or apparatus. Further still, the
invention includes a substantially planarized nanoporous dielectric silica coating on a
substrate formed by a process comprising: applying a composition that comprises a
silicon-based precursor onto a substrate to form a coating on said substrate, and

25  conducting the following steps:

(a) optionally gelling or aging the applied coating,

(b) contacting the coating with a planarization object, i.¢., a compression tool,
with sufficient pressure to transfer an impression of the object to the coating,
(c) separating the planarized coating from the planarization object,

30 (d) curing the planarized coating;
8



silicon-based precursor onto a substrate to forma coating on said
substrate, and 25 conducting the followi ng steps: (a) optionally gelling or
agi ng the apgbiegthsepati ng, (b) contacting the coating Wt hcaRboRAg1 zation
object, i.e., a conpression tool, wth sufficient pressure to transfer an
i npression of the object to the coating, (c) separating the planarized
coating fromthe pl gnarization object, 30 (d) curing the planarized
coating; 8 \v/&srm?t%gg 0 (PET9 19agH5)e8 Fpyseauspprselertad fom Hhe grenp consisijg ar e
conducted igr a sequence selected fromthe group consisting of (a), (b), (c)
and (d); (a), (d) éb) and (c); 5 (b), (a), (d) and (c); (b), (a), (c)
and (d); and ( v,(bb 3),”‘“‘{@?: and (d). It should be noted that when the above
process is appl i8ddy, em)andenoporous silica 10 dielectric film step (b) is
conducted with sufficient pressure to transfer an inpression of the object
to the cdating, (‘W(lahé‘ﬁtan%@gstanti ally inpairing formation of the

nanonet er - scal e [W? to achieve a desirably low dielectric
constant in the(@ﬁaﬁ?ﬁ)ﬁm I?{?&I;F DESCRI PTI ON OF THE FI GURES Fi gure i
illustrates a di®@k{a}eed @1 m coating on a substrate positioned between a
conpression tool a planarization object) and a conpliant support, wherein
the conpression tool is equipped with a purge inlet. 20 Figure 2

i |1 ustrat edt shoelid bF neted that wheh theabeyeipragess is appliadhs s nabporpwssilica oned bet ween a
conpr esgj ony: d i : e bsirate and fil m have
a conveﬁd 21 tﬂérl%g%:cefmaﬁhsa@pt (ﬁggg%dgg&eds‘gﬁg%ﬂ?%%f wlgsg{lrgéés{;?ﬁs%ﬁaendl 6 Heke initial
cont act at afHw& obiseitte the gpating, without substantially impairing formation of the

nanometer-scale pores required to achieve a desirably low dielectric constant in the
film.

15 BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates a dielectric film coating on a substrate positioned between a
compression tool (i.g., a planarization object) and a compliant support, wherein the

compression tool is equipped with a purge inlet.

20  Figure 2 illustrates a dielectric film coating on a substrate positioned between a
compression tool and a compliant support, where the substrate and film have a convex

surface and the compression tool is positioned to make initial contact at the center of
the film.

25  Figure 3 illustrates the relationship between an individual die bearing scribe lines and
purge channels in the press and compression teol purge channels matching the inter-

substrate scribe lines.



the film 25 Figure 3 illustrates the relationship between an individual
di e bearing scribe lines and purge channels in the press and conpression
t ool purgeyih@NR&HpS Mmatching the inter- substrate scri beﬂcir{iﬁﬁo 8470 0

1/ 18860 PCT/ USOQ 24847 Fiourc 4 illustrates the operationa ré?‘ati onshi p
bet ween purge inlet structure and the pw:;-2 channels in a substrate and
conpression tool in repoving vapors or gases from_ the pressed dielectric
film 5 Fifigred Busfrpteg &e ppar ‘é’“%lﬁ%latf%fl&g?‘ﬁ?F“d’l‘“E?d?)‘&‘rsg}lc“gfaé&thEt c. through
vent channgls.chadib il £suBstiatd 448 obreicARodHid R¥oRhe (IR E SSePRoh 00! s that are
smaller in size than the substrate, so as to inpress rrultlp?e patterns or
pl anar redhomesihdigedrigfildl-ectric coating oa different parts of a single
substrate. 10 1- i'giere 7 i | lustrates one enbodi nent of the inventive
apparatus placed in an arbor press. 10 WO 01/18860 PCT/ USOQ 24847

DETAI LED DESCRP Ppptratestie imjeptionRE FERRES SEMVBOIrVEEN vEntabareeldi ngl y, et hods and
apparatus for planarizing and enbossi ng useful topography onto dielectric
fil mcoatings on substrates and devices are provided, together wth

devi ces f dipircailgirais anaaay oficempressionteoly thasare smaller inrsite than thebet t er

appreci at ¢ L he..s it i i that unl ess
the " Co st any Morst i3kt spegting S SRS | orm
"silica" iw difénpit pyrtsepf asinglesebsirptesi | i ca” as used herein, for exanple, wth
referepce to nanoporous dielectric filnms, is intended to refer to
dielectric filnms prepared by the inventive 10 nethods from an organic or

i nor gani ¢ lgivas s illystsatesrone embogiment gfithe inyentivb kppasatusipldcedyin an arbor

pruss.
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material containing one or nore silicon-based dielectric precursors. It
shoul d al so be understood that the use of singular terns herein is not
intended to k& @Asdshm ted, but, where appropriate, also S;@l%g% t he
plural, g., exenplary processes of the invention nmay be described as
applying to and producing a "filnf but it is intended 15 that multiple

films can be proSJ{.g‘q MDﬁQ&IQ?ﬁ)ﬁb?%ﬂF exe*r ified and cl aimed processes,

as desired. Addi* Fry——<the—tetmr—atin | 1ing or

pol yneri zat mmd@gly,tn}modmmizpﬁb@auﬁbﬁ pl&anﬂagﬁsa embsgsufgsleéﬁnqsg%%ﬁ!&' on on the
substrate after g&t?l&?l;‘]tg on, 20 induced, e.qg:, exposure wat er and/ or

an acid or Byagdie foatipgs qojspRyirates anS&FY"E?ﬁé‘f"IPWV&BBvI tpgsdhet Withr ecur sor s

sel ect ed t odévletTabacuRMby the ifventiviaRaRas ous dielectric films, and/or
nonporous dielectric fi Iyms. Gel ling can be acconplished by the above-

descri bed crosslinki ngand/ or evaporation of a solvent. 25 The term "curing"

refers to t hﬁrﬁ@&@&&b%pé&gte@{e\éb@g optfhe Erpgnt;oh eimhogimog{xmﬁf\s hag, typically

by the application of heat, although any ot nown form of curing may
be enpl oyeduiless i "§108" Amptionakaroupris %PFCI‘éWélb'g;Fnilwed Wherf tbe terof'silima” 8l ect r on
beam ultr t in 1/ 18860 PCT/ USOQ 24847
The terns, a%!%leg"thé%%ﬁcﬁt assugﬂdq' eelmﬁ f%ﬁxﬁ?p&e t‘)"'ét\{l\og%gf‘c& ? BFPEBe synonynous
with t he tedlniscmc ﬁk@a@@mﬂdefbﬂo réfersadieletisic ﬁlmmjrqmsad(bylﬂenmeaeva ndi cat ed.

Funl : e i.ded herein gener descri bes

pr ocesses angtﬂ&gqré%g%rogg& ol f%(:‘))m gfafs\%ﬁa PAREiS%y 28R ﬂmﬁﬁ ﬁ%‘?f‘m ng or
enbossi ng pmeteea nenmmngmmmmm eﬁcamtmkﬁelﬁdiecmcrmdceﬁm&l Bshcﬁﬂ&d]so&ﬁ t he
exenplified ga t he, ar g appreci ate
that the i nsr[El {%?y p%r%\’/lég aﬁ e&gé hexgi s 18??"?‘3‘15‘\?/1\& Sérlﬁn% bt anal iy
applied to whdﬂeappmphstbrﬁoe:nwrphaesahc pianatj elghatenpldiepropdseesafhei ng material s
can be enplo Ln for ex s.silica |electr|c filmns
and organic p%l HERY gel% %g%%f BEpIHE g‘fn%d@mfdﬁlﬁg fﬁﬁ‘ B e frgsme edt he terms,
"flat" of "qhhtamdmp’ieﬁlmFscambmdhdedhytb@dmibb&akmiﬁhﬁcwmm&m@d her wi se

processes, as desired.

Additionally, the term “aging” refers to the gelling or polymerization, of the
combined silica-based precursor composition on the substrate after deposition,

20  induced, g.g., by exposure to water and/or an acid or base catalyst. Gelling is
optionally applied to precursors selected to form foamed, i.e., nanoporous dielectric

films, and/or nonporous dielectric films. Gelling can be accomplished by the above-

described crosslinking-and/or evaporation of a solvent.

25  The term “curing” refers to the hardening and drying of the film, after gelling,
typically by the application of heat, although any other art-known form of curing may
be employed, g.g., by the application of energy in the form of an electron beam,
ultraviolet radiation, and the like.

1



stated. when used herein. When these terns are enployed with reference to a
dielectric filmprecluced by the inventive nethods, it is to indicate that
the filmhgs &hgesesi red 15 degree of planarization. Absgn t at enent
to the contrary, ﬁgef erence herein to a "planarization obj"gt’flg&éﬁ or
“planarizaton surface" or "conpression tool" is intended to enconpass
objects or surfaces beari Q% any useful topography, including a sinple

pl ane, a SEAF 0G5 OF "agee horginshewtbhe corsiflersd do bersiicpymausywithtthesterns i t abl e
pattern tchQ@nte&bF&é&Q,"Qﬁleés%ﬁkﬁﬁé%%ii&[&d? nanoporous dielectric silica
film In addition, any suitable art-known objects can be used as

pl anarization objects or conpressior tools to enboss or inpress a plastic
or nal | eap|gdhiilofghthd &s&fpﬁéﬂﬁ%{,ﬂeﬁﬁ&w Ertlra]léﬁes@nl%g?ﬁr%%s&g hifal pattern,

i.e., including one or nore planar I npressions. narization objects can
have al |@asetpriarieyed for prepéring end plangtizingorembossiag pdttems ontand t he | i ke, or have
a contack,, SUl fia6&id R admalsSs ' ' ' [@n ipns. including
druns, rol !d_ers,_1 or rrprena Sbg%g%%é%%gﬁggﬁ’?&é@égﬂ% ué’,tﬁ) Ef)rtrlsaﬂl anari zation
obj ect s hwivitergily epptesiateshat the instantlyi prowidel imethiods aap pergmsitibredird hat cont act

bet ween syeh, i, GoHikeR ofdf & Sk Lo Re treated . 30 will be
achi eved wrth é%ﬁ i e ot i rﬁé‘ﬁgr%g’h AR o 11 Wil be
12 WO 011988604 Peiudingoion exagale, noppadess silicaodiel¢chixtfilmhiandprganiapblyaki-on obj ect s
typi cad | Yipd CRNRH GG i nto any art-known press or roller device to provide
t he mechani cal force necessary to conduct the conpression step according
to the invention. 5 Broadly, a substrate coating can be contacted with a

pl anari zag,i. 00 QPIHE Hmd e £ e Qe q 8fiter st he agi ng .and/ or curing of
the applied d?ée}{)ect rl é‘_i[?a?loir\npl?rgyiagé}m Sfi)%/})bereg‘am?méé’gfte “PHE applied film
or coat i n¥ptisiewharfus¢ddicrsin. [Whep ithes termsare eplpioyid with refesenceapa dieleetric pl anar

i npressi ofy, WL, i 2vent.i f tion_of, desirable features,
g, 9" the rllglrion(mp%lr{’&sﬂ%a e%@?rgﬂaégﬁgl{}&tg}ngxc% thsaf)tfl?@]g”&f&egss['rf?c filns, when

t hat teatdeewe piplang@eatiosired. It will al so be appreciated that the

pl anari zation processes and apparatus provided by

3=

Absent any statement to the contrary, reference herein to a "planarization object" and/or

"planarization surface" or "compression tool" is intended to encompass objects or

surfaces bearing any useful topography, including a simple plane, a set of two or more
20  planar regions and/or any other suitable pattern to be embossed or impressed on a

nanoporous dielectric silica film.

In acdition, any suitable art-known objects can be used as planarization objects or
compressior. tools to emboss or impress a plastic or malleable dielectric film surface with

25  atopographical pattern, i.e., including one or more planar impressions. Planarization
objcets can have at least one flat surface, such as optical flats and the like, or have a
contact surface that is curved in one of its dimensions, including drums, rollers, or more
complex curved surfaces. Thus, for planarization objects having curved surfaces, it will
be zppreciated that contact between such a curved surface and the surface to be treated

30  will be achieved with a rolling motion or rotating motion. In addition, it will be
12



the invention can optionally provide a nanoporous dielectric silica film
having a sealed film surface, which can provide the added benefits of

i nproved necWamtassbo 15 properties, e ,a ,,, increased cohgsgReddsgenot h,
nmodul us, or adhesion, relative to nonplanarized filmnms, and optionally can
obviate a need for post-curing surface nodification to enhance surface

hydr ophobi c e S. FOR REPARl NG DI ELECTRI C FI LMs 20
Dielectric \m% 0 matfa’éflanﬂﬁateof’%‘étlw e EE‘P?’P‘E“E%‘&WW@@”G% prepared from
suitabl e ppzmsunstbe‘rsle\a@pd» pxeddé the Mechbibical forde @edaisardicontider f@OWN net hod,

i ncl udi ng spin- coatl n i p goatin brushing, rolling, spraying and/ or by
cheni cal g‘) ??cawmgﬁﬁ}emﬁm Ursor can be an organic pol ymer
precursor, a si I i con based precursor and/or 25 conbinations thereof. The
coatlng processed to achieve the desired type and consistency of

di el ect r %‘?95 YRGUOSHAIE FRAUAE FaTbe SPRRataayifhye nlanapizatios ebjessbefereed to be

appr opr i at eaikiag o dfer @6 hgieg AUPLAGIYIOP 0 A hBRHE R oflifag) product.
, including nanoporous silica

Typicall'y, si I %?l ectric
di el ectric rlﬁfl‘f‘ that ¢ p2 @%‘F’e‘ﬁ’éP%WEPF Wﬁe@uumaamﬂ@p #hils @pcebtbed diel ectric
precursor, géfr 1@r&ﬂbrﬂv@tﬂmﬂ|dﬁ’z§§gmg1§ py&/}ntﬁ%@&ﬁ% of %%9%3%47 S.0.G")

mat eri al bI endg6 one or nore solvents and/or conmponents. The di
ccctric preedr Pa‘}°§‘c§§b‘ﬁq4‘fé7&mt5€”‘§u§@?Wh@éhqhtfr‘"tfénw arhar Peblgating imny art - known
met hod, 10 i nekieddi ng, but not limted to, spin-coating, dip coating,

brushing, rolling, spraying ancor by chem cal vapor deposition. Prior to
application of the base materials to form5 the dielectric film t he
substrate sk&{IB4® teSpREdtQN Bk e PMSRANEHnhQkseS t Q{h%}

art-known c| eani ng rr%;?hods Aftep;%t he lpr ecur:’go?‘@i app%l)rﬁ‘g the substrate
surface, t HE® BEeiERCcas oPEYIERY Prgvidenpanepeens dtilecnicailioh Blmhdvingta on obj ect, ie.,
"o the for Befléd ﬁ’{rr%fm!eeﬁﬁbip&ntp dde:ﬁe%d&x Hehdfs ﬁ*%@la.% %8. fyessure

effective to transfer the desired pattern to t \an coating or film
on the !5 properties, g.g., increased cohesive strength, modulus, or adhesion, reiatwe to

nonplanarized films, and optionally can obviate a need for post-curing surface

modification to enhance surface hydrophobic properties.

A, ME DS FOR PREPARING DIELECTRIC FIL

20
Dielectric films, e.g., interlevel dielectric coatings, are prepared from suitable
precursors applied to a substrate by any art-known method, including spin-coating,
dip coating, brushing, rolling, spraying and/or by chemical vapor deposition. The
precursor can be an organic polymer precursor, a silicon-based precursor and/or

25  combinations thereof. The coating is then processed to achieve the desired type and
consistency of dielectric coating, wherein the processing steps are selected to be

appropriate for the selected precursor and the desired final product.

Typically, silicon-based dielectric films, including nanoporous silica dielectric films,

30 are prepared from a suitable silicon-based dielectric precursor, e.g., 2 spin-on-glass
13



substrate surface . Preferably, the contact surface of the object is
fabricated or coated with a non-stick release material, g,& Teflon" or
its functiQpal, &g valent. This can be in the formof 1pcfussmassable film
or sheet of release material. Alternatively, the release material can be
provi ded as a rel ease coating directly on the conpression tool working
surface. 'ne release material or coating can include any art-known

mat er i al s ("S- P CudrmatearbRiTnded WipkiprsCa FSE eI VeRss 2Rt et PamRtrEntantior i nor gani c

mat eri al s gwhicgR pdcBrsodib hphied iolaquifstewbespxéﬂaﬂzed%g abP br- R Methdd)e T el ease
material is selectively permneable, sed of . or including

Gor t exTM & 1ickudiigy bt lgrageé t%amewcoaglﬁé ,":r°é%&¥e %mgdﬁoﬂ@asv@un@as es,

reaction ,p¥QdiGhensient 9spor Epeith. mér\f@sﬁpﬁcatiah@f% bARAdRM fha Sur face
bei ng conpressed Advantageousl ,. such a selectively perneabl e nenbrane
T!

can pr éverite ditlectiicofila thiespbstrats susfaceiggpticnally prepaged for engting bygtandard. t he

pIanarlzeqnqygigg@mmﬁHﬁgmﬁbselectlvely permeabl e nor-stick surface can
al so optionally be replaced or undercoated with a material that is

sel ected to absorb and/or adsorb gases or vapors that mght lead to
undesi rabl ;.. |1Q" Pé&ﬁ%&r@@aﬁfxed’tﬁ*&@sﬁﬁsn% shifRe RhESARE sr'ir‘f'afcé &Bntalty anot her

Optl on, the cont act surface of t he conpressi on t ool incor por ates one or
nor e openl"ﬂtj@ rdgnapzasion electis.. #1 the{orm of 2 qomnygssion topy doy timey andab® 124847

venting o ré'll(b)f %a%ﬁw?&oﬁi?s%ﬁhe‘ﬁem%%ﬁ%er@&%é BEicbBt ERdfig SR dndhe | S ON the

wor ki ng f &ce of e conpression tool. Once the surface of the treated

di el ect ri cufstthunstrégse assunmed t he desired shape, the 5 conpression tool and
any non-stick release material are then separated fromthe dielectric
film although in certain enbodi mrents an optional non-stick rel ease
material Federable, thegantagrsuriate of theobjeeitivfabuentadrry coated vith arpiistitlonal ti e

period, t QLI@J 1 e /&F‘t oo™ @its RS apé V\Flﬁieﬁ‘tt 'm’caﬁ Be @ltﬁeoﬂynifl gf further

f|In1proceSS|ng an to protect t | anar1 zed surface during
furt helS priocesgblzdilmioppheet of release matenal Altcmatwe y, the release material can

be provided as a release coating directly on the compression tool working surface.
Tte release material or coating can include any art-known materials, e.g.,
fiucrocarbons, hydrocarbons, or other organic and/or inorganic materials which are
either l:quid or solid.

20
Optionally, the release material is selectively permeable, e.g., composed of or
inciuding Gortex™ and is able to pass vapor phase reagents, dissolved gases, reaction
produc: gases, and/or solvents into or away from the surface being compressed.
Advantageously, such a selectively permeable membrane can prevent the formation

25 of bubble artifacts on or within the planarized surface. Such a selectively permeable
non-stick surface can also optionally be replaced or undercoated with a material that
is selected to absorb and/or adsorb gases or vapors that might lead to undesirable
formztion of bubbles on the pressed surface. In another option, the contact surface of

the compression tool incorporates one or more openings or passages to allow for

14



10 When the release material is a coating on the conpression tool working
surface, the release coating can optionally be dissol ved or otgfrvm' se ]
neutralized, i-<ng ease of separation of the conpressi omt he
pl anari zed fi“lainém*lmr?@one preferred enbodinent, the rel ease%sgrl“g{.’r can be
a material that is vaporized when 15 neutralized. The expandi ng vapor from
the neutralized coating then assists in pushing the conpression tool off
of the pl andFRiFEAL FY|SHEesS Mg o gastsand the sclense meierdal isainghe workingfice for this
pur pose i nclog@e corprBRicY td2y, Way of exanple, polyal kyl ene oxides or PAGCs,

wi th ol ecul ar weights ranging fromabout 500 to about 5000. These types of
pol ymers can be spin coated in a uniformthin filmonto the worki {1? face 1(:)1;]
a 20 planari | | L3l t : : poi n or w
a sol 5ent (Sﬁﬁﬂhggéﬂ%ﬁ?e%éﬁ“g?% ok%ﬁg?ﬁé%ﬁ‘éé}%%%e%@é %’%sol id at room
t enper at dr e compression ¢rgl and-ray don-gisk redeasd majersaliak diee séperatedifansthe zat i on. After

form ng or L r : P e |ted for rel ease, , or further
heat edg( > 18?%)"9? (I)é?’eallt?ﬁg? 1%%%%? icéé% %ﬁé}{t%enroﬁa[}%a@m ésélglﬁ{?gegﬁe I?%er%abr m a vapor
whi ch can seépdredefeon hesybstratscoatitigdbemmadditipol mat kgdoéng all@ﬁmo;;eizﬁle po: yrrﬂ] sI

I ncl ude, sigply: . Of et hyl.ene oxi des and/ or, polyethyl ene
gl ycol s or éx@%fr%gﬁgg%%#@%ﬁ%&%P SEUras a%ciréﬁﬁmﬁﬁ%f et anot her
vari at i on omplanasizebswfasradueng Airthertpnatssingstefe vol ati zed is to conbine a

mat eri alygwhich is normally solid at roomtenperature, such as a PEG that
can be 80 compounded with a | ow to nedi um wei ght glycol or al cohol, and
still remai Whas the reldaSe MBed (<1 BR61(hgRT T ISRDIeRvdYtdo! vaokihglsueaegpdend at room

t enperature e glyc ents.can then. be easily vapohzed to all ow

rel ease of fef%éemp Og%”érc?é%éi%gﬁ%ﬁegfss‘?wegﬁf P gw&ffé’%@ﬁdcanl"l")l‘o e2¥Hmon

petroi cum bapedtiarn{ ¢ campesdimtes! Stom theplaatiedditinl Ronapeieen performthe same
function. 5e££o%ﬁ1lljé’n§,%esrelfegsre m%e%gl%%:g bd & ma'tztlmliariﬂa)at is vaporized when

15 neutralized. The expanding vapor from the neutralized coating then assists in pushing

the compression tool off of the planarized film. Vaporizable release materials
suitable for this purpose include, simply by way of example, polyalkylene oxides or
PAGs, with molecular weights ranging from about 500 to about 5000. These types of
polymers can be spin coated in a uniform thin film onto the working face of a

20 planarization object in its melted state (~100C melting point) or with a solvent (such
as water or alcohol). The PAQ is desirably solid at room temperature, to aliow a hard
contacting surface for planarization. After forming or gelling or both, the PAO can be
metted for release, or further heated (> 100 C) to either vaporize or thermally
decompose to form a vapor which can separate the parts. Preferred polyalkylene

25  oxide polymers include, simply by way of example, polyethylene oxides and/or

polyethylene glycols or PEGs, in the same general molecular weight range.

Yet another variation on release materials that can be volatized is to combine a
material which is normally solid at room temperature, such as a PEG that can be

30  compounded with a low to medium weight glycol or alcohol, and still rerain as a
15



Exanpl es of suitable dielectric precursors broadly include nononers,

nmononmer m xtures, oligoners, and oligoner m xtures that are solidified

t hrough ¢ i ncorporated or applied reagents, jon and
the liKke, U\Rbg?/(l)érw{/arl ous art 10 known conbi nations ther 2%?1. %d{%g? exanpl es
of suitable materials include solid materials such as polynmer nelts that
can softened by heating, and then resolidified through cooling.

Or gani c- Bagédormrendptaenm temperaire | e hice] comppnents tan tembatasilypol yer

precursor I ofsgl or  enbossed
interleve ﬁp%{%{iéoﬁi?@;y%& ASFB%Egllaﬁa%zt e tﬁygﬁmg% Jla aog%lg?g{ us of the

i nvent i orpevaicemyedel wWares\afso hane simiddr pripertiss and|cgn tﬁ]fowaﬂlecsﬁmexarrpl e, polyinmde
precursorgs. &I% described. , by U S. patent nunbers 4,113,550, 4,218,283 and
4,436, 583, [ 20 i ncorporated herein by reference in their entireties.

