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| NTEGRATED Cl RCUI T PLANARI ZATI ON FI ELD OF THE | NVENTI ON 5 The presenf3 MAR 2004
invention relates t onductor devi ces, including integrate

("1C") devices. %Opog sl cularly, it relates to a nethods and }ﬁé‘él;sg%%
for planarizing and/ or enbossing patterns onto surfaces of sem conductor

devices that contain silica dielectric coati ng and particularly
nanoporous silica dielectric IMBBOVEQAPEARAEYS AND Igﬂﬁ%onduct or devices

produced by these nethods ap¢rifTammRaDUSIREACKERRARIZLITIORE | NVENTI ON
Processes used for the fabrication of sem conductor devices al nost
i nvariably produce surfaces which significantly deviate froma pl anar

configuration. Wth the 15 trend Fipiay OF JHEINVENFORE scal e integration,

this problemis _expected to increase. For instance, the productiaon of
integrated circdit Tefﬁﬁeﬁtd‘i“iei}“q“éﬁﬂfs ‘%%cmr‘r‘iﬁ’f’?‘fcﬁﬂr eyices, dncluding igigerateq pirculy
sequentially on a g®Qi)cdends chore pﬁﬂhﬁirllj(alt ﬁlat%wmaﬁodsh@@@phragﬂﬂos are

patterned by selective. de Slt on_or ectiv vaI rtic
regi ons of each su@hJl F% o ?s§m%\%alnfm W’g‘\’/\ﬂml%ﬁ %"Hﬁ‘f‘ﬁng‘&é"\%ﬁf‘icéﬁ@ from
t he planar conditi oamtamsnlmcﬁ&ﬂdcw n@tmgyaaﬂsamaﬂarbemmpermmhcmmmnced wth

the addition of rrultl i r uct or CII’CUIt
features. Non-pl anar ng%bst%gtage{ogﬂﬁfcgg%‘ﬁdgwgcsgm%uccgg qn & mﬂ?ﬁ%ems t hat
adversely inpach0 t lppasansl d of fini shed products. For exarrpl e, Vvariations
ininterlevel dielectric thickness can result in failure to open vias, poor
adhesi on to underlyi ng naterlals step cover age, undeS|rabIe bends or turns
in 25 conductive netal |ayers, B4 3 i probl ens for
opti cal "thograph»mcéseesqgéa?& Lﬂeqaﬂcitﬁﬁweeﬁ,hasnmg&aa@ée@a;m&.tmhﬁm,l ayers of

i nterconnects it has becone necessary to globally planarize the surface of
certain |ayers durPrguechefases Whichsigpificasty devanie frpp aplapgr £pefipuralion S kake or

| evel s the topograpby t@&arﬁngﬁﬁ:aqér 4c£10 hhegratl 6 tE SprbBMR iSexbitted 16 REredse. p\froperl y

30 pattern the increasin g rT‘P X |nte%rated circuits. IC featureg
produced using opt |“E§P°° gro uction of integrated Tircuits 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 many
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 tums 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
giobally planarize the surface of certain layers during the multi-step process. Plananzing
smoothes or ievels 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 WO 0t/18860 0 3 MAR 2004 PCT/ USQO0/ 24847 other |ithographic techniques
require regional and gl obal dielectric planarization where the
t 3 ’ y e AR, 2004

| it hographi c depth qf is extrenely limted, j, at 0.35 mand

As used herein, thqu&e]ﬁ?ngﬁl ocal planarization" refers to a condiPCFyppe2ese7
wherein the filmis planar or flat over a distance of O to about 5 |inear
m croneters. "Regional planarization” refers to a condition 5 wherein the
filmis planar or fAU%f UG0@#Phis 1eRhatagsicRAVSE reglsneitans globe! dislsatric BlBndrizaviemmhere the
mcronmeters. "G obaboeRhRBAELIR LA kBERIS L e £ARGhE LON yherein the film
is planar or flat overgﬁg‘ di sﬁt ance 5?]‘8 abouf 15850?‘538’61??;3% “T@ﬁ%pﬁ??wneﬁ?use‘?hmm’
m crometers. Wt houke 6 flpcs] Rignarizasig onisrs tandongitobalhereipl tmntmiizpitriane. flat dver a
lack of depth of f QgusicaVtiolio BRI 4 Bhr mameter%s‘ﬁg%ihlgga,%I%ea%édo&hr%g&%ﬁ‘%oﬁdip%n

processi ng wi ndow. 10 One glr evi ously enpl oye anariza

t he etch-back t echritgise the Blm i glanar g7 @ exey 2 distameg efrabait 5 td abeut, 50 dingk mivenmiertsng

material, is deposiGaalndriatsd a6eshdh &n%%@ﬁet@iﬁ%%@ﬂi ol QRN e S AGE
relatively free of togo raphy. If the device layer and the overlylng
material layer hawé? ‘iﬁ’gﬁ%%i 14080 lingar mignemetarsc Vithautsutficienthegionalima giokad's

through the pl anar iphinfighadén, (RelaeK Eﬁdepﬁ!&@fdcﬂst@illtrﬁ'a%ggs‘?}ﬂe%s L sy l%c}gn\?ﬁipe

surface configuration of the planarizing | ayer eing tra erre 0 the
device material suPfSEEMEAXMABuUgh this techni que has been adequate for
sone applicatioms where a nodest degree of planarity is required, present

planarizing materials and present nethods for depositing the planarizing
material are of t en YAEUEGESY enRlyed psihad ehplanrazavier dkeiqh-tarktaehniogurin ek f or

demandi ng appl i cat ipRfesss aifidieras Lk.Na PlAEiGE QiteHlRYis @8posicd oh @RirFac@nla®hnne Aipied
degree of planari zz%lt#?on is_.def Eneeg &s the difference between the depth 01_9
the topography on'$ 8" A&VTEE LY REE 9f oneggapivg i Redlevipe layer apdsthapiedyipgnsiesish

a high point and aldyevhapoipptoxiimtdifithe samecetdhyhtB bidhRig@Fdcadds SrdubRER gﬁﬁa@i"zﬁn#

Goor agdopY of e MeP Uk b 18 5:d BLOGLARNY O LOG G e nilion 3FFe plamarting layer
being transferred to the device material surface. Although this technique has been adequate
for some applications where 2 modest degree of planarity is required, present planarizing
materials and present methods for dcpoéiting the planarizing material are often inadequate to
furnish the necessary planar surface for demanding applications such as in submicron device

20  fabrication.

The degree 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 kg
S
h,

The degree of planarization, in percent, is
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typi cal device configurations, planarization using the etch-back teﬁ@]h&g?
has 5 not been better than approxinmately 55% as cal cul ated by the 004
descri bed above forw®ekxssies greater than 300 microns in w dth. sHigsho»assr
degree planarization achieved by this technique is attributed to a |ack of
planarity in the planarizing material. Thus, for elongated gap-type
features greater than 300 mcrons in width apd0.5 y.crons in depth, the
useful ness of an etch-back technique has been fimted. 10 U. S. Patent No.
5,736,424, incorporated herein by reference idhits enti rety, describes a
nmet hod for pI anari zing surfaces of substrates, such as sem conduct or

mat eri al s, addi g pr essi n step to an et ch- back process. In this
reference, an opti é’éﬂ Taﬁ Yof Pra{YP‘C% fcéé‘élﬁﬂ’é’a‘i‘%rpé@é%“@h“&lgdhﬁ%ﬁl ack iechpinys has

pol ymer coat i ngs onnd: Been Hetkes thapdpProxiistehC 504 1 clﬁul@@@gy ok nﬁhﬁfi‘ags!cﬁ}?eh laBdVe for
fol | owed by pol ymeg zation of the coating. pol ymer sel ected to etch

at the sane rate aS*PRESEUFLARA% micrasy ‘Yif“hpThSn%l‘V F‘%‘t"*l%ﬂﬁaﬂ@ﬂw achigvedguitysrer

coating is etched Gﬁﬂquéﬁa&ﬁlﬁt@wﬁ)ﬁhfkadf%lanm &hhd fakbdNgmhe sl ﬁ%stfﬁﬁlongamd
process. Wile an_i ed planarization is clalnmed, apparentl

rQu
starting the etch- %?83% &ﬁaﬂ’i‘as grpater L L0 mugTpRsAR Width pnddfifaisTons 6'&?9% the epfolnass

conpl exity is requflafeich-bitk aditifue®ts bebhiiHied0 reference fails to provide a
solution for ll@narl zing substrates coated with nanoporous dielectric
films, since by their nature, such |low density filns cannot be etched at

the same rate as tH&. RumdeNd. )517&@4Euhsdrp(&ﬁted heEhe By f:eedrenamh@ramﬁady R&tribsdd Ng
(CWP) is another k[g dfma en effgctlve%%‘j 25 used in the art

to globally pl anarléz)t}é\g]t ﬁreplagﬁ?ZIH S“gﬁcﬁ fc?% B FEP B EPTENPURRE PR Sr di ng t o
t hi s net hod, a gr aiddipg e pepsingatep coampasibbckqmocess. 3 mrsrrgfeneﬁceampipnedlytﬂ@t a

pol 1o 19 pa and Loskselgidhes BPL Lol A SHLLARR L, 8 SESHERT. S5ALSE ©
features withold sieghefiplapampatop, &Hownﬂlbmgyolmnamzaameefsm ddanvegy he pdlivRer is
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 1o obtain the desired results.
30



does require a high degree of process control to obtain the desired

results. 30 3 WD 01/18860 0 3 MAR 2004 PCT/ US00/ 24847 Dielectric filngyMAR 2004
formed of organi c pebyimké& such as pol yaryl ene et her and/ or Chgwyﬁﬁﬁgﬁﬂ

pol yaryl ene et her polyners, have been pianarized by applying to a
partially cured film followed by a final curing, as described in co-owned

U S serial nunber.09/0 415, filed .on February 13, 1998, the disclosure

of whichis 5 incor‘bf)egf"rcéft‘ﬂ'?dIh %&”P%ﬂlfoélpr«vgﬁ'@ép?}@‘ér?ﬁ“‘?hﬁs Pelxardpieethst Spd/atovever

this reference fai flgornated pélgtlosetthoys!iriery haveaetzRandrifed bl 65pliRaSa8 0 &
rface of a substrate. Further,

nanopor ous di el ectr] teri-al th u .

t hese previous met ﬂéorgaslf}gclrl%d iﬁgné&-@%]lﬁ Eyf 3?315?’3\5? ?fidﬁif“F“(?d%lF‘i'%‘ié‘HdH%ﬁ%Y’ral zation
on 10 different ameslsr 602, 468td atfebmbyfiackss ake diloseabossinilg ot her types
of topography oato. |E Lons..of .a substrate surface. This is
particularly i rrgor%ngﬁf&gtfg& ﬁ%g%%ﬁeghe{%wrlgs?m“&ye qwé}"'déL‘S Fﬁietrgﬁi’ Ll surface

devi ces requires ndistiosphew pi mimanzesusilfcac-®ased YindgorodsidRnehie markig dnhie Li ke, on
di sparate portions aceabfais‘gg}rgmsubstrate. 15 In addition, as IC feature

si zes approach 0.25 man el ow, problenms with interconnect RC del ay,
power consunption and signal cross-tal k have becone increasingly difficult

to resolve. The i ' lelectri onst.ant terials for
interlevel dielect ﬁr@g{ ﬁ’%ﬁ%c@{% E?}#{: gsrarrreeltngfeq%ﬁ BT ‘F’?‘Eg P%zﬁwﬂﬁﬁﬁ%ﬁ?q ons,
i s hel pi ng to 3$0l véiffelquiceeappicisiubstrete s@frse.toy f embossinglatherlomes ol tejograblny anito
constant materi al scaLe ﬁ@pgﬂggg £l r red fromsilica, |a ilicon
20 based nateri al S?FQVI\V]% _é.l r, V\AH{B?{ aeI sﬁﬁ&%?@%i“@%%@?’é‘rﬂp D%%n?is,&l? rs%vesiowaré:S

i ntroduced into a %7 et wtegiatel sufacodavioes wivitea vinhigleplanamoriete vias Calcbespod e

structure, diel ectﬁgegogai;ﬁgﬁtg/gohgng@a%ngyc%ysnjagyv 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 arfst ompakitied, Bs IdRars k&GS sroftth 2880 dedkioW SERELEGHH iRRlcGanect RC
.de\” ce s or integr gctlaey?po%e; gol{}ls&n%tionAar?dusi elrcr(())sfs;-tasulcJ gaQe rbrg:ggggaircgsrir? i k&?ﬁmi toand
i ncl ude gna gly
resolve. The integration of low dielectric constant materials for intertevel dielectric (ILD)
and intermetal dielectric (IMD) applications, is helping to solve these problems. One type of
such low dielectric constant materials are nanoporous films prepared from silica, L.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"), ¢.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
photolithography, electron-beam lithography, and x-ray lithography. With electron-
beam lilhography, the beam is rastered across the surface of the article to produce the
pattern. This is a slow, expensive process. Other previous methods for pattermning

30 include a method and apparatus for micro-contact printing that requires complex
4



phot ol i t hogr aphy, el ectron-beam |ithography, and x-ray |ithography. ﬂgﬁ%
el ectron- beam lithography, the beamis rastered across the surface h@[“'
article to produce the pattern. This is a slow expensive process.

previ ous nmethods foNO#4 %% ning 30 include a method and appar at Lfgf‘&l’“mw

m cro-contact printing that requires conplex 4 0 3 MAR 2004 WO 01/ 18860
PCT/ US00/ 24847 control mechanisns to keep the print head parallel with the
di el ectric surfacegonas! methaidnosekkep g8 'pribyhetd BrallPatith tNodiel&Er84uf82 25 G ven
the conplexity of r at ent,
there remains a negggo ’E%‘é%%ﬁsf}%?%aonfngl gﬁ?&gl{ Qg@%%%%gﬁ%pﬁ%a of
patterning on the srlﬂrm%lh,@s gdscribed b the A7 paierti thaye maias sedgd inrthe ast fose Bigbleal | of
these reasons, tNCLm doGfHRid e fod W ehentind Bindlfrade0f - ARGV fih Sl OAESaNd.
apparatus for achieving t e pl anari zation and/ or patterning of dielectric
films, includihg silica-type dielectric filnms, on substrates. There is a
particul ar need T Ofy, e HELARHSHAR HnARRAALYS 1k 8 foplirﬁﬂ?WeH Hcﬂgdsaaﬁélj/ or
enbossing patterns onto 10 nanoporous silica dielectric | ms. MVARY OF
THE | NVENTI ON | n oﬁmpelraru@@rgmlvwstlmlmwowﬁwBﬁ@@*%ﬂé@ﬂ%c félma to provide

ot her inprovenment s, 1ubg silivGEK diQoR M dRSuienel. et th:%mf:QEr édpetively
enbossi ng planarized or- 15 patterned surfaces on polyner films. Films to be

embossed by the metbashafind sppsRa USRI AN AR AERPTEE Pf)‘Fé‘Fé’P‘&bl y include
dielectric filng Swimbadhe sfiief dikis@rié filmsM croel ectroni ¢ devi ces, such as
integrated circuits. re preferably, the filnms to be treated are
nanoporous silica dielectric films with a | ow di eI ectric constant ("k"),,
typically ranging fromabout 1.5 SOMMERY OB.18 g ention is al so

contenplated to 20 | ude. ¢ sitions pro t hods. I n one
preferred enbodi rreH’t°rg"'§ucbsr?l"e@Bﬁ%%?l“ﬁ“fi%gPﬁ’grﬁ‘(ﬁ&“dﬁ/?rﬁgﬁﬁﬁ@? AP A%es t hat
do not deviate fr omeaw[ahtaalﬂarowdt:s)mgrr&mﬂim by effarieli dvatossthgImnarizaticr havi ng a
degree of pl angk! Z%‘%&e?n@d (S)Jrfagé[s on pglymer m% ?{]mg{o%%teggdssed 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 u, and having a degree of planarization of at least

55%, or greater.