Pr ef erﬁr ed organic diel ectri c precursors include, sinply by way of exanple,
et hers of i di a. dchyde condensation products containing

vi nyl be PK dEsling et HJml east half of the ether noieties as described
i N co- owngdnigleSof :plaa!éendlehcmbenecutwﬂ@oamﬁincluﬂmmomqmnrsamdomer ein by reference
inits entirety r_Qr [ c HIBLS 2 ine tale tuorinated
and non- frf‘ﬁo‘lrnisnag(eg %bﬂ‘/}r@%‘g’,’&% thregﬁﬂlar E)oq ug}r?u té“angde non-

fluori nat 1ed>rpmnyc( arrapblé:tdhexgsr)ts hva) r’a&hﬁcm anddterhke aad/or watiomcare FLARE' from
Honey ti c r.es.t.hereof. The

pol y r co “m {’m"ll EOHQ%IF% g{)éfexamlpfeieggn{ﬁ%i%e rartlﬁt%ggr?%’ﬁlﬁ MAgFOl om about 10 %t o
about 30 x%tb:yilmr:lgmpod}ﬁnctmelts tlmtrcpmsnf’teheﬂby haatimgy sndphepfresotidified ange is from
about 15 %to abput 30 % and nost 30 pre:crably fromabout 17 %to about 25
% by weig E Y61 “The®conposition. 16 WD 01/ 18860 PCT/ USOQ 24847 Epoxy
resins are additional exarrpl es of dielectric precursors that are suited for
use in th_lgme_entd . il e of a suitable epoxy resin is epoxy
novol ac 43T DE ercially obtained fromthe Dow

Chem t&l Co. The uncur ed

Organic polymer precursors that can optionally be employed to form planarized or

embossed interlevel dielectric films using the methods and apparatus of the invention
are well known and include, simply by way of example, polyimide precursors as
described, e.g., by U.S. patent numbers 4,113,550, 4,218,283 and 4,436,583, all

20  incorporated herein by reference in their entireties. Preferred organic dielectric
precursors include, simply by way of example, ethers of oligomeric phenol-
diaidehyde condensation products containing vinyl benzyl moieties in at least half of
the :ther moteties as described in co-owned U.S. patent number 4,908,096,
incorporated herein by reference in its entirety. Other preferred organic polymers

25  inciude Juorinated and non-fluorinated polymers, in particular fluorinated and non-
fluorinated poly(arylethers) available under the tradename FLARE™ from Honeywell
International Inc., and copolymers mixtures thereof. The polymer component is
preferably present in an amount of from about 10 % to about 30 % by weight of the
composition. A more preferred range is from about 15 % to about 30 % and most

30 preierubly from about 17 % to about 25 % by weight of the composition.
16



5 resin has a viscosity of about 100 cp at a tenperature of 100C. The resin
is cured at a tenperature of about 100C in the presence of an acid

catal yst. An exanple of a suitable acid catalyst is the photoaci ener at or
tri phenyl sul'¥R8HI hexaf | uor oanti nonate. 10 Silicon- Bas@ﬁ”ﬁﬁ@@ﬂ?gors f or
Dielectric Eilnms Preferred silicon-based dielectric precursors include
organosi |l anes, including, for exanple, alkoxysilanes according to Formula
|, as taught, g. z., by co-owned U S. serial nunber 09/ 054, 262, filed on

April 3, 1998, the disclosure of which is ncor por at ed reference herein
inits entifRoKyresiisarggsidyons\earpleset AosHTr EIESMSPIS t%atmraﬁmt?gj %b?%fh}ﬂ al 51R

|1 one enbhpdiBRAMprodel Ok datple of ﬁﬁztﬂlg%¥§fe§1§'iheepm&b@c a4 least 2 of the
R groups are independently C _to C4 al koxy_groups, and_the bal ance, if

any, are |d@@ﬁéﬁdéﬁh¢@mfem§%¥@3¥@HmﬁﬁﬁﬁYTﬁ%DQWGﬁﬁnﬁéﬁglg@?ﬁﬁmﬁﬁ hydr ogen,

al kyl', phenydi, hz@%'v%g&‘s oﬁ%gﬁtlbbbﬂﬁq terieBnlry df 1009, TRANeRR &CBreRfr 4 NI S

i nvention, the term al i ncl udes any ot her organic roup which can be
readi |y cl deresmie ghabony 1105"(%“&{3 Pfeé?ﬁ‘a‘éiaéﬂ@ﬂé@%amlﬁ pomPleed A perature by
nydr ol YS s suffylf £4iRSaGANs e ptbbtaRRRr b ABRIO QpRERRY | ene glycoxy or ' the
i ke, but preferably all four R groups are H%thoxy, et hoxy, propoxy or

but oxy. 15hﬂﬁﬂWﬁ%mU@W@¢erred al koxysi | anes nonexcl usi vely include

tetraet hoxysilane (TEQCS) and tetranethoxysilane. As exenplified below, a
partially hydrolyzed and partially condensed fluid al koxysilane
conp05|tQ(3‘!mwr-L dneshgsors for DiglegtricFilmsecur sor is comercial ly avail able as

Nanogl ass’ e diAAEKIFLLIHE HEARKHINA AinosiiaRdARGRE, Mycoel ectroni c

Mat eri al s)
example, alkoxysilanes according to Formula {, as taught, e.g., by co-owned U.5.

serial number 09/054,262, filed on April 3, 1998, the disclosure of which is

incorporated by reference herein in its entirety.
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In a further option, for instance, especially when the precursor is applied
to the substrate by chem cal vapor deposition, ens, as taught by co-owned
pat ent appkgﬁﬁhhgp serial number 09/111,083, filed on JYbyuduonisa?s and
incorporated by reference herein inits entirety, the precursor can also
be an al kyl al koxysi | ane as. described by Formula 25 1, but instead, at |east
2 of the R groups are independently C, to &4 al kyl al koxy groups wherein
the alkyl noiety is C, to C4 alkyl and the al koxy noiety is Cl to C6

al koxy, or ethe:-al koxy groups; agnd the balance, if any, are independently
sel ected fromthe group consisting of hydrogen, alkyl, phenyl, halogen,
substituted phenyl. In one are ferrcd enbodi nent each R IS nethoxy et hoxy
or propoxy. In another preferregg §? ent j odi meg Bqﬂﬁ 2] €ast two R groups are
al kyl al koxy groups wherein the alﬁ noiety is Wc) 01/18960

PCT/ USG0/ 24847 C, to C4 al kyl amd the al koxy noiety is C, to C6 al koxy. In
yet another preferred enbodimenty for a vapor phase precursor, at |east two
R groups are ether-al koxy groups of the formula (C, to C al koxy)n wherein
nis 2to6. 5 Application serial nunmber 09/111, 083, nentioned above, also
teaches tha deposi tion

i ncl ude, I? Rncpc g]{:ﬁe‘gg For?‘du 4 Icigarpglﬁr;#%x%gé @hérgl;x faP Q?SE% )%Nshle Fﬁ%gcgf s such as

tetraet homysnmcaznrslemﬂ)e@ ‘rta@s dbmoupa,mad thetbelanc;n dony, @pom;escﬂdanb

four - gRaun SR AR ko Mnsitify SO B NAGE DRAEMIOIN) Abiclian I T have
silica, al kyi\alfhomymstmfelss sxumoashqmntnylkow in¢lhdzx yay dtherergnicane,
aryl al koxys% I anes, sy rea(ﬁﬁcf?%gﬂyﬁ Eiﬁ%éﬁ%%ﬁp%x@& eg%,? r&ﬁ;cur sors such as

trlethoxy5| dne mhlc yie unctiona
Tetrakls(nenmmxwebhbxydvmaﬂyysm$amdmeﬂu&mpgkr@@@tpumybmhﬂxvyxbdane,
tetraki s(butaoxyeth |Iane,
tetrakis( Br%t lg‘oxhuté %ﬁ%@’?’gﬁéﬁ‘? h%ﬂﬁs’ ?%&%&?’Nagé‘é’iyng Hé{&%?g% (y)silane are
parti cifl arlhy mmstqfreibrrédmikmhsélahasmemclomely Abide tetracthdxysilapa(TEGS) | y hydrol yzed,

Condensed 1 SRUESLLERY SELLHEN LSS nIRIEL B FRRulg Uood [ This

an (&i
i nventi on.
condensed f‘md alkoxysilane composition can be employed. Such a precursor is

commercially available as Nanoglass™ K2.2 (Honeywell International Inc.,
Advanced Micoelectronic Materials).
20
In a further option, for instance, especially when the precursor is applied to the
substrate by chemical vapor deposition, g.g., as taught by co-owned patent application
serial number 09/111,083, filed on July 7, 1998, and incorporated by reference herein
in s entirety, the precursor can also be an alkylalkoxysilane as described by Formula
25 I, butinstead, at least 2 of the R groups are independently C, to C, alkylalkoxy groups
wherein the alkyl moiety is C, to C, alkyl and the alkoxy moiety is C, to C; alkoxy,
or vther-alkoxy groups; and the balance, if any, are independently selected from the
group consisting of hydrogen, alkyl, phenyl, halogen, substituted phenyl. In one
preferred embodiment each R is methoxy, ethoxy or propoxy. In another preferred

30 embodiment at least two R groups are alkylalkoxy groups wherein the alkyl moiety is
18



could include precursors which can be cross-linked by exposure to heat or
light. In general, the precursors can be gases, liquids or solids at room

t enper at ur e. ther preferred enbodi nents, the silicaqn: Bg é%
dielectric p?vég’ﬁ)rtékg?(s) can al so be selected fromone or & 3 §t i onal

pol ymers, as taught by co-owned U.S. serial nunber, 60/098,515, filed on
August 31, 1998, and incorporated by reference herein inits entirety,

i ncl udi ng, Bute Graikyl anditheadkoxy mogetsis Csodqalkoxarie ygehgthaprefaid
hydr ogensi | gxanes ' i 5) XQY] n
hzdr ogensi | gélsqw %ﬁégéﬁggammﬁﬁaégpﬁg%%&ﬁ%%ftééoﬁ g%?ﬁ-%ﬁ' ,8}@_;. i and

hydr oor ganogidupxefitissiomhila{l, lela ok, whepeinulissktoj6( HSi OL. 5), OY(RSi . O1.5) ., , ,
[(HSIiOL 5)x(RSIO 5)Y]. and [(HSIOL s),,OY(RSIO1L.5)J,,. In each of these
pol ymer formulae, x is about 6 to about 20, y is | to about 3, z is about 6
t 0 about 520 Applicztisigsesalimumberi091 01,6830 mentibn@Ddboven Aido L axhbs thAGrdRerved

i ndependently. H C t al kyl aor. CB6..to0. ryl . The wei ght average

nol ecul ar i’écw.r)e%‘isfj ngr%e |V€E68?P2a’§ﬁ%‘n%§’i’ 8‘1&3"%&’ FRhYE from about 1,000
tg abogl(’.)OZZQQxlﬁig_ﬁhtioh nf ilh?{yﬁhlﬂéseﬁﬂh&_dteﬁ?hmﬂyfmﬁé, tdﬁ'aprbtﬁd’)@ﬁggé,r ;)m agoui 4112001(:)8
about yi ing a e r . Wei of from abou .abou : :
More prefer é% ?pr%»ogaﬁrﬁgxées%ﬁ?@gh%y& X@%‘%‘“ﬁ’(ﬂet’é %ﬁo’% ’?’th?’a'%‘}@“ea no'

e_clu! ar wei g%icbga\fcrfammpuwni&mm@f)ﬁb Hydroted indl?u&n(&ef]&ens?h uspm@{fief ul

si li con-hase ol ymers nonexc ively include r.ogensi | oxane,

hydr oger@ i | §‘g§aqﬁlik§’§%ﬁ’8'fﬂw5) ?%%?%VF’Q’WB’)‘(@H@%%?@%@%H@ ASFISETA oxane,

Eygr ogenpr owﬂélﬁhylm_azgqsilanhyﬁ& mgcmﬂuﬁﬁﬁi @in:idﬂ_ibla.mlane which yield SiH

ydrogent ert.- but yl.si | oxane rogen n il gxane,

hydr ogenlrre_t F?F%‘L{‘é%%ﬁ? g%ﬁ%i&@&f@fﬁﬁﬁ’%ﬁ%’g&ﬁugﬁg og}én?;?t 0

enpropyl si tegeld x , gl bity: Sy )sitaad] Getr

gt rltoyl gly| Seé@ﬁhﬁ?ﬁ%@%ﬁgﬂ%&%ﬁ%@%@%ﬁ%ﬁgsm oxane and m xtures thereof,
as well as 4 MIn f .rther preferred

enbodi NMEBvt S terdiis(nBhe M prdd¥x0Qlany e farkibubrlyS:6dthldbr tRAFADERion.60; 098. 068, filed on

August 27, %3%%&3&19,%2&@8}5 ﬁ}d?oqyztéx, cgggegsres 21(': goi}t]zggﬁ%giedndfjﬁgatiivtess oie ﬂ%si: rety.
species can be used in this invention. Other precursors of utility to this invention
could include precursors which can be cross-linked by exposure to heat or light. In
general, the precursors can be gases, liquids or solids at room temperature.

20
In other preferred embodiments, the silicon-based dielectric precursor(s) can also be
selected from one or more additional polymers, as taught by co-owned U.S. serial
number, 60/098,515, filed on August 31, 1998, and incorporated by reference herein
in its entirety, including, but not limited to, a silsesquioxane polymer,

25  hydrogensiloxanes which have the formula [(HSiO, ;),0,], hydrogensilsesquioxanes
which have the formula (HSiO, 5),, and hydroorganosiloxanes which have the
formulae [(HSiO, 5),0,(RSi0; 5}, 1, [(HSIO, 5}, (RSO, ), ], and
[(HSi0, )0,{RSi0, 5).1,. In each of these polymer formulae, x is about 6 to about
20,y is 1 to about 3, z is about 6 to about 20, n ranges from 1 to about 4,000, and each

30 Risindependently H, C, to C, atkyl or Cq to C,, aryl. The weight average molecular
19



15 the silica precursor(s) can also be forned by reacting certain

mul tifunctional silane reagents prior to application of the reaction

pr oduct to a substrate. For exanple such precursors are fornmed by
reacting a4 nctional, gg, a tri-functional silane CHPE‘??GF‘%‘& with a
tetra-functional silane precursor and then depositing the reaction product
on a substrate. 20 Desirable nulti-functional al koxysilanes are sel ected
fromthe gvmmpmhnamhgag‘rqxinebout L9800 to abaat 299,080 HImthéprefemled ehbodivhentnei n each A i's

i ndependent | n _or

i nci enendédr’ft ) ”OW F@ ?r%oﬁ %%?eﬁc?%amoigg%l%s ’%‘Fg %QP%]I?EX?@and an aryl,
?nd V\/neremmhmt4<s)OanMomwg“elrablxyam@ngagfrbnm’mnﬂtﬂﬁbt&boutrﬁsosrwhimgmt elger rangi ng
rom1l to 3.and t etrasfunctional alkoxylsilane
enpl oyed IPH-FHE “elghcteogg]glgab?ut 11%@6&8 %‘?’i??éﬂoaAF& e?sgﬁli fics b s a formul a of
20 WO G1/ p88m6rs Rﬁiﬁkﬂlﬁfx@mm hyd%dgeﬁsnloEﬁfcﬁh&dmgehdxlstbﬂna, each Ais

i ndependen'g I%r?% an al {§1 7¥mé 95}) ar}ﬁgsﬁ’bi S eagé#gr ani c | ety independently

sel ected PSP RSN BT e SHEPETFRYSSaaen Y ?éf‘prgl%s an%ryl, 5 1n a further
as plect gf ht &embwlmiloxam , hydregeatektdutytsilbxane, rgmgmr;:hdsllsdemel bg? above may be
replaced, .in who Lok part c S. with acetoxy and/or

hal ogen- b&¥¥82 ““F‘gg\)/'ﬁﬂséscalﬂ hy%‘ %@ﬂ%?s@moﬁ?g precursor conpound nay be
ﬁnl acet Oi(y%l d,_()gaﬂam@@si@es)qumm l@éﬂrcigmbaqdﬁil?eegmsxdlne,n@dmgmund and/ or a

al ogenat ed conpound enat ed sil.ane conpou

cont it 1 G PeEBrte i epete b ARS TR g PRCURS BEEO A AL ogen i 5.

e, 0;, O, aBntherk ti@mimerpus®rmention.aspects, will optionally include F. A | ow
organi ¢ content al koxysilane useful in formng dielectric filnms include

t hose of
In further preferred embodiments, as taught by co-owned U.S. serial number

60:/098.068, filed on August 27, 1998, incorporated by reference herein in its entirety,
15  the silica precursor(s) can also be formed by reacting certain multifunctional silane
reagents prior to application of the reaction product to a substrate. For example, such
precursors are formed by reacting a multifunctional, e.g., a tri-functional silane
precursor, with a tetra-functional silane precursor and then depositing the reaction

product on a substrate.

20
Desirable multi-functional alkoxysilanes are selected from the group having the
sormula
A -SiH,, Formula II
wherein cach A is independently an alkoxy (O-R) wherein R is an organic moiety
25  independently selected from the group consisting of an alkyl and an aryl, and wherein

n iy an integer ranging from 1 to 3; m is an integer ranging from 1 to 3 and the sum of

m and n is 4.

A tetra-functional alkoxylsilane employed in the processes of the invention preferably

30 has a formula of
20



formulas IV - VII, below, where the carbon containing substituents are
present in an 15 anount of |ess than about 40 nol e percent.

[ H Si OL. 5] n[ Rwordésgal m, Fornmula IV [HO.4-1.0Si01.5 - PCT/US00/24847
1.8]n[RO.4-1.0-SiA.5 - 1.81m, Fornula V [HO 1.0-SiOL.5-2.0]n[R-SI OL.5]m
, Forrula VI [HS QO.5]x[RSQO,Sy[Si]z Formula VI 20 wherein the sum
of nand m or the sumor x. y and z is fromabout 8 to about 5000, and m
and y are sel ected such that carbon cont ai ni ng sdB8tHalBents are present in
an anount Olhdré$ ach RANinaREdentPar iRy PE/RS 8FH R isn oksinis & ed from
substituted and unsubstituted straig%t_chain and branched al kyl groups,
cycl oal kyl gPeipprently sisetrd (o the exgvg consistig ofi angisbrnd ey eylyr oups, ~ and i xt ur es
t hereof . The specific nole percent of 25 carbon containing substituents is
a function of the ratio of the amobunts of starting materials. In a

pref erred® enBadithentsgect pithpigyatipn theatitoxyilercooyppundodaserihed abpve subst i t uent s
isinther f; Mg i percent .
These pol ymaéégépé%téd’étgegggrl?%ggﬁa%?%Er?%fﬁug&ivﬁﬁ'{]j%%;@p%?feaﬁ{lai%%;ggggt ion serial
nunber 21 WRONEZESSES FrmassiohepsegrsorGonpand 883 be &1 dceidxVar ch 20, 1998,

whi ch is i nceiperad ' : ] e rgani ¢ content
pol ymer precurgor i 2%"@% %a%legx%%%é%ﬁ?dyﬁg@%@gfﬁéfﬁgg’g%I I

| nt er nat i onad-g-latelogenates sitpng c@hpauad ard4lr cérobindtiays theegf Foxghh or gani ¢ cont ent
al koxysi t@n i i i t b &, i e o' form

ul as \/\he@i ﬁfla%b%gatég Leg%é(ggﬁggﬁgﬁgig‘gbg%’l%tr’t}eah@Cgr?%}xp .gcs?}ég't%i n an anmount of
about 40 nolwtpwtlyéxludoF. nore. These polyners are described nore fully in
co-owned U.S. patent application serial nunber 09/044,798, filed March 20,
1998, which is incorporated herein by reference. Such have the fornul ae
VIT1-X 10 [A®wQrgank;cohteftRBokYsil&iempeffion Mg diekdetric filhd ingldelthode of

., 08I 01. 5-1. fgxlrﬂd'c{sw - @Il}bgﬂ,%eg'tﬂe é;ﬂgh ’cmﬁgﬁi%l lsu%stlm>1<ents are present in an

15  amount of less than about 40 mole percent.

[H-Si01 5]n[R-SiO1 5lm , Formula IV
[H0.4-1.05101.5 - 1.81n[R0.4-1.0-5101 5 - 1.8lm > Formula V

{Ho-1,0-8i01 5.2,01n[R-5i01 51m . Formula VI
[H-5i01 514[R-8i01 51,[Si07]; Formula VII

20 wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000,
and m and y are selected such that carbon containing substituents are present in an
amount of less than about 40 mole percent. R, is selected from substituted and
unsubstituted straight chain and branched alkyl groups, cycloalkyl groups, substituted
and unsubstituted aryl groups, and mixtures thereof. The specific mole percent of

25  carbon containing substituents is a function of the ratio of the amounts of starting
materials. In a preferred embodiments the mole percent of carbon containing
substituents is in the range of from about 15 mole percent to about 25 mole percent.

These polymers are described more fully in U.S. patent application serial number

2]



[HO-1.0Si01.5-2.0]n [RSIOL.5]m Fornula X wherein the sumof n and mis
fromabout 8 to about 5000 and mis selected such that the carbon

cont ai ni ngy§Yhslsid uent is present in an anount of from apepsedRsshh! € 15
percent or greater; and {HSI OL.5]x [RSi OL.5]y [Si02]z; Formula XI wherein.
the sumof x, y and z is fromabout 8 to about 5000 and y is selected such

that the carbon contai ni\r}’a substituent is present in an anount of about 40
Mol e % or 09/gieiat efled Matrh R8s vhighiisingrperated Berein Syrefemsasei thit ed and

unsubstit %egp Rl gﬁé conftad phlyafkr ?ﬁ&rmrmﬁﬁl@éomaamwms@ml oal kyl

groups, stltut and unsubstituted ar groups, and m xtures thereof.
The speci fHLmCYFmUeIn&GW@@WiInéfats,m%@ﬁfacﬁﬂt amiglng substituents is a function
of the ratio of the ambunts of starting nmaterials. A suitable high organic
content polyner precursor is available comercially as HOSPTM (. Honeywel |

I nternati Rr}axlh dr X?&:@éoné%l&x@ﬂ@ﬁeﬂmef@ﬁh'f&ﬁﬁﬂﬂ cﬁélecn@@ﬁlﬁﬂhﬂdﬁe%d@é the

structures [V- be prepared by m xing a solution of at |east one
organotri haﬁm@ﬂﬂaawbﬂalndhwwn gotainingsubstitpenipcarg prefent iman ampyatgf e:  conbi ni ng

the mxture on- pol ar
sol vent a!rllhJ awp%pa? l%ﬁl\lc/’\f!)ﬁgl%/ 188 0 PCTSI %’%%%gnﬁéa%&ggﬁlggﬁ%djo‘gﬁgl ng a

cat al yst b pitentdpplicatinnesssal sumbes 89/04hPE; filed Masehi 302 HO8mvhickiise, t hus
provi di ng;a, H—@%dﬁ’:@z@ﬁﬂ» rr@f@x%ﬁéeogééﬂt?é%'{hﬁforﬁ{ﬁﬁ@‘v'lﬂg( the dual phase reaction

mxture to uce an-or ganohydri dosi | oxane; and recovering the

or ganqbydrisiosist, OR8I@ §lpm the non- pol ar Fpemtla WHI of. t he dual phase sol vent
system Additi onal information on 5 preparation of these polyners is

provi ded By, ¢90ined; BInIRoRat S0 ApBlsh cat FormdeX{ al  nunber 09/ 328, 648,
filed on June 9, 1999, the disclosure of which is incorporated by

ref er ence g gBi01i5. R8sl y. Cener al IFprminda Xt he above- descri bed base
materials or dielectric filmprecursors, the 10 polynmer conponent is

pr ef er abl yhpreegkengum of neand anis from abut £ teyshonb 0 andmgs selectel suah tBY %%

the carbon containing substituent is present in an amount of from about 40 Mole

15  percent or greater; and

[HSiO1 5]k [RSiO] 5y [SiO2];;  Formula XI

whereir. the sum of x, y and z is from about 8 to about 5000 and y is selected such
that the carbon containing substituent is present in an amount of about 40 Mole % or
greater; and wherein R is selected from substituted and unsubstituted straight chain

20  and branched alkyl groups, cycloalkyl groups, substituted and unsubstituted aryl
groups, and mixtures thereof. The specific mole percent of carbon containing
substituents is a function of the ratio of the amounts of starting materials. A suitable
high organic content polymer precursor is available commercially as HOSP™

{Honeyweil International Inc.at Santa Clara, California).
25
Polymers of the structures IV-XI may be prepared by mixing a solution of at least one

organotrihalosilane and hydridotrihalosilane to form 2 mixture; combining the

mixturc w'th a dual phase solvent which includes both a non-polar solvent and a polar
22



by wei ght of the conposition. A nore preferred range is fromabout 15 %to
about 30 % and nost preferably fromabout 17 %to about 25 % by wei ght of
the conposi t\b?ﬂmssﬁ'}r eferred siloxane materials are comrer gi-phikabnasdi | abl e,
for exanple, from Honeywell International Inc. under the tradename

Accugl ass(r). 15 23 WO 01/18860 PCT/ USOQ 24847 Substrates Broadly

speaki ng, a "substrate" as described herein includes any suitable

conposi t i orsoVeR #idIeREatRlyFido the dugl st Wheniand i lopiang MAFUEHEYS nvention i s
applied to pbeains a el PR Riktiok Mdure;QbRROSHE B phabOlead@ibAbPit@e 1@ Substrate is
typically a silicon wafer, suitable for producing_an integrated circuit or

rel at ed devire@ice ghereangydsidesdlorpe . nd BEroveragibaaiearPhy drsosiloams S8 bus sili ca

filmis forﬂﬁsgoﬂ.p%;ﬁpsﬂtibﬁgf:m@1gﬂa§e SSHDR )RS AMioRN %R0 et hods, ep, ,
i ncl udi S? but not [imted to, the art-khown nethods of spin-coating, dip