25  Nanoporous silica films can be fabricated by using 2 mixture of a solvent composition
and a silicon-based dielectric precursor, ¢.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 polymenzed by



25 Nanoporous silica filnms can be fabricated by using a m xture of a

sol vent conposition and a silicon-based dielectric precursor, g..,,[3aAR 2004
liquid material sui vabligsdeor use as a spin-on-glass ("SOG') nat gefBdonassr
which is deposited onto a wafer by conventional nethods of spin-coating,

di p-coating, etc., and/or by chem cal vapor deposition and related

met hods, as MeNti ORRehibd sl @elma2ROMEs TS S rized
by 5 WO 01/18860 0 3 MAR 2004 PCT/ USO0/ 24847 ér?&?ﬁ ?ﬁﬁ&ﬁg’%‘?ﬁ?ﬁgg st

methods until it f&FENES BRANNS. FlgGHOR B5amp (0B beagts pivgvibpt rs@hmlomzwxcdrd@ﬂuge

heating, electron Beashotiedfimeaithotd thit AkiCh Strideadi Al di ation
and/or other simlar nethods that result in Crll.ll’gl ng anﬂgﬂﬁa gngnﬁ;ﬂgggin?t he

applied film 5 At an appropriate point in the process, the applied filmis

contacted with & phansibtopai ﬁh?nt@‘bﬂh@ﬁrbcessa h%@ppﬁﬁléé ﬁiﬁﬂf?%hné’c’%edamﬁloﬁpress' on
tool. This is, for l e, . an ct with a flat surface, or other type

of surface suitabl Bgf‘ ‘{Oﬁgblﬁfhaﬂﬂﬁb?merﬁbasﬂﬁ?laﬁ»{aﬁspgg{oil oFhivis; fecexampld. #hi | m ar e
brought together wobjkctavith @ fleudatt for Sm&ﬁﬁpebpsuﬁﬁée%ﬁﬁdbyﬁbythe Bﬁr?&s%e*?hé he

sur face of thefllnhnand[th reafifei th | anari zati on obj i's separated
from 10 contact w PR FRECHCYFEAT 2 ﬂﬂ%h‘é?ﬁimﬁh‘i’/“}?%f?&ieﬁll%leﬁr‘@é%@lv%r eps
are conducted to ﬂﬁmﬂlﬂeeuﬁachaftﬂeﬂ&daﬂﬁaﬁmﬂér(?&b?plﬂiaﬁiaﬁﬁﬁ 68kt Riskdaeed tdnm 1IN

certain option t the_gelling or. a step’is skipped, and
t he pl anar sur?gcecgtr%acgwr‘f@ Elpric &W&ﬂ TFRgnin P’E @S&F%Slaé%‘fqﬂﬁ‘tcwfdl‘?m and

t hen heat cured, dpmdunga(hardafeﬂeanomamtecwhrbatﬂm Innekkingtidnrace of the

e U K R T
pressure to a pl anaeiseatd mnheabqleetrtc ﬁlm, and theraheaCargdl ®Siag ONaflepntac?Pit{ 8} a
conpr essi on t ool @g}@%f&eg@#&@gn&%gn 0{jhat is planar or patterned,

wherein said conpress nto operabl'y connected to the press,

Apparatus for planarizing or patteming a dielectric film on a substrate broadly

includes:

(a) a press for applying contact pressure to a planarization object, j.e., 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,
(c) 2 controller for regulating the position, timing and force applied to the
dielectric film,
(d) 2 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
mechanical, hydraulic or gas-operated press device, for exampie, an arbor press, a
hydraulic press, a pneumatic press, a moving cross-head press and variations and/or

30  combinations thereof.



(c) a controller for regulating the position, timng and force applied to
the dielectric film (d) a support for the substrate while said di ef@dtARizad

filmis contacted Byp§gssn25 onpression tool. The press for apppytshokit®
conpression tool can be any suitable art-known nechanical, hydraulic or

gas-operated press device, for exanple, an arbor press, a hydraulic press,
a pneumatic press, a noving cross-head press and variations and/or 30
conbi nations thereof. 6 0 3 MAR 2004 WO 01/18860 PCT/ US00/ 24847 The support
is any suitabl e dawkeepsok afy sxqitamg detiee fsuﬁ;sﬁgrza& @bmtdqb@ﬁee éliting @ t he

conpr essi on process and o tiona cl e hol der, such as a
vacuum chuck, or H‘@E’ﬁsé'r?f]e? Fesy @ gr)aﬂ 8 Eﬁé‘r"” éﬁcﬂ"ga‘?rnﬁ‘c}dfg\?ﬂ’é@é”" for

mai nt ai ni ng the 5 k] drimerhagind clamp@roremer @biublisy &ied, fahRinaliifs @OMPr essi on
dovi ce. for exampPaaieeraT o Peto M obj ect w ih & planar working
surface, an object with a patterned morklng surface a cylindrical object
with a working 10.surfac ric fi en said
cylindrical obj ectﬁ]f gor?péﬁ%flséngg%)i\}s 4 ?a“a“ zéfoeq %’(’;etc?’ ﬁ‘af’lbf‘nanyasﬁ'(ﬁabxhﬁbl nati ons

t hereof. O cour sépowudzhicq faexampls &i apricdl 6at| anrdgect \anlrvmplknangorﬂcameum"daa,t is
capabl & of L LansT ShEbO0 s PLAEs SindRRLIALIEG LIRLPSSLON:E g ubligy, 111 m Lo be
i a pH

i mpressed. 15 In eferre odlne e tonpression
construct ed t olhawerfast thetoril embasea diglesnic flmrwhen azne powntinagoyaporgdledovagases t o

o from the wor ki N hageohit 0 SATRLRASHAR: LPol.SOMRL ESShANoERL BraTPl e

the vent preferably includes at |east one openin I'ng surface
of the conpressi on woghg facsghat ha@pablhefwmmegmnlew or pagemmed wrpdassion totther ough
sai d conpression t@ok, f.0hpk&EPVi Ng vapors or gases fromthe inpressed film
20 and/or for contacting ?he filmw th gas or vapor phase reagents during
the i npression

15 Ina preferred embodiment, 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 varation, the conduit can be optionally
connected to a source ¢f 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 systern 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 ong or more purge

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



step. Wien renoving vapors or gases, the conduit connects to atnosphere or
to a gas or vapor collection system In one preferred variation, tgeMAR 2004

conduit can be optigpglsgee CONnected to a source of pressurized &?%Sg'{m% r,
in order that a flow of gas can be directed to the working surface he

conpression tool, to facilitate separation of the 25 conpression tool from
the inpressed film In a further preferred enbodi nent, the vent is a system
that includes one THFNSHSH & PUSRFIGIE'S| AF OF dheypaanhepndn: depwiveirbRientie barge of t he

conpr essi on t ool aiﬂﬂtsﬁ%%%iti&ﬂllyMlﬁoﬁﬁé&cﬁmé&@m\tfﬁ@rc%@&%r?s%ﬁ%rﬁgmft/cﬁgl1 t hat

operably connects to one or nore purge 30 channel s running a
wor ki ng face of saioHcefRSFe¥Erb%St oo, that are operably 7 WO 01/18860 a 3
MAR 2004 PCTf USOQ 24841 connected to purge inlets. As for the vent and

condui t described above, t?e urge inlets are optionally operably
connected to a %asln(??"%ﬁi? e”@EF‘P PFh 1e PR 1BHeH? comphitt sppest thefiessur i zed
gas. 5 In another pfedeEihgehyaiied BBpliant MaRHBUBRAIY by e HEGmpR, Geip! | ant
support that is fornmed using any _suitable conpliant materialp. Sinply by
way of exanple, suCRPE™ TERYF T4 f"é”ﬂi‘b‘i)g?‘f‘ 3 COmPIBRSIbleRohBYT R COARTESS®NDT essi bl e
pol ymer, a conpr es@piilifer, £OpRLYAREGal,A PoiyEROBSIHRRL IR ivah 2 phsfR r¥fBhedd] adder
filled wth a pre sgrel.c{fg_%l aJed . hydraul i ? ,Hfui d, and conbi nati ons

t hereof. The vvorké]y o pd oRingiens fherqof-y Theavaripises beldes capgetiondlit huck f or
hol di ng the subst riaii@deiarvacuuin it fpa®idingRe ibEtaRgin 2 GREAPSIES] Rfing The :
invention also includes.a nmethod of planarizing or patterning a dielectric
filmon a substrat8PFFHA™ i ncl udes the steps of 15 (a) applying a
dielectric filmprecursor to a substrate; (b) planarizing or patterning

G el ect ric 11 m bty B BREA R f pihige o it nliEr i RERE R &1 ectri o
film a substrate that includes the steps of
15 () 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 stil, 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, L.2,, a compression tool,
with sufficient pressure to transfer an impression of the object to the coating,
{¢) separating the planarized coating from the planarization object,

30 {d) curing the planarized coating;
8



20 The invention further includes a dielectric filmon a substrate that is
pl anarized or patterned by any of the above-described nmethods and/ g MAR 2004
appar atus. Further vwd olllggsot he 1 nvention includes a substanti al piraseonass?

pl anari zed nanoporous dielectric silica coating on a substrate forned by a
process conprising: applying a conposition that conprises a silicon-based

precursor onto a sybstrate to forma coating on said substrate, and 25
Bonduct ing the rorTReRarespeh & Bruiel adfge S SR M Et Ry Pl | e
coating, (b) contafting the coating with a planarization object, j, a
conpression tool, wt ffici.ent pressure to transfer an inpression of
the object to the coat@hsg’&kﬁf?geparating the planarized coating fromthe
pl anari zati on object, @0 {{d)b)edr¢)ng the planarized coating; 8 WO 01/1886(c)

0 3 MAR 2004 PCT/ US00/ 7 rein steps (a) - (d) are conducted in a
seqguence selec?Zd fron&@ﬁé’%&%@égtonsisting of (a), (b), (c) and (d);

(a), (d), (b) and (c); 5 (Qblk)anddy); andd) and (c); (b), (a), (c) and (d); and
(b), (c), (a) and (d). 5tqs?ggh¥ be noted that when the above process is
applied to a nanoporou@’élr a @'dielectric film step (b) is conducted
with sufficient pressure to transfer an inpression of the object to the

coating, wthout SURSHEBLhdld Ha wﬁp@kéy L hALAPE biiledth s bhRpoBANARE! OF - Scal €

pores required to achieve a desira ectric constant 1n the film
15 BRI EF DESCHRIOPTId@KcOR fimmstap| (o) RERducted with sufficient pressure to transfer an impression

of the object to the coating, 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 (j.e., 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 1o 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 tool purge channels matching the inter-

substrate scribe lines.



Figure 1 illustrates a dielectric filmcoating on a substrate positioned
between a conpression tool (jam a planarization object) and a conpfiMARt2004
support, wherein theyoéaggiessi on tool is equipped with a purge E@]Lfﬁéomzc??gv
Figure 2 illustrates a dielectric filmcoating on a substrate positione
between a conpression tool and a conpliant support, where the substrate

and fil m have a conuex 4sﬂws{ratce and the con%)ressi on tool is positioned to
make initial contact®at tHETEEHPEIPeRrona} Rlaugnspberyernpten indet sTycpurg apd ihet e
the rel ationship betwgehanaets inndibsirteiadd dinpreRe@ndod ¢ 1866¥iRBvabbrd 8552803 GromPUr g€

channels in the pregs_an ression tool purge channels matching the
inter- substrate s?ﬁ? %'gSs qdfﬂecef%%cgﬁlﬁ' 3 MAR 7004 WD 01/18860 PCT/ US00/ 24847

Figure 4 illustrates the operational relationship between purge inlet
structure and t : nels.in a substrate and conpression too] in
renovi ng vapor shsgr }g snggse'”% £r]%%sﬁi[f:Flnr-l\':CB‘?ne‘)sf:f’%'?frsciFaéfse‘°'(5crF Qe Vi Fhagnely. g yr e 5
illustrates the injection of vapors, gases etc. through vent channels.
Figure 6 illustrat ession tools that are snaller in size
than the substrat gfﬁgug%é IZ’E{“?SS ?Jrr%%ggg&r?ﬁfets%wﬁltgoq?atg?ltaéer%u?ﬁm fﬁ‘%ﬁ%{‘r‘ﬁ? egi ons
into a dielectric cobUngo apw igprssenéiple ppogrbssor pfana ragiong lingo sdikisduiadotingl 0

Figure 7 illustrat } he inventive apparatus placed in an
arbor press. 10 ﬁ&?ﬁ%’%ﬁ*%ﬁ%&&i PCT/ US00/ 24847 DETAI LED

DESCRI PTI ON OF PHE PREFERRED EMBODI MENT ~ Accordingly, nethods and apparatus '
for planarizing anc#iﬁﬂg)pﬁlﬁguggs BR&hEbaih AR 9TE AR DN tive apparatus placed in an arbor

press.