_-oat:ng’ birensratiar of thesk pelprjers spwerded §y amravend Ghdisicabbrnliader se@bosi ti on, or
other = sui tl?cﬁ#bgr (7128 348, Hied TR URRGS 1958" thf&isé}&s &%@Whﬁﬁ‘ié iR rharddlfy base ,
materials to formthe 10 nanoporous silica Fllm the substrate surface is
optional | y fofeepen kegeit wrtsgwéieyng by standard. art-known cl eani ng net hods.
Sui tabl e substrates for the present invention non-exclusively include

sem conductor nmalerlals such as gallium arsenide ("GAs"), silicon and
conposi t i oNGeng@M for the Bigve-ddscrivied ba3OMatSitdd or dlebtty Skradrbdufiers hd i con,

ol ysil {con, .anorphous. silicop, epitaxial silicon, silic di oxi de

07 0o I arieRie: et Rarteply s n oyt of spnathr ek e et er - The
substrate sw»fralagheoﬂmmadas_itmi A@iowiﬂéferﬂ_rﬁx@ﬂg(ﬁl@ﬁl!abmﬂmﬁﬂ;mﬁtma?Sed lji Bes,
sue is as netal, oxide, nitride or ox ride, lines ich are forne
oot 1 known S FOHGGETN EoT SOHTgh et Sy BRHPESREE ¢ he | § nes.t hat
formthe comeigtddiloxae mdfdrikle sidlcah@EBially avRilabld) f@QkahRe fioky cui t, include
silica, silicon nitride, titaniumnitride, tantalur:r nitride, alum num
al uni num al Fepprveltlyismstionatisgymder the tipdename Aseuglastn  t ungst en and silicon

oxyni trigle. Such are typically closely separated from one
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anol . hcr at distances of about 20 mcroneters or less, preferably 1

m cr onet er or | ess, and nore preferably from about 0.05 to about 1

m cronet ery, E optional features 25 of the substrat epshiidopsssat NCl ude an
oxi de Iayer suc as an oxide |layer forned by heating a silicon wafer in
air, or nore preferably, an Si 02 oxide |layer fornmed by chem cal vapor
deposition of such art-recognized materials as, e.g,., plasm enhanced

t e: raet hofysitdlene (" PETECS') sil ane oxi de and combi nations thereof, as well
as one  OfrJIBK SpdakifY,iaCsifbsivaté Qs MBS riPe G iBblSdeRiahy Sitable Bérﬁﬁdsfnbﬁ films 24 WO
01/ 18860 PCT/ USOQ 24947 The dielectric films can be applied so as to cover
and/ or | i frpet hebuna saronorew silisa dim of e fnveption is @a}wda%én#/@rafpmfé@ aj:,,

circuit elgentssidid/For exaRPRUS hibofhtdR typialpa siftun waaRtsuiibdl fos Ubst r at e
features can also be applied above the nanoporous silica filmof the

i nvent § onpioducits andeiegratetheircyit geirelatedsigrice, japd e bas matarigh frgm whichbedi el ectri ¢
filmservgs fuﬂot SSikh Rl isEBEneR'is 4PBli& on® thesubbirdi@by ohv&iongt! €Ctrical Iy and/ or
el ectroni cal functional layers of the resulting integrated circuit. Thus,
a substr ar@nosa:cw wrluding.dut s limisod oy the artdpewnmethpds of sRin-GeRtiBL.a sil i con
material phat, t'n bheﬁjﬂg%lﬁngegpmym aa&}b@cﬁa%am@po@dmeapsmrm lica film of

t he i nvention, t he nanufacture of tllayer and/ or nul ti conponent
i nt egr at eshigkle eleliht)d 0fﬂ!.°@10¢§ Pmpt%l’ﬁbcaams&)fth?:@ﬁe Baiseds o fermeter i ¢ Precursor to

a Subgpr a[‘xﬂ% F?l)l!lsl sAfeR ﬁ%%ﬁ%uﬂhﬁk@s‘ﬁ%&e‘ls éﬂtiogﬁly ﬂréb%l’e‘d%r’%gatﬂ%%?por ous silica

dlelectrlc , are 15 prepared by coating a silicon-baséd dielectric
precursorS®WMUiaﬂkmb@t@%m@gaﬁﬂ§dbstrates usi ng net hods based upon those
described in detail in, for exanple, in co-owed U S. serial nunber

09/ 054, 262, filed on Aprll 3, 1998, the disclosure of which is
i ncor por aﬁedlbb’wulPS@ﬂféﬁf fonthe PFF@?IéilrwemhmlHPB'CQH‘ESNCMIWUWWWB‘B{CF%ns to net hods
descri bed Yo Rn 1 é@%@E“G #0Rd chfbosRAi RInBinindC! ude those
that are FH%E& Sptﬁg *ﬁ%a Q u%%id éc ecne%ﬁ for gbﬁ?é%tlng the film
mat er 18] wilitdr sadpasamét’dﬂmaﬂhm,a ygilion, mu;moewlllsm epitadpsiseBus silica
dielect ri g,k %L'dﬁx%@%?sia&vm&eﬁwme@ d Al hOfdm B Oihea°f . Tor example,
at |east one al oxysi |'ane as described by Formula I,

wafer. The substrate surface typlcally includes an optional pattern of raised lines,

such as metal, oxide, nitride or oxynitride lines which are formed by well known
lithographic techniques. Suitable materials for the lines, that form the conductors or
20 insulators of an integrated circuit, include silica, silicon nitride, titanium nitride,
tantalur nitride, aluminum, aluminum alloys, copper, copper alloys, tantalum,
wngsten and silicon oxynitride. Such are typically closely separated from one
anolher a: distances of about 20 micrometers or less, preferably 1 micrometer or less,
and more preferably from about 0.05 to about 1 micrometer. Other optional features
25  of the substrate surface include an oxide layer, such as an oxide layer formed by
heating a silicon wafer in air, or more preferably, an SiO? oxide layer formed by
chemical vapor deposition of such art-recognized materials as, e.g,, plasma enhanced
terracthoxysilane ("PETEOS") silane oxide and combinations thereof, as well as one

or more previously formed nanoporous silica dielectric films
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supra, a solvent conposition, optional water and an optional catalytic
anount of an 25 acid or base. Water is included to provide a nmediumfor
hydrol yzi ng #wheingkkoxysilane. Preferably the sol vent comeghishdlsaonprises
at |east one relatively high volatility solvent and at | east one a
relatively low volatility solvent. This reaction product is applied onto a
substrate, as described supra. The high 30 volatility solvent evaporates
during and inmediately after deposition of the reaction 25 W) 01/18860

PCT/ US00/ 24%7d;e1¢:mdume canHRAppIRAES dsAB cdvePEhd/F 1id Berideds Qéwo%agna@aéctﬁ%dens ed
until it fosélgmg caf%ﬂf? Iayer For planarization, for exang | at surface
can be cont PRSI S€h eyl elemants pnd/ar cenduction pathv s K ﬁ?t}qlﬁifu%ﬁtvent has
evapor at ed, fehte@ycaa@xdaebb bptliePabol SO Hmop@Bhd sNla ilVEF thdRbdrting mtzﬁ'%a&ldﬁé ng or
agi ng process ha &8, ssed sufficiently to render the coating 5

non- pl i abl e*4dHs %‘ thgrloy dislectrig Sin poves to iasulase eneioy slope, pY egmium@mf ility
sol vent" i Sei%&aﬂ@hrﬁ}’br cRMRRREIBL BRctBhal Bayb& 'gpﬁ Ak 19%#1]%’&1 095 @5{? L yThe

significantly bel ow that of the relatlvey owv Ity s

relatively w?;ﬁwte\ﬁ@wa@ms foike insnijeraptipradly énchidesy silison mateOalisiyit is fngnqd@mt of
about 120C Qragh&sbto a%ﬁip@fo@@x%a@f%%thgﬁgguﬁﬁ duﬁﬁ%th %h@%&&@ ofth gh
vol atility solvents_nonexclusively Inc f ano n- pr opanol ,

i sopr opanolm““‘ﬁy%ﬁ“gt“iWltl@ﬁﬁoﬁﬁlkwﬁg’@gdpﬁ@meof Q her rel ati vel y high

vol atiljgy sol vent conpositions which are conpatible with the other
ingredients can be readily determ ned by those skilled in the art. 15 Feu
purposes of the i nvent| on, "arelatively low volatility sol vent™

conposi tioni g gt ure above, preferably
significantly ;Y nrgh volatility solvent. The
relatively | ow vol atili ty solvent conpositi on preferabl y has a boiling

poi nt of atﬁ?ﬁ@on%?aéﬁ:dmect?l'cgipﬁsr incHiBih B{o %rgus%mcx a0 ﬁi? 0,20 o hi gher.
Suitable low volatility solvént co Pons nonexcr usi vel y include

al cohol 15 arRyeRSGﬁ%F@ﬂHP&MIh@nrtgsegldmm psaguisorastoat shydtreteer gibyicats,

1, 4- but yI enfsing leRks based upon those described in detail in, for example, in co-owned U.S.
serial number 09/054,262, filed on April 3, 1998, the disclosure of which is

incorporated by reference herein in its entirety. Modifications to methods described
in U.S. serial number 09/054,262, for example, include those that are those optionally

20  required by the need for contacting the film material with a planarization object.

Typically, a nanoporous silica dielectric film is prepared by forming a reaction
product of, for example, at least one alkoxysilane, e.g., as described by Formula I,
supra, a solvent composition, optional water and an optional catalytic amount of an
25  acid or base. Water is included to provide a medium for hydrolyzing the
alkoxysilane. Preferably the solvent composition comprises at least one relatively

high volatility solvent and at least one a relatively low volatility solvent.

This reaction product is applied onto a substrate, as described supra. The high

30  volatility solvent evaporates during and immediately after deposition of the reaction
25



pentariediol, 1,2,4-butanetriol, 1,2,3-butanetriol, 2-nethyl-propan etri
ol, 2 (hy(iroxyrnethyl)-1, 3-propanediol, 1,4,1,4-butanediol,

2- et hyl - 1y 3rhigggnedi ol ,  tetraethvl ene glycol, triet hylpeql@sag,zygql
nononet hyl “ether, glycer ol and m xtures 25 ther eof. Other relatively | ow
volatility sol vent conposi tions which are conpatible with the other

i ngredi ents can_be readi Q/uydeterm ned by those skilled in the art. In

anot her optrH, [0 &sagtionprodugtis byqrolyzed and rpydepseduntififormsiagelayetts are nitric

aci d and fFeQldnhRakibkif6r REBHNB] L2 Girfie Whibe Boiedwiittathé b@ laybr&afiahi ch evaporate
fromthe resultin 26 WD 01/ 18860, PCT/ USQQY 24847 reaction product under

t he proceds h&ﬁétﬂﬁ*? 1]ity §OVEIR s GvaRpsateds RaViRg Pelpnd fovisrgns Godtieebitfce i npuriti es

into the paaetiQRriRE By protB® had ssEPIROA&TH to Rélder 11 degtingsi | ane, i's
preferably present %n an allarmunt o¢ rom>5s ab%ﬁy 3 %to aboﬁlté 50 % by wei ght

of theSoveyapiablsl end. A nore preferred range is from about 5 %to about 45
% and nost preferably fromabout 10 %to about 40 % The sol vent conponent

is preferably present in an amount of from about 20 %to about 90 % by
wei ght of Ferurnevesrofithe ipyeation, "axelatiyely bigk velatHisyisqleaads oos whihm about 30 % to

10 about {0,3p.R06 mberﬂm%fb@ro@bwfeﬁaw@ﬁamaﬁﬂmw fner grlgput 60 % The _
greater the percent a h volatility solvent enployed, the thinner is

the resul 4 ﬁgdwcrwol ﬂéy S‘&Yeéht be relatiely bish ¥plaslity seivent prefepahliahas ki t y sol vent

enpl oygd, piihg, KRRk Mout ?20"@&1@&%&%&99 abBRMOGFCloF 1eke SGLIERIgR rati o of water
to the silane conponent is preferably fromabout 0 to about 50. A nore

pr ef er r ed velage sl eensmongxssively (nciude gethprnl: cthagola agraparal. isppecpatohbl y from

about 0.5, 1,0, ARQYmixnres th&la@f «m&l réla?tlvgl?'m%ldtxﬂt)ﬁso%ﬁ@h%ﬁésﬁmﬁgoUnt whi ch
can be readily determ ned hose ski art. Preferably the nolar

rati o of adicH arceompptihhewity ﬁlﬂgﬂ}sr ingredrentpenantbe geaddly desermined by thospr e preferably
from abou%klguﬁgjmeag about 0.05, and 20 nost preferably from about 0.005 to
about 0.0 e prepared silicon-based dielectric precursor is then coated
on a sdbstrate. The layer is relatively unifornly applied. Wile the

substr at e pGAN R AP helhdentiS? Wrelatively low volatility solvent” composition is one

which evaporates at a temperature above, preferably significantly above, that of the
relaliveiy high volatility solvent. The relatively low volatility solvent composition
preterably has a boiling point of about 175°C or higher, more preferably about 200°C

20 or higher. Suitable low volatility solvent compositions nonexclusively include
alcohols and polyols including glycols such as ethylene glycol, 1,4-butylene glycol,
1 5-pentanediol, 1,2,4-butanetriol, 1,2,3-butanetriol, 2-methyl-propanetriol, 2-
(hvdroxymethyl)-1,3-propanediol, 1,4,1,4-butanediol, 2-methyl-1,3-propanediol,
tetracthylene glycol, triethylene glycol monomethyl ether, glycerol and mixtures

25  thercof. Other relatively low volatility solvent compositions which are compatible

with the other ingredients can be readily determined by those skilled in the art.

In another option, acid catalysts can be employed. Suitable acids are nitric acid and

compatibie organic acids which are volatile, i.e, which evaporate from the resulting
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material, a g., as described supra, typical substrates are polished

sem conduct or 25 wafers, optionally having one or nore sem conductor
conponents previously fabricated on the surface. The solvent, usually the
hi gher vol at WP 8¥*388] vent is then at |east partially evapoPEr/Esht248¢dm t he
coating. The nore volatile solvent evaporates over a period of seconds or
30 mnutes. At this point, the filmis a viscous liquid of the silica
precursors aediibdiftodesddindiPodd JRAAR REd RN Go sbOHMdLe SO! vent
Slightly elevated tenperatures nmay optionally be enpl oyed1 to ale::elerate
this step. SHBHIEeMRLaAFE8 PIdYctr ange from about 20C to about 80C,
preferably range from about 20C to about 50C and nore range from about 20C
to about 35"C._5 'l he coated substrate is then placed in a seal ed chanber
and is rapi dibysispaeonpeet, e8. akoxysilenpisprefamblyzespnt &f ammmetntefibwdi ment, t he
ressur e sof DE Ale =1 o] 0..001 tarr to about

8. 1 torr,sooragtgfég%g%%mﬁgﬁygl erorf1g1?| ve é’%%d&?%%&%éf?fhegmgﬁg & pressure
may range f rabeut &boaebayt 4% andsnest preferably fiom 2Bt | @Yerto abont 4%kat er . 10
"ypically, the pressure is about 250 torn. Then the coating is sequentially
exposed to both a water vapor and a base vapor, either sinultaneously or
sequent i al | yhe gdvenpeomjpogsptieprefofably picsent inve amounnof fmmeher 20 &okbduncl udes
gaseous basggo, : t] is first .exposed wat er vapor
and t hen exggs/eﬂérvfe%&ggﬁié%ogyégggr%?%%grgergfe?eé’ia?’F’e.‘? ﬁ&éf‘ °8tr%(l§yf embodi nent ,

t he coatli®ng abmy7¢ Yorand mbst prefepbly dnmtaboa 40 Yge ahoapidr%.alie grdaenthd5 a wat er vapor.

The first o : . I.s. conducted such that. thereafter the
pressure i nfp%rh%%g%éﬁ#gmgg%?%’sehgetmpgoaﬁggie%r?ﬁwép’ieéesgli‘“é%@ﬂ’r ® The second
exposure t igteatyr thepermnidgest o atatibty salephenilayed tiessdateeis tieudni@ihgrospheri c
pressure or super- atnospheric pressure. 20 In one preferred embodi nment,
after the c8ated substrate is pl aced in the sealed chanber and the chanber

evacuated to a vacuum a valve is opened to a reservoir of

15 The mole ratio of water to the silane component is preferably from about 0 to about 50.
A more preferred range is from about 0.1 to about 10 and most preferably from about 0.5
to about 1.5. The acid is present in a catalytic amount which can be readily
determined by those skilled in the art. Preferably the molar ratio of acid to silane
ranges from about § to about 0.2, more preferably from about 0.001 to about 0.05, and

20 most preferably from about 0.005 to about 0.02.

The prepared silicon-based dielectric precursor is then coated on a substrate. The

layer is relatively uniformly applied. While the substrate can be any art-known

material, e.g., as described supra, typical substrates are polished semiconductor
25  wafers, optionally having one or more semiconductor components previously

fabricated on the surface.

The solvent, usually the higher volatility solvent is then at least partially evaporated
from the coating. The more volatile solvent evaporates over a period of seconds or

30  minutes. At this point, the film is a viscous liquid of the silica precursors and the less
27



wat er, and water vapor quickly fills the chanber. The partial pressure of

wat er vapor, P;,;-, is controlled by the length of tine that the valve is
open and tRe 458Rerature at  which the liquid water resep¥piySookissr
mai nt ai ned. Because of the | ow vapor pressure of 25 water, the chanber

pressure after water addition is nmuch | ess than anbient. The pressure rise
that occurs in the chanber during the water vapor addition is a direct
nmeasur e of vadlHee sphieat Slightiyeleyated eamperpuges By eptionally beemplayed i ed enbodi nent

the pressyrg.qf tﬁi?&e&vﬁﬁh'%@ra&xﬁ’e%m?frm%é 8 dbB& 20&1 BbMABGT, €XPOSUr e
ranges fromabout C. | torr to abouf 150 ton, preferably about 1 torn to

about 40 t pnicehly rargedront 2bout 2987 tp aBont SP°6raAnd Bore ramgetfrmmaboyt 26¢2 20 ton. In
t he prefer%}%qL gwbodi ment, the tenperature of 28 WD 01/18860 PCT1US00/ 24847
the water during the exposure ranges from about 10C to about 60C,
preferably fromabout 15C to about 50C, and nore preferably from about 20C
to about 40C, . LN Jol - =Yl : i -tr%rm- ,g the chanber
after water '“efﬁé%%‘lrbgmrtar?gespa?%holr%gg OS%r%g@gb ﬁt§é‘8a§é#gt€drtg?erabl y from
about 15C twuabolntheipreferrahembadingent, theprestuse afthe evacunatadzbamber2megé t o about
40C. After [ L v i Eﬂ&ﬁﬁrﬁ: e chanber.
The chanbefrm%?@ég'ﬁreg{og? tggl?otutg'g éorgggggagerhaﬁs%%kglta, a o&gﬂ%?t’ttt)%l ow
at m)sghegI i chapbegsesswe maf rangefrom abey 0.001 fox to bleout 76 tomsqsigesates, t he chanber
must es|.aned ' t: Lt h water
vapor, Ef? hel;\ gr‘ﬁ f éﬁg%%%zégggﬁswgﬁig&ﬁ?ﬁﬁﬁggf T?j?dr,vgm t he o
pressure rbagkusdarcr vapo gesviapey, ei nedvely® | §or cont ai ns base
and water vapor, - r S ' s left from the
initial chamber’ %ﬁ@%gﬁ\%\%{ﬁﬁ%g%%ggﬁgﬁﬁg g{msg’%%?'ugglg%#b?yaiﬂgs are nuch
f ast er t hamatithe ficsaseposiian aavatec vapor and then enpased torachass wapior, heweyeti ng i n
greatly incgrea . rg i: L me per
coat ed sublsri"lrnaaﬁ gr,qatégﬂggdﬁ%ﬁ’é?g&h{ﬁ%}g%ﬁr% “ac oé‘gf%tsd %gse%gf&g%ag{gbf ace. Since
the Paslé and awatapor. Ve dirst af the twhdexgosusse franoadusted suchithitithepeaftei thé pressures are
easi |y measured . | S N 3 I r above the
BLE R4 chﬂg%gﬁ ikl b lalrhdsberit @R re. HHlskechl Expbdie

waf er need renove eposi tion.
may be conducted at atmospheric pressure, sub-atmospheric pressure or super-

atrnospheric pressure.

20  In one preferred embodiment, after the coated substrate is placed in the sealed
chamber and the chamber evacuated to a vacuum, a valve is opened to a reservoir of
water, and water vapor quickly fills the chamber. The partial pressure of water vapor,
P, is controlled by the length of time that the valve is open and the temperature at
which the liquid water reservoir is maintained. Because of the low vapor pressure of

25  water, the chamber pressure after water addition is much less than ambient. The
pressure rise that occurs in the chamber during the water vapor addition is a direct
measure of the water vapor partial pressure. In the preferred embodiment, the
pressure of the evacuated chamber after the water vapor exposure ranges from about
(:.1 1orr to about 150 torr, preferably about 1 torr to about 40 torr and more preferably

30  from about § torr to about 20 torr. In the preferred embodiment, the temperature of
28



addition of water and base nmay be reversed but the addition of water before
the base 20 is preferred because of its | ower vapor pressure. In the
preferred emperiiAgih, the pressure of the evacuated chambgradibeket he base
vapor exposure ranges fromabout 100 torr to about 2,000 torr, preferably
about 400 torr to about 1,000 torr and nore preferably fron1about 600 torr
to about 800,torr.. In the preferred enbodi nent, the te erature of the

base during PREEIGEE S cFEGSYE Engss Siomabeti | 0{Ge 2beyt PG urreisBEly fom pr ef er abl y

from about lﬁ&ztle"@zbquéuté@@; an@%r&@é@raeryﬁffo%{ ARLdnofd 9%&!@@@*@ BQfe to about
30C. In thenrgref erred enbodi nent, the ténperature in the chanber after base

exposure r anjEETIhEROLBGH: the ESmPeEuERS the aharaber pRessiea BAPPSIE BAESbout 15C t o

about  40C, mad.Hi REiRbsek3H! Jf%lf#?&iﬂa Q@ WD 01/ 18860
PCT/ US00/ 24847 aSw tabl e bases(,:Y i |bn0§p§eégg)nat%s l&,? 6491@81161@;?” t he base

vapor nornex ceferihs fipm aheytdfeC to ‘ﬁd?cl a and non-vol ati |l e-ani nes, such as
primary, secondary and tertiary alkyl amties, aryl am nes, al cohol am nes

and m xtures thereof which have a boiling point of about 200C or |ess,
pref erabl y 14fpcwaier yapgradgdivgnradese veparfivdastd intolBChambdre$le chemByry scrr ed

am nes do n e e filmis
being i mr%ﬁéﬁ@ﬁ#%ﬁ@ﬁﬁ%@%@%ﬁé?ﬁ@ ?jeqelw?]gtfnl?o%lgm%mmeﬁalr%kfm nonoet hanol
anine, t et risseng iseheysameaspicrie, thezchéfahqrmt Hwieagnerl@n) esistalreabtal

3-am nOpf(Ppys!yété %ey Aﬁs'vhﬁ er%ﬂgpﬁ%e' P%%F‘?x gase is known

3- (diethyl ani no pr opanedi
am nopr opy| -diregt t%&ypmsmmed@lnarbaa@dpsmg)yﬂiecausnﬂEtchmdyrmiy ane. Additi onal

A o arm ue ahing5Ee WKl LA, iy B 8689588 L RO SR Roign® e, o 0"

nmet hyl am ne amn n-propyl am ne,
t et ranet hyl theimtisih ﬁmymmiowdethe prspand \datﬂel1f§.mcbn23temdfmuqhé‘ammam ne. The

abi |l ty. of gﬂasrgggn\?%ﬁggﬁgﬁgﬁ%t @on&?c?eh?{%sﬁiﬁrr%ﬁ%gﬁeatly Forssad Ur ed in terms of

the basic c ert ed enbodi nent, the
pKb of tie tralyoerizajion aitﬁgsiemzsnd procest tiheps cdzﬁedduhsm-a@ and gedaeit 9. A nore

preferred r %ﬂﬂgmﬁ@ alb QBRI sfraled S%xbcg%e b@ise g wile! vap! zra%ae dac?l y from about

4 to about
separately, their partial pressures are easily measured and there is very little waste.