10



onto dielectric filmcoatings on substrates and devi ces are provided,
together with devices fabricated by the inventive methods. 5 In ondeqARt20ft
better appreciate t{gpee of the invention, it should be undergtRRshkfat
unless the "SiJerr]" functional group is specifically nmentioned when the
term"silica" is enployed, the term"silica" as used herein, for exanple,
with reference to nano i .T\? I F?Rﬁ.ﬁr)% ed efer to

dielectric filns prepa HFrods—frotranetgani ¢ or
i norgani c gl ass basa:ome/r mahodsgnd apaarytussion filalati Sngdnd leinbosging Iifﬁiflﬂltdpahaphy
cont ai ni ng one or el ectri,c grecursod%% It shquld al so

be under st ood tha?n?‘ﬁeeie%réc ﬁgfcoau ?Jnlsg?mft%“ﬁ%dﬁvé iR Pl dsditosefieiiitied to be

so limted, but, mgeﬂalﬁmmwmﬁbaﬂammlﬁrs:mhoﬂnconpasses the plural, kg.,
exenpl ary proce ses of the invention may be described as applying to and
producing a "fi but it is intended 15 that nultiple filnms can be
produced by the de&mrdebmdbpttaex;mrqniaiefthaeﬂopamdthelnai:rmed, it ghodd 8BS seirstoasd thaesi r ed.

Additionally, ‘the term.aghis, LeleLs Lo Lhe aetling or,polyierigation. of

the conbined silicCa-base recurso oSl fnon

deposi tion, 20 i ndew@sied &hederm "bmcaexmsmmeamﬁ, for\erdngile, amd/raérexwa t@an6holdus base
catalyst. Gelling i. opt.iona lied .t recursors elected. to form
foamed §am nanopUrsUR dreaaiei Wt fgteteRh B B BE T et o ¢ | ¢
filnms. Gelli nglnanmhﬁocﬁmmmpbngmheoiiinqrgahhgla@di(aweenatdﬁsm taeﬂsmbjsskmﬂg(l ng
and/ or evaporation_of ef er

- n
har deni ng and dr yl Wate%a?c?ngaém?gl (1[16 or m?l'% sﬁlconelf ased dge Bch} %rccma?rls ﬁB@ou 8150 be
appl i cation of heaur;deraﬂobdm:uqh vangf smgllrlarterms herdm Gvuot ihendadod beserlinngd, rbay be

enpl oyed, e.g., by, g . in.t ctron
beam ultraviol et Ec %apg{)oﬁ A[g%é %ﬂ?'ﬁseasﬁ%?%g%ﬂgﬁ"g’? ﬁd&%@gcs%oﬁ%fw%o
PCT/ US00/ 24847 Themv@tlmsmay laglmnbedaﬁ apphyayene gid pheinainma SHol b 1hie intwaAsti der ed
to be synonynoys Wb fifife AR BBrbe prdafiO 6 e dbrivell GR8RNHRA and WHifSS Ot herwi se

i ndi cat ed.
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, e.g., by exposure to water and/or an acid or base catalyst. Gelling is
optionaily applied to precursors selected to form foamed, j.¢., 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, altbough any other art-known form of curing may
be employed, g.g,, by the application of energy in the form of an electron beam,

ultraviclet radiation, and the like.

i1



Further, although the description provided herein generally describes
processes and 5 apparatus enployed for preparing and planarizing ong MAR 2004
enbossi ng patterns vansasgsganed dielectric materials, such as th%cwumma4 .
exenplified nanoporous silica filnms, the artisan wll readily appreC|a¥e
that the instantly provided nethods and conpositions are optionally
applied to other gﬁb%traxel%urtaceg,-and tﬂﬁ% ot her E#anarizing material s

can be enployed, includit8T ¥ oteuk ARHINShoudde SotsKered i bemmamenass with the emfsi | s
and organi ¢ pol ynereagei obameechtsttivelesothemgsefindidaid. | n additi on, the terns,
"flat" or "planar" are intended to be equivalent, unless otherwi se stated,
when used herein. Wen these terns are enployed with reference to a
dielectric film Fnoltoelitugyth¢ deecriphaoamdvided hereih BEGSIY ddscribss freedsidhgat e t hat
the film has the I ree of nari.zati on. Absent any statenent
to the contrar ? , g é&%%@élg%eg?%ipﬁep%g 5’94"%7“%5025‘51?%?1“%@?%0“%nd/ or

"pl anari zati on surffaacediclortric woerphemsi o thetegmbplifibdnahsiorsisl §ka fifnC the HIRAS S

objects or surfa i Ng. ef ul . t opogr ap i ncluding a sinple
pl ane, a set of t\K%gl?g?ﬁ%éﬂg&?gﬂ%ltg‘?lénrsm?ﬂé/dﬁmg"wgd Qﬁ%gqﬁr"m‘g‘f??‘pﬁst‘%ﬁ argyi t abl e
pattern to be enbepwatlyeppliedpredssaitisten safacaond ot ahs pRhAbiag mbleHalsdah bC a

film In addition I I - known obj.ects.can_be used as

pl anari zation obj 6c. Eyegfihléh%:o 1;8%%%:?1 Bk PPESTEs %'gcaéhr%e(gg@ ﬁg’i‘s af"fsﬁfﬁ@écsp"é"“ﬁ'l'asti c
or mal | eabl e dilel besed didleqmid fimsur f ace with 25 a topographical pattern, i.e.,
i ncluding one or nore planar inpressions. Planarization objects can have
at | east one flat surface, such as optical flats and the like, or have a
contact surface t Kugddiien, ghgiapay "flay’ asfipdanef” ajetintendedno s Eprvaient wnidsticthengisalr uns,

rol lers, of More sGRERbEKEHARH WHE LRGSSms TRUSpiof il ABLE KALEQN, 0] ect s
e a

havi ng curved surfaces, it wll b ppreci ate at contac et Ween such a
curved surface andi® preduser by hednyennvs@eibpdsait isdo Baica thit theefilm bisi teadesiredi t h a
rolling notionsor dégxdeat pi@ripm@bd.on. In addition, it will be 12 WO 01/18860 0O
3 MAR 2004 PCT/ USQ00/ 24847 understood that the planarization object is
typically incorporated into any art-known

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 simpie plane, a set of two or more
20 planar regions and/or any other suitable pattem to be embossed or impressed on a

nanoporous dielectric silica film.

In addition, any suitable art-known objects can be used as planarization objects or
compression tools 10 emboss or impress a plastic or malleable dielectric film surface with
25  atopographical patiern, j¢., including one or more planar impressions. Planarization
objects 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 appreciated 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



press or roller device to provide the nechanical force necessary to conduct
the conpression step according to the invention. 5 Broadly, a subst r[]%tﬁAR 2004
coating can be contacted with a pianarization object before, duri ng

after the aging and/dM&$ing of the applied dielectric film |T¥ @me y
required that the applied filmor coating be sufficiently plastic or
pliable to accept the planar inpression, w thout danmagi ng or preventing
formation of desi nadsrstoof tatthe anarizahien abjaaunbierilyswratperapd e agy wrulotoun e of
silica dielectric fJ i oW 11 also be
appreci ated t hat tpLeléJ Gélﬁ%\gr}ﬁg%{ora’gotﬁ]dérﬁlg%gé%gga g%rép ae%?%Pg?g"é““p"r ovided by the
I nvention can opt icernmbasyn peroaccaéngtottgnogoiroous di el ectric silica fil mhaving
a sealed filmsurface, which can provide the added benefits of inproved
mechani cal 15 properties, e.g., increased cohesive strength, nodulus, or
adhesi on, rel atsi v&readly, nenprataroptingedn b ¢opactediwith o plananigatioh pbjecabefoovi at e a
need for post-curi I a hygy ophobi ¢
properties. A NE'FW R ag?%%%%&%ﬁ%{%éﬁ%p@ﬂ%aﬁv%wggf h'B fe%l%esct c filns,
e.g., interlevel d?"élréfblfl?‘ﬂ'@ a@aladufwggr coateg fsrsefisieaty #lasoprprnliphliaisl agcept the
precursors appli eghg idpRiRal f Rl Shagily o@ﬁr&ve%ﬂ@fvenﬁ%h&%mﬂaaﬁ keameglg
spin-coating, dip coating, brushing, q prayi n cheni cal
vapor deposition. Shehe ?ﬂ"@éﬁ?rs%?le E%fﬁ“ﬁ@mé%"férBaﬁﬁe@cﬁéﬂgfﬁe‘i'heﬁr‘fét@#@fﬁﬁs a
silicon-based preguhs®r and/ or 25 conbinations 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

t he sel ected precur \81Qralsaﬂdaﬁpfﬂa1a€£6$haf ﬂb.d pfahﬂﬁﬁtldﬂrﬁﬁd:\dﬁis and’ }(ﬂ?}hﬁ&k br}éwded by

silicon-based dielectric fil P %enagl} nano oro S .Si. f@%gl el ectric
films, 30 are pré’b%f?‘c?ﬂ“‘f“rc&?nc’%f"’gﬂ APRBIE STPIROGHS %‘H“ﬂ“é‘l Y8 %r ecur sor,
e.g., a spin-on-glsesal il s\iEcd Whld3a0prdvide MARIIEA BéneR{SHf e d8hinical

15  properties, g.g., increased cohesive strength, modulus, or adhesion, relative to

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

modification to enhance surface hydrophobic properties.

A, METHODS FOR PREPARING DIELECTRIC FILMS

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 seiected 1o be

appropriate for the selected precursor and the destred final product.

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

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



("S.OG") material blended wth one or nore sol vents and/or ot her
components. The dielectric precursor is applied to a surface to be {3 MAR 2004
pl anari zed by any awo-okm&¥#h net hod, e.g., including, but not | irdTiesdoi4eq?
spi n-coating, dip coating, brushing, rolling, spraying and/or by chem cal
vapor deposition. Prior to application of the base materials to form5 the

dielectric film the Sgbshhatia vkdhatE ohsSoridid SRahd YuaRk 6B SHplRhisC ting
by standard, art-known cleaning nethods. After the precursor Is applied to

the substrate surf 4tkcTf H@C‘H&ét‘seatﬂplﬁ 1% HpEagedo wﬂnameéay aRf arhkngwn method,

pl anari zati on obj egl, idcRding] Yt hdE@mbi&s Ims?ﬂh c@atﬁ@,’%ﬂ'c‘%ﬁ&h%sﬁﬁ? rollufzofpra@m i me
and at a 10 pressure e;fectlve to trans er the desired ernto

diel ectric coati ng@8ForPy Fifmims! YR derogiiy PHPTEC &P ‘?aéle’éOf‘hqj?aéff@?‘aTEﬂliﬂo f‘{"ﬁe

contact surfacesof :ﬁefaaeldabjcm th&suballel seadced oplronﬁ%r@ﬁrewﬁrf&oﬁmgw sdhdafdk

rel ease material, e. [n_g % or its functional equivalent. This can

be in the form of i‘%‘ O‘Yrb ’é‘ﬁl Y% m or sheet of rel ease material .

Alternatively, the release material can be provided as a rel ease coating

directly on the cog%re si on t ool worKi F‘ig ﬁurfa The rel ease material or
kS

coating can incl ud © PO BRRP i tod te Syrfage, thercpgied Yriagedpsnatacted
hydr ocar bons, or owhtek panghatia dhjact L, it thefoga bl Ccompteditridbs, fohi Gifie aidcat a€i t her

liquid or sol i ti | | t el ease _nmater, is.selectiyel
perneabl e, e. gq,U CBrE%reégng%V%dr tra“%}%c"ﬁ%%‘f’ﬁeé PSR t@ﬂeﬁ’ﬁlﬁcnﬁﬁamﬁo }éllnb‘y”t'ﬂe pass
vapor phase reagentnﬂa,smléssﬁata/.ed gases, reaction product gases, and/or
solvents into or away fromthe surface being conpressed. Advantageously,
such a sel ectively perneabl e nenbrane can prevent the formation 25 of
bubbl e artifacts oRrefarably, tﬂfricnnmdnsniateanf@heiomd isfapricacé or Saedwah sadresick vel y

er meabl e nON- ST Rc,UELARE 687300 IR ONAL! dhu e CPAGETDe B b R LF AL ed

with a material that 1s sel ce to absor sor gases or vapors
t hat m ght | ead3t o?mpyatle aw!@rshﬂreb?frfelﬁsmatmal balstshatizelp Ahetrhleasp matssialdan

surface. I n anot hepe figtitiQibs atrgl@as&&@ﬁr%qﬁreéf'}roﬁ@ﬁ%oﬂﬁrcss;oh?oo@gfmfn§§§r'f£9 t ool
i ncor porates one or_nore openi ngs or passages to allow for 14 MAR 2004
The release material or coating c¢an include any art-lmo“m materials, e.g.,

fluorocarbons, hydrocarbons, or other organic and/or inorganic materials which are
either liquid or solid.
20
Optionally, the release material is selectively permeabile, g.g,, composed of or
including Gortex™ and is able to pass vapor phase reagents, dissolved gases, reaction
product 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 aiso optionally be replaced or undercoated with a material that
is selected to absorb and/or adsorb gases or vapors that might lead to undesirable
formation 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



WO 01/ 18860 PCT/ US00/ 24847 venting of any excess vapors or gases and the

rel ease material is on the working face of the conpression tool. OnggMihell
surface of the treafgq, s ectric filmhas assumed the desired $RaRGsoskdle

5 conpression tool and any non-stick release material are then separated
fromthe dielectric film although in certain enbodi nents an opti onal
non-stick rel ease materlal can be left on the substrate coating for an

addi tional time peFias oY SICFHWARTEOEPYRd the Hilcagegnaiefiabis op dieararsng fae al | ow
for further film paptgempﬂgmmgélor to protect the newy pI anari zed surface
during further processing steps. 10 Wien the release material is a coating
on the conpression tool working surface, the release coating can

optional |y be di ssghxage @Efa@tomné\ﬂibﬁ@l d&@é&ﬁc@hm E&0ssumbkd QWO £ABEFe, He
separation of the c mrg)reSS| 0 omthe planarized film _In one

preferred enbod? meR™PTEHED O8] ﬂ&ég‘@’ “r?ﬁt“é‘:tklr%{fas‘t Herpbarg thep sepprated fomdpe j g

vapori zed when 15 aleldttﬁaﬁinzeﬂmugﬂle c@MPRRBbOGen SMUptibriaDRont 6k RRWLemPhdriged
coating then assists ion tool off of the planarized

o S mort zont e Hrta otk kgt 85060 TP RRBOT) bRp pesopulp BURtmPr e

sinply by way of exaaghgor geiionalokyibwe fog fuotkerdis pcessibg\&Rl/or W fricesraiearulyar
wei ghts ranging from abo t about 5000. These types of polyners can