Only the vapor above the wafer need be removed upon deposition. The order of
addition of water and base may be reversed but the addition of water before the base
20  is preferred because of its lower vapor pressure. In the preferred embodiment, the
pressure of the evacuaied chamber after the base vapor exposure ranges from about
100 torr to about 2,000 torr, preferably about 400 torr to about 1,000 torr and more
preferably from about 600 torr to about 800 torr. In the preferred embodiment, the
temperature of the base during the exposure ranges from about 10°C to about 60°C,
25  preferably from about 15°C to about 40°C, and more preferably from about 20°C to
about 30°C. In the preferred embodiment, the temperature in the chamber afier base
exposure ranges from about 10°C to about 50°C, preferably from about 15°C to about

40°C, and more preferably from about 20°C to about 40°C.
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Preferably, the nole ratio of water vapor to base vapor ranges from about
1:3 to about 1: 100, preferably fromabout 1:5 to about 1:50, and nore
preferably fromabout 1:10 20 to about 1:30. The water vapor causes a
conti nued WYareBshsi s of the al koxysilane al koxy groups, BRHUS®R#E4pase
catal yzes condensati on of the hydrolyzed al koxysil ane and serves to

i ncrease nolecular weight until the coating gels and ultinmately increases

gel strenglufiablIbesdBe.; dilaliné fegthigdordise fthé ususavapeﬂmﬁkaMy ietdeoy sol vent
evapor ati on of thﬁ Ies(i \1ol afile _solvent. vate t&g}) [cgtures may be
enpl oyed CEURHNR A 8o BURIRAMINGS, Si¢h 25 REEHY, Ykds may range from
about 20C mxgncab@utanﬁr&@@commmreabﬂxd/mfxmwta&éuﬂwmqaavé bl 0omS0C and nore
pref erabl Y, from ab (gut 175C t@gy @82‘%@ ZOC 30 WD _01/18860 1US00124847

Opt i onal | ! 22082849 o ARlesspprete o88gndaors BRfsreRly P%thﬁém -or med

NanoporPUsp:itiridCaminddide n6Creduire ah btniBs nefmfou&gnéggl e.f WhileaX@fIRh B beidg SOl vent
rinse, a surface nopdification to en ance hiep ophob| C|ty and any ot her

art - known 'proeed &1l adiatsusace and ipgluds, fosexempls, mopeethpaliangee:t  me of reacti on

af t er baseacipddhlech&RntaBihel DAnE B aino)REABL - amoamfp?wleumanﬁé the chanber
pressure is brou%ht to atnpspheric pressure. This can be _acconplished by

ei t her addi-Hg am-“rasenapediols3- l%{%m??r]t?'e’@éﬁ‘eéﬁh n{2eminasthyRs- chamber  or

evacuat i ng, i@ rOIERIMMHORY silinX BUinBindpréby). Bihtmbx9 §Tnl 2R Khitibhd] Relindd t h an i nert
gas, or even optionally venting the chanber with a non-inert gas, such as

air. 19 THbY aregispfpkionihe grocgsses9d é‘i"F@éP“dPFl‘éf‘%\%&em‘h}‘\]dmﬂﬁe nore volatile

sol vent caophiiUeSink ArimSHARRIA! £bRYi8hind, R gmit, semangds. The wafer is
pl aced in a seal eld chanbglfaﬁat ﬁ%‘l ent ?Igsgure The_chanber is opened to a

vacuum souleeeraiyhydsexidepipeiftinegnd 2rf%eth°éwbdﬁf1@a TRabiieofepamer pressure

decreases weldephgr¥h inhaat&agxheaa,hremnqmroeﬂﬁfbaslécdf@&ﬁrmﬁﬂ%-l n the next
st ep, vvater vapor is added and the chanber pressure increases. The

pressure |lnekedsteamiomned emhedimentahe P, of e bazetreay rangetfiom 2bspdssur e ( PH20)
The bage VIBROS 0 abdlt §.hA SndbARErePlR1EL & frohSabbfLIt10 sB6GESadd Mt friiSragipanber and

from about 4 to about 5.

Preferably, the mole ratio of water vapor to 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
20  to about 1:30.

The water vapor causes a continued hydrolysis of the alkoxysilane alkoxy groups, and
the base catalyzes condensation of the hydrolyzed alkoxysilane and serves to increase
molecular weight until the coating gels and ultimately increases gel strength. The

25  Alm is then dried in a conventional way by solvent evaporation of the less volatile
solvent. Elevated temperatures may be employed to dry the coating in this step. Such
temperatures may range from about 20°C to about 450°C, preferably from about 50°C
to about 350°C and more preferably from about 175°C to about 320°C.
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pol ymeri zation is triggered. The pressure increase during this step is the
base partial pressure (for exanple, NH3), Pso that the total pressure in
the chanber at the end of the 20 anmopnia addition cycle is the sum of the
partial pres¥QO¥4886% water vapor and anmonia. After the JFEIUSBH4B4Tme, t he
chanber pressure may be raised to anbient by filling with an inert gas,
such as nitrogen as shown, or it may be first evacuated to vacuum and
subsequent | Yoptdamhlly) dddizidnd] @roassb btegitmaphe asiled 1o tBOfoARehahi@but siligs r €l ati vel y
hi gh por osi td%/ I o\ dielectric constant, silicon contajning polyner
conposi t i on YRS 1BR- pradng, ferexanle, & splyent Bnsernwirtasa medifitatigiieai ni ng pol ymer
conposi ti on eplisdteiyaRipliohiasy, addhehtBs kit koW PPt eRhs feh@ggabout 1.1 to about
3.5, nore preferably fromabout 1.3 to about 3.0, and nost preferably from
about 1.5 to about 2.5. The pore size of silica conposition ranges from
about 1 1M tageAih désird®BmE bffeacABh MRF BasP hEHEIAH e b0 ARGM 125 I O about 30
nm and nost preferably fromabout 3 31 WJE_01/ 18860 PCT/ U500/ 24847 ni n
to about 20 THEHtesTIE ChpsHST RrpssyE istbreushl tp pienssphetimprasshten dhis oamessi t i on,
i ncl udi ng t hgeoRMlished by LRIl { ‘ i &43&? re
preferably fro?nﬂa{;outio. 25 tgg?g]r?gﬁ:g%iSu&Gégjtgbﬁg‘?Q{gtﬁaémn%stgé pre eex{na)tbl y from
about 0.4 t 8 gi3enating tho baseiwyater mixturg via vequiodiad bickfilinglwish ryinBit gdsewt ri ¢ Fi | m By
Appl yi ng Ba%eenmaga{angbe%g@gca&%,uﬁéaﬁ%m& s?gag,;%%fr. preferred embodi ment,
t he nanoporous silica dielectric filmis prepared by coating a substrate
with a ¢ icon-based precursor conposition that is pre-nixed by 10
conbi ni ng i & r.ee-f 1 ow r r reagents
bef ore therrgh{rlréf)ggli%??%c{én I sosgf)dp[{ni a:‘%f%rgg %8@%@%@;&?? tcﬁll(}tgH ugsr?r%odi ment, a
nanopor ous $§Y4PPi@te overi adiceed efisecopds. nThesvaferismieted in aseslabeamberat by (B
. OMDI NI NG BmBAGRAINRS noiranba dRRAT%0 PLAGHN SAlectnd MRIGHI RE 12! . SuUCh as,
al k t t amo ase

for exanple, an oxysi | ane conposition, w a stre
cont ai ni ng &¥acudtsiond theTharehep prossiie dacreasesiwallhebowciberprrtind dressurgdsi t i on st ream

i medi at;gl yr»]\ﬂféggagbxt. IRhetBg sféy,;vbﬁl?ér Q&gr GAIRShE ith%%hﬁxrlbregﬁ‘ggsgr%t o a surface of a

substrate ar osing the
increases. The pressure increase during that step is the water partial pressure (Py,).

The base vapor, in this case ammonia, is introduced into the chamber and
polymerization is triggered. The pressure increase during this step is the base partial
pressure (for example, Pyy,), so that the total pressure in the chamber at the end of the
20  ammonia addition cycle is the sum of the partial pressures of water vapor and
ammonia. After the desired time, the chamber pressure may be raised to ambient by
filling with an inert gas, such as nitrogen as shown, or it may be first evacuated to

vacuum and subsequently backfilled to ambient pressure.

25  Asaresult, a relatively high porosity, low dielectric constant, silicon containing
polymer composition forms on the substrate surface. The silicon containing polymer
composition preferably has a dielectric constant of from about 1.1 to about 3.5, more
preferably from about 1.3 to about 3.0, and most preferably from about 1.5 to about
2.5. The pore size of silica composition ranges from about 1 nm to about 100 nm,

30 more preferably from about 2 nm to about 30 nm, and most preferably from about 3
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conbi ned conposition to water (in either order or sinultaneously); and

pl anarizing he filmduring the curing of the conbined conposition; or (i i
conbi ni ng Qo fReyM of a silicon-based precursor or base pgfB§dodhsar SUCh as,
for 20 exanple. an al koxysi | ane conposition, with a streamof water to
forma conbi ned ro;npasition stream imediately depositing the conbined
conposition stream ontg a iiic e of a substrate; and planarizing the film
during t heeixaopie 28m; e deatity ¢y silicOR FRMSAIRIpBFPMPISIIRR ARMANE]Y and (ii) are
descri bed i .sdghak from3B&R0L1 th BEouR i 9AM ZAbrk gfefefrm«} BoR2b&It 006% Present
invention, in co-owned U S. serial nunber 09/ 140,855, filed on August 27,
1998, the @P%CI%&EFF‘@“@W%P’G?FW@’ frore 8bqyd P-Ateeboy ! 2 #F®i-ence herein in its
entirety. Processes for the preparation of nanoporous dielectric silica
films by m xing streans o_f conmmponents is summarized in greater detail,
as fol lowsB N5 P¢51Qf£fqdéﬁégp5—1%§“{°%§§ 32 WD 01/ 18864 PCT/ USOQl 24847

descri bed Iii'»n‘-\hizlﬁngﬁgsil\ﬂt%% el iPUid4Re405 are those optionally required by
t he need for contacting e fiTmmaterral with a planarization object. The
first step of this process is to prepare a base material in the formof a

m xture ofy,, émﬁ& p'ré?a'ﬁ:td te'BdeHl'éﬁinﬁEﬁﬁl{opor%ﬂé:ﬁm%%le‘?&&ﬁtlﬂfﬂ)ﬁyﬁﬂc{)m as descri bed
for Formula I, ra, and a solvent conposition. The niXx urelsthen

di schargedb%m&’oﬂ%z sierval asilioopdased peecpioncampositianitha fs pre-gtixeddh | n one
prefergged ¢ JThiiple SRGmS bF SRR Yish t conbi ned

W th ali(gt r Sg%% waEl%?E to for %&a ﬂtgo ﬁlcﬁgﬁs i Jggt?fs??ggﬁgstﬁfggemm?mdl ately
prior to cowpastomgapphied toasubstetee Inmnﬁqmboslweaq,peaim@reuwb‘faerred embodi ment ,
a conbi nedy;goM oglln{lls@(;}mgg&?gm sfatd f Med from a stream of the al koxysilane
conposi tion and a streamo ase “Le al kaline) containing catalyst
conposi t i o, cogBiningzrstraam pkba Blitepdased pregyrseres dasetmateriab syshas, fthe  conbi ned
conposi ti o RaBble RBuloR dY &b Hiod GARSIsIEfh ARl Gulls 3 SUDSrate.

15 Opti onaT e co nposition streamis depo onto the
substrade and;omgon to form a combined composition stream; immediately depositing the

combined composition stream onto a surface of a substrate and exposing the
combined composition to water (in either order or simultaneously); and planarizing
the film during the curing of the combined composition; or
(1)) ccmbining a stream of a silicon-based precursor or base material, such as, for

20  example. an alkoxysilane composition, with a stream of water to form a combined
composition stream; immediately depositing the combined composition stream onto a
surface of a substrate; and planarizing the film during the curing of the combined

compoesition.

25  Mecthods (i) and (ii) are described in detail, absent the planarization features of the
present invention, in co-owned U.S. serial number 09/140,855, filed on August 27,
1998, the disclosure of which is incorporated by reference herein in its entirety.
Processes for the preparation of nanoporous dielectric silica films by mixing streams

of components is summarized in greater detail, as follows. Modifications to methods
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t hen exposed to the water, in the formof a water vapor atnosphere.
Alternatively, the conbined conposition streamis exposed to the water

bef ore deposiid@nsspt o the substrate. In yet another optighyy dgoﬂ,gqgﬁonbl ned
conposition streamis sinmultaneously exposed to the water an eposited
onto the substrate. This nmay be in the formof a 20 water streamor a water
vapor atnosphere. After deposition and water exposure, the conbined

conposi tion Aeggrisd ’%Uﬁeﬁ“ald’@@éer 08149133 5caee thaseoponatireiviteddy tiefrced

pl anari zat | omrc&;@acmgmehun&%mlwﬂag%mz%m% jegl ectric coating on the
substrate. \Whichever of the above oOptions is’ selected for conducting the
process, the above 25 described conponents of the combined stream

conposi ti on eI aGHepSRM REd& s | ﬂo% %E&@a bERAGRARIVE fﬁxbrfof%%&é}?e gof the
substrate, imediately prior to deposition. A A cont | uence of
the indi v du%ilfeaéttqﬂéﬁf?éufsqfﬁédb@ﬁbPﬁkws%@p,@amspsbedrﬂwdimd@dI loypraLoiing,

pi ping, mani{ g5 Qhmy gﬁﬁon' 'ﬂ?mx%&%tﬁ@n%s’&%@ﬁ oﬁt%%‘l e &H{E;S &1""99” the
conponents rior to deposition and preven reacti on the

i ntersection |0fm Smmsﬂmﬂ yrefmésmbomerm%me@m/ofswﬁiysmw US00/ 24847

Preferably, guid formand any.suitable
appar at us fo$r di st rggﬁﬁlﬁeﬁ ﬁ’eas}rLa aé%r‘r%%“%ﬁf%m?fﬁ%}:ﬁgl ﬁété"d’ f or
depositing tmaramgmedlctésonmtjedonmmﬁlhmwsmd eans of, g. g,., al koxysilane,
wat er anglybase conpositions according to the pr esent i nvention. Suitable

apparatus includes, for exanple, syringe punps, but the 5 ::rtisan wll
appreci at e than abitrhase prd%véctwomfmyenbecmrslﬁnbdtcomﬁ@hhmtshancislﬁrinaéﬂomcorrposi tion

stream Such n f auce a t anks,
pi pes, tubes %gﬁ)&ﬂ?ﬁ{k&@s a‘?’%’%ﬁgg’mrre o gd“b? ab@%ﬁ)‘i—ﬁ‘laﬂﬁ‘?{’ﬁe conponent s rmay
be wused, smhtaa&xg:hatab'pa qouppostipn) €.4.) angmirstcomasindps dsaribad, Rgra.al@ t he | i ke.

10 Exerrpl ar y..apng , his. process_.inc S _separate
contai ners, &g. H?énrﬁog{n&#St&%gg%gi&ﬁ%ggaeBg?tﬁggmgSW%EH%%SUEﬁWer t he process
begi ns. Eiacmptmgibcthiewnmmﬂcomhmwa summsmm&ﬁmgtosmmbaiae gl gchar ge tube
for dischar C onent tC be cqnbined int singl e
stream so %hgr?ex%ﬁgd E:Ogﬁ %%éd 3?3%%% fga%at%é' AT C}lf&e' Alfernatively, the

combined composition stream is exposed to the water before deposition onto the

substrate. In yet another option, the combined composition stream is simultaneously

exposed to the water and deposited onto the substrate. This may be in the form of a
20  water stream or a water vapor atmosphere. After deposition and water exposure, the

combined composition may be cured, aged, or dried before, during or after

planarization, to thereby form a nanoporous dielectric coating on the substrate.

Whichever of the above options is selected for conducting the process, the above-

25  described components of the combined stream composition contact each other in the
space above the surface of the substrate, immediately prior to deposition. At a point
of confluence of the individual streams, the combined stream is unbounded by tubing,
piping, manifolds or the like. This minimizes reaction time between the components
prior to deposition and prevents reaction within the intersection point of supply tubes.

30
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onto a substrate surface. Each conponent is propelled through its
respective 15 di scharge tube by, g,,9,,, gravity feed and/or by the action
of one or nore punps. The artisan will also-appreciate that the apparatus
can al so pPO4 or propelling one or nore conponent (sFPCHYSURMY I ng
positive gas or air pressure to the corresponding storage tank. The fl ow
t hrough each respective discharge tube is optionally regulated by one or

nore flow goptidhel thebkEshehtdsrdtal th bﬁ‘f}dl@ﬁ)ﬁnfaﬁkﬁaxﬂisﬁﬁﬁlea% #af fpach di scharge
20 tubc and its respective tank and/ or bfy confrol of "the punping action,
o

when punpsdafikuting s ligdFomponsnismay be pesd ferrdepesiting tkerabeve-descritd conponent s
are propel { g6 Ry s@dansQE, e.gdafkoRyBBRUvEter MATRRRBAPosidRAValcARinRS the O ,

regul ated, in whole or in part, by controlllng the pressure of the air or
gas propel Praiee invgegtiqns; Suitsbls@pparafes ingludes, far exapplsi syripgrRNmps, tuhtie each of the
respect § ve, dl.8 Ghakgifechid @A Tner SRS Ry bOGRE Reforrh thelcBhbléy CODI ned
conposition stream which is deposited onto a surface of a substrate

posi t i onedeampopidertstigan. Breh nopensiusizely nshyde Saueets Aprayarnheses, tyukst i onal |y, each
di schar ge 1 .yhe ,gRaYalROlileN ¥aHOR Rt PEDRRER Be ccgnalﬂn nts fay gt NNEr - rnozzie,
or a nozzle forned of one or nore openings, g Z , naTogous to a

shower headus:@Guah s deping. SGHrtingsieamyng spraviedandthedike.ecam t hat mixes well with
ot her such streans. The 34 WD 01/18860 PCT/ US00/ 24847 artisan wll

appreci ate that the dinensions of any provided nozzle, and/or the discharge
end of l@achudipkchenpgutus iseondugingshis peogenslincludesiieparatd cofainrsiestt. i n regul at i ng
pressure aggksf foP Worift sepdrt ¢ e fuftfi tHe pfr&eé}@:%%iﬁé FHeh fifictivd dh@@m cont act,

m xi ng, and spreading of the resulting mxed Tonposition stream over the
subst r at e, hdepemepengingsepante discharge &ube fgrekischasging e eespectiyhéantponénd process is
conduct ed, | e, LEAG s siURSHeard that BE cYih i@ idelm 8fn § spect i ve
conponent.wA v%r?etf ofsggoces%és néyﬁbg e%p?%?gﬁﬁb;lfﬁﬁg&ﬁﬁ?hod to forma
nanopor ousonteli eubsieate sugfaed. |Fecloepmpogents sstprepelled thrpughiits mepeetiveponent process t he
conpongat s .can b b & i Ll an d water,
each stGf gr ed ?ﬁr&aﬂlggp%’%é%’%}?‘?zggght?/?@ggge((gg{)ﬁ_gfrjgrglcb?g}r% g";f_f“.t”‘\}’gl ;?@a base

cont ai ni ngardsinayily also appmgsintd thatdlke dpparptusican also pravédefprt psppelling one or

morc component(s) by applying positive gas or air pressure to the corresponding

storage tank. The flow through each respective discharge tube is optionally regulated
by one or more flow control valves located between the distal end of each discharge

20  tuhe and its respective tank and/or by control of the pumping action, when pumps are
¢mploved to propel flow of components. If the components are propelled by air or
gas pressure, component flow can also be regulated; in whole or in part, by

controliing the pressure of the air or gas propellant.

25  The discharge tubes are positioned so that each of the respective discharge streams
combine together to form a combined composition stream, which is deposited onto a
surface of a substrate positioned to received the combined composition stream.
Ortionally, each discharge tube may also include a shaped nozzle, e.g., a spinner
nozzle, or a nozzle formed of one or more openings, e.g., analogous to a showerhead,

30 suitable for forming a discharge stream that mixes well with other such streams. The
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conponent. For a three-conponent process, the apparatus can have three
separate tanks each with 15 a correspondi ng di scharge tube for discharging

one of thre nts, e ,& an al koxysilane conmpositi

cont ai ni ng g‘ztsgpgégpﬁcorrpos-i tion, and water, respectivel y%@%ﬁal
storage tanks and di scharge tubes can be added, if required to deliver
addi tional conponent(s) for the selected process. 20 For exanple, when the
combi ned st PBk#A Vil appiesinig thet theyfirensjasis Phaw parviiep aeaslecandiréhst . t he conbi ned
stream can j I L td | i@ ; envi ronnent
t hat i ncl udggcgﬁ\%&?g?%\}g@%ﬁﬁg ﬁoag%ﬁgé%.ﬁﬁgh{& fglggt %ﬁ%iurgggarrg[glfg can be
formed by aiiessis andislow reth forisenh siven, trcdsouuentimabitesam comantraiking tahé substrat e

and vapor : : i \, i .. inlets for the
conponent di%gcEa%get&%?stuﬁﬁggyﬁggéﬁg#gﬁ? é\%éa{nhoggretﬁ%ﬁlggs&fgg ég%gfr?({l?éon of the
appar at u§ wif¢rlexathle uperctheiite 24 which theiptdcens ad condhicetl, theviedtioaspeogytzhdnal val ve,
to admt a . - m% or optionally a liquid to be
converted t\éﬂ\%%%sﬁgvﬂgﬁgfe\égﬁ%ﬁee en F%éwe. For exanple, with a two-conponent
conbi ned stream as descri bed above, the 30 apparatus will be constructed

as broadly descr]| Jo) 1th.,the,additional . 35 WO 01/18860

PCTI USOQ 24 4‘%‘ e%%rﬁ%’c%’g%ﬁggﬁ%& %mpsl%’:’ﬁrgé’%g%sfm%a dgf‘r’ RIRSSPRRPOYF ovi ded, gg,,, an
evapor at i on disizttric dilmon e hibntose. , For h eveesaponait procesbiie tbrepgaers emab) v i ncl udi ng
a heat urce for .prenpting water vaporization and optio | y..a source of
1 ow ng 131 16 e~ el pRERIS P caisfion KERHET @6 Sl s bt ERBk i oser e Wit
t he encl osuneeded, ot fiermtitedy, b dbse codthihing eyiget admiRsition pylak eSthe Gaexpose t he
conbi ned coggxgsointljuon streamto water either during or after deposition
onto a surface of the enclosed substrate. The enclosure will also
optionally include outlets to allow for venting and/or recycling of the

unr eact ed ter.. vapor and/or other unreacted,conponents. 1 ef ul

al koxysi | a\rllvggr e F’ﬁ%‘e‘pﬁ{nﬁrgé’ éocgfé’flf‘%aé’aaré S PRPAE IR Irs%aﬁa,&n@%ﬁf%fg Wk{?‘so as

def i ned i5suptarespomding diseldrglthefysiischngsg et @mypeiatts| ) dnde

r hoxysy | an TEOS) ..an . .
tetraetho ygllko;%lsﬁang con%?sm%n,% base containing catalyst composition, and water,

respectively. Additional storage tanks and discharge tubes can be added, if required

to deliver additional component(s) for the selected process.

20 For example, when the combined stream is formed of alkoxysilane and base catalyst,
the combined stream can be deposited on a substrate positioned in a closed
environment that includes a water vapor atmosphere. The closed environment can be
formed by any suitable chamber or enclosure able to contain the substrate and vapor
component(s). The enclosure will have an inlet or inlets for the component discharge

25  tubes. Preferably, the enclosure portion of the apparaws will also include an
additional inlet, with an optional valve, to admit a vapor, a gas-vapor mixture or

optionally a liquid to be converted to vapor within the enclosure.

For example, with a two-component combined stream as described above, the

30  apparatus will be constructed as broadly described above, with the additional
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t et ramet hoxysi | ane. The sol vent conposition for the base conponent, e.g,,
an al koxysil ane, preferably 15 conprises a relatively high volatility

sol vent or .a, lﬁgﬁbi vely low volatility solvent or both ?Frrﬁﬂ?ﬂutd.dﬁl y high
: e

volatility solvent and a-relatively low volatility solven sol vent,
usual ly the higher volatility solvent, is at |east partially evaporated
iinncdiately after deposition onto the substrate. This partial drying | eads
to better cyhrenentsefia sowpeef vaies aapor istnsovidedi ¢.8.o0mevapsratioabplant on st eps of the

i nst ant inylgl%ierggwe %mig'ﬁt’ﬁ%%g??tﬁwu%ﬂ&&fﬁgm%&dﬁ erial after the

first solvent or parts of t ent cones off. re volatile sol vent
evapor at es weweraparization and optionglly. @ saiecef flavingais or inegpastotarry the el evat ed

t enperat ures.. i L1 t g thi ep. Such

t enper at urgét"g\?’é? @?gﬁi y rgﬁuége‘%}?g%ea ‘ggstu;é%%&tcs gtg{?%ij@lsaag@atrﬁr%re preferably
f r om abbut o20dB:stto extiosathe smdinaddompssitiopskéapr whbvajer eithemdutding ar aRGC t 0 about
35C. 25 The neanj | "Gl I . i gh volatility

sol vent " a?ﬂ’cgg&r&er{e% %feaFy& t%ﬁq%%ﬁ?xﬁ?s{a;/e. ?gfgléﬁs%?ﬁ%gghi on" is as

def i ned i noSeotliyanclide aitigs ®.all86 fsh@eMting ka6 OreB¥EShing I uteat®d wakee

al koxysi | ane _co ] present in an anmount of from about 3 %
to about Sba%ﬁr{;‘p‘%ﬁg{ﬁrﬁ%fgﬁ(ﬁ%&%\%%%lI bl end, nore preferably fromabout 5
%to about 45 % and nost preferably fromabout 10 %to about 40 % 5 The

sol vent, .conpane . e i r oSkt lonelS preferably
pr esent10 i i °§‘ﬁ1 agé%g ﬁlfﬁ%fnn%&éﬁnﬁ%ggétﬁ'g%?@fF%%%&U%B%%ﬁ E%/As\/\délﬁg of the
overal | bl end;, prafereed aforyfsdarsb hgnekshuninehhipcltde3etraghonysdane (TEDS) 8dand nost

preferably fro 40 % to about 60 % Wen both a high and a | ow
0 AR

vol ati | ity §8TVenY>are present, the high volatility solvent conponent is

preferably present in an anmount of from about 20 %to about 90 % 10 by

wei ght of the overall bhl.e re preferably from ut % to about 70 %
and a m)sbﬂfﬁog S APy ?_n(r;fcé%‘ tgggehs ¢ %rtltbg%tbadluatlkoéﬁsq‘@g%yre% bg)ﬁt of the
over al 115bl emdprisWerlatiady high vélatgity suhcenbor agelatrelalbwl volagilitysblvemttor ar e present

the low vo lbgl(% ialrélgt}/veﬁlqllig\{'xe\;&atiﬁgl@fegrﬁ %d a relatively low volatility solvent. The

solvent, usually the higher volatility solvent, is at least partially evaporated
immediately after deposition onto the substrate. This partial drying leads to better
planarity, even absent the additional planarization steps of the instant invention, due

20  to the lower viscosity of the material after the first solvent or parts of the solvent
comcs off. The more volatile solvent evaporates over a period of seconds or minutes.
Slightly elevated temperatures may optionally be employed to accelerate this step.
Such temperatures preferably range from about 20°C to about 80°C, more preferably
from about 20°C to about 50°C and most preferably from about 20°C to about 35°C.