50Q to
be spin coated in BeHRES osruﬁ?cf T ef RREEMEI{EPor ki ng face of a 20

pl anari zation abject in its nelted state ( 1OOC rreltl ng p0| nt) or with a
sol vent (such as ter, _or al cqcnai])sa Gam room

leh the relea Og'é’“f%?“ tﬁil% Oél?xi-xgzsqflace B At er

tenperature, to all con
formng or gelli ngred)erasetmttkng cirhptiBAly l)Jeailssbleed mihtr@ahefnemtramﬂdeaibmngaasefoﬂrt her

whi oh can sopar at o PRENF e RRRES S B A B oA TBARE ek T P 8"
i ncl ude, sinply byem}a;yiirmnt gheaslprsemaipral g@tbhymenéal@bat deapare/ wren pol yet hyl ene
glycol's or PEGs i Qe .3 3HB, gaJapd?'ﬁJo tra‘{‘.Eé "i‘i&g‘ﬁssusﬁ% pAQEher

L
variation on rel ease materi al )g) t hat can atl Zg%l unrg to combi ne a
mat eri al which is HScHRPrESFion o] off %&thermﬁw@ﬁ*ﬁbr\émm@bleéﬁw ®alewIPEG t hat

can be 30 conpoundggiyk ¥ tfs puBWsd iRciitR itdply WekvE¥r eSO bolPdlinAdre @RREs orand
still-remin as a PAOs, 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 PAO is desirably solid at room temperature, 1o allow a hard
contacting surface for planarization. After forming or gelling or both, the PAO can be
melted 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, poiyethylene oxides and/or

polyethylene giycols 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 a2 PEG that can be

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



15 WD 01/18860 0 3 MAR 2064 PCT/ US00/ 24847 solid conpound at room
tenperature. The glycol conponents can then be easily vaporized to ﬂ hm/vmm
rel ease of the plangsbggidon flat fromthe dielectric film Conmpg

petrol eum based waxes al so have simlar properties and can perfor mn{ P1e sa
function. 5 Precursors for Dielectric Filns Exanples of suitable dielectric
precursors broadly include nononers, nonomer mixtures, oligoners, and

ol i goner nixtures*f CmEPYR SHOPTH T FPSHMh IO G S GPTRRPERYy can therdiesasiat ed or

appl i ed reagents, vagdited 16 alttivedeies oamdpraﬁhelzlath&ﬁﬁnat ROHARIGINRIHGHS . abhmdd known
conbi nati ons thereof. Oher, exa S sul table materials include solid
material s such as pﬁ'ﬁ?lﬁ}iﬁbtfﬁsﬁ‘?evfaf‘gsn%)ﬁqg‘fveégﬂ‘ 2L BIOPEHEENB JAHRSHOTRES S3ffd t hen
resolidified thrdughocooling. O ganic-Based Precursors for Dielectric

Films 15 Organic pol ymer precursors that can optionally be enployed to form

pl anari zed or *embossed interlevel dielectric filns usi ng the nethods and

apparatus of the |ﬂmmxg_mnm@@gmm known and include, sinply by way of
exanple, polyimd cur.sor escri . U.S. patent nunbers
4,113,550, 4,218, %@%ﬂé?ﬁ?fﬁmﬁéé%ggﬂc ﬁefur%s rﬂ%ﬁ%‘ﬂﬂ}‘%ﬁr@?}‘oﬁﬁf%ﬁnﬂnwr ref erence
in their entireti esixwufsefighieagamirofigshe ndxteﬂeemturdrs:soha.&*e@m&ca@ﬁ Surip %yude,
sinply by way of exanpl e ethrs of o ric al dehy

condensat i on prodd‘&?g’gféﬁﬂf’é‘ipﬁ ?ﬁjde%ﬁflﬁilﬁl agé%@?ﬂ‘mﬁ@:r‘gf %% a?‘#’r ‘i"“?‘@égt hal f of
the ether noietd esknasn uﬁ&ﬁmnﬂidnedaetenf Gmeomadlekbﬁum{b&trﬁﬂhnmabede 8108, 096,

I ncor por at ed herein erence s .enti QO her ﬁwferred rgani c

pol ymers 25 incl ué?aat?’ § suc ?De)gneénmﬁhnoaﬁ £t f?gf?er%?'@&mﬁ%‘l PHEFR resplfilisd; £ cul ar
fluorinated and nolnrouzhlcwmg-nat ed poly(aryl ethers) avail abl e under the
tradenane FLARE[err] from Honeywel |
: ic-Based P for Dielectric Fil
15
- Orgauic 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
descnibed, £.g., by U.S. patent numbers 4,113,550, 4,218,283 and 4,436,583, all
20  1incorporated herein by reference in their entireties. Preferred organic dielectric
precursors include, simply by way of example, ethers of oligomeric phenol-
dialdehyde condensation products containing vinyl benzyl moieties in at least half of
the ether moieties as described in co-owned U.S. patent number 4,908,096,
incorporated herein by reference in its entirety. Other preferred organic polymers
25  include fluorinated 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  preferably from about 17 % to about 25 % by weight of the composition.
16



International Inc., and copolynmers m xtures thereof. The pol ynmer conponent
is preferably present in an anount of from about 10 % to about 30 %39{ 2004
wei ght of the conposition. A nore preferred range is fromabout 15%% Ag
about 30 % and most*BY"Fferably from about 17 % to about 25 oFBYVRAFHHL
of the conposition. 16 WO 01/18860 0 3 MAR 2004 PCT/ US00/ 24847 Epoxy resins
are additional exanples of dielectric precursors that are suited for use in
the present process. One exanple of a suitable epoxy resin is epoxy novol ac
431 (DEN-43 1) ' ' Yefoy i - f w j cal Co.
The uncured 5 re!?%&ﬁééﬁg%%Fg§ggkﬁ%£%FQ§%g%%£%6Shgﬁgggﬁg%%@wggﬁgb%?g of
100C. The resin i shequasedpmtesa Ont emppelea asatabif epdyp tasin1OQExy movblheddr esence of
an acid catal yst. L@ - i i i oaci d
gener at or triphen§$€ﬁ%§ﬁgﬁkﬁﬁﬁk ef%%@ﬁ%?%%ﬁ%?ﬁ%ﬁﬁ?ﬁgq%%§@$ﬂ?%Eﬁﬁgggg%
Precursors for 5D edsadiyd wsdbhityrpd alRpei08rcp etk ihpdraon oHHO¥H THE shie cstouied 2t 2
precursors includ oSl oc | j Qf.: si | anes
according to For nﬁﬁn%%macg a%%ﬂgﬁ]tcf Jngggﬁ g‘"e%?} D{:%)n-%wﬁg%@ﬁp? Exa?g tl‘(el%)af. nunber

09/ 054, 262, fil edseublapeid Fatgdyst FggPhotpsred gineretposipeay ofiphghivoh i s

i ncorporated by relenanGaRetei N in its entirety. 17 0 3 MAR 2006 WO

01/ 18860 PCT/ US00/ 24847 Formula | 5 R In one enbodinent, Fornula | is an

al koxysi |l ane wherein at least 2 of the R groups are independently C, to C,
al koxy groups, pand; ithr I8 ati@nd Ndependently 10 sel ected from

cotEBated P& br IHEN ;
the group consisting of hydrogen, al kyl, phenyl, hal ogen, substituted
Preferred silicon-based dielectric precursors include organosilanes, including, for

example, alkoxysilanes according to Formula I, as taught, ¢.g., by co-owned U.S.
serial number (9/054,262, filed on April 3, 1998, the disclosure of which is

incorporated by reference herein in its entirety.
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phenyl . For purposes of this invention, the term al koxy includes any ot her
organic group which can be readily cleaved fromsilicon at tenperatufE8AR 2004
near room tenper at woanhysshydrol ysis. R groups can be ethyl ene g]!,éllg(%yn&g.f
propyl ene glycoxy or the like, but preferably all four R groups are

met hoxy, ethoxy, propoxy or butoxy. 15 The nost preferred al koxysil anes
nonexcl usi vely include tetraethoxysilane (TEQCS) and tetranethoxysilane. As
exenplified below, a partially hydrolyzed and partially condensed fluid

al koxysi | ane conposition can be enpl oyed. RSuch a precursor is comrercially
avai | abl e as Nanogl ass[err]' K2.2 (Honeywel| International Inc., Advanced
M coel ectronic Materials). 20 In a further option, for instance, especially
when the precursor is applied to the subStRate by chembgala vapor
deposition, as tsaught by co-owned patent 2pp|ication serial nunber
09/111,083, filed on July 7, 1998, and incorporated by reference herein in
its entirety, the precursor can also be aR ai kyl al koxysi | ane as descri bed
by Forrmula 25 I, but instead, at least 2 of the R groups are independently
C, to C, alkylal koxy groups wherein the alkyl noiety is C, to C, alkyl and
t he al koxy noi ety ilgorgembpdigentafdemnip | isgn abkbhyeilana Wkoxy ageaUSE thedghodgie

bal ance, if any, ang iifdspR r the .group cqnsisting of
hydrogen, al kyl, pﬁeﬁf#? hgﬁgggﬁ%&Eﬁﬁﬁf%%ﬁgégd3%3%@??J?ﬁwd%%m8%¥%§35?ed
enbodi nent eachOR Fdeqsstiipmxiic Zopmenpyising op hsipagry alkiinplengt thbger subtrneed 30

enbodi ment at | easthdNOFE RS f i Sndhdon! rein the alkyl
moiety is 18 6 3 Rn%eﬂﬂ 01/ 18860 lﬁ@i%Lsggﬁlﬁ%ﬁ?ﬁ%ﬁ“%?&&’“aﬂ’%aﬁc and t he

al koxy noiety is CZoupYhshsindsgadily pledyed fremsititpsrat smpdratnreeskar mobodi nent f or
a vapor phase precku§Rfaurdby dy@aHsist Gh by RE SIS bf s of
the formula (C, to ,a|Eo£%j?ﬁ§%§r§?ﬁ8ﬁ is 2 gg%Gg9§ﬂgp3?%§§%?gﬁgég§$a
nunber 09/ 111, 083, Hretit-ibyhRitfemblypl fous Rerpupeare megoxyhetkoxyy ednery exchutosy.| i ca

precursors for ishemhembst pafifed BRPOSIdntQRnERREVEI inc LA e EXAID)sBme BBOI! @
CombT Nt on Of Al Ky A e Lo Y Sactil hycroiyead o by S1 1 ane:
condensed fluid alkoxysilane composition can be employed. Such a precursor is
commercially available as Nanoglass™ K2.2 (Honeywell Internationa 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 its entirety, the precursor can also be an alkylalkoxysilane as described by Formula
25 I, but instead, at least 2 of the R groups are independently C, to C, alkylaikoxy groups
wherein the alkyl moiety is C, to C, alkyl and the alkoxy moiety is C, to C, alkoxy,
or ether-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



tetrai sopropoxysil ane, tetra(methoxyethoxy)sil ane,

t et ra( met hoxyet hoxyet hoxy) sil ane which have four groups which may b&] MAR 2004
hydr ol yzed and thaqw?&%q§£sed to produce 10 silica, alkylai koxysitaggsassrch
as nmethyltriethoxysitane silane, arylal koxysilanes such as
phenyl tri et hoxysilane and precursors such as triethoxysilane which yield

SiH functionality to the film Tetrakis(net hoxaﬁ%t hoxyet hoxy) si | ane,
t et r aki s( et hoxyet hexy Fsiliod ars the ekexy Rt iito 1 et XY SO HEHRYY ST Pfrged

tetrakis(2- ethyl t BEeYhsh: b GpolfBhde pkdeSkdred RAxYRS RQYpSirt aRe-alkayd 15

t et r aki s( met hoxypr opoxy}5| | ane are Eal’tl cularly useful for the invention.
Addi tional |y, parteasmsyl ke il fede Cctlish 2beredm Holderi zed derivatives of
these species can be used in this invention. Qher precursors of utility
to this invention could include precurgors whiggvgan be cro s-Iinkgd by
exposure to heal ofPRIRHRR seriahnumpsh &y L1083 enpiong B2l FatheyBal prelenee
l'iquids or solids aficafpReindrefeieriidil @apopbsiticatiitiide oekanplgdnyesriaodi nent s,
the silicon-based dielectric pre ursoré%) can al SO be sel ec.E ed fromone or
nore addi tional pofdpEREen °§§“‘P’éyﬁg"d’f’5%§ JERRREY S8, CEROP Y M nber

60/ 098, 515, filed RRaidwpepsiysifhe, 1dR08cthapethdxypismRorei(methinychefyethensdaraer ei n
inits entirety, including, but naot |limted to, a silsesquiaxane. pholyner,
25 hydr ogensi | oxanB&CHPAvE “ﬁ&ﬁ‘épst“ﬁ’éc%ﬁyr?ﬁé&fl(ﬁgiaﬁf{é’?‘}j”f‘ hed 16 piGae

hydr ogensi | sesqoi oxadeskylakixgdilaia sechtal erefhitriviloay ikl sQhrer arylalhowsilanes such

hydr oor ganosi | oxanes  whi ch, have the fornul a HSI I o i @33)J,,
[Fs 0L 8) iRsi O St Bt eyt pRR s P siof bbisn Hee §FP) 102),
pol ymer fornul ae, funit®nabputihéiltnoTahistmetR@yethoxpghokyisdangbout 3, z is about