25
The meaning of the expressions, "a relatively high volatility solvent" and "a relatively

iow volatility solvent composition" is as defined in Section A, supra.
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is preferably present in an anount of from about |I. to about 40 % by wei ght
of the overall blend, nore preferably fromabout 3 %to about 30% and a

nost prefer m about 5 15 %to about 20 % by wei ght erall
S dida Chrhaiegf

bl end. The bas tai ning catal yst conposition contains & a base
plus water, or a base plus an organic solvent, or a base plus both water
and an organic solvent. The base is present in a catalytic anmount which
can be readiThyalfenysitant erarpoippt is brofmblylprdséne th aB @mbwmt offionaabbut 3P6 &f er abl y t he

ol ar T8t 080 5588, (AN LANES, [EOHAMM D, £0u30Ulpo0s?. TOre

preferably from to a ererabl'y” from about
0. 005 t o abdtandon@tprefably fromsbiuntl %G deabottdOps.ovi de a nmedi um for hydrol yzi ng
the al koxysilane. The nole ratio of water to silane is preferably from
about O to about 50, nore preferably fromabout 0.1 to about 10 and a nopst
pref erabldy fThesalenoeinpOnent dfthe2koysibant: prlecivsor Ganhlositibres prefes®Rpiesdnor t he base

cont ai ni ng catal yst ositiaqn. incl t hos l.iste bqve as a high
volatility sfrb?r\fé% .toﬁ/g@ a%’rugoce%{” t‘oea(?mé%&g’é’ﬁt‘”?ggtroéﬁﬁIoﬁﬁfﬂ{)‘ﬁ?%s‘ﬁ?fﬁ as et hanol
and i sopr oparfablylixen mnmr%ltoubmm%tmﬁnmﬁbﬁ:fermy&dngabbﬁtaow?emg Ie f
preferably r fro bout . 10C 30.to.about 60C, . rmare preferably from
Bbout 15C t $0%b menga@a%gsﬁanﬁw "ﬁ?‘g fyfolyspipre PR OR A MRROPCT/ US00! 24847
from about Eﬂ]?erii e%nlmmut is@&&r?bwesexgmmra&ram@f@émhmt iggg& Aot O0Y, t][le o
exposure, pr C- ran rom abou 0C to ut Jore preferably
f r om about %ﬁl",’e tdé’ﬁ(‘i’ﬁ"l‘rg@%ﬁd"ﬁ?{ﬁlprﬁ%‘?iﬂyéﬁ”@‘f%i”ﬁgg%t??m%ﬁ‘fdazoc to about
30C. 5 Sui t afukswprdfastes frorn aexcA0us tomdbit 61) Myw@amm'lvammmdmamhales, hsiJch as
primary, se. . onda dtertiary alk am nes, ar am nes, al cohol am nes
and m xtur e?oﬁﬁgfgéé’i’daa%‘,”ﬁl?ﬁﬂ@? "ﬁ%‘\?éypéesﬁ‘?t f’e]PWé{g]a‘él‘}Y?"ﬁn‘?‘?&tcﬁﬁPWmof at | east
Ftbout -goc, i9paEferatily preeneb biyanddund 86 abeild O W abBi G0 RHyGvelERS4t tiy ol abl y at
east about

a1 501 ol U RS EBHET AT GER e T IAB R AR B E oot byl arm e
tri met hylsaniofi@ abdut 20H6by &@igheaf ta opdrfldndmi Nne, tetramethyl amoni um
hydr oxi de, piperidine, 2-nethoxyethylam ne, nono-, di- or
The base containing catalyst composition contains a base, or 2 base plus water, ora
base plus an organic solvent, or a base plus both water and an organic solvent. The
base is present in a catalytic amount which can be readily determined by those skilled
20 inthe art. Preferably the molar ratio of base to silane ranges from about 0 to about
0.2, more preferably from about 0.001 to about 0.05, and most preferably from about
0.005 to about 0.02. Water is included to provide a medium for hydrolyzing the
alkoxysilane. The mole ratio of water to silane is preferably from about 0 to about 50,
more preferably from about 0.1 to about 10 and a most preferably from about 0.5 to
25  about 1.5. Suitable solvents for the base containing catalyst composition include those
listed above as a high volatility solvent. Most preferred solvents are alcohols such as

ethanol and isopropanol.

The temperature of the water during the exposure preferably ranges from about 10°C

30  to about 60°C, more preferably from about 15°C to about 50°C, and most preferably
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tri et hanol am nes, and nono-, di-, or triisopropanol am nes. The conbi ned
conposition may be cured, aged, or dried in a conventional way such 15 as
sol vent evg@qﬁﬁgﬁ@n of the less volatile solvent. Elevatgdri8iRaddt Ures nmay
be enployed to cure, age or dry the coating. Such tenperatures preferably
range from about 20C to about 450C, nore preferably from about 50C to
about 350C and nost Ereferq&l_éfrom abou{t 175C to about 320C. 20 As a
result, a FaNaPFUEPY B ARt Hbtotedsmperatiie ot e base dpanedBsH&wPasie si | i con

cont ai ni Ngpr-RalbyMiiges AEAAGMILI10°T tb GbJudsOTEmEX8 pidftatily Renla8bR 15°T8 Silicon
containing polyner conposition preferably has a dielectric constant of

fr om about 114" aaf Bi9st Preferablyfrom abont 20 9 3baut B0°6m about 1.3 to about 3.0,
and nost preferably fromabout 1.5 to about 2. The pore size of silica
conposition preferably ranges fromabout 1 My to about 25 100 nin, nore

pr ef er aBl y Seifglnbatss nenexcipsivalyinglhds ammaenisppd agyinesfch asprie@Bhabl y from about

3 nmto abQubnd2R dntt RrtiaH SikfRthds Yarffarrfilt§, aklohblGRines A RbRIrAGnGEHTPOSI ti on,
i ncl udi ng th_ebfores, ref erably. ranggs fromabout 0.1 to about 1.9 g/cng,
!

nore pref erubhy crmsferaddetling poist of gt lepsh about -58°G morppresrabilyableest pr ef er abl y

from about ,Q..#sd0, AR Mkt phefrablly aMRast abetlt SR hhid §3REs. Ry 24847 PAGE
| NTENTI ONALLY LEFT BLANK 39 01/ 18860 PCT1 US00/ 24847 C. Varri ati ons on

Fi | m For ni HgsPryied syrss apannchide ippholamingy abylamines. anetiofaming the _
above- dgscyi Rad AR fEaeY 1dnhe, haRiamihd, ArdbylRARORALMLEyIST | | ca dielectric
fil mhave been described in a number of co-owned U.S.  patent applications
and may optioAdkmhydexide.pinerdige, 2rmethexypthylemingemerfo-tdireori nst ant 5 i nventi on.
For exa{rﬁl Gtk NS RRAY GidRSHL IdRO6 HRbREER o el MOdified by producing a
Il mwi
The combined composition may be cured, aged, or dried in a conventional way such
15 s solvent evaporation of the less volatile solvent. Elevated temperatures may be
employed to cure, age or dry the coating. Such temperatures preferably range from
about 20°C to about 450°C, more preferably from about 50°C to about 350°C and most

preferably from about 175°C to about 320°C.

20 As aresuit, arelatively high porosity, low dielectric constant silicon containing
polymer composition is formed on the substrate. The silicon containing polymer
composition preferably has a dielectric constant of from about 1.1 to about 3.5, more
preferably from about 1.3 to about 3.0, and most preferably from about 1.5 to about
2.5. The pore size of silica composition preferably ranges from about 1 nm to about

25 100 nm, more preferably from about 2 nm to about 30 nm, and most preferably from
zbout 3 nm to about 20 nm. The density of the silicon containing composition,
ircluding the pores, preferably ranges from about 0.1 to about 1.9 g/cm?, more
preferably from about 0.25 to about 1.6 g/cm?, and most preferably from about 0.4 to
about 1.2 g/em?.

30
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at. least two-different regions of density, j e., adjacent regions of
relatively high and relatively |lower density, as disclosed by co-owned

u. S seriaJ.Qégggﬁ 09/ 046,473 10 and 09, 046, 475, both filed on March 25,
1998, the di es of which are incorporated by refereREYYRERAHMA in
their entireties. In a. second variation, water and base vapor m xi ng
efficiencies are inproved by blcrding at |east one al koxysilane with a
sol vent conposition and optional water and 15 anpiying the blend to a

sem conductor substrate and sequentially exposing the substrate to water
vapor and a base vapor, in either order, at a pressure bel ow atnospheric
pressure, as disclosed by co-owned U S. 09/054, 262, filed on April 3,

1998. the disclosure of which is incorporated by reference hereininits
entirety. 20 In third variation, a precursor mxture is fornmed of a
relatively low volatility solvent conposition that includes a C, to C4

al kylether of a C to C4 _al kyl ene col which is cible in water, and
al koxysi | anes as di scl osg&(l%I%@%mA@gL@&B%M%nbers 09" 111, 08 1,
09/ 111,082, both filed on July 7, 1998, the disclosures of which are
incorporated by reference herein in their entireties. 25 In a.:ourth
variation, silica precursors, as defined above by, erg,., Formula | and the
associ ated enuneration of preferred silica species, are deposited fromthe
vapor phase, with an optional co-solvent, on a substrate to forma
liquid-like film Further details are provided by co-owned U S. seri al
nunmber 09/111,083, filed on July 7, 30 1998, the disclosure of which is

i ncorporated by reference herein inits entirety. 40 W 01/18860

PCTFUSOQO 24847 In a fifth variation, a uniformnanoporous dielectric film
can be fornmed froma liquid al koxysilane precursor spin-deposited onto a
hori zontal |y positioned flat substrate centered and held within a cup
havi ng an open top section and a renovable cover for 5 closing the top.
Further details are provided by co-owned U. S. serial nunber 60/095, 573,
filed on August 6, 1998, the disclosure of which is incorporated by
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reference herein inits entirety. In a sixth variation, a precursor
conposition is fornmed froman al koxysil ane, an acid, 10 and a sol vent
conposition containing a high volatility and low volatility solvent. The
rel ativel yWRi%M33bl atility solvent is evaporated, and thBCFY’HW“(?'WZIti lity
solvent is partially evaporated fromthe precursor conposition. Further
details are provided by co-owned U S. serial nunber 09/234,609, filed on

January 217, t999onstoneFildi BemimgPreressts Whi ch is incorporated by reference

herein in jits entirety. .15 1n a_seyenth variation, a sujtable substrate
that incl u\dié%m%{‘sé?f‘é?%%‘?‘?‘%‘émf’ﬁ ththe, %{)Yeé%ﬁ‘g%e? Rrogesses foydabricatinga y oxygen free
envi r onmenfandpsrdue sitica djelédubc Slabisdve Béed destribed i@ APEMBErWE Eo-6fnedalpgut 350C or

greater, for a tkma eriod of . at Ieas{l? %gouﬁ 30 seconds. Further details
are provi dEi" PP EBUERYREY By eptionally by utilized n thegmciepoighaynstant| o4 on August 31,
1998, X0 tihendéscl osure of which is incorporated by reference hereininits
entirety. In an eighth variation, a substantially uniform al koxysil ane gel
conposition that includes a conmbination of at |east one al koxysil ane, an

or gani ¢ stV eimpkOiHe @bdvieidestribed@btB6ds n@a%emdnﬁaibgaﬁhu&@gs@ﬁm@ yst is
formed on a substrate. The suybstrate is heated 25 in_an organic sol vent

vapor at myé PR PEo-fifereatiagnsertdmsitydie adiassasieeiperel rslgivelnbigh 8¢  curing, as
descri bed by cor oWaaRndityhs disRlosed by tdriaaed 0F. detihl middbers’ 09/646, 098 August 27,
1998, the disclosure of which is incorporated by reference hereininits
entiret®. A0 HORbafiled op Ylrch 23, AT8  Beidisdosures af whigh &€t ri ¢ coatings are
fornmed on iaccsphsitd Blreferedél hékain MR éniketi¥@por deposi tion of a precursor. The
deposited precursor is then 41 WD 01/18860 PCT/ US00/ 24647 exposed to a

gelling agent, g..., water vapor, and either an acid or a base vapor; and

dried to fiQrnm@nd Glrdtibn Makér MdBasdRAbOShiihg FR¥nEie£Are Gh ri)&edﬁ,gnstant, silicon
cont ai ni ng poi yntr conpositjion on the substrate as descri bed by co-owned
U. S. seri allrdistieleast org afkpxysilgpewith 3 polypnpepmpggitionzand pytienal water adsc| osur e of

which {55 i.REOMRHAAM tdY sehBERURAGTRubstrald b & bcudnfially kpBlitd thet V-
substrate to water vapor and a base vapor, in either order, at a pressure below
atmospheric pressure, as disclosed by co-owned U.S. 09/054,262, filed on April 3,

1698. the disclosure of which is incorporated by reference herein in its entirety.

20  In = third variation, a precursor mixture is formed of a relatively low volatility solvent
composition that includes a C, to C, alkylether of a C, to C, alkylene glycol which is
miscible in water, and alkoxysilanes as disclosed by co-owned U.S. serial numbers
09/111,081, 09/111,082, both filed on July 7, 1998, the disclosures of which are
incorporated by reference herein in their entireties.

25
In a fourth variation, silica precursors, as defined above by, ¢.g., Formula I and the
assuciated enumeration of preferred silica species, are deposited from the vapor
phase, with an optional co-solvent, on a substrate to form a liquid-like film. Further
derails are provided by co-owned U.S. serial number 09/111,083, filed on July 7,

30 1998, the disclosure of which is incorporated by reference herein in its entirety.
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D. Surface Mdification Reagents and Methods Typically, the silica-based
materials, such as the al koxysil oxanes nentioned herein, form nanoporous

filns vvlth i ncl udi ng surfaces of the pore struc
contain S|Ia*r'1t(5)§ %E@ groups. Silanols and the water that tﬁ@ﬁg"g dsorb
fromthe air are highly polarizable in an electric field, and thus w |

raise the dielectric constant of the film To make nanoporous filns
substantially free of silanols and water, an organic reagent, j , a surface

modi ficatiop , AY&ALatich UAtkiBen %5%%% 6%1%' d‘ﬁ ?rQ%I Jrme {med ﬁionea hcg.ud

net hyl triacetoxysilane, is optio intro res of the
film Such %kqumhm mcm@agmndeppmépmmbmzpnualanmssmm ﬂaheubptmte surfaces to

add 15 org tri IyI gr oups.
Thus, it ha{j}{s}:‘rl ggﬁxéj%cﬁ&;‘g%%ggw%gg?%{ecoog)cfa%‘?ﬂ%’iefng‘r’la p oc 'S S| ng steps
to silylat ecitﬁsmaehtstapfmesdetaama’cpgwidupsy cosrwried U.Sesgriabyumnnhet t | f uncti onal base
materi al s, I not duce such . . surface sil anol
groups. 20 ngg‘??)% fﬁ Dq ‘Aﬁ]:égagew% dllsc‘:;é)ts‘fr(e)ﬂf‘ @h’féncgwam??gtbﬁods for

pr oduci ng hyﬁtrm)pnﬂwbmm;n ilsemiretgli el ectri ¢ nanoporous silica films have been
described, for exanple, in co-owned U S. serial nunnbers: 60/098, 068 and
09/ 140, 855, both filed on August 27, 1998, 09/234,609 and 091'235. 186,
both fil ed lom sﬂamaaatjonzalpremecommeitidi is cdrmsdifre amﬁlkwhisﬂa*mﬁuhaciidncor por at ed
by referenc eferred. s

eir. entiret urface
modi fi cati oft gé%n?m “°§“P°S‘i8%°8ﬁwgnaa‘%}$*ﬁ‘a’*aé*ﬁfY&PW PARLHRIVERAT r'lg?n the group
consi st i ng refativety kiph adatiktyl solvent 79 evhigrat&, akdNhiHoWRBlati(iR)soRent® C Yy, (3) R

R (o005 e sty SR rbetsss Pt S TR Bone. t hel eof

wherein X ice-cemed UtSegpeial mmbgncmgzm,lswnﬁledtoﬁlau:aly 21 51989, thedie@RtrelofNgi Ng from
1 to 3 such_t. ranging from2 to 3; each Ris an

i ndependentvf'lg}c lgﬁ%?%éﬁPfﬁfﬁrmﬁlt’%%tﬁﬁg&ﬁamﬁtyhydrophobl c organic noiety;

each M1% an independently
in a seventh variation, a suitable substrate that includes a dielectric film is treated ina
substantially oxygen free environment by heating the substrate to a temperature of
about 350°C or greater, for a time period of at least about 30 seconds. Further details
are provided by co-owned U.S. serial number 60/098,515, filed on August 31, 1998,

20  the disclosure of which is incorporated by reference herein in its entirety.

In an eighth variation, a substantially uniform alkoxysilane gel composition that
includes a combination of at least one alkoxysilane, an organic solvent composition,
water, and an optional base catalyst is formed on a substrate. The substrate is heated
25  inan organic solvent vapor atmosphere to condense the gel composition, followed by
curing, as described by co-owned U.S. serial number 09/141,287, filed on August 27,

1998, the disclosure of which is incorporated by reference herein in its entirety.

In a ninth variation, nanoporous silica dielectric coatings are formed on a substrate

30  viachemical vapor deposition of a precursor. The deposited precursor is then
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sel ect ed hydrophobic organic noiety; and R and M can be the sane or
different. The Rand 5 Mgroups are preferably independently selected from
t he group ic noieties consisting of alkyl, aryl Lnations

t her eof . Tﬁbu%% noiety is substituted or wunsubstitut le)gﬂg% B?@l’sel ected
fromthe group consi sting of straight alkyl, branched alkyl, cyclic alKkyl
and conbi nati ons thereof, and wherein said aI kyl noiety ranges in size from
C, to abéut<>>®f[8agﬂﬁé%éﬁW!’iﬁc@|V@[‘°]VFI§’f,sﬁ95§ﬁhef&fl€éﬂerallﬂffPs‘@B@l’E fndut ed and
ranges ing§izg fé&]pmeﬁﬁva?mgﬂ paleagl lof cﬁcleé?ﬁ@éo%&t%ﬁ' Midoh Soritaifihgce modi fication
agent is an acetoxysilane, “or, exanpl e mononer compound such as
acet oxyt r ippiEthsosipositien oratéewbi(%q 4sah@mben lat@twd Unfe s¢rial Bymbene,

met hyl tri acet pass ileadR np HErY lid A&RIsRe%? Whith % mdhaavbydeRratoxysi | ane,
trimethyl gtgﬁo%%l Haege, J‘f?i met %tﬁi net&ﬁasxy}se? I'ane, - }q'e fhibe

2-t ri mét hybsinliody gdimety.2- ene- 4-one, n- (trinethylsilyl)acetam de,
2-(trimethylsilyl) acetic acid, n-(trinmethylsilyl)imdazole, 15
trimethylsil yI propiol ate, tr| rret hyI SI Iyl (trimethylsiloxy)-acetate,

nonanet hylt riusiteMadit tiom Reagents bnd Methodsazane, hexa. net hyl di si | oxane,
trinmethylsi] |

t - butyl di ﬁe't’ gﬂﬁéﬁegﬁlgfhggé El%tlgﬁﬂf)ss Clhélrrséﬂ i 0 hﬁ%gﬂgk %mr?g'? ?dohﬁgeu% rt;%nrneof Most
pr ef er abl yxaltdperosuﬁmthrmu‘ades,@amdmg saqe;ms of the mamwl ﬂjatspmamaﬂmol The
surfa modi f i uch as
acet ond, " Spnpt SehS pde Suctl ot o RG skl e Bl iR a8 TR por
or liquid clcamd ik Weanddhiserdl mdhﬂdldmlc mmsthaméﬂmﬁ&nf iTe atakowangppeerss i ncl ude

I tif ts I !
o owned U TouHHed e SRiulBl ARy 3HShiic rABean SRl oA 1
in its entjemetsych aixemsadryldmldzaabmﬂmthﬁmhetmysﬂmumgmtloodh'l intseduf eignto
modifi cation, agephs Sah sH %ﬁlﬂ:&g&h{x E&Eﬁﬁol\é&%{e 8{ i&f&%féﬁ?u de.

optional | 9} vﬁof or ‘W thout so v vents 1 nc
eg.,, Ket ongsic. isulodphetsc eapemga@ppadzgsmrmtmpmyksbm, Thyus it bascbm;x fo@xd pent anone,

and ot hers ks gfgﬂﬁ

09/ 111, 084jtbl §IJ?§§D%<1 ?ﬁ?{}%pﬁﬁggé@&wﬁ% C g%egrsgf%ggi\r/d] n |ncorporat ed
by ref ererwtaldvemmlﬁnnt:tmnéltbsse neatdrialseasydescribed speayphish dasotd:@mm el i n detail
in U S se“rlrl aaus:pu % (g9/ 235,186, as 30 incorporated by reference above,
certain pr EFEr Ped st ace nodification agents will have two 43 WD 01/18860

PCT/ US00/ 24847

20 A number of surface modification agents and methods for producing hydrophobic, low

diclectric nanoporous silica films have been described, for example, in co-owned U.S. serial
numbers: 60/098,068 and 09/140,855, both filed on August 27, 1998, 09/234,609 and
09/235.186, both filed on January 21, 1999, the disclosures of which are incorporated by

reference herein in their entirety.

25
One preferred surface modification agent is a compound having a formula selected from the
group consisting of Formulas XII (1-7)
(1) R,SINHSIR;, (2) R,SiCl, (3) R,Si(OH), , (4) R,SiOSiR,,
(5) R,Si(OR),, (6) M, Si(OH),,. ,;, and/or (7) R, Si(OCOCH,),
30

42



or inure functional groups and react with surface silanol functional groups
while mnimzing nass present outside the structural fzzé?%\);\ork of 'lthexII c
film and i nghly s, suitable silanols such as Ri1Si %SE%;‘% a
wherein R and ggssgfe i ndependent|y sel ected noieties, such as and/ or an
organic noiety such as an alkyl, aryl or derivatives of these. Wen R or
R2 is an al kyl, the alkyl lety is optionally substituted or )

unsubst i t ut e%? CorphipatigRs Bee Whereyhe s ap pulsgetareing fram 19 B y ingintegsr eamginab) v
ranges in Sigen f ooubh thirg=aR0pts afirbge Oan e ¥Rine? 1o RRANTOR &n PETAIARY Y 1 OM
C, to about C. When R or R2 is aroigl,, the aryl noiety preferably consists
of a single SS\IF‘ES‘?Paff‘?“&hﬂr?f@“ 1w 3 hydrorhabicpganinagiety; eseibltis anipdapensiently

unsubst i t ut g BSHRSorbdhicthdbly @ R bl M Quin B0 B lsarkel & diflrens FHERLGE . and
nore prefer abfi}af‘}?gfr??c. torg_about%. In a féu%flt er % t?roflf,%%%g{rhg%yaﬁ&rml ety
i's not a> hof @oBewEY preferehly indepengentivacletad framiip ereip Al drganissheicticed from H, i
met hyl , eth ; Y ley,d i rovi ded that
at Igast onﬁbﬁésaﬁﬁ@)ﬁ?wﬁgaﬁgﬂ oorogair%liglé:(fag Ith%égﬁgﬁée éleo m%%gﬁkdo ., and R,
are met hyl , vasstiuted andfisseleeted fiam the grdupcensistdg 6 straightoitiys hemthed atkyl, di ngblt 0
Formula V i.9.i L | . t | _ment sui tabl e
sil ane accorcgﬁlﬂﬁgﬁt??ﬁkl tﬁéﬂlﬁ%}ggﬁ&%&ﬂﬁg% %’“S%%ear Fm? %B’rm.ggs mﬂfegrf’mla‘

R1Si ( NRZR3) 3 fhghtfui- alijaty! wieistyds subRitutRDor uRSibatiteted mutopeges mrsizilefrohl,hcsad: kyl

and/ or apyl N pRERY S I . LV, are
def i nedqg)s/ f %arﬁb%& andraa ﬂgfsu%%?ﬁﬁgcﬁoﬁla?é “géc?%é.@eqﬁq‘ﬁs‘%?%? Ié)rforrééémigér/?ﬁodi ment s
accordi ng t &opgRengprIpaAnd siRh a§ acetoaytomehylsifanoracethoxySiHBe, dBSEDxydimehyRRlaend R3

25 both A skl = | : rsf ] . gation agents accordi ng
? (r)eFor rruf)a \rflghiyEﬁ%‘ggﬁﬂaﬁﬁ%%@&%e?%?%ﬁa%fi '??%3'%0 0%%@ %’fl si | ane,

tris(di met hysrasiihqsiglags. simeandmetboxyisibne, 2ttrimsthylsitmxypept-2enaépsd, hane. | n vet
anot her e%@%i&ﬂ%@%ﬁé@(ﬁix&kﬂﬁﬂ% AEROLG Nuh ey NG HNERLEON has the

gener al

trimethylsilylpropiolate, trimethylsilyKtrimethylsiloxy)-acetate, nonamethyltrisilazane,
hexamethyldisilazane, hexamethyldisiloxane, trimethylsilanol, triethylsilanol,
triphenylsilanol, t-butyldimethylsilanol, diphenylsilanediol and combinations thereof. Most
preferably the surface modification agent is hexamethyldisilazane. The surface modification
agent may be mixed with a suitable solvent such as acetone, applied to the nanoporous silica

20 surface in the form of a vapor or liquid, and then dried.