B o b

i ndependently H, C, or _ 48% e wel gﬁt- aver age
mol ecul ar 19 0 3 MARYIDOOSsiIME, CrAtEaedoREh HS0BI248Y7 wei ght may range from
about 1,000 to ,abo : e el LBy SR el R Bveionr @anges from
about 100 to ablgut %@%&%th%rﬁg&a\ﬁﬂmeeﬁ arc V\B?ght ofr_ frlovr_en :';lrolout 5,000 to
about 45, 000. Nbr e Agdinéralinpayiallibydeptigeds condenredercoly paerddsri By ©f Bese

yi el dﬁ ng a 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. senal
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, 4),0,1. hydrogensilsesquioxanes
which have the formula (HSiO, ,),, and hydroorganosiloxanes which have the
formulae [(HSIiO, (), 0,(RSI0,s).],, [(HSIO, 4),(RSi0, 5),], and
[(HSi0,;),0,(RSiO, ;).],- Ineach of these polymer formu?ae, X 15 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 R isindependently H, C, to Cg alkyl or Csto C,; aryl. The weight average molecular
19



nol ecul ar wei ght of from about 14,000 to about 36,000. Thus, useful
silicon-based 5 pol yners nonexcl usively include hydrogensil oxane, DgﬂARZMk
hydrogensilsesquioxqﬂgDm dr ogennet hyl si | oxane, hydrogenet hyl si | oxane

hydr ogenpr opy! si | oxane "**¥/dr ogenbut yi si | oxane, hydr ogent ert - but §FEPF8%4H2
hydr ogenphenyl si | oxane, hydrogennet hyl si | sesqui oxane,

hydr ogenet hyl si | sesqui oxane, hydrogenpropyl si | sesqui oxane,

hydr ogenbut yl si | sestigtdxanerenijerm akpant oo about3d6.090s i1t the pytrmes amisodamdabt n

hydr ogenphenyl si | seaggpst 05RO RMH HhbekH0BSieldte SR ecu@Swilll br £ %E?&ﬁ] too
nunerous to nention. In further preferred enbodi nents, as {augﬁlf y
co-owned U.S. seri dP 2pirhiett0 dtpromgenls, n mygesiior abopii§0 4¢ 2bpm 650 98Rling &

i ncor porated by refmflenee wBighaif froinfbdut $4,800t4 4v8Ls6, 036 TB{Ik,eus?ﬁﬂ difftBn-based .
precursor(s) can al so be forﬁed P}y reacting certain nulti unctlonaf si |l ane
reagents prior to 9PPICIPPBH BELIIEs BigeqerisHoRsps Hydregepiseawondse.r at e.  For

exanpl e, such pr emya&gfr&e&fy&ilﬁﬂhdrﬁfﬂr@n&%%iaﬁg h?m@éhﬁrbﬁ@}lﬁ%%én&nm » 8., @
Sl

tri-functional silan precursor th a tetra-functiona |'ane precursor
and then depositi ng‘y(f?’i‘?é “E’B%E{]‘?"Gﬁe’ h’\ﬁl“@ﬂﬂﬁ‘f‘b‘B}‘iSlg’x%H&'fllfoa?f@mebﬂ@ésq,r abl e

mul ti-functional aldgowyaideayRaseaduxam)] 18atpchehyOMelhx@eoup having the
formula A"-SiH mFqornula |1 erej n each I s i ndependently an al koxy (OR)
wherein Ris an or&ﬁﬁ%&e"ﬁﬁpé]f eSIRIOX NG Y ERBRE P Igisesgpigane dydregamiarthe gr oup
consi sting of aro albeyhsiiessghieManednyd hydredREphehesidsuioxind id ixcrdd BE@SS, 53R NY
froml to 3; mis an integer rangln froml to 3 and the sumof mand nis
4. A tetra-functi ofaP™EF EOAPECPSIRETEIN oyed in the processes of the

i nvention preferably 30 has a forrmula of 20 WO 01/18860 0 3 MAR 2904

PCT/ US00/ 24847 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 muitifunctional, g.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
formula

A-SiH Formula II

wherein each 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 15 an integer ranging from 1 10 3; m is an integer ranging from 1 to 3 and the sum of

mandnis4,

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

30 has aformula of
20



A4-Si Forrmula Il wherein each Ais independently an alkoxy (OR) and Ris
an organic moiety independently selected fromthe group consisting (dfMini00
al kyl and an aryl, WOIOh186X urt her aspect of the invention, the ®CRUf8pS#HANe
conpounds descri bed above may be replaced, in whole or in part, by
conmpounds with acetoxy and/or hal ogen-based |eaving groups. For exanple,
the precursor conpound may be an acefoxy (CHerr]-CO£hugygh as an

acet oxy-si |l ane conmpound and/or a hal ogenated conpound, e.g., a hal ogenated
si | ane conpound and/beEinEahtt hadeRsAdnhardeKy (GEB) andiRels sporRRmORRIAt ed
precursors the hal Qgegnicily &fkciebtrom Ble.grdup2bilisiidl s184 figh BnPRReAt s, wll
optionally include F. A low organi c content al koxysilane useful in formng
dielectric films include those of forrmulas IV - VII, below, where the
carbon contai ni Bg syb&hhérugﬁ&%ms Biv 68 AMbtalidoRvsdthe cdBpRNRWRLrid db8RSmdyhan
about 40 nole percent. [HSiJerr][RSIJerr]]mFornula |V

[err][HO. 4- 1. 0Si OL bsreplagedginyihpdg oyin parg by gemponds with ggeiqxe gpdigr|hglogen-based
[err][HO-1.0-Si QL. 5&121%%&1@{1@‘ Ehr@ari]i e @ttt R cdhpound may be an acetoxy

[err][H Si OL. 5] X[ R-Si .Srdj}/[Si 0242 Formula VI1 20 wherein the sumof n and
in, or the sum or XCHyCER chas ap psiorupbne coBPPpdapyerne hstpgenated spPpding y
are sel ected such tehat hsiagenney AaRtcahpiungarkiitd Sérhbitk@oisSheddof RUr@Rent in an
amount of |ess than about 40 nol ﬁ“ §elrcent. R. LS Se ected from s;.[llbsti tuted
and unsubst i t UPed PEPFEREHRTECRE e RRBEB % fenEH BRI RYA P §FBiTsPecEy ¥loal Kyl
groups, substitut edpricaaily weisdslFsti tuted aryl groups, and m xtures thereof.
The specific nole percent of 25 carbon containing substituents is a
function of the ratio of the anpbunts of starting nmaterials. In a preferred
enbodi ments t he nolilopergentontt dierxbolancoseftlan farmge delebsit Hinmendladeitisose of t he
range of from about,_ 15 I rcent. to.about 25.np| e rcent. Thes
pol yners are descrif%néqgla% :W?Ebf"l%y \l"’lherﬁh g?arﬁgtccérﬁ?mqg%%ﬂblﬂgué? |E§rrf psr%SFringrf a%nunber
21 WO 01/ 18860 13 3 aividi 20193t than about 40 mole percent.

[H-Si0q 5]n(R-S101 5Im ) Formula IV
[Hp.4-1.08101 5 - 1 8lalR0.4-1.0-S1015. 1.8lm Formula V
[Ho-1.0-5101 5.2.0In[R-5i01 5]m , Formula VI
[H-Si0) 5]x[R-Si0q 5]y[Si02]; Formula VI

20  wherein the sum of n and m, or the sumor x, yand z is from about § to about 5000,
and m and v 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, cycioalkyl 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

21



PCT/ USO0/ 24847 091044,831, filed March 20, 1998, which is incorporated
herein by reference. A suitable |ow organic content polyner precursdy] 1R 200t
avai | abl e commer ci ald ¢inguge LOSP[err] (Honeywel | I nternational | Reyqdfenmanta
Clara, California). 5 A high organic content al koxysilane useful in formng
dielectric films include those of fornmulas wherein the carbon containing

substituents are pr LN of . about 40 nol e percent or nore.
These pol yners ar 609@%@@}1', %QQW%MMVWCH%E@W%@heU.‘ DY IS BRE A

appl i cation seri alsumirEher o@9iOdohiehOBlynfet prechrdvarsaRaiRble c3:888icia kLD dFsH

i ncor por at ed hereig %rl erence SucE r@e the forrmulae VII1-X 10 [err]
[HSi OL. 5] n [ Rsi oL. (599 ¥elEnremapapal pof 2t Sanialara CaB&ren)- 5 1 g1n
[RO.4-1.08i01.5-1.8]m, Formula IX [HO-1.08iA.5-2.0jn [RSIO 1.5)m, ,
Formula X wherein the sumof n and mis fromabout 8 to about 5000 and mis
sel ect ed such t3hatA hiphegodar dvorniokgsilarenge f§ b fiming éfttecir® fihenende thée an

anmount of from about. 40, Mple .15 percent. or qgr er:. and [err HSI O.1. 5] x
(RSO 8]y [ 81 2) O SREP Paesh BeRERET HopitinadiRlEh o2 preshf i anaidpiugly pout
8 to about 5000 artlow 40 mokgkreet edmerachesetphiyinetshe arbehmeriilai ifcdgwned

substituent is pr nt. in nt _of. a % eater; and
wherein Ris sel eg'?g'(?atfe?tgﬁﬁ?lgﬁ St ?rt'alljfl%“ébeéﬁég%rég’b@% @ﬁﬁcﬁgé’s}?%ﬁéﬁﬁ%hai n 20
and branched al kylingrromgd hewindly oeferknce. Buch hpe:, thesfobmsitlae Ville®: and unsubsti t ut ed

aryl groups, and m xtures thereof. The specific npole percent of carbon
cont ai ni ng suﬁ%ti[ﬁﬁ@r\ﬁ@iﬁ%@(ﬁl-?ﬂmcti on of the rati®™Be e anmounts of

starting materi al A sui t abl i gh grgani c content ymer precursor is
avai |l abl e com‘rercis[gp-l"fsl-Ogéllﬁg["ég?-?'l-og’lgﬂﬁe&@ﬂ=I Ilﬁ%}lﬁ%i onal Inc.at Santa

Clara, California),y.25 | yer the structuresg|V-Xl,, may be prepared by
m xi ng a sol ution [Ic-)IP'lé)tSEﬁesa ni%ge}bl'é anot ri hal oslr r%téﬁéxand

hydri dot ri hal osi | apgdiind QEBrA 23 hlidiém a&qmo%a]g sbotfand M K SHLGdWdipR dual
phase sol vent which 1 ncludes both a non-polar solvent and a pol ar 22
the carbon containing substituent is present in an amount of from about 40 Mole

15  percent or greater; and

[HSi0] 5]x [RSi0 s}y [SiO2];;  Formula X1

wherein the sum of X, y and z is from about & to about 5000 and vy 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 materiais. A suitable
high organic content polymer precursor is available commerciaily as HOSP™

(Honeywell International Inc.at Santa Clara, California).

25
Polymers of the structures IV-XI may be prepared by mixing a solution of at least one

organotribaiosilane and hydnidotrihalosilane to form a mixture; combining the

mixture with a dual phase solvent which includes both a non-polar solvent and a polar
22



0 3 MAR 2004 WO 01/18860 PCT/ US00/ 24847 sol vent; adding a catalyst taq Q@emm
dual phase solvent and trihal osilane m xture, thus providing a dual

reaction mxture; neagbissg the dual phase reaction m xture to Q,;r.qg,g&ﬁ“ﬁp

or ganohydri dosi | oxane; and recovering the organohydri dosil oxane e
non- pol ar portion of the dual phase solvent system Additional information

5 tion of ol ded b d U S. Patent
Appl 1 Gat 1 on ser | al M HiREPE Detamh it Bl Ao BiT i BP o S o

di scl osure of whi glaoviding mrq)meaéaedorbyxxnrefr@ﬁteigm& duelrpdhde rtalatldntrﬁlxﬁfttm rety.
Generally for the abpve- o(lje Qé:ll?sae_ [{ S or dlngﬁiPErlc %
precursors, the 10 B0 feyar?‘efgam Hponent 1% 2y r@‘f"é?%llv PFE8 FHORRA Idunt  of
from about 10 %tahatmo;pblasﬁbr%n dﬁyhe\ﬂBixnghase@tﬁlvdnhe_/smmmﬁxﬁhddanhforrﬁatmbre
preferred range |srgro[rln ut. 15 210 %b &b ?g% rief erably from
about 17 %to about-Pa5ue} By vvengE of Pt he cfn%’bc’sfmte t?ﬂ’t SPRIFUR &% oxane
materials are commmbera’mnys éﬁ\ﬂaf‘ ledibh h;neﬁ,oh@%)d&rmﬂcmsur‘é piwhiciHe ineyrperhied by

I nternational Inc. me Accugl ass[err]. 15 23 WO 01/18860 0
3 MAR 2001 PCT/ USO%&I%‘%E'I& E{ ‘fé}'@ Broadl y speaking, a "substrate" as
descri bed herein includes any SU|tabIe conposition forned before a
nanoporous silica filmof the invention is ap lplied to and/or forned on

that conposition. FBFIRaRT Bovelespeg hasprpatrials prgisleciq ffmgreswiorse B waf er

suitabl e for 51@r o @mpbnehild @efe@ble Presont i6 th dmddhe of Botabsh HEXECHowang, t he
base materi al froggY\S’hg;}EEh the nanoporous silica filmis forne I|ed

onto the substrat LA S FRTRSAPE- TG BEFderred rapgeds BRI ARPUt Ut t°r?h?‘“ i ted
to, the art-known mmb@d&fmlmmmav i’/d’tgaboutﬂSp/n Bpahg}ngfthbdsmbmm rolling,

sprayi ng and/or c de osition sui tabl g met hod or
net hods. Pri or toh[a%%lc eladcsélt |§?1m%t e E)On%"ééﬂf"%% i ?’«%%L EOBB’FS’IPP %

Honeywell International Inc. under the tradename Accuglass®.
15
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10 nanoporous silica film the substrate surface is optionally prepared for
coating by standard, art-known cleaning methods. Suitable substrat R 2004
t he present inventi w0 nosssexcl usi vel y include sem conductor nat g¢iadefadasch
as gallium arsenide ("GaAs"), silicon and conpositions containing 15
silicon such as crystalline silicon, polysilicon, anorphous silicon,

epi taxial silicon, iﬁsﬂ%&?i licon dioxide ("Siderr]") and m xtures thereof,
e.g., inthe formolf a polished wafer. The substrate surface typically

i ncludes an opti on@l‘oaﬁh’tst?@#wgoef"wkét@é'cﬁs [desamted hergmaivludes anp tuadable cochebeision

nitride or oxynitriggekbdss H\NQAO?B’OQS]‘SQICB GOV AR rt gpgﬁ?%o an&/o gko ! gshl ¢

techniques. Suitable materials for the |lines, that Y or
20 insul ators of afff ¢rmpgiiaeted cePrBgict 2 quﬁ@tmtlmlsallly|acé1comdfcrcsmmbmfbrr| de,

titaniumnitride, F;oamlﬁg A ThiBdrhied Bt aJ ﬂémee WEiceBdrd BleUD o Jnglyfﬁ:hm Shipfe

copper alloys, tantalum tun%sten and i con oxynitri
typically closely SEIaPatEHics fgmisdprened éfrP@PlltFélﬂmatfhﬁdu@tranb:ewnwnhammt 20

m Cromet ers of | eSsepheLer Abluing il & AFRLEE, &4 e B35 nB LS, LR LT D! ¥

from about 0.05 to aboutf m croneter. her option atur f the
substrate surface HREPIES bahips rajens Sé?élﬁ&mﬂ%hhea@alaﬂp%ﬂpdmdnaqr@rhmf ormed by

heating a silicon Wa&BE meodPbrimetRls. PRbEoRPSIAIARE He bAD mSle As%ffim%é de | ayer
formed by chem cal vapor dep03|t|on of such art-recognized nmaterial s as,

pl asma enhanced? t BHPREPYCKRIFA fifry e subsppremeacy isopyionally Rssaawé faseateshbi nat i ons

thereof, as well asu@ag, a@kndW Geafingie@b&l Y f or med nanoporous silica
di el ectri c films 24 WD 0111 8860 0 3 MAR 200 PCT/ US00/ 24847 The diel ectric

films can be applied so as to cover and/or |ie between such optional
el ectronic surf aCGuiiab&tsUHis&SIcs for thgpreseﬁt mGCehitibn ﬂn@i&ﬁﬁx&lyﬁﬁhdﬁdé%erﬁi@wu&&i on

pat hways. Such optiopal str I aI sQ be applied above the
nanoporous silica ﬂa}eﬁ‘?l&f’uc Ax8d H%erﬁei“%ﬁl(lq%iét Sﬂépq?)“la?fcﬁ"?‘?'ﬂﬁél | ayer,

so that the |owsdi eliemtshitcaskiysullinesilies, gody sihn&u hra&rﬁhdmﬁh@h dﬂiﬁis@al sillEon@
DLy O cor or b SR oA 8] S EARE B LETEh RS ol Bt oL ot o
optional 'y incl udesafir STHeisCiGraBBirfatd Ghicdtyakichidss dnipfigl ;mféi-ﬁ 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,
tantalum nitride, aluminum, aluminum alloys, copper, copper alioys, tantalum,
tungsten and silicon oxynitride. Such are typically closely separated from one
another at 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 SiO7 oxide layer formed by
chemical vapor deposition of such art-recognized materials as, ¢.g., plasma enhanced
tetracthoxysilane {"PETEOS") silane oxide and combinations thereof, as well as one

or more previously formed nanoporous silica dielectric films
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or adjacent to a nanoporous silica filmof the invention, during the
manuf acture of a nmultilayer and/or multiconponent integrated circuiguaéégé@“|

Applying a Sili COﬂ_—\E@?ﬁ%P@ el ectric Precursor to a Substrate Si H:‘FIB
g

dielectric filns, nanoporous silica dielectric filns, are
prepared by coating a silicon-based dielectric precursor onto a substrate
or substrates wusing nethods based upon those described in detail in, for
exanple, in co-awned U. S. serial nunber 09/054,262, filed on April 3,
1998, the di scl osuff g@fiecteifiils daf be &ﬁﬂﬁ&irsl@@{ B Mok ﬁé BhRRE euaﬂ%@dnal diddrrbdis
entirety. Modifications to nethods described in US. serial nunb

09/ 054, 262, for exaifpAedeatirpie L ddrchihgarenisRad orgPrivetg patbuptsi onal ?waeo substrate

required by the neeghikOfan GO bashiidiGbsve @helahdFordd @ifch &lm ¥4 thdlinFenRbRiAaf k:mbﬁeon
obj ect. Typically, a nanoporous silica dielectric filmis prepared b

formng a reactd orpd wpwmr Wf‘ha‘f"6HO“e@é%{?Fb‘FCeﬁ‘ma‘E”Fé‘a@EUl%@’ea’FR’@Wy%“qpalﬁéhfy°f

L,,, as described @%nﬁ@iﬁfﬂﬂd@raearoabmlmmaonﬁnhyeer&rmeeamgagbﬁﬂegﬂa‘ed@mumormﬁs a
water and an opti onal catau%élc anount of an 25 acid

i ncl uded to provi cbIraRAEEAFHE 18 thepRyartsP yptione i iprdudesd Rirep apalerpldhat rﬁrfe‘f"efiab?f

the sol vent conposi tl@enf@AREAcSEEusAtlich BRI tNBveh@IndduriM e thy mahifadiurvaf At i | | ty
sol vent and at |l east one a relatively |ow volatility solvent. This reaction

product is appli ed®BHE¥eT gadpnsayicqpponenidniegrated SISWH supra. The hi gh 30
volatility sol ygnt evaporates during and i medi ately after deposition of
the reaction 25 0 3 MAR 2004 WO 01118860 PCT/ US00/ 24847 product. The
reaction product is hydrolyzed and condensed until it fornms a gel |ayer.

For planari zation, aAf aepieMaaslicen-Restd Dikledti 8 % gwaent acted with the
gel layer after the high voIat|I|ty solvent has evaporated | eavi ng behi nd
a viscous coating, but before the curing or aging process has progressed
sufficientl y t 0 r egitladn-tabea didatric lﬁgnﬁinmodinphdnaﬂair@ls siEardiq:m:rircfﬂms agf t he

ti | at | hi t | t i t
N (T MR T SR M P NI R

using methods based upon those described m detad 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, 2 nanoporous silica dielectric film is prepared by forming a reaction
product of, for example, at least one alkoxysilane, e.g., as described by Formula 1,
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 Jeast 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



relatively low volatility solvent. The relatively high volatility solyvepki 2004
preferably has a 10 boiling point of about 120C or |ess, preferably about
100C or |ess. SuitaBPe&'HBYh volatility sol vents nonexcl usivel y paictsoemssr

nmet hanol , et hanol, n-propanol, isopropanol, n-butanol and m xtures

thereof. O her relatively high volatility solvent conpositions which are

conpatible with thgodich®le reagoedtbdnt is haRdlyRe afeadidnye ABLEHR FIRAEH o HY, i h0SE
skilled in the artF 1@ For . gufr oses of _the invention, "a relatively |ow
volatility sol vent " RERATEEIOP: B FEP ERd 12t RS- bagnpiasted &ith thegel laygpafieat ur e
above, preferably i fdigitintoien haveapctdial le®fingd 1i8ind 2 &hsdbis W8 g h
vol atility solvent, .The rel ati vel 3{3 | ow vol atility solvent conposition
preferably has a bSiIf ﬁ‘&c BE Rt 2208 PHISE Daspregressid shffigHatly tofgnder e efzErgb| y
about 200C 20 of hiogipéisble. Suitable | ow volatility sol vent conpositions
nonexcl usi vely include alcohols and polyols including glycols such as
et hyl ene glycol, 1,4-butylene glycol, 1,5-pentanediol, 1,2,4-butanetriol,
(1h2,dS- but anﬁt Ir |) ol , Foipﬂrpdish’s)dfamri?mmm TairelktiveR-high vglati}ity solvent" iﬁ one w}u’ch
ydroxynet hyl ) -1, 3- propanedi o 1 1, 4-but.anediol , 2-net -
, 3- pr opanedi ol , t%’?‘%’éag *AVA %‘H%ﬂ%ﬁ”flgéf"f’ QI#EYIH?P%‘E%&“&V%IBW ﬂ?%ﬂ%f‘ﬁat hyl ether,
gl ycerol and m xt uelesveBSow helatdinf soh@thElre reletivaty high woldtidivy seblemtprdfirhyly BRLvVent
conpositions whjc i o~ W,th the qother |j edi ent,s n. be
readily deter rriléﬁezb Dg{flgtp ﬁglrsgg%s%ﬂzlﬁec rikhss’tpﬁcger%% 2 Oth@%?rﬂW' g‘ﬁ{aggﬁfggaci d
catal ysts can be ewplubtyecvenBuiotexblugvecindigdeanghanbl, ethancd ai-dorandl, isqaspasd,i bl e
organi ¢ aci ds whi ch i L ofs i . rate.fromthe resulting 26
0 3 MAR 2004 WO oi’?bl gloa\ﬁ%%‘{ﬁégﬁ?é"i‘sgwfgg‘c‘ e:{’g'ﬁg“p‘r’%%fﬂ'& S°&"ﬁ8£‘?’“‘cpﬁsé“°ﬁ-? ocess
oper ating conditi onych asgwdmpktibddwithghnesheriingradipdtscan be maplilyideiemsinéd ttyohdshe
reaction product. Jfgqsieane conponent, kg., al koxysilane, is preferably
present in an amount of from5 about 3 %to about 50 % by wei ght of the
overal|l blend. A nore preferred range is from about 5 %to about 45 % and

nost preferably frmpapattior# idetRnaQutivél 106 volatility solvent" composition is one

which evaporates at 2 temperature above, preferably significantly above, that of the
relatively high volatility solvent. The relatively low volatility solvent composition
preferably 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-
{hydroxymethyl)-1,3-propanediol, 1,4,1,4-butanediol, 2-methyl-1,3-propanediol,
tetragthylene glycol, tnethylene glycol monomethyl ether, glycerol and mixtures

25  thereof. Other relatively low volatility soivent 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. Suitabie acids are nitric acid and

compatible organic acids which are volatile, Le, which evaporate from the resuiting
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The sol vent conponent is preferably present in an anount of from about 20 %
to about 90 % by weight of the overall blend. A nore preferred rangd)j 8AR 2004
fromabout 30 %to 10 about 70 % and nost preferably from about 40 %to
about 60 % The gre¥P&F%¥e percentage of high volatility sol vefil/Us0024847
enpl oyed, the thinner is the resulting film The greater the percentage of

| ow vol atility solvent enployed, the greater is the resulting porosity 15

The nole ratio of wakBh plouct BleSthd RORsCHBRAKLEIDhditiSns in@ fdiiclab Yioff irsauabout 0
to about 50. A nore preferred range is fromabout 0.1 to about 10 and nost

preferably from abBRRENEEssnto theTAHEAE™©HY%. The acid is present in a catal ytic
anount which can be readily determ ned by those skilled in the art.
Preferably the nolar ratio of acid to silane rr%pygjes f rom about to about

0.2, more pref er abl§F 496 AYBAFBTE &6 BV R iBReal BTFE TeCn 1A} AW FpEym
preferably fromsabgisti 304 RQBou: 60 BlbObEIgh .oORe ovkkel Hixhe pAk@e: (Biftried angbiated
dielectric precursor is then ted on a.substrate. . The layer, is
relatively unifor nf*?“‘a?ﬁ@fqagﬂl.‘g%iap m‘i’sﬁ%re%ﬁglﬁﬁpﬁktagwé591@°B%aba?ﬂejl4%a/f"t - known
material, .., as described supra, typical substrates are polished

sem conductor 25 ers, optionally_havin ne or re sem ct.or
conponents previ O\Sﬁﬁf‘)af'ﬁﬁ%lp@ﬁ“éﬁp%ﬁ“ﬁ’fé’reg@ﬁlégémoﬁ%feﬁsoo a\‘/’%‘%? ?%&gﬁ% Iy the
hi gher volatility sotobemtightsf thievrratiblehd astmomp areferad taygesy fipoplatiedd % for om t he
coating. The nore vol ati) e solvent evapor o\ ri conds or
30 mnutes. At Phi &9 %ltoré and o3t pfel@ﬁmr%?yi @%aab\%‘?@éa“s’%‘i“g%% g%dgf.%{eer%lgl ica
precursors and t heptreaggedT higlDvddtitify88661t OnBovui\Fbe2BiOnr PCE/res800¢ R8T vol ati l e
solvent. Slightly el gvated t : i I QVed. t O
accel erate this stgﬁgu tfc?ﬁm?ngaggglg‘%ggrlag@ty@%m?grﬁ%lgﬂg ’r%yn%r%b%éaﬁm J0C to about

80C, preferably ramgatyfrom about 20C to about 50C and nore range from
about 20C to about 35C 5

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 1o silane
ranges from about 0 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, £.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



The coated substrate is then placed in a sealed chanber and is rapidly

evacuated to a vacuum In the preferred enbodi ment. the pressure offJ W& 200

evacuat ed chanber r 3¥y¥488fHr om about 0.001 torn to about 0.1 tonpcDUS0024847

greater. In an alternative enbodi nent, the chanber pressure nmay range from

about 0.001 tort to about 760 torn, or greater. 10 Typically, the pressure

i s about 250 ton. Themit b@ver8libHY eieSarsEMBRrhd! by o%aﬁtﬁye&l \’]trrg)loyg?{oh a wat er
1ally. “For

vapor and a base vapor, either sinfultaneously or sequen
purposes of this i ndERIETHINIS slep a2Meb (FaPERuTes Elay trags frasehous 0o @bout 89°6f er abl y

the coating is firplefl@Ras@ ot oV 10UBRPE0°C G rﬁck}e&ns‘e@lﬂo@é?q@um’%obase
| e

vapor, however, in an alternate enbodi nent, the coating nay rst
exposed to a base vétﬂ?b‘ﬂjaﬁ:rd then 15 a water vapor. The first of the two
exposures is congucted such that thereafter the pressure in the chanber

remai ns at sub-atno herig ressure. The second exposure nmay be conducted
at at mospheric presSH ¥2eS SSRGS di5R Blepd ipg é"é'seélFlémgFr 2ad s eppidlnevapaisHér s c

pressure. 20 |n onevquehemhthdprefbarbnitdbimenaiht flesshid @f (0 Bfa8ithted URSHHeAtaGods S
pl aced in the seal e&owégggggﬂ and the chanber evacuated to a vacuum a

val ve i s opened to tog o akemk G} O EERISE JP 2% 2 SER G EMERYIER e s ¢ he
chanber. The parti athapibessesage dby wageefory &20r0.001 Rineb hbout $60aeN1F plekied by the

| ength of tine at_the.valve i s open t temperature at _which the
o vt er r edbevBTPY Herse REE 38T uro et B Brins barpaiBl pRESEN o of
25 water, the chambesth pressuper m@fi b @1se waos reitked ehiruitmBodsEy ofkghentigss Fohan
anbi ent. The pressure ri sf%n.that occurs in thf chanber, durl% nrg Ehe wat er

t ug e

PHPPELY "B aE P 2O AR WS {UErS E3S8RGY bhessure. In

vapor addition is a rec
t he preferred enbodearang is fitshexpoged eésswater vaportahdthevaxpasad ©d bedeasfaerhoaktegr t he

wat er vapor exposur ; 0 about, 150 tort
preferably about | ?’S%%P%'ﬁag%%%%mi%g?g%tm%ﬁémtﬁg?{a&%rcg °eSF°Ia‘8F§a%63&°F%’?%%%‘out 5
ton: to about 205t onwatenvap¢re The Gfsboftiedwe nkpoeliressntondicked stobnipetheteafice ttef 28 WO