Additional surface modification agents include multifunctional surface modification agents
as described in detail in co-owned U.S. serial number 09/235,186, incorporated by reference
herein in its entirety, as described above. Such multifunctional surface modification agents

25  can be applied in either vapor or liquid form, optionally with or without co-solvents. Suitable
co-solvents include, e.g., ketones, such as acetone, diisolpropylketon, heptanone, 3-
pentanone, and others, as described in detail in co-owned U.S. serial number 09/111,084,
filed on July 7, 1998, the disclosure of which in incorporated by reference herein in its
entirety. For example, as described in detail in U.S. serial number 09/235,186, as

30 incorporated by reference above, certain preferred surface modification agents will have two
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WA 01/18860 PCT1US00124847 R1Si (ON=CR2R3)3 Fornula XV wherein R, R2, R3
are independently H, al kyl and/or aryl. Wen any of Rl, R2, R3 are al kyl

and/ or %I they are defined as for Fornula VII, above H.Jl‘ referred
enbodi men?O !8R4 R are both CH3, and R3 is cecs. T unctl onal
surface nodification agents 5 according to Fornmula VII incl ude, , 0.,

met hyl tri s( et hyl et hyl keoxi ne)silane. In yet a further enbodi nent, a
sui tabl e &i:haaemamrgtbupg andreadhwithrsme simolHasctiohrl grpspewhile mingrirng a of

R Sid3 Fornula | kvl I al kyl
and/ or ar P PtHEY ogltlsl%le geﬁ%ﬁ:g' @SI‘%U‘I% \/nc‘ﬂg%’ogv'%m%\bl%ﬁléhapr eferred
enbodi menguch® 1s CH3. Thus tr| -functl onal surface nodification agents
according to Fornmula VIII includ met hyl trigh | ane. In a nore
preferred enbodi nent, the cappi ng @ggént i ncl udes%olr?g'ﬁ%rihrmre 15

or ganogcetaxyisir, amneR, ardinddperdiamiy seleeted aloledwd, ngh geHendibr aflmrgﬂnicanoiety
(Rl).Sl(OOq? For nul Pr ef abI Xol S AN in n val ue
froml to® %ﬁﬁglﬂ'quéﬁa°§ é’aﬁ“‘ﬁ%"f ‘o‘r°"§|‘sfﬂr“er it eal & ?Eg’ i nt eger
rangi ng frsmhamubst&tédmahmumtaed and lga)esetmxghearahﬂeauicychc and

or ganoacet oxysi | anes, I udj |funct onaé/ al k CRL QXYS I e and/ or
aryl acet oRYETY %a’nr@“%eérpp% éqﬂ&%&é”’ TSI APBYIRE ﬁfraﬁ% }{Ié d w t hout
l'i mitati omsou OB WWHeh RE bieR,64 ﬁylythb e/ Srofety\EAES aply cdedf)alsd!gmmy smg ane

( DVDAS) , phenltr acet ox nd, di phenyl.di.acet oxy an

conbi A8t i BAE'S PRE 5“%5”5“‘%/ °ré’ﬂs'§Ft?§tF?‘r§P$% éér%ﬂfﬁ ﬁ%ﬂ? iﬁﬁ’?@ce hodi fi cati on
i's provi dedaby a@imeRipref@atiiyftorh id; to absitd). Jan feitee dption, the aryl méiktyds naabase

mat eri al |s deposited on a substrate, and optionally heated to evaporate
sol vent s, ?‘H@“‘prosr ted conposition is then anneal ed by exposure to

el ectron beamradiation, in vacuo, at a terrper ature ranging from about 25C

Z,g 3\%035_ / ]I'gggg g&%%g%?ﬁﬁ?&gge eggd ﬁ'(z)irg gf m%thy{ etmylagr%g;['l ﬁlegylta% oboUt 30 KeV

15  derivatives thereof, provided that at least one of R, or R, is organic. In one embodiment, both
R. and R, are methyl, and a tri-functional surface modification agent according to Formula V

is methyltrimethoxysilane.

In another cmbodiment, a suitable silane according to the invention has the general formula

20 of
R,;Si(NR,R,}); Formula XIV

wherein R., R,, R, are independently H, alkyl and/or aryl. When any of R,, Ry, R, are alkyl

and-or aryl, they are defined as for R, and R, of Formula XIII, above. In preferred

embodiments according to Formula VI, R, is selected from H, CH,, C;H;, and R, and R, are
25  both CH,. Thus tri-functional surface modification agents according to Formula VT include,

¢.g., tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane, and/or

tris(¢:methylamino)silane.

In vet zanother embodiment, a suitable silane according to the invention has the general

30 formuiaof
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and. an energy dose rangi ng from about 500 to about 100, 000 pC/ cn?,
respectively. The resulting filnms have essentially no or a reduced anount
of carbon and hydrogen after the electron beam process. With nethyl groups
driven out oFCCHY¥hnoporous sili.ce film the hydrophob?gmﬂﬁﬁnﬁg ari zabl e
trinmethylsilanols are reduced or not 5 present. Further details are

provi ded by co-owned U.S. serial nunber 09/227,734, fiieci on filed on
January 9, 1999. E,_.. Contact Pl aR@Bi(@E+CRR,)aNd/ or Eohassdvg Met hods

Broadly, productiogn_o | anari ze anoporous diglectrig, silica fjl

coat i n)g;s gn %reé’hrg's}t)‘r;{t%%mg n‘%@%&gnﬁ%@f‘%‘ﬁ”ﬁﬁ'{?‘a%ﬂ?‘ﬁ’d’%g‘l’&Zégé?éh‘ym quid or
vapor CorrpOfdna/bmaylbﬁaéyaztr? ddfinedIghersr H)rﬁlu%t\aphiﬁ)vf.i lnioﬁfﬁx‘eféﬁﬁ@énﬁﬁd?hf?ﬁm nga. 4
recursor, to a.s ra .a en e0. .ipleting formati on o e desire
ﬁanopor ous §z|afe&§&0&%p %@&F%&?ﬁm “’l‘f@’t“g%‘?ﬂ‘élsu%ﬂﬂi“ﬂd 249 %Y ude cont act
with a planaticdhd 8FRRIECH incfle Q) | BBl @etl RERESINGsAAe coating
viscosity by aging, i.e., gelling by a pre-added non- 15 volatile acid or
base catal yst and/or water, or by contacting the coating with an acid or

base cat al ysf yaRthifer 4cRimea, b ShitaBRRIAR A RM 18 tHeeRttAHal &k Genclal)
Contacting the coating with, g, g., a planarization object, having at |east

one contact @Maffe able to inpart the desired degree of planarity, or
other desired pattern, with suffigigof, pressure to tpangf &vian inpression
to the 20 coating w thout substanti al I%@,i npai ring formati on of nanoporous

structur® WheseishiaHealhgr e When Ra s aedandfor aph dsy ate deBradian dothosmilt he

pl anari zi ng 1vOofo@Ctn ohdbrefeidd dnfbolitRnS RI & AGE, s RRARERES S sudRelmodifiédiohl he
appreci ated that these 'steps can be readily conducted in the order |isted

above or i n agent§ aeeedingto opds VIthincluge, g, methybrigiorgsilpiee 1. Table 1 Order of
Steps Description (after coating 46

In a more preferred embodiment, the capping reagent includes one or more
15  organoacetoxysilanes which have the following general formula,
(R,),Si(OCORy), Formula XVII
Preferably, x is an integer ranging in value from 1 to 2, and x and y can be the same or

different and y is an integer ranging from about 2 to about 3, or greater.

20 Useful organoacetoxysilanes, including multifunctional alkylacetoxysilane and/or
arylacetoxysilane compounds, include, simply by way of example and without limitation,
methyltriacetoxysilane ("MTAS"), dimethyldiacetoxysilane (DMDAS),

phenyltriacetoxysilane and diphenyldiacetoxysilane and combinations thereof.

25  Inan alternative embodiment, surface modification is provided by annealing the film
with an electron beam. After a base material is deposited on a substrate, and
optionally heated to evaporate solvents, the deposited composition is then annealed by

exposure to electron beam radiation, in vacuo, at a temperature ranging from about

25°C to about 1050°C, with a beam energy ranging from about 0.5 to about 30 KeV
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WO 01/ 18860 PCT/ USO/ 24847 substra e (a), (b), (c) and (d) Age; contact

pl anari zati on object; separate fromobject; and then cure. (a), (d), (b)
and (c) Age; cure; contact planarization object; and then separate from
obj ect . (UW0°V5¥“’(d) and (c) Contact planarization obj cREVUSREH aging to
continue; cure; separate fromobject. (wth application of a g., S . OG
conposition pre-m xed/treated with gelling agent and, curing in the
press). (tah@ arl Gkrgy @B9e rddbhg(ffbm £HR0E MOko moaoﬁroloéam:%zq@p%&;vex separate from
object; allow aging to continue; cure (wth application of"e.g., S.QG
conposi ti dhe preting flens baye gspentialycmronaregheed agelntiof garbepeand pydrpgenone option, a
fluid thataingl Ya83n Beadd po&RY- \bﬁﬁﬁgthgl %@‘Q%{r&]oﬁwﬁﬂéﬁ&ﬁ @hRo_ 1 ncludes
viscosity enhancers to ﬁernlt cont ac anar| zat | on obj ect and/or a
r enovabl e silicnbl. ghejhyRrophabig anﬁ@ﬁ’@ﬂ@bblt@wthylé@rﬁvlsﬂesre@@?d6}rn@hhancerrent by the
agi ng gr 03%&&1.% héd%ﬁh?&eg}o@faﬁd by &b-GHHk RES. s&HPatliu @berBoBbPIACLI ve | ner

and/ or itional protective coating, , is appli ed onto 'thé substrate
surface, priddor filel cadphiared:il89.of the silica dielectric precursor(s). 10 At
an appropriate processing stage after the substrate is coated, while the
coating renains plastlc and able to be inmpressed with a flat surface while
r et ai ni ng & Kenteetdiianainzay ) essthgdvietbelisnanopor ous structure, the coated
substrate 4 s , hi ne, and/or any
other art .fttnaawhﬁﬁéﬁvcﬁéégfvﬁﬁrz?d ﬂgﬁ%ﬁ%u%‘é%tﬁ? pitfe £ o RliRR e

fil m cldat edvssmbsctan@t eondilfttectby am!Mgammdﬂlqmd opigpeceqmyosition, thaan  obj ect

havi ng at .| &A%l QIS WibACsRANbiAGid REuREE f97 AibkriBRAFREY 1O TrPress a

pl anar

completing formation of the desired nanoporous silica dielectric film, by methods
modified 0 include contact with a planarization object, as follows.
(2) Increasing the coating viscosity by aging, i.e., gelling by a pre-added non-
15 vulatile acid or base catalyst and/or water, or by contacting the coating with an
acid or base catalyst and/or water after application to the substrate.
(b) Contacting the coating with, g.g., a planarization object, having at least
one contact surface able to impart the desired degree of planarity, or other
desired pattern, with sufficient pressure to transfer an impression to the
20 coating without substantially impairing formation of nanoporous structure.
(¢} Separating the planarized or embossed coating from the planarizing
object.
(d) Curing the surface to hardness.

25  [: will be appreciated that these steps can be readily conducted in the order listed
above or in a different order, as illustrated by Table 1.
Table 1
Order of Steps Description
(after coating
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WO 01/ 18860 PCT/ US00124847 or any other desired pattern onto the surface
of the coating, such as an optical flat, is con; acted, preferably under
pressure, V\n%gtl}i?%ﬁgoatl ng on the substrate. Preferably, ,‘j%p% ggned
supra, a release layer, such as a non-stick fluorocar bon rrace or other
art-known material of simlar properties, is positioned between the

p' anari z_ati 0 J\hl ect contact _surface and the coati ng to be Dla ari zed. For
conveni ence, tjhe reshsteste) ck fel ease material can be a non-stick fli | mthat
can be separ g ] T t—fromtthe—ptandr obj ect
cont act surfaceﬁazfsrgbdﬁ&%e 9 Rg???é" f{tghﬁ‘l&aﬁﬁbﬁﬁ&addltl on, if thg substrate
is only being coated on one sepdleteaftonmﬁbjmtandmmarq)rot ective Iayer of a

soft, je" conphiz i renm t reke e . t he
substrate to pr8 i . 3t RIFTRTZ24 P J?S’éaﬁ B?Iém ated that the
pressure and dur at| on of th<=sqpb1ateaimzcaﬁecnn step will vary, depgnding on
t he prOpertleS ettti-e~coatdin |nr\||u~ll nn t-he 1'\1'\ 15

precur sor materi%l(a) @5‘@3 19‘”5’?“"{"&%&‘?6‘5 %C‘ ellout 42ing 19 FeTiRWMess |and t he
degree of aging and.'or cu mﬁgseﬁaiat@mog}e@t (WMdSphlli€sh ¢l @£ at| the start
of the pressing. In a prefe %d asgl ect of the inventign, the applied
pressure rangds-from about QSP-Frempesiiongss-mixed/esied wigh gell Bﬁgéﬂ%‘ﬁcbl y, the
appl i ed pressyre ranges fromﬁp@mﬂg%@ew%)to 20 about 10 MPa (|pressure
units in Pascd . ion-of the pressing step preferably ranges from

about 10 sec t|o(Pakei) a9 (H plpwact P’&WZW@%F‘@W@W&‘BWm gojsstrigrot 30 sec
to about 10 minutes. |n a fykdiieh ARASE LR (hHSIBKRAGE YL, S0, doati ng to
be pl anari zed jcan be exposed 25 vacuum prior to pressing to |speed
renpval of vagors and/or di SERPEEonRI8EExedpr precsated wigh geilinggerd-yndesi r abl e
bubbl e formation. ATTernati VEl'y, (ne pressing Step can be —conducted in
vacuum Optionally, the filmcan be heated and cured while still under
pressure in Itpee qpties 8 fyid thet inshudescarpilican-based dielettaic preeussor a0 inBludgsPPARATUS FOR

PLANARI ZI NG A% %ﬁh@?ﬁ%&'ﬁn c%@ta%tﬂ]a ia%g’r@zqt:f cggjegﬁa%o?‘algedx‘x?ovabie,

non-stick film, before significant viscosity enhancement by the aging process has

5  taken place.

In another option, a protective liner and/or additional protective coating, e.g., is
applied onto the substrate surface, prior to application of the silica dielectric
precursor(s).
10
At an appropriate processing stage after the substrate is coated, while the coating
remains plastic and able to be impressed with a flat surface while retaining the
capacity to form a desired nanoporous structure, the coated substrate is transferred to
a press machine, a roller machine, and/or any other art-known device for impressing a
15  flat surface onto the film-coated substrate. There, a planarization object, i.e., an

L

object having at least one surface having the necessary capacity to impress a planar
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PATTERN ONTO AN APPLI ED DI ELECTRI C FI LM The invention provides a
conpression tool for planarizing and/ or enbossing dielectric filns on
substrat es rse, the artisan will appreciate that L ive 5
conpr essi ovrvlutgolgﬁ%gdrjray be applied and controlled by any su?{hzg#dg}igd%-knom
press or enbossing apparatus, including, e.g., an arbor press, a hydraulic
press, a pneumatic press, a noving cross-head press, to nane but a few
Gener al | y or ttheothendesired paiterppie he sustaceief theleosting, sushjagen opticelflabis | east one
face having. a..q4l Brefdti@dsr 93%@9%@ bdati LVfsi-ipoe to the desired
pattern to bell ] rreesse)?rmor lJTe 0sse %nt oﬂgag?je}!e(s:tdg?c film Certain

enbodi nents are preferred. Wth reference to Fig. 1, a vented conpression
tool (1) ig.dbiyskihe r.eMi Gé L heda sor, for the
desired diPZTeétlrisatg I I%e?%rg’iﬁglg%g 1 grdggﬁt_%é{?ﬁgst%%@%gﬁ%rface of a

sui t abl%e sulistpatter(aptRnowen myteriakof sinkilac propeatifseis positietied betweenthe | i ke, as
descri bed i.n, al L T j / ed on its opposite
surface V\Apf‘ﬁdrgz%é%&p{))bd?%&%%&ﬁage ﬂgﬁ%@%@ﬁég?@%%% I 2{?% support (30), e.g,,
an el asti coanrdiccabe agsstivkaelenst materialean beopmtsyinkefilnpthet aan bsheet t hat wi | |

el astical |l .-.-d f.or m. [ e for | agnount of

fl exure ofbx‘tdﬁgd\sﬁ élte ?grf%%g%%a? o eqvl’g%‘lﬁ(rd\]lg?% @%‘? g‘?’%cgg?ngac}) il cn%'r% substrate
def or m ti eby plgnagZedwastingt Incdditipm ifthe substrateis enlydiag caatddainaine silé @tkness

variatjon 20 (TTV), .. i Qi r i I ' and/ or backs
t he coir%(;l idﬁtlﬁ?e‘ %Br:)%eg%lfé. IH'#ﬁga %oo Tcéﬂlg’ﬂ%%ﬁ’prg%ﬁa?gi Ilat%%@%@?‘%!r)\tﬁgre nmbodi nent
(30) is prseker diblsybstatp & protest iffemin ddmage.uf f i ci ent t hi ckness to. be both
conpliant and supportive. Suitable conpliant materials include, for

i nstance, solid or void-filled elastonmers, ens., a solid pad of an elastic
25 pol ymerlt eill 4w belaprtoated thit] thaforessurp ned durationed theiplanargzafibrustep, widlas or | i qui d.
In additiaon,, .the.co | p t. . C IS Urely vigcous materials
such as " p‘i‘lpcﬁb.p"n%?%%ﬁ,m 8‘%&?@% dlqg{el%eg%ﬂ]ecxc;%éwé nglu@'ﬁggheé eé%pi ng surface in
opti cals pairécshbngatpnia,cesesty, of the coatingidoatingasbigkress apf thet degre sfaging pr operti es.
One useful_property I =tvp I J their viscosity can be
regul at ed ‘6@"3 “eur[rlﬂé’rlg%&{gl%hgg{a%%] pgac{gﬁéﬁ\g/lk%léggéhtég?‘te%?ﬁgf he pitch-type 30
materials. 49

In a preferred aspect of the invention, the applied pressure ranges from about 0.1 MPa

to about } GPa. More preferably, the applied pressure ranges from about 0.2 MPa to
20  about 10 MPa (pressure units in Pascals). The duration of the pressing step preferably

raages trom about 10 sec to about 30 minutes, and more preferably, from about 30 sec

to about 10 minutes.

In o further aspect of the invention, the coating to be planarized can be exposed to

25  vacuum prior to pressing to speed removal of vapors and/or dissolved gases in order
1o minimize undesirable bubble formation. Alternatively, the pressing step can be
conducted in vacuum. Optionally, the film can be heated and cured while still under

pressure in the press or after removal from the press.

30 B APPARATUS FOR PLANARIZING AND/OR EMBOSSING
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WO 01/ 18860 PCTI USOOI 24847 The a;ornpression tool is then forced into
contact with the applied filmof dielectric precursor (50), optionally
before, duriygpgg Als &fter agi ng/ gel ati on, by any art standarl',g &gmmqachl ne,
gg, an arbor press, a hydraulic press, a pneunatic press, a noving 5
cross-head press and/or conbi nations or variations of such types of
presses. As a con sequence, the topography of t he conpression tool contact
surface is transP&TTER (QAN APRITEDTH FiLMus effecting a one-step
pl anari zation or embossed pattern. The dlelectrlc filmis prevented from
adhering to the working surface of the 10 conpression tool by a non-stick
rel ease nat &hé mwemhaPIOW@emompmSi:bmadffmpmdrimg andat edbossing diklectrior ki ng
surface of 0 [ I d.as.a sheet or nenbrane
over the di tgpg %rsﬁlgn‘??e? Ofss %89 thed is)a?‘é@{s% %%a@at SRSy nentioned, this
can be aS5Tektbmpression tel may ba'appyq:dancbtonnellaﬂg@nmmleah -kndvin padsloe t he

conpr essi on t nt act ctric fil ases or
vapors rel &M nglgé E%ﬂ%r aguﬁdg‘f] cgngev&pg}aéﬁqr\%es%g%ﬁ?tg Ip&q%s,ﬁrpa%ugxiag s may be
gener at ed. Yesieuioving orves-lead preds, hasme Buraféwig or venting such gases or
vapors, bubbles are likely to be inpressed into the filmsurface. Thus,
any generated gases or vapors are vented via the purge inlet(s) (70). Once
the filmi sQaheaﬂarr ihz bexive hmfaﬁﬁSmﬁ:dw ztnh:bjictclﬁn‘zhic dt Bdst 30e ﬁa@ﬁa@rﬂga tEe

conpr essi,on _t.0 ramt er .surface, .co ting the

pr ocesssml n5“‘?8%6%8%5*@’?8P?géavcé%ﬁd? FP@%FS“&@&*}@H tﬂg"? FERTES ‘g‘if Fig. 2, the
substrat e (8fposasichntoch didlemia film. Cettam éxawdnhawsazmpzefeﬁmemmfewﬁee The convex

shape is i ed by 5 conpli ant ort (10 t has vacuum " chuck"
(1365 on 1 v B g vaied chobrohes Sy o HRRE L, dmlertob s poiRed A 5ty 1 n

pl ace. Thi spebusde, fosthe Bahed dickade ﬂiiﬁi{@)())as ﬁﬁbﬁ'ﬁd orﬁd’lﬁaerorhfh”gysuﬂhtietoiﬁm e

mechani cal

hi s 16 accOBPRE SHBE B0k e ) ohEeRrtighonct it (s o8 P et el i n o

pressur g5coppad.t THRUbstrde &) suppdfted &flltsaip@&;h@mbfaaéiﬁ@iﬁ a QippSHETIAE ishor e pi stons,

that 30 are si.tioned within ant support, 5
x%?erabﬁy a compliant support %3%? rggl e astlc and cornpressxble polymer or

copolymer pad or sheet that will elastically deform, as necessary, to compensate for a
small amount of flexure of the substrate and to eliminate the effects of minor
substrate deformities, e.g., variations in a substrate wafer’s total thickness variation

20 (TTV). Arigid support (40) opticnally underlies and/or backs the compliant support.

The compliant support of the instant embodiment (30) is preferably a polymer pad of
sufficient thickness to be both compliant and supportive. Suitable compliant materials
include, for instance, solid or void-filled elastomers, e.g., a solid pad of an elastic

25  polymer or an elastomer bladder pressurized with a fluid, gas or liquid. In addition,
the compliant support can comprise purely viscous materials such as “pitch.” Pitch,
which is used extensively as a lapping surface in optical polishing processes, is useful
because of its viscous properties. One useful property of pitch-type materials is that
their viscosity can be regulated by temperature controls the viscosity of the pitch-type

30 materials.
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WO 01/ 18860 PCT/ USOCQO 24847 I n one optional enbodi nent, the convex shaped
substrate and dielectric filmare forced agai nst the conpression tooI by

cont i nui an%@nrsg?jose the pressure in the conpliant conpgg W Hfl,t full
contact is hi'eved. 5 Wth the substrate, and its dielectric I% coating
in a convex shape, initial contact wth the planar conpression tool (130)

occurs at the high point of the "done" (140). Further application of force
(150) through the conpression tool causes an increasingly |arger contact

area bet wegn. &,08.GOTRLES %l'leﬂ %r&%ﬁto%@ﬂa& %hftﬁe ?hhe WeiR oFGiefepilit! NUi ng

appl i cation of 'progressi vegé I ncreased force entire filmecones into
contact wptchu E(heSCﬁmPpP@élﬁlb re; dging orpftes aginglgelationy byny|artisiiadashse in the area

of contact, y Jolg as éma%é i Adving T educes
ent raprren%) eobfrgglcgg%rﬁloraﬁé%g pgesgblhg ﬁ%ﬁh&’bﬁ@b\ﬁ FI d ‘ot her wi se i ntroduce
a surf acecaefmet presssnfiogcongbipations afeeriation Qf§ecmpp°3|0éwessﬁs tAsea aohr cl ed aspect

I dentifi ed a?ncep}';et'tﬁeé:icpgv ofztheI‘g}gI?]restswE't(% i%‘b% $u'1’1%£é§‘r 1 ({T@ di ment of the

i nvent i on”WHer ei ressi ool I's crarte i ndi vi dua
scri be |i decif:z 7i0h, thws etfﬁaemgumc-sm ela(lam@t)oncomsmb@pmmttm- pur ge | nlets or
vents (190) passing through the conpression tool, as well as purge
channels (200) - eg,, matching the inter-die scribe line - running al ong
the face Gh: fibiectdOfiboisprayswediiomedicring lvgbewplingeuifseof thear e connected to

purge éﬁh$E§§ér§sslon 1B LRQA-stfcg?e‘?ease 91§tehag tl?a?%"é{?u&rgll Qﬁx&'l Sofgg detail (A) of

Fi g. vents can oca ions, but are
pr ef er abl yn dmnwelongsjlrf[acﬁ afttles qympgp@sm‘nianlr(év)somphdd@s aglkeeperessi on t ool face.

Th h f b
[ neb 1 hat AERAT aree e TUARRR bl et R ARDY, MPREHEIAnBlnt e (01 S ST

25 purge chatnrreT@lorx‘%mr similantype dfgeltese mptedinloss” appear ance of the waf er
scribe lines. The purge channels and vents facilitate nunmerous processing
steps, including renoval or application of gases, vapors or liquid

sol ut i18ns Violettiecomplestiomtoel (d)is imepnaorwpithethe dielectric Ailm,gapdsioavaposuppor t

anal ogous rLt 1& ﬁtt,( 6%ftc-n oxgg\@vap&af vebir gglatldn pr&%sjeg ngl Lé/ ge%@lg e8y®ﬂhou§ 1
some cutlet for removing or venting such gases or vapors, bubbles are likely to be
impressed into the film surface. Thus, any generated gases or vapors are vented via
the purge inlet(s) (70). Once the film is planarized or impressed with a desired

20  pattern, the compression tool is removed from the wafer surface, completing the

process.

In a second preferred embodiment, as illustrated by Fig. 2, the substrate (80) and
diclectric film (90) have a convex surface. The convex shape is imposed by a

25  compliant support (100) that has a vacuum “chuck” (110) on its upper surface that
ho.ds the substrate or wafer firmly in place. This chuck is then flexed into a dome
shape. Any suitable mechanical pressure can be applied to create this flexure.
Prererably, this is accomplished by raising the internal fluid pressure within a
pressurc compartment (120), .., an inflatable bladder or one or more pistons, that

30  are positioned within the compliant suppbrt.
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WO 01/ 18860 PCT/ US00/ 24847 |In :urtzer enbodinent, as illustrated by Fig.

4, the conpression tool (210) is crafted so that purge vents (220)
correspond t @ohskes channels (230) in the substrate or di epafﬁtﬂubn this
enbodi ment, the conbi nations of purge vents and purge channels are used:]
for renoval of excess liquid precursor (250)fromthe substrate surface as 5
conpression force (260) is applied. Reducing the thickness of a relatively
thin liquid fi Imover a large area requires either an unacceptabl e anount
of force, of gﬂg,q Mg iRfed d b St ze filnl effect is
greatly redtlﬁ:gr% °8§&é’r:e ug%egﬁe ar%%ﬁgﬁc{a%ug%ﬁe}g%gwﬁtgyﬁﬁ%]ﬁﬁed. 10 An

i ndi vi dual déreediagains thelsempresson tepfi byl Otinding teeaissutbs presste iff thaf er ) di anet er.
Purge chan . i i.nes would all ow planarization to
occgr nor e gﬁ%’@t?%#%%@mg?%%%ﬁ‘o%ﬁ‘%‘?%@l"?ﬁce as fast relative to a solid,
non- chanéel ed conpression tool. A conpliant support, anal ogous to that
shown in Fi gy | f] I ed. 15 In addition,, the purge vents
and channel g‘f%hii%e %%g%?eb%n%ﬁgéi%fy etcggi%lrlf?é%agmégéasceogve&rsgﬁeq’mt‘alscon #t o the area of
t he fil m beiwity thelpdanar domprssi@stodll(1303 becatsadthbyighbgint & thd dame140)d/ or  gaseous

sol vents (2%0), are..pushegd.thr the purge vents %280) and channel s or
scribe i neg‘u%}%@plxgz#rtogppfioﬁg(@@2@{0@2}5@%0 G R ) & " made conpl ete
contact Wi t imcretding Ijr]acge'rcbnfabtalrembpmermhswmpr%wicnhﬁiQfdeh%ﬁl]?x. }‘Wiﬂm hardens. The
sol vent s enployed, ..q.& 20 to renove u nted |iquj i | m precursor

mat er | allbf r6mt “n')e(\g %ﬁah?%:gh Sfpé%grfsﬁldfelﬁggmase[&ggc? ﬁ@%ﬁ%\mﬁ’é?"éﬂ%fm‘gcri be ines).
Only a lini tmcqu'amthiebwmssbhmosahmwuafrémmﬁhmn ﬂﬁb}:ﬁﬁ%f&cﬁl&& ﬁr ea (over
the die, 32 because of the stro menj scus that can format the junction
of the die g‘%ﬁ?ﬁ hGPPRE %aa%ﬁfne”é‘gis‘g%taf’%ag‘y .m#ﬁ‘f?n‘i‘?@me?c‘lfé’ WOBATEF it sol vent
m gration obtibleshBudibebidssemultveiicenibdiatrbdicen hatked@enrt.pl anari zed or a pattern
has been 25 enbossed. Additionally a conbination of suction and positive
pressure through the purge vents and channels is optionally used to
enhance 15i | Rigp} araidez atlberup vﬁwrraﬂmel dﬂylewaapd feétridsﬁtiﬁaiﬂse;\" 198 21 Thuks) al conL act
of the compression tool wth the |jquid filmprecursor, a vacuum can be
enpl oyed to%1§cg(}lé‘?ﬁ‘iesé§ﬁl\é\‘g°éi"?‘?”ﬁ?ﬁthe ‘ﬁ?"é’t’i‘ﬂ?%’ ?re‘.nﬁ? W%W%%O?lﬁ{@?face of the
di e and conpregsed sorhitgedividAf éceibe fikte (100 Pbd Belsubttai8 (1R0)CKREHSnd 1§

purge inlets or vents (190) passing through the compression tool, as well as purge

channels (200) - e.g., matching the inter-die scribe line - running along the face of the
20 compression tool. These purge inlets are connected to purge channels in the tool face,
as is shown in the circled detail (A) of Fig. 2. The purge vents can be arranged at
random locations, but are preferably connected to the purge channels on the
compression tool face. The purge channels are generally preferably located along the
wafer scribe lines that separated the individual die of integrated circuits wafer. The
25  purge channels can mirror the “cris-cross” appearance of the wafer scribe lines. The
purge channels and vents facilitate numerous processing steps, including removal or
application of gases, vapors or liquid solutions to the substrate during compression.

A compliant support, analogous to that shown in Fig. 1, is optionally employed.
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52 Wc) 01/18860 PCT/USOQ 24847 achieved, a conbination of liquid and
gaseous solvents is then pushed thought the purge vents and channels to

renove un iquid filmprecursor fromthe scribe Mmel | as
WB]?%«{ onai /?&?ce

the conpressro %00l page vent and purge channels. Addltl can be
appl i ed between the conpression tool and the conpliant substrate to prevent
5 this positive pressure fromprematurely separating the conpression tool
from t he Mialipmizer Gniasliméns ag illuﬁvﬁabb)’tfé@ﬁ, the cetemression toad (2 16}is crafied posi ti ve

pressure (i Ppﬁl j i ating the

conpr essﬁ%n olértg°P %?%% %‘gd}? &\Jg@ &Q(Izﬁgh?lltef%tﬂhs%tréepgrgr ed enbodi nent,
as il ust@atied this eﬁxbgdurﬁm thheombmqjmesdipturgetvwk andspuig® chamels@reof a

coor di nat ed ra 0 re each small er

in cross- sec? |{°on alO% feter Lstll%g{r{ipp{rﬁ%géﬁ(g?r@ﬁgéﬁp S%ﬁ‘rheatessuﬁg?e%ate (350) to match
the sige ccmnﬁcsmpmedz6m isdippiiduﬂedmtgshﬂhlcmdsmfgﬁehwdl}ethmjbmtd ate, and that
are each loat ed w W el Sk el 3)3 na(te{](igaflré%% as descri bed
above. ﬁélh%t“htg Eﬁ%afeﬁ CYEE 8‘%“&“ 6?‘) c 65 hat ed array is

opt i onal | ynaft@praetd amﬁumng/nmurﬁhsr“sqﬂeezsrmht’ effest s graatigseduad byool s, ranging in
nunber, for. ex out 20, or nore. Mre preferably, the

coordi nat@&““éﬂir g%/)arfdsth%tﬁf‘{pc?ﬁgfelqﬁ?u ornmed of 2 to about 10 small conpression

t ool s An el astic or pitch- type conpl i ant support (370) as described above
for n e oyed. o osipte side of the
subst t ef "8}55‘{‘ %‘ﬁpq"f?c’tlgtg?or%é W/&mﬁﬁ%f stratg) €"§ )[d'fxgéf)r) i>m‘%ﬁe smal | er

conpr essi eandetxainangedlaothe Saibe llmcrsgmuubaﬂioatpﬂanwaubn mdosﬂrmdrequigdmfi | e across
the wafer (TT aflner Jan i zation on

t he i ndi vf—éu \Qodf%aﬁ%mgmge ?SE%S?@ 1H5Po?azsé> id, ”Cha g‘aufx’rmepdestg ntoggdl tion,

smal | er canpfigissi mppctrqahaslo@netosharpﬂoammﬁ@ lesq;tmmbrrmmt@cd han a | arge wafer
sized 25 conpression tool, and can be prepared to have a surface that is
much flatter and snoother than that possible on a larger tool. This wll
give asgr Bﬂt-.ielﬁlotd,@l@ﬁpﬁ%eﬁifents phddhandelatn slso beoustdd ifijedtigasses dritiguidndi vi dual die.

The | i vi UL o o8 de TR hAsiocOR s RPHEO Tidla dRREC Lo 2 sinale

gascous solvents (270) are pushed through the purge vents (280) and channels or
scribe lines (290) after the compression tool (300) has made complete contact with
the liquid film precursor, but before the film hardens. The solvent is employed, e.g.,

20  to remove unwanted liquid film precursor material from the scribe area (adjacent to
the channels or scribe lines). Only a limited quantity of the solvent affects the
planarized area (over the die, 320) because of the strong meniscus that can form at the
junction of the die edge and the compression tool. This meniscus can limit solvent
migration onto the die area where the film has been planarized or a pattern has been

25 embosscd. Additionally a combination of suction and positive pressure through the

purge vents and channels is optionally used to enhance film planarization.

Simply by way of example, upon initial contact of the compression tool with the
liquic film precursor, a vacuum can be employed to scavenge excess liquid precursor

30  irom the interface of the die and compression tool. After the desired film thickness is
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30 machi ne, each being raised, |owered and appl ying conpression force (390)
53 WO 01/18860 PCTI USOCO 24847 sinul taneously and wi th approxi mately equal
force, or al rOE@&c?it;yel y, one or nore of thc::;e conpressi ;&ﬁé,ﬁ&ﬁan be
operatively [inked to a separate press machine, eg., a hydraulic,

el ectro-magnetic or gas-operated piston, chain or roller mechanisn(s), with
one or Mre separate controls. In this arrangenent, the conpression force
depth of 5 egH§cdscomhinatm oflind prgagsbucwinsnis ssheppushed tesghttiezed for each
die on the f j ' pLcuit or
device. Si W%F}}%égiﬁv\%g c%@??ﬁd%?&;ﬁ@g%\ﬁgdnl v%%lﬁg’ﬁ%ﬂfs?%%g’?gﬁbc Fig. 7

i || ustr at es liopfeaserall as gheicomprsssianftoa hageiventand pwae chopwisatdditinal farcesi npl e ar bor

ress. The f - i ] by whi ch
1P orce is apf): e pé%@%@”k%ﬁg?s 5%1&() ﬁ%%tq%g c%o %Ji"!é%ik% g‘gag%{ol%%?%?tnt, whi ch
al l ows fdr dusppsiipppicssate foom pEmathielypemsating thetcompresseongut dsmitenfilitool  (430),
havi ng t he j r Ki .that is,.applied tq a
film goat edtq/ﬁvg?%% ﬁ?ﬂ%ﬁ%?m{r%gdteﬁgéSﬁg%q%&éﬁ%ﬁprfsﬁ%rﬁ)(l? PR grg.? e gauge (460)
provi des amnnd chdires) asistsaf sepiratingobcremamsdiorcdoltfnt theplasdrieed filk. r el ease
material (not illustrated) 15 between the working face of the conpression
tool and the filmcoated wafer, allows for release once the inpression is
conpl et e. Threa fifth prefriredjermiaxdiment, & iligstated bp Fias 6,38 aompteasivd dootds r at e t he

i nventi on. 1. This anple illustrat I ocess erein a
precur sgrIa i éc%gﬁﬁxge?}hé\??nkghm{f%% ‘ﬁémglg%%?p,ress‘f’ﬂé’oﬁi(g@ﬁgépﬁﬁ?cﬁ ﬁrﬂfm’lépi n

deposi t ed ot gosa-sstioh diemetof than the Hinmeter ofalfecsubdvani(369) @ quath ¢ size of net al

opt1 o5 11 at Ryt BeRial e PR e Biinb e i e FES cord R 25" mhe bace
mat eri al s, nore$tickl ralgpsamatedd] €150) ascleribeinbsed. Depehditip oadhietgsingdOt , were m xeg
for .30 sec _before the.suhstrate was,spin coated gnto test wafers of 4 an

6 inches i npmgvcg’r’@?%)ﬁdm?geg 3Ty 15 OPYGRRLY 10pTRY ﬁ”yamg%f*'l’ ‘Eféﬁ’aﬁ machi ne (Solitec

Vaf er Pri6cesahpression tools, ranging in number, for example, from 2 to about 20, or more.

More preferably, the coordinated array is optionally formed of 2 to about 10 small

compression tools.

An elastic or pitch-type compliant support (370) as described above for Fig. 1 is also

20  optionally employed on the opposite side of the substrate, optionally resting on a rigid
support (380). The smaller compression tools allow for large variations of substrate
profile across the wafer (TTV), as well as allowing a finer degree of planarization on
the individual die where the planarization is required. In addition, smaller
compression tools are simpler and less expensive than a large wafer sized

25  compression tool, and can be prepared to have a surface that is much flatter and
smoother than that possible on a larger tool. This will give a greater degree of

planarization to the film on the individual die.

The individual small compression tools are optionally ganged to a single press

30  machine, each being raised, lowered and applying compression force (390)
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it c.. San.Jose, California) using manual dispense with a spin speed that
ranged from 30 1000 to 4000 rpm The precursor was a partially hydrolyzed
and parti a{vlc%lﬁggéjensed 54 WD 01/ 18860 PCT/ USOQ 24847 ; ' gooﬁl"bpxysi | ane
conposition (avallable from Honeywel | International Inc., vanced

M croel ectronic Materials Sunnyvale, California as Nanoglass(r) K2.2),
prepared with 21.6 % EtOH m xed with 8.75 % nonoet hanol am ne ("MEA") in

Et OH MEAsingtignaeasly andavih apprezineatelyyeaval fargernr alterhasivelyit ong cofmopgrafcur sor to t he

base 5 rm@@&;r@l}f&ﬁb@%%caﬂ-f)eoopgéﬁ@ REQH o decBart® prelliRadifiRC£5 5, Can be

sumari zed as f OWs: .m x "Nanogl ass’ precursor w (defined as
time 0). hpjradepdsitio-mapetiysirgas-oreraiadpistons clisircmmolivamechanik®(B)wigut wafer into
press. and (PR vord Sl A UdnedlE o i dbdraQordeh S UohBlesdidd Brdllaeom &) ! €ave TN
press for 10 mn. return to spin coatér, pe orm solven exchange usi ng
HVDZ/ 3-5pentaprosson and guratiairof corgpression igdustomized for eath di/GCGhamdsti@d f or | i n

each. 15 []Qqnﬁﬁ[gﬁgg}% dgwegifﬁéﬁ#%?&gﬁ?ér ‘{’ggf&n After mixing (tinme zero), a

flat Teflon was ap he coat ed wafer, and the
conbi nation was put into a press for a tinme period ranging fromabout 90 to

about 21Q. . . .Epﬁ (o . . m ... IThe press was set at a

pressure %z‘iﬁﬁ?ﬁ‘g@%gé‘#%%&é outﬁ“g@&ﬁcl)’hg%%%%'ég%g@?.atelsr?élepressed substrates

wer e r enovedodimernof the ipventiv appanatussio hw simiplesaxiooin arege dTha $iamg (4400DZ/ 3- pent anone,
and t hen ! . . E 2 25. Thi xampl e

il usP1 (raat ggﬁgqﬁ%’gé‘ég&%q@ga&%#lgsj%g&’ﬁ’?g)gcg $ gp)é?fl\)qatnlhm&é%%gllsfoél c())ﬁt 0 a silicon
waf er, t heo weokaabld balltjbiat) whigh dllows for evbmagipdicatioo of the giessare tper i od, pl anari zed

OY Pr eSSt Geod:0nd0 o), avifif ok BRbe I RS W) fobe hallsBhfihiS £ 111 mwi th @
film-coated wafer (440), resting on a support (450). A pressure gauge (460) provides
an indication of the force applied to the wafer. A release material (not illustrated)
15  between the working face of the compression tool and the film-coated wafer, allows

for release once the impression is complete.
The foliowing nonlimiting examples serve to illustrate the invention.

20 EXAMPLE |
This example illustrates a process wherein a precursor is mixed with an aging agent,
the mixture was then spin deposited onto a surface of a silicon wafer having a pattern
of metal wiring on that surface. The coated wafer was then placed in a press with an
optice! flat having a release layer in contact with the coating.

25
The base materials, including a dielectric precursor and an aging agent, were mixed
for 30 sec before the substrate was spin coated onto test wafers of 4 and 6 inches in

diurneter. The films were spun on a Solitec™

machine (Solitec Wafer Processing,
Inc.. San Jose, California) using manual dispense with a spin speed that ranged from

30 1000 to 4000 rpm. The precursor was a partially hydrolyzed and partially condensed
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coated conpression tool as shown by Fig. 1. 55 W) 01/18860 PCT/ US00/ 24847
The aging process in the chanber is as follows. The chanber is evacuated,
dosed with por to various pressures for a fixed i me,
dosed with a“n%totﬁ{lg%gas to a higher pressure for a fixed a%ﬁt‘fsﬁ nme,
evacuated once again for a fixed time, then the pressure in the chanber is
brought to anbient by backfilling with an inert 5 gas. A precursor is nade
by m xi ng, ®Hidakogysilang qegposiionrtivalable facet Homeywiell Emernatiofal iifc., t et : . aet hyl ene

gl ycol, 4.8%40i ﬁﬂ'ﬂ% : ﬁgg AMni tyic.ac nc. | 1 NO,
diluted to M T I's mie?ﬁ?rg@&gsm%l en %@?el’g%(hefl 1 aisﬁ\%m 1357&?%%' ’cont i nuously
for 1.5 hodrepared Wah2bod BHOH mixedwith 845 &F modvethapantine EDIEA"Sindi | ut ed 55% by

wei ght with hgial ;. Whi NAANR roxi nat el : of this
diluted pr et b@g'o?ﬁ?‘sls %@%rlggllaﬁ%gg%ﬁ 0° %gjegt. ﬁﬁ‘g ﬁa%g iofgréﬁﬁ%r\%aalg%ggs%n a spin
chuck, aAd t3vees foam aliouPBQBA toghout 30.260 seconds. Two films are deposited in
this way. Each filmis placed into an agi ng chanber, which is then
evacuated :o | nmbar (.76 torr) in 30 seconds. Water vapor is dosed into the
chanmber 15 dhe progeseeasibe gummaygedigy foliows about 7 nbar (5.32 torr) to about 14

nbar (10.64,{orr r@t a res i f .dei onjzed water at tenperatures
rangi ng from Bt agoéﬁséu?m%w“g%e@?i%@@ﬁ/‘)‘?‘e?)he wafers are left in this

pressure rappdepesit and b fleafas sifiecth wad@rseconds. Ar inonia gas is dosed into
the chanper . to a pressure rangjng. from about 855 mbar 20 (649.8 torr) to
about 88@ n@a@“tt‘%%ﬁ‘.né’f’?séﬁ ﬁpgfﬁ’ﬁgﬂ%?? ghest (@0 10 2185 aftef e P)- i nute at this
pressure rangeave Theregfaimoesini S evacuated for 30 seconds to 2 nbar (1.52
torr), then_ i medi at el ba%kfilled with air to ambient pressure. The

waf ers are PERFTEE SPIR SR HRSTRmLIpbERt cXefngesivgIMBE Auestamveo a conpl i ant pad
in 25 a pregssdryA flat, vented, conpression tool according to Fig. 1,

havi ng a Te%l on'1 %oati n oen tgeo wor king surface is contacted with each
coat ed waf eP) Fobplatg i‘lfer‘?élﬁe ViCiaGimyg epstom about 90 to about 210 secs.

The press i %) fagkceaureat PUSS $04B6mmangi ng from

After mixing (time zero), a flat Teflon™ sheet was applied onto the coated wafer, and
the combination was put inte a press for a time period ranging from about 90 to about
210 secs after the base material was mixed. The press was set at a pressure ranging

20  from about 25 to about 60 psi. The pressed substrates were removed from the press
and solvent exchanged using HMDZ/3-pentanone, and then baked at 175°C and cured
at 400°C.

E LE2
25  This example illustrates a process wherein a precursor is spin deposited onto a silicon
wafer, the wafer is then aged in a2 chamber for a given period, planarized by pressing
the aged (i.¢., gelled) nanoporous silica dielectric film with a vented, flat Teflon™.-

coated compression tool as shown by Fig, 1.
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about 2 5 to about 60 psi. The pressed substrates are renoved fromthe
press and placed on a hotplate at 90C for 2 mnutes, followed by an oven

bake at 17 30 m nutes. then another oven bake at
m nut es. €‘e% ({}\gés‘; s are renoved 56 WD 01/18860 PCTlUSOOfﬁ@'gG/MZ romthe

press, and after cooling are neasured by ellipsonmetry for thickness and
refractive index. Refractive index can be linearly correlated to the film
porosity. Tlﬁ\ amrefj*rrmssunﬂmchdﬂ)erufas Iol[bwssrht@m&mors@samyteamdscﬂ with i s dense, 0%

porosity si a%r mpor "y anou\s',\% R f%ce%grg %8? Gt e%?sex “‘F% II?I, g?%eg; r ?Re

m cr oscopy surface anar i regu gl
nmeasur ement:shigfer pﬂasunefonmedamouhtef gme,revacufited mcetag:mﬂ farmmhiaﬁmt he i ndex of

refractio d the thickness are w.thin.ac t a ts t he
surf aces ﬂ}c pﬁé’ma?“éﬁlgélferﬁhﬁm ST e hgppalng’ ?ﬁ gL i’"‘i‘%e processes of
Exanpl & | garexwrammtemadehy:meng,haﬂe $thang4vﬂteﬂ&rrae‘tbo;dya&hec61aﬂd dried before

Cepoat b0 e ahaR. AL AR e agrer UM BB Conc TEL B WA e

still in tihe,pithessto ). tTs mizpird wax tharrefiixel eatle staribdienfmaiuelg faf t he press.

The wafer re then re ed fromthe press en back as
descri bed b % V11 SETEUSHIS ﬁ‘gﬁdessbf‘%y ail‘:‘)?’ﬁ le 1 are

r epeat ed, emmﬁhxlédm&ﬁngt he press is set at a pressure ranging fromabout 10
to abﬁgt 30 psi. 25 EXAMPLE 6 This exanple illustrates a process wherein a
precu I's spin deposited onto a silicon wafer, the wafer is then aged

in a Chanb@prof(i(m’ateﬂy s mnfthsrdilmdd prechréd?évdegositediontd B @ incagilisgn process in the
chanber {515 foll ous C anbei bs e}/a(ibuat ed 0S W th
wd Cronaspinc uck spun on at 2500 rpm tfor 10 seconds. Two films are

deposited in this way. Each film is placed into an aging chamber, which is then

evacuated o 1 mbar (.76 torr) in 30 seconds. Water vapor is dosed into the chamber
15  at a pressure ranging from about 7 mbar (5.32 torr) to about 14 mbar (10.64 torr)
(from a reservoir of deionized water at temperatures ranging from 0°C to about 25°C,

respectively); the wafers are left in this pressure range of water vapor for 30 seconds.

Armmonia gas is dosed into the chamber to a pressure ranging from about 855 mbar
20  (649.8 torr) to about 809 mbar (614.84 torr); the wafers are left for 1 minute at this
pressure range. The chamber is evacuated for 30 seconds to 2 mbar (1.52 torr), then

immediztely backfilled with air to ambient pressure.