01/18860 0 3 MR 200 eEQE/ixP@Q%a%%&%m&iﬁi#@%%m&%&e’i&gess’nﬂ? ThE BAGH SpdsB19€S

from about 10C to about 60C, preferab r
may be conducted at atmospheric pressure, sub-atmospheric pressure or super-

atmospheric 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,
Py 15 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
0.1 torr to about 150 torr, preferably about 1 torr 10 about 40 torr and more preferably

30  from about 5 torT to about 20 torr. In the preferred embodiment, the temperature of
28



about 15C to about 50C, and nore preferably from about 200C to about 40C.
In the preferred embodinment, the tenperature in the chanber after yawgk 2004

exposure ranges fr@gg@ltg%dt 10C to about 50C, preferably from apegisedaist 0
about 40C, and nore preferably fromabout 20 C to about 40C. After water

vapor addition, a base vapor is dosed into the chanber. The chanber
pressure after base dosing nmay be at, above or bhel ow at npspheri essure.
If the pressure iébeéfﬁéf\?éu"a‘tgﬁ%ﬁﬁ‘é?ﬁe&“gfsﬁ’émbﬁaﬂﬂgrC‘Wtr%&eaggﬁr%hg%oqo
resist the total 1QpysPEm HoRIVW, End iFe WeletubMdionrabaPWC to dbloer 404, 1 1ad
pressure of the base_ is known directly fromthe pressure rise during base
dosi ng. Because t h&&EFaHFBPOYRIRY ‘heéﬁ?ﬁeé‘/i’i“ﬁ?nﬁ%[:sc@a %Bali%éf“%t?r BPOF [2&Lcept for
trace anmounts of amgRSPHENVC tgasul 3PC, pfefedably frdre ationt 15tCab alphasdd@rangpmopdown,

t he base and water diff sij on rat%e?ls are mie faster than the case when
evacuation is not EGHRPOEN: 2486 Eivgor i dreat Iy increased 15

pol yneri zation rates, decreased process tinme per coated substrate, and

greater  uni for ity 2098 NSLEON S0 OUELACS, SHOE SBRDAR AALaat er

vapor are added séparBiEIgROE ressures are easlly neasured
and there is very Iptesduteenfieiskedosin®nlay bd hmbuapobelab awesphéts prafues. [hbed be

renoved upon deposition.. The order of dict] f ] may be
reversed but the adtFrtToh*Bre HErer erﬁé?%?hce%"}bﬁerg%él%e“%eﬂorgs%g}hg?o?%d because
of its |ower. vapor spteassessee. hnwithwatpreper theprearbostimaefihe bashis kogressur e of

t he evacuat ed chamber .after.th bout 100
I th prgss%Fé&a%g?ﬁgaﬁ%@@%uﬁ&a&@ﬁg ESinoE IR

torn to about 2,00 “?%’H,fmpreqf era rr to about 1,000 torn and
nore preferably fromisbosang®6tet vapor, exce dertra@ranonss of atmaspherie 839iet &% ed

embodi ment,” the t GAHL P hurt JaBwh AR Dabink Rehet (RusRX PAS WFeBnicB RGRS thhd OM
about 10C to about %,1%55 preeF%rng‘le from aboute iSé to about 40C, and nore

preferably from abdsscagober evacayion s naigonductsd resaliing BEEAREICTER o di nent, t he

tenmperature in jshe Ghapher  Afle8ldeRasal pra¥RASIper doaBgassubleoftighawi 10C t o
about 50C, preferably from about 15C to ahout 40C and nore %f&a/er ably

from about 20C to aBtsemmityeeossy coated syppseo Girge IPa ISEIDVBETF 24847

separately, their partial pressures are easily measured and there is very hittle 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 evacuated chamber after the base vapor exposure ranges from about
100 torT 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 after 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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Sui tabl e bases (is., alkaline regents) for use in the base vapor

nonexcl usi vely i nclude ammonia and non-vol atil e-ami nes. such as pri AN 2004
secondary and terti‘%m,ﬁgéﬁyl am nes, aryl am nes, alcohol am neg and

m xtures thereof which have a boiling point of about 200C or | dJ/US00724847
preferably 100C or |less and nore preferably 25C or less. 5 Preferred am nes
do not require an as'é{nq)i here for aging, i.e., while the filmis being

i mpressed with a fI°4t#? es e e irsggmpder, use rthedbesanyrper nonewsbeivhlarsiudari ne,
t et r aet hyl enepent arﬁirﬁt&miach(:ai?fwaﬁﬂie!amhﬁmsm)a%rﬁ}ﬁd?ﬂsecoﬁ&ﬁ%ﬂﬂ@rﬁ@@%h{yf i et hoxy
silane, 3-am no-1, %&%Ogv nedi ol , 3-(diethylam no)-1, 2-propanediof,

n- ( 2- ani noet hyl ) - 3-* 4R g?’BlﬁS"fl alpqhol Amipes 23 raixfusgs dheren! aich bpeaPpiling ppintet hoxy
silane. Additional ofatonex0Thr ldsg brefetlUDeiOr 1dsOindintRe PreasRRSBSC §f ledshe

i nvention incl ucge m ne di et hyl am ne,  trinet hyl am ne,

» 2.0, et hyl a , . e
n- but yl ani ne, n-"pr cl))f)%/ﬂfq'éeﬁia’ﬁ%’,es ‘%/Delio} ?%{e@lamoﬂh%ﬁ?rmy@d&hﬂd&e fmpeheingi ne
and 2- met hoxyet hyl ampresed Withez 2dvbiriatey af indutle Aot B@mple Omasde@Bto] amAE Ot ON i N
water is nmeasured in terns of the basic constant Kb, and pKlerr]= - |og Kb.
In the preferred e%@ﬁ?ﬁ%ﬁ%ﬁn&m&’% I?orcjhylé?“nt"% applslsammoPeRRgatheR G o Ut
| ess 15 than O to Gbnito-B2-préparediel, pladtieidneiab) IcB3Eepansdibll fUR-2RQshyd)-3-0 about
6 and npbst preferatgwno 11‘0r cf-@irﬁgﬁ)o‘it siéllantlc,)é about 51. .Pr%{:)era_bl y, the nole ratio
of water vapor to baservapor frang&stf o ABHeY - Tmatheyy 3pyAdditiopg@gmines
preferably fromlabdhat arg n&fif for topuiresies5Othe tvehtion inelupé, @fge madyWandifepm about
1:10 20 to about 130 .Ihe or, causes a conti.nued hydrolysis of
t he al koxysil ane al kng%flgrloﬂéé@?e%g‘lﬁ%%%trhtéu%aaénsném’élé{?%ﬂy ’ée’&egﬁlaéﬁ@ati on of the
hydrol yzed al koxysiammesiumhpdrexide piperidineiand 2-emthexyetiplaacnd. dhe amlitgbtanundidel t he
coating gels and ulg}j £h¥toh AL EASETeI8 L 5 naLne 25 filmjis then
dried in a conventi oncglajt[ wgrymby so?ven%aglgvda%%{ng??%ﬁe %a’rsmtcﬁlééﬁ“{eg% a“\f}cfﬁ%t ile
sol vent. El evated te&ipelnshepraareggpbitimenthenked! thobade ;ay kgchat syt fess t hi s
step. Such tenper akHneSbIRY, AHEritATARO ko & erabl y
from about 50C to aboutal 350C and rrmre pr g‘?er a%%uwg%%%u ds’%%%%%&ﬁbout
320C. 30 0 3 MAR 206162 2pgy P PY®850 PCT/ US00/ 24847

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 prefcrably 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 film 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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Optional ly, additional process steps may be applied to the forned
nanoporous silica dielectric film including, for exanple, a solvent{3MAR 2004
rinse, a surface nodification to enhance hydrophobicity, and any ot her
art-known process stQN43¥L required. 5 After the desired tine of “FEIe¢#¥h
after base addition, on the order of seconds to a few mnutes, the chanber
pressure is brought to atnospheric pressure. This can be acconplished by
ei t her addi ng an i Qendnailyasddgiend pepsespitepsoee e aprdicdpend fognadhencphmpbelica or
evacuating the basgliahChinlKLUbe il kAl WRANRAFK Ll dihcldlo an | ner !
gas, or even optionally venting the chanber Wi Th a non-inert gas, such as
air. 10 Thus, a pr ewages dydrppdobiepoaidapyiothe aa- ke eproeastisieryes weriedyvol atil e

sol vent continues to evaporate over a period of seconds. The wafer is
placed in a seal ed chanber at anbient pressure. The chanber is opened to a
vacuum source aAd tfier tarAskiesd timg g5repasion afien base pdditioanen thherdested pasends iy 2% ur e
decreases well bel Hﬁ%u&gQha%ﬁrﬁﬁc@%reﬂﬁﬁ%sﬂil&ﬁhtqg athds R L € pre RO This b4h tehe next
step, water vapor Is added and the chanber pressure "increases. The
pressure increase aupmplighedtbyeither adsinggn ingR gogebuelt aspitrageatndgpendng thechamber ) |
The base vapor, ingthhSaRUR AR Shixthrs via Wb RAUGE Hadiiflife WhR aChaipar orand
pol yneri zation is triggered. The pressure increase during this step is the
base partial pres&{#raPiopglY veREgHIcEbamiervith § nonsigert gast SUE® 8fot al pressure in
t he chanber at jhphe end of the 20 ammonia addition cycle is the sumof the
partial pressures of water vaggr an ammoni a. After the desired tinme, the
chanber pressure naJFSHEPTFHPYLYIPESTEABT LRenApd hemare KYarif 1R eBIFOPIRFY gas,
such as nitrogen asvaphtedBver @perict oNRyorlde The Sdferay pladedtiedlschlad chaabersm and
subsequent | y backfi I%.ed to anbli enta{@ressure. 25 As_a resul by abreel aatilvely
hi gh porosity, | ow BPETBETH% ‘O8RS ORPTY 'R 8 YL BEETRT Y HegBI%ess s
conposition fornms evwcildrd asdibstinabe peusutatzercastdrecitbdidve tia paogipadssuraf pol yner
conposi tion preferably has di tr] onst of, fr .1 to about
3.5, nore pr eﬁér aﬂfg?y‘faP%rmmg‘B%rﬁet%l %%BW%% vg%oéﬁstaadggdo%ndéﬂéfoﬁﬁ%%? 8%%53 erably from
about 1.5 to about incades. THagrepaureanaeagedugfig &t stapas tbe wpespariabpressaredBso)f r om
about 1 nmto aboutrh%x}%gm]gspm,iﬁ B Ep Ol At oludeb I3 B0 QHme: A 0 about 30

nm and nost prefera om abou _ ] _
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. Afier 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

vacuurn 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 | 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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0 3 MAR 2004 WO 01/18860 PCT/US00/ 24847 amto about 20 nm The densj mﬂgm
the silicon containing conposition, including the pores, ranges fr Q

0.1 to about 1.9 g/\chB,,sh@re preferably fromabout 0.25 to about
g/cnferr], and nost prefserably from about 0.4 to about 1.2 g/chPCTglsg’mw
Met hods of Producing Dielectric FilmBy Applying Base Material Mxed in

M d-Stream I n anot her preferred enbodi nent, the nanoporous silica
dielectric filmis 15 €pEaueal B Thesamsitgf te silibatoomsipingidrbpositien, iricliding has ed
precursor conposi tigps ks fr8m RS M XShoi s9c &Dmﬁ]gkﬁ&%ﬁ&m@oﬁnéﬂt?a“ of
free-fl owi ng conponent precyrsor reagents before

applied to a subst raﬁ?‘élﬁlgﬁr’t rang %%Ffﬁblmfwmébﬁ‘aﬁdp@amlsl S@bica dielectric
filmis formed on a substrate by (i) conmbining a stream of a silicon-based
precursor or base material, such as, for _exanple, an al koxysil ane

conposi tion, with & @ﬂ?%%?roau%@ele‘am@m ng catalyst 15 conposition to
forma conbl ned conpogd 35 i Nl el . deposi ting the conbi ned
conposi tion streamonto a surface o a substraie and exposi ng the conbi ned
conposition to water (in either order or sinultaneously); and planarizing

the filmduring thengibitiengrefired Sifboarmeat, 'ﬂﬁdmﬁd%ﬁmﬂzltldagfbicc@ﬂ& ﬁ(d‘l is)préﬁ%Pb ing a
stream of a silicon-based precur or base material, such

exanpl e, an al koxysP{&pés WB??‘?FB‘HC‘“\/\?"PW Pée‘%“ESPYéQWP?ﬁF““WéhaéF Ptedmﬁ%ﬁrtm a

conbi ned conpoEi t icembisiag ﬁﬁlmpldsr:feﬁﬁhcm@éewdmmhipbrﬂﬁz prétars6QRdR REBk fore the
conposition streamonto. a surlhegce of a substrate; and planarizing the film

during the curing SPPPHRILOR SARPIEAC 2 BOMFLS | 1P itihembogiment mBAREPYrOUS Slig] (i) are

described in detai Id;eleabséimh:stﬂoﬁnqﬂloamaﬁtbs&a&bpn features of the present

invention, in co-o co b: seria § el]\‘;i %9/ 140, 85? filed on August 27,

1998, the discl osurd“3f %ﬁ%%ﬁ g”’lfﬁé' PRI BT B PR SREBAINFRNT n i ts

entirety. Processesanipg, af HEOMMQccaﬂpomnomfwmhan&m{dﬂi&)aﬂlceﬁtﬂﬁﬂhg talyst | | Cca

films by mxingstIeamRueRlo FATRANANNS dRpSiTNRAe dubidl PALSTugSA |+ 8
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
(i1) combining 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

composition.

25  Methods (1) and (i) 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 1s summarized in greater detail, as follows. Modifications to methods
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0 3 MAR 2004 WO 01/18860 PCTI USOQO 24847 described in U S. serial nu MAR 2004
091140, 855 are those optionally required by the need for contacting
filmmterial wth a,pl,akdeari zation object. The first step of tlptq,mg(roggﬁgss
is to prepare a base material in the formof a mxture of 5 at |east one
precursor, such as an al koxysilane, as described for Formula 1, supra, and

a solvent conposition. The mxture is then discharged onto a suitable
substrate in the flsicrbestind Seerehmmben0%biie 8pt 8 BerecauaiboaaHEAPY e Aedst r eam

of al koxysilane cqERQgiatidRRhd AmGRAdRhNGth MhiiknAust spa of water to forma
combi ned conposition streamimediately prior to contacting the substrate.

10 In an alternate preferred enbodi nent, a conbi ned conposition streamis

formed from a streg@neh skher gk K@Xééﬁs't@?}@pam&%hitérﬁﬂmaﬂtdbr& Stameameef a
base (j,, .. alkaline) containing, cat

st conposit n amn
conpound, as descr i%hEast OB HFArSOTREh 2 PAK YR {"idg?f Pﬁ@% ifpga. an
thereafter depositedoReiiQompsitichalie r@&m& i$ uabxsaamﬁrged ok Apitdblensabstryte i he
conbi ned conposition streami Sl&r%ﬁ‘? substr is then

nto th e an
exposed to the wat Pt php SrREnf q(lj\?é‘i% m\?ﬁ‘p ?Sﬁﬁaﬂ’o‘ga\t}fg’fyéﬂanc
‘Alternatively, the coppoduidiescamimee sith a@:fbamtdfe;aﬂai m%maeﬁaded@mbmimt er
bef ore deposition onto the bstrate. get anot her option, the conbi ned

conmposi tion st reamSfrga“%ir’l’fﬁ‘fdt‘aéﬂé%?élt%/com@%% P8 Fhe water and deposi t ed

onto the substrgte. This nay be in the formof a 20 water streamor a water

vapor atnosp here. t erélac%? ﬁglerre %B mgaty be?om%élgt? cgoﬂmrrpeosmcgnhs%ean]; {g%ng gom

conposi ti on may be Bﬁ? ore
pl anari zation, to t&mabyfﬁzealmasahaﬂmnmomum aﬂﬁehmmmlfebcoam m\lgihxm t he

substrate. V\hl chever of .t he bove tio l t he
process, the above-  BBIESEAVES Camg&ﬂmr%f‘ntaﬁ%@@ ﬁéﬁoﬁ Sloc%é st ?‘%H | Fhe
conposi tion cont actcoedied odzdmltmmsttekre isghaaerdedspasiied dato asyrficgeba wbstiate
substrate, imegi at SILI%HB[ 91re c&rﬁ%ﬂ“ﬁ%&%é&shfaﬂ strcAPn 1@(1039&@& ormpﬁ]e %El;allé*ﬁﬂqse of

t he individual Streans he conbi ned Streamis unbounded by tubi ng,
pi pi ng, mani f ol ds other ¢xpodeil kosthe Taiprsinihefpm ofagvaies yapoT BOPhere HRAMREETY e

conponents prior tQ.(4ene E&ﬁﬁo@ﬂo@@arﬁ GEABRES (01IRAFdr BEFoMdb s fiod bifto the
i ntersection pOI nt O SuUupp | t ubes.
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 tubmg,
piping, manifolds or the like. This minimizes reaction time between the components

prior to deposition and prevents reaction within the intersection point of supply rubes.

30
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30 33 0 3 MAR 2006 WO 01/18860 PCT/ US00/ 24847 Preferably, the conmponents

are all in aliquid formand any suitable apparatus for distributing(fH&R 200¢
| i qui d conponents sl ed for depositing the above-described conbi ned
streans of, e.g., al'’koxysiTane. water and base conpositions accoPdIHfRE
the present invention. Suitable apparatus includes, for exanple, syringe
punps, but the 5 artisan will appreciate that other devices may be used to
formthe conbi ned CEwfapabdi, the commherasan alSuahiquio Rexahdisiy\seiabld ppdratderof aucet s,

combi i ng the. conponinpuiruftHBue biaiRen SR8 PeSed fr Bpraiipe v segiosd
stream ng, sprayi ng¢oremukdsingamk bkeg., aJBoxEmanq:)Iwareyarﬂmpsarcahyﬁsnfoaﬁ a&&ﬂﬁgﬁdmag
this process includ e for storin
separate conponent sS%n? F]ﬁ%ﬁé %8%%2?%%%? ngugeéa%ﬁexf'élg eV PEFPUTRS Put g{Pﬁas a
correspondi ng separ atieandiil gipeacyw thay bigerfdevicadimmg hangd ngotdne:ercaﬁmﬁﬁit | ve
conponent to be cophj SQOI‘I ;ErSEQn aiah RSl ylg\gllﬂ_cllc e hsg‘%%%)%% os&, d stream

can be deposited ont a substrate surface. "l ed
t hrough its respect pipes. Eesohﬂddhélkge\/etrmbsnbyqugfwmbmmahe tompbead maydeor by

the action of one OfiseRL ap@%&ggglgﬂgag&e&glgé ﬁ#ﬁ”n%ﬁ“‘?‘%cgﬁ%r eciate that the

apparatus can al so provi i'ng on onent (s) by
appl ying positive gas or air pressure to the corresponding storage tank.

The flow throughg eaﬁﬂn{p%%pﬁ)?&%%?fop&cﬁﬁ&gﬁ%ﬁls\tﬁe%gss tlr%lu(apt %e Lo mc?su%,géﬁd by

one or nore flow control ves | ocate
di scharge 20 tube attaks; fogsteragsenataacompensiis amid theprdsyss begits: (ﬂacforfesnchewegnmpl ng

action, when punps gds@ coR¥RinaNe SkphiSte RIsORE)e nftle QW d%f:ha?%p Q?e@ﬁe? ivel do ggh%n

conponents are propelled by air or gas pressure onent ow C
be regul ated, in whi§I%& C‘Ein“i"-'t‘? 1§ 7 finglpsiream o thapthe comppirddstrpaneenpn be denstitedhe a| r

or gas propel | ant. aﬁoarmsrme&gﬂ@eggacwaﬁp%naﬁ% ﬂ?&iﬁllé&t%ﬁ&n i20edpb@le €ach of
i reams mhi ne together to form a conbi ned

t he respective ggschar?‘_ };
conposition str henwm %byd%ﬁog‘?"f‘ﬁcfeeﬁﬁ%" Y thgAcigcyd Qo opmespumpytThe
posi tioned to recei atichnwiiCalCipbretifel GORPRPPhrhth OhnSisb BRAMde for propelling one or

more 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  tube and its respective tank and/or by control of the pumping action, when pumps are
employed 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

controlling 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.
Optionally, each discharge tube may also include a shaped nozzle, e.g., a spinner
nozzle, or a nozzle formed of one or more openings, ¢.g., analogous to a showerhead,

30  suitable for forming a discharge stream that mixes well with other such streams. The
34



Optionally, each discharge tube may al so i nclude a shaped nozzle, kg.,,
spinner nozzle, or a nozzle forned of one or nore openings, e.g., (3 MAR 2004

anal ogous to a shov%we g 30 suitable for form ng a discharge Qﬂfﬂzlsb‘i”‘t
i i th ot ey 0diH a5

m xes well with ot streans. The 34 0 3 MAR 2004 WD 01/1
PCT/ USO0/ 24847 artisan w |l appreciate that the di nensions of any provided
nozzle, and/or the discharge end of each discharge tube, can be readily
nodi fied to assi st afisenrelapraediagthaiphednensensm dnf Irovdedapels sxd/oetdeh stream
to assure optinmal ﬁ&&ﬁﬁ@eﬁ@&tﬁa&tmwmrgestra%aa@greaagrmmeeg;ﬂéls&mmnﬁﬁgl ting

m xed conposition stream over the su depénding, 5 for eXa upon
the rate at which PHEUIs8E 88% r4ie 108 pTH HEERO 24SHE OPERAL FTBR °§fﬁ¥é«dm>“aﬁdnd t he

viscosity of the respRgkioy@e cQRIRANSNed ca%p\sﬁﬁdn%tryanpévepﬂh@%aﬁeesd&@ydutge
enpl oyed by this nmethod to forma nangporous dielectric filmon

substrate. For & t¥5s$ W%Hwth‘iﬁalﬁéé‘é@"ft %PTEE?ﬁﬁj‘éﬁ@H‘t‘%e%’éﬁmB‘é‘Oniﬁ?e‘i‘ apd

exanpl e, al koxysi | aR&iscIPOfthé tedfcRRAomBInes, €ach stored in a separate tank
until needed, or alternatively, a base containing catalyst conposition in

pl ace of the water conponent. For a three-conponent process, the apparatus

can have three Sepa,r@h&ybaﬁls&ssagﬁlavw&ﬁ};loy&&b}ah@ﬁfeme@madimnsbmbar ge tube
for discharging one of three conponents ., an al koxg}ﬁl | ane co%%m tion,

a base contai ni ng distesiig Sim epyFHbsTas- 5Hra§’ﬁcf°%?“§?t ProcpsS ISR PIPETS ¢

Addi ti onal storage fctramlaanio@lsﬁﬁlaaﬁmsmubm vaih chb seededs sepirate emaumd to
del i ver additi onal ng&; t he sel ect roc

when the conbi ned $F § B%%a%ﬁf’ C%W’B%Csafaﬁéln@mg?fbmﬂé%%acc?a?? {gf Iter ,

conbi ned stream carobgoneleposi ted on a substrate positioned in a cI osed
envi ronment that includes a water vapor atnosphere. The cl osed environnent
can be formed by any suitable chanber or enclosure able to contain the
substrate and vaporFor a:tdmp@cramn(slst)pr%ﬁaehfewmrvsmaehwe threefamacateianiis shehtwity

inlets for the %Om%gvf&éonq{nﬁ(&ﬂ@ifag%e | nc% %fgr&ggfmwomgoggmegg Qsure

portion of the appar additional 1nlet;, wth an
optional val ve, t o akdxpistlang compnsition.a tga@malplog caiglyct epmpogtion, 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 exampie, when the combined stream is formed of alkoxysilane and base catalyst,
the combined strearn 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 apparatus 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 2 two-component combined stream as described above, the

30  apparatus will be constructed as broadly described above, with the additional
35



optionally a liquid to be converted to vapor within the encl osure. For

exanple, with a two-conmponent conbined stream as described above, the [RDOMAR 2004
apparatus wi |l be cqpg{isd&ted as broadly described above, with theg om0
additional 35 0 3 MAR 2004 WD 01/18860 PCT/ US00/ 24847 conponents of a

source of water vapor is provided, g;,,, an evaporation bottle or chanber,

t he evaporation bottle %ref r abl éotj ncl udi ng a heat source for pronoting

wat er vapori zati on WAHCERE PHhITCY Ol & FROES FFOvideb\iien g1 AY3POBHON hpdlitorgas t o

carry the water vaghbdrthoevhfteaionNBdu@siirerabiWrichudinh@ e ShReUb prShotid3e
substrate, this apparatus 5 oper at es ‘t]o exggs&gthe conbi ned conposition

streamto water eitWoF "@IPEHGD 819 cRpenally 2 ¢pa TYORE BhETNeA! 821 AER WSf t he

encl osed substr at e. waitreamnohostiEnelonird. | Wah $© enciRfide ONAE kibsirdi€ kitiglgpautk et s to
allow for venting and/ or rec%/fclhi n%f of dt he unreacted water vapor and/or

ot her unreacted tonPsHERICSXPOIHIE LTI SPRRANVER PgAmLo WAleT sither dURBS & 3% | ned
as for Formula |, sdepssitiondhisas@ficdst hh@diosiuptsaae PTIRS @EIake Riilkaeeysi | anes

nonexcl usi vel y incl ude tetraethgxysilan TEOQS) and tetr t hoxysi | ane.
The sol vent conposi “Eﬁ“B‘Hh¥ B‘Fﬁ%hoé” Bg?é"h%ﬁ’é&?f@ﬁ% ,and;’f’réfr?yalme&i&g Pprgprded water

preferably 15 conpribgesd/er otlet afréavied sontpogdasvol atility sol vent or a
relatively lowvolatility solvent or both a relatively high volatility
solvent and a relatively low volatility solvent. The solvent, usually the
hi gher vol atility sdefnbakoxysipnatindhaiastiospdefinedadsifyt Fewmpnl, aizes Alsoaedbfiaie| y
after deposition onto th L This partial dryi | eads etter
pl anarity, even absént” %rg%gégga?{ohﬁgﬁlﬁi nof)l %h‘%rv FIEérfc}ugﬁ{%?gg%xysd "% ﬂ%:%lsggq ant

i nvention, due 20 tteranediokwiee. vi scosity of the material after the first
solvent or parts of the solvent conmes off. The nore volatile sol vent
evaporates over a period of seconds or mnutes. Slightly el evated

t enper at ures nay optheseiugot onpesivaprdbrolckise componsat, egatwalidriysilage.@peferai8uch

tenperatures prefer v a : ferabl
p Pr ¢4 er all¥sel anasvdy B @J@%ﬁgyf%gggfog A0y 8o JREFoRfET 201 Y

from about 20C to about 50C and nost rom to about
35C. both a relatively high volatility solvent and 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 soivent
comes 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

low volatility solvent composition” is as defined in Section A, supra.
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25 The neaning of the expressions, "a relatively high volatility solvent"”
and "a relatively lowvolatility solvent conposition"” is as defi e ARr00k
Section A supra. 36 03 R 2004 WO 01/18860 - PCT/US00/ 24847 Therseonasat

al koxysi | ane corrpor\"'é?’nﬂt””f3 preferably present in an amount of from about 3 %
to about 50 % by weight of the overall blend, nore preferably from about 5
%to about 45 9% and nost preferably fromabout 10 %to about 40 % 5 The
sol vent conponent &k alowysidnk expspanbinBrefsrlly