The walers are removed from the chamber and each is placed onto a compliant pad in
25 apress. A flat, vented, compression tool according to Fig. 1, having a Teflon™
coating on the working surface is contacted with each coated wafer for a time pertod
ranging from about 90 to about 210 secs. The press is set at a pressure ranging from
about 25 to about 60 psi. The pressed substrates are removed from the press and
- placed on a hotplate at 90°C for 2 minutes, followed by an oven bake at 175°C for 3

30  minutess. then another oven bake at 400°C for 3 minutes. The wafers are removed
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wat er vapor to a fixed pressure for a fixed anount of tinme, dosed with
ammoni a gas 30 to various higher pressures for a fixed anount of tinme,
evacuat ed onggepgig? for a 57 WO 01/18860 PCTI USOQ 24847 c{r sdabe, then
the pressure in the chanber is brought to anbi ent by backa Ilng wlth an
iic-: gas. A precursor is made by mxing, while stirring, 61 m _
tetraethoxysilane, 61 ,,,1 tetraethylene glycol, 4.87 m deionized water,
and 0.2 m  TomHieprse andaiter ccﬁhpg;areme%p{edbﬁel(ﬂ:llgsme'nfqr@f1¢}mgg@n¢m| le stirring
conti nuousl S, precursor is
di | uted 55%%%‘91\5\%%‘1& 'RQHéc%ve{n ;bﬁlg é)iw yeé%g? 1|ar&g:&;nt'm%l OIBJ*Q %tel y 1.5 m
of this dilBtagvpi @Wfs‘d)rls ﬂ%o"/dgp@ssfma@tﬂ@ﬁwderae % mdrBIISBIIllca;dfhe waf er on a

e L T e A i O

is evaataategdarty IhmltS@f the meggutements oBbe samopmals didlatrerfitmapor s dosed

into the ch fro [ esel i.r. of .deionized
water at 25 qﬁ %ﬂ?r%]ﬁ{de’]x gégggtléél%éd%e%}?%sg rsrg‘ Qllq Sa“f}ressure
Ammoni a gasthesxrfdwedthmdtettcmhélmmﬁarar.to a p-e sure o C2 70 nbar (205.2
tort) for the first wafer, 506 nbar (384.56 ton) for the second wafer, and
809 nbar (614.84 ton) for the third. The wafers are |eft at these

pressures for 3 minutes. Next theEXAMRDEB is evacuated for 30 seconds to 2
nmbar 15,4 1. i ck to ambi ent
pressur ed T’ﬁ%&&%%%gs"ftﬁ& ik %g%’%é‘g%ﬁ%‘%% %athjgr%agesgﬁgeag%@ﬁ? pI aced onto a
conpl i ant pwfbre beingplpedmghe phess] at, vent ed conpression tool according to
Fig. 1, having a Teflon' coating on the working surface is contacted with
the coated wafer in the press for a 20 untie period ranging from about 200
to about 400 secs. The press is set at a pressure ranging fromabout 40 to
about 100 psi. The pressed subst%ﬁgﬁg renmoved fromthe press and

pl aced on a hotplate at 90C for , followed by an oven bake at

175" C i by STheipmgsessss, ofﬁhamlahabhmatm{meﬁtamwatwaﬁﬁ% hekeddt P0°Oddres. The

wafers are , the nd_af.t co n red el lipsometry for
t hi ckness an‘amﬁ{és WEEDSYIﬁaC R bﬁg{é%?pp%‘?{é 8?t§”§ g&fls %t?‘%/ﬂrﬁ?ect ed by
scanni ng el Betwatans are thensaopsd ffont the press for the final oven back as described by

Example 1.

20
EXAMPLE 5
The processes of Example 1 are repeated, except that the press is set at a pressure
ranging from about 10-to about 30 psi.
25 EXAMPLE 6

. This example illustrates a process wherein a precursor is spin deposited onto a silicon
wafer, the wafer is then aged in a chamber for a given period and then dried. The
aging process in the chamber is as follows. The chamber is evacunated, dosed with
water vapor to a fixed pressure for a fixed amount of time, dosed with ammonia gas

30 to various higher pressures for a fixed amount of time, evacuated once again for a
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surface pl anarity and regularity. The results of the neasurenents of the
nanoporous ciic'cctric filmconfirmthat the index of refraction and the

t hi ckness al in aec:-ptable limts, and the surfac

RGN b pl anar. 58 WD 01/ 18860 PCT/ USOQ 248 CRBIRRT 7 i
exanpl e denobnstrates that a catal yzed nanoporous silica precursor deposited
via codeposition can be aged in anbient clean roomhumdity to yield | ow
density dHP¢ Gpenthes;the BTPSSWE in the ehagber ip Broughiae appbipnt Ay hrckfilieg wWithThe precur sor

is synthesjzgd By @gféblﬂﬁ)rjrsotﬂacﬁ ?hlﬂﬁg,twﬁﬁl'é@%ﬂg)@l%llt&fi@moﬂ'&l&em— of

triethyl ene gl ycol nononeth dei oni zed ‘water, and 0.34 nL
of IN ni tof g taepdyleesglydebd- 37 ml deippizervaen angr. 7 mb M nititvecid oThis i on i s

al lowed taq, 1 I for 1.5 hours
to form a%sgﬁlﬁtls%hg%}fq@r%ﬂ% eﬁ*’g??‘% ﬁﬁpﬁwt}{ﬁﬁ%&ﬁo it is diluted
21. 6% By weitghtt \mstmecétshﬁﬁélluwdcﬁl”/ebbuv@ghtt‘*lﬁl methanokwhile stiring. cat al yst used
was mnoet%gﬁ!;ﬁﬂ@%ﬂ euﬁaﬁeféuéoﬁé?(epgmt h@Rl ihéh sflcBgnol to reduce
viscosity | ncrease t syrlnge punp is used for
deposi t i ony t*rheadmalch@yrandgm@ onab2 W spmifordd seeondsy Threedilms arand 20 i

syringe, EsRechh b wahiealh Ak, ARG iAbLARARLRMALE, khith & del i very tube.

The two tubes eachtermnate so t _ reans fromeach will mx
and conmmi rgiceawhion mbes (2§ torm) ine3) saeandss | Water vapenia dospd intohe ghamsbr The precur sor

|s | oaged t!)nilq)l rk(?lll rﬁg%&é&g&ﬁfgfé Fa?z%?‘lv){éi at23:d ARGRR vtk the smaller

syringe. rec _ yst’ are sinultaneously
punped at ag left atré0@¢cor_1® apytbis pressur eAmmonid gas wda-m_:l lm@p chamber @3 angle to form
one strea hy %qug : r is spun at
2500 rpm V@‘Ogtse—’g%}lb?&b?tzgﬁ \ﬁ%e;)tﬂer(;ﬁsrigtt‘%’%%: heﬂ#ﬁggﬁslﬁg If%fé% in a wafer
carrier cap«torlqidg@r,landSQ%HWé@ﬂ-Sﬁmhfm@nﬂ- Dhe wafers dietlgft atithase i s set at 35%

The film ipﬁ:s&ﬂ@ﬂbﬁﬁﬁﬂmie@.r Neéx? t8l Hamber is evacuated for 30 seconds to 2 mbar

15 (1.52 torr), then immediately backfilled with air back to ambient pressure.

The wafers are removed from the chamber and each is placed onto a compliant pad in
a press. A flat, vented compression tool according to Fig. 1, having a Teflon™
coating on the working surface is contacted with the coated wafer in the press for a

20  ume period ranging from about 200 to about 400 secs. The press is set at a pressure
ranging from about 40 to about 100 psi. The pressed substrates are removed from the
press and placed on a hotplate at 90°C for 2 minutes, followed by an oven bake at
175°C for 3 minutes, then another oven bake at 400°C for 3 minutes. The wafers are
then removed and after cooling are measured by ellipsometry for thickness and

25  refractive index. The wafers are also inspected by scanning electron microscopy for
surface planarity and regularity. The results of the measurements of the nanoporous
dic'cctric fiim confirm that the index of refraction and the thickness are within

acceptable limits, and the surfaces of the dielectric films are planar.
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The filmis then sol vent exchanged by depositing 20-30 nL of an aged (36
hrs) 50/50 (by vol.) mxture of acetone, and hexanet hyl di sil azane (HVDZ)
for 20 seco 50 rpmwithout allowing the filmto dry, Th ilmis

t hen spun dﬁ}gé]?;sfﬂgo romfor 5 30 seconds. 59 WD 01/188 %24847
The wafers are renoved fromthe chanber and each is placed onto a conpliant
pad in a press. .'. flat, vented, conpression tool according to Fig. 1,
having a Teflonr''' coating on t BZAMRIBE hg surface is contacted with each
coat ed waf ek, t ' . i from.about 200 to about 400 secs.
The press igmgg{am%%e daegg?gtg%{sﬁgt“r%ﬁé? ng agg%’rrﬁuggﬁoiﬁ &gﬁmtmégegg%tﬁ V#00 psi. The
pressed subsidepdsition aaneberagerbv entbientaiaat trempneddityan gieldtitve derdizat ed at el evat ed

t enper at ures,. . 1. 75C .and 320 respectively, in air. The film
i s charact e??zgog’éﬂé?/ﬁler{l%tilagtsco et“r’%(/iﬁ)(gla%?&z‘é%m ne the refractive index and
t hi cknes§. In addition, the hydrophobicity is tested by placing a water
drop onto t 10 filmto determ.ne cpntact angl.e. Jg fers are al so
i nspect ed b?ﬁespé%{;ﬁnhs%ﬁ SYTE1R¢ r(ynadfirlfl%ﬁ@goc%gﬁff’g?e{@ﬁf?sﬁlﬁ%eel §§¥¥§’tf ity and
regul arity. wrikthglenegydol mondmetyd etherp@is mil efdeibmzadfwadandaneporagus di el ectric
filmconfirmthat .the index aof refraction nd.the thickness are within
accept abl e Tq%nnc‘i ‘él,mgteﬁlgfmtaﬁ%u"?ibf’w g?s ‘ ?{Cﬁ)“osé){‘%ﬂ? I%ﬂ?‘?j’e Y ophobi ¢, and t hat
EI' he surfacesigorbusﬂ;?ﬁexmaatddo:e?ow aidecfluxedfof 1.6 l’(Burﬁfcffm%ﬁ’;1 a?aﬁtri]onlti\rng(ANPLE gt At
, .. precesses of . e 7 are re . except. e SS IS s
a pr essdﬁe EIF 3%'&03@3%{%%# 0F8eh E&EW&Z%E‘%M%IEEEW ?%’“E&ﬂﬁggﬁ 9 The
processes ofheksanipy.e 2 are repeated, except that the conpression tool as
shown by f. i 2 is enployed ere the suhstrate and.coati are pushed
into a convey Cgﬁg' teuse(g asg{yoé’(?%{f‘gﬁcgﬁ'ﬁmdg\}f @8" Cﬁlé?o% ‘Bi}&&’@%{éf’-“f’{]‘gl ed bl adder.

60 reduce viscosity and increase the gel time.

15 A dual syringe pump is used for deposition. The dual syringes are assembled using a
5 mi and 20 ml syringe, respectively, which are each atiached to a fluid delivery tube.
The two tubes each terminate so that the fluid streams from each will mix and

commingle when the syringes are simultaneously pumped.

20 The precursor is loaded into the larger syringe and catalyst is loaded into the smaller
syringe. | ml of precursor and 0.346 ml of catalyst are simultaneously pumped at a
rate of 10 ml/min. The fluid streams meet at a 90° angle to form one stream, which in
turn flows onto the substrate. The wafer is spun at 2500 rpm for 30 seconds after
deposition. The film is placed in a wafer carrier cartridge in the clean room ambient

25  humidity that is set at 35%. The film is then aged for 15 min.

The film is then solvent exchanged by depositing 20-30 mL of an aged (36 hrs) 50/50
(by vol.) mixture of acetone, and hexamethyldisilazane (HMDZ) for 20 seconds at
250 rpm without allowing the film to dry. The film is then spun dry at 1000 rpm for 5

30  seconds.
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WO 01/ 18860 PCT/ US0O0/ 24847 EXAMPLE 10 The processes of Exanple 2 are
repeated, except that the conpression tool is vented as shown by Fig. 3
and a vacu plied through the purge inlets to reno gasses
or vapors {éurl ngﬁfhe conpression period. 5 61 WO 01 /188%&@5@%60/ 24847
What is clainmed is: 1. An apparatus for planarizing or patterning a
dielectric filmon a substrate conprising. (a) a press for applying
contact pressure to a conpression tool, 5 (b) a conpression tool having a
worki ng Taee.h ARl Rmbleiti At cmb%le§n'a%9ch is WIS BhA SBLfuGRARI G551 on tool s
operably connected to sal press a con Ier 31 i ng the
posi ti on, awfuEt ny ﬂammem@r@mpsqsppn tedl atcgorélagt:bFlal lehaving a Teflohi m by sai d press,
(d) asupgg{rn BRS Oonfidded 0 fromthefllm

T0° he g 88 e YRR bt SBhad el WP DS Lol 5o R RBEpbog. O C1'ai m i
vx/ner ei A sa4rdmpﬁ®msabpst 2§@t<eecbpeteﬂ0ﬂ sersn Theepreps Guspt atar;sessummglgn@ffrom a arbor
press, a I cross-head press and
conbi nat i g%r{fg& %weorag’oﬁﬂ lﬁqés ﬁ#ﬁgsggﬁ)‘gérﬁg ugreé?m%vleg?'ﬁmlqgmg? @f‘?\ sai d
conpr essi ornthentd 4t slevatedtbnpsratursefoe ¢ renl af i A andB20Y7T, odspertieeipsinst i ng of an
optical flat rkln bject with a
pat t er ned qg\/o T’llgqpmqgihrg%gtgx\é&ehlﬂy@lhﬁ %%ﬁ‘& ete Cre;l?ﬁ%'IVé m%e)§ T(n:%ng surface
that will terinoss Iraaddltehﬂhﬁhydmphoﬁlmwmested;by p:laa:nygawaten dra;b ombjlect is rolled
over i d I |nat ons_t A. The apparatus of
ol o mif ¢ AR S pReihcohint T eI Rl G IRpca Shamplhe

electron microscopy for surface planarity and regulanty The results of the

measurements of the nanoporous dielectric film confirm that the index of refraction
and the thickness are within acceptable limits, that the films are substantially

hydrophobic, and that the surfaces of the produced dielectric films are planar.

15
EXAMPLE S
The processes of Example 7 are repeated, except that the press is set at a pressure
ranging from about 10 to about 30 psi.
20 EXAMPLE 9

The precesses of Example 2 are repeated, except that the compression tool as shown
by tig. 2 is employed where the substrate and coating are pushed into a convex shape

by a compliant device powered by a gas-filled bladder.
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conpress ion tools that are smaller in cross-section dianeter than the
substrate dianeter. so as to inpress nultiple patterns or planar regions
into a dielectric coating 25 on different parts of a single substrate. 51.
1 he apparat YO Yf188Pai m 1 wherein said support is a conpl i BEXUSMIRPETt. 6.
The apparatus of claim 1l wherein said support conprises a workpiece hol der
for 30 holding said substrate in a fixed position during conpression. 62

1 111111) 222112 10EjE e 1k ~exaneig¢01/ 18860 PC / USO0i 24847 7. The
apparatus of_claiml wherein the substrate and filmhave a convex surface
and the conpr&SWeEesedEratRle Hae repretie gxaept thah the sprparessiondod & veRiRE i ni ti al
contact at taRchows - 3@hd 4 WRud is RSy ression
tool towards the ;bggggtrrale 5 andrg??lﬁr%tfmgl@me a%ﬂ%?‘gﬁ‘gm%f%éfﬁm 1 wherein
sai d conpr e RGO VAR $age HhewpppieHiprpaeed t hat is capable of transferring a
pl anar ors patterned inpression to said dielectric film 10 9. The appar at us
of claiml wherein said conpression tool conprises at |east one vent for
transporting vapors or gases to or fromthe working face of the conpression
tool, said vent conprising at | east one opening on the working surface of
said conpression tool, where said opening connects to a conduit through
said conpression tool. 15 10. The apparatus of claim9 wherein said vent
conprises one or nore purge inlets opening on the working face of said
conpression tool and passing conpletely through said conpression tool, one
or nore purge channels running along the working face of said conpression
tool, and said purge channels are operably connected to said purge 20
inlets. 11. The apparatus of claim 1l wherein said conpression tool is
coated with a nonstick
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rel ease material. 25 12. The apparatus of claim| further conprising a
substrate with a dielectric film thereon, positioned under said
conpression tool and supported by said support. 13. A conpression tool
conpri si ngY&1{1g%8t one vent for rel easing vapors or gas®€T/USPMR4BAEd duri ng
conpression, said vent conprising at | east one opening on the working 30
surface of said conpression tool, where said opening connects to a conduit
through 68hatiscisimbb)is:01/ 18860 PCTI USOQ) 24847 sai d conpression tool, said
conduit connecting tQ atnosphere or to a gas or vapor collection system
14. A net Hod'"GFEPHrEhior plaparging or patieming d digecariqiilel eca subgrats | m on a substrate
conpri si N@omprididy, applying a dielectric filmprecursor to a substrate; (b)
pl anari zing or patterning said dielectric filmin the apparatus of claim1
by appl ino stif  PEFERT 2RPhEREIPactPIEstura ofeempeassivmioplessi on of t he wor ki ng
face ofs the ¢ ' i ; g: ' said dielectric
£11 m bef or e, dg’?? ﬁ%‘ﬁ?)’?*sg#ﬁt‘%d?‘?iﬁ‘%% ‘%{)}5 ﬁnﬁ?%h%g?("éa&%ﬁ %Skiéa'?% dielectric film
| F )e netHsdiroRiddopiprassion aplds encrblyronficted ¢ satd pressi | m precursor is sel ect ed
to forma nangy Qemuéwregmginghﬁ%gihsn,ﬁﬁdir@anagorléap likd §3&5ffBt hod of claim
15 wherein the pressure of step (b) is regulfated to transfer an i mpressi on
of the workiwyicfflA@dy§rdPreEs, conpr essi on tool without substantially

| mpai ring por e @bk Bikined RfacBARARSEM S 1hd bR Al RIPAL B 11 M L A

' substrate that 1s planari or patterned by the

dielectric filmon’ )
met hodOof begentickediwithithe copgpresgioptophnar i zed or patterned diel ectric silica
coating on a substrate forned by a process conprising: applying a

conposi tion that conprises a silicon-based precursor onto a su.ibstrate to
form a coat iTHgraragicfclaighs hereia saidhprgsscis priréadifram thiy gropip Féngisfingy

of un arbor press, a hydraulic press, a pneumnatic press, a moving cross-head press and
combinations thereof.

15
3. The apparatus of claim 1 wherein said compression tool is an object selected from
the group consisting of an optical flat, an object with a planar working surface, an
object with a patterned working surface, a cylindrical object with a working surface
that will emboss a dielectric film when said cylindrical object is rolled over said

20  dielectric film, and combinations thereof.

4. 'The apparatus of claim 1 that comprises a coordinated array of at least 2
compress:on tools that are smaller in cross-section diameter than the substrate
diaractcr, so as to impress multiple patterns or planar regions into a dielectric coating

25  on different parts of a single substrate.
5. The apparatus of claim 1 wherein said support is a compliant support.

6. The apparatus of claim 1 wherein said support comprises a workpiece holder for

30  holding said substrate in a fixed position during compression.
62
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25 steps: (a) gelling or aging the applied coating, (:)) contacting the
coating with a planarization object with sufficient pressure to transfer

an i npressio object to the coating w thout substanij l.jrpai ring
formation ofqveéV¢§§ nanonet er-scal e pore structure, 30 f % %ﬁ%ﬁg ing the

planarized coating fromthe planarization object, 64 L[ILILIL TTIITLT 11T
11111 ~ ~!'l L WD 01118860 PCTIUSCA 24847 (d) curing said planarized
coating; wherein steps (a) - (d) are conducted in a sequence selected from

t he rou c n e nd b) and (c);
(b) , 9 ( P sf‘h«?%pp(ugsusg{ %191)1 ]‘)(ce)n% %1§ %ﬁ%ﬁtiﬁqﬂxgﬁave a(cg%ﬁiexés éce%%% and (d).

. The plhmmprezsemh tool igyevsitienedeithd agiaemsm mél&l dutxls:la:oﬁ:taatat thg of cl ai m 18
forned by a con- base iele ecur sor
sel ect edyf rorﬁﬂ?rhg&c?gﬁﬁs &%Bﬁ? gﬁ“ﬁ‘b‘; it ORISR P A e%ﬁbgﬁteal koxy3| I ane,
a silsesqui andfile;. a hydrogensil oxane, a hydroorgan05|loxane
hydr ogensi | sesqui oxane, an acetoxysil ane, a hal ogenat ed S|Iane and
conbi nati ons thereof. 15 20. The planarized or patterned dielectric silica

coating of @l aherapblrafueofmdmiywhepiRRicomplediai tBolthbea RbikX\rdelii@pg conprises R

1 capable of transferring a planar or patterned impression to said dielectric film.

10 9. The apparatus of claim 1 wherein said compression tool comprises at least one
vent for transporting vapors or gases to or from the working face of thé compression
tool, said vent comprising at least one opening on the working surface of said
compression tool, where said opening connects to a conduit through said compression
tool.

15
10. The apparatus of claim 9 wherein said vent comprises one or more purge inlets
opening on the working face of said compression tool and passing completely through
said compression tool, one or more purge channels running along the working face of
said compression tool, and said purge channels are operably connected to said purge

20  inlets.

11. The apparatus of claim ! wherein said compression tool is coated with a nonstick

release material.

25  12. The apparatus of claim ! further comprising a subsirate with a dielectric film

thereon, positioned under said compression tool and supported by said support.

13. A compression tool comprising at least one vent for releasing vapors or gases
trapped during compression, said vent comprising at least one opening on the working

30  surface of said compression tool, where said opening connects to a conduit through
63
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20 RRSi-R Formula | R wherein at least 2 of the R groups are independently
C, to C, al koxy groups and the 25 balance, if any, are independently
selected fromthe group consisting of hydrogen, alkyl, phenyl, hal ogen,
and substi YUCEWBhenyl . 21. The pianarized or patterned g‘?ﬂ?é’&’?ﬁ"ﬁ silica
coating of claiml S fornmed by a process wherein the planarization object
is an object having a contact surface selected 30 fromthe group

consi st i ngidfondrdskial tosl Efi@eduidediMEdtag teatnbahre 3P 2GR Vagsd ons t her eof
wherei n when said ‘?I anarization object has said curved contact surface,

said 65 SUCFHORISYSS®L 111 11l FEETINII T S WO 01/ 18860 PCT/ USOQl 24847
contacting step is conducted so that said curved contact surface is applied
to said substrate with a rolling nmotion. 22. | he p:anarized or patterned

di el ect ri &* st Ficdigd ebplenapging pr pattsmme A diglesinpdiimpan aubstigie somprsingaher ei n t he

pl anarkzati on (@Ph@ffing SdidlectAPhint ecdricto Ndwidit; 2 contact surface
corr.nrising a |layer selected fromthe group consisting of a non-stick

rel ease mat erith)l planajizingior patisgingsaish dicleipe Bl ip kherappasauvofiplaim dibyl | a

non- sti cKapppligasericiERt fedside iMrhdifed #Sinfiressi¥a of the workdRSeIc i Properties and
conbi nations thereof. 10 23. "i he ilanarized or patterned dielectric

silica coStHngsion o] Riths cratizer ned by a pro~:r_ss '.wherein said
silicon-based py g,gm{gsaq{dmml;ﬂ&fbr;,gﬁggge&a@tgﬂmgpi(gﬁs an aging pronoter or
catal yst selected fromthe group consisting of water, an acid, a base, a
combi A4t i on of‘~d\/\/5'fr§’|gs?iﬁd‘ela56g’§é—}l’6-, and a conbination of water and a base. 15
24. The planarized or patterned dielectric silica coating of claim18

formed by a pro .ess wherein curing step_(d) is conducted by heating the
coati ng whi-| EXirthogef gaim 14gvheicie e dilestie il arecyrionip palected to form a
PR 1dkd dokdikdilibh Hielebtric film.

15  16. The mcthod of claim 15 wherein the pressure of step (b) is regulated to transfer
an impression of the working face of the compression tool without substantially

impeiring pore formation of the nanoporous silica dielectric film.

17. A diclectric film on a substrate that is planarized or patterned by the method of
20 claim 14

18, A planarized or pattemned dielectric silica coating on a substrate formed by a
process cemprising: applying a composition that comprises a silicon-based precursor

onto a substrate to form a coating on said substrate, and conducting the following

25  steps:
{a) gelling or aging the applied coating,
{(») contacting the coating with a planarization object with sufficient pressure
to rransfer an impression of the object to the coating without substantially
impairing formation of desired nanometer-scale pore structure,

30 {v) separating the planarized coating from the planarization object,
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(d) curing said planarized coating;
wherein steps (a) - (d) are conducted in a sequence selected from the group consisting
of
(a), (b), (c) and (d);
5 (2), (d), (b) and (c);
(b). (a), (d) and (cj;
{b), (a), {c) and (d); and
(b), (c), (2) and (d).

10 19. The planarized or patterned dielectric silica coating of claim 18 formed by a
process wherein the silicon-based dielectric precursor is selected frorﬁ the group
consisting of an alkoxysilane, alkylalkoxysilane, a silsesquioxane, a hydrogensiloxane,
a hydroorganosiloxane, a hydrogensilsesquioxane, an acetoxysilane, a halogenated

silane and combinations thereof.

15
20. The planarized or patterned dielectric silica coating of claim 19 formed by
process wherein the alkoxysilane comprises
R
|
20 R-Si-R  Formula I
|
R

wherein at least 2 of the R groups are independently C, to C, alkoxy groups and the
25  balance, if any, are independently selected from the group consisting of hydrogen,

alkyl, phenyl, halogen, and substituted phenyl.

21. The planarized or patterned dielectric silica coating of claim 18 formed by a
process wherein the planarization object is an object having a contact surface selected
30  from the group consisting of a flat surface, a curved surface and combinations thereof,

wherein when said planarization object has said curved contact surface, said
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contacting step is conducted so that said curved contact surface is applied to said

substrate with a rolling motion.

22. The planarized or patterned dielectric silica coating of claim 21 formed by a
process wherein the planarization object is an optical flat having a contact surface
cormprising a layer selected from the group consisting of a non-stick release material,
a gas-permeable non-stick release material, a non-stick release material with gas or

vapur absorbing properties and combinations thereof.

23. 'The planarized or patterned dielectric silica coating of claim 18 formed by a
prouess wherein said silicon-based precursor composition further comprises an aging
promoter or catalyst selected from the group consisting of water, an acid, a base, a

combination of water and an acid, and a combination of water and a base.

The planarized or patterned dielectric silica coating of claim 18 formed by a
process wherein curing step (d) is conducted by heating the coating while in contact

with the pianarization object.
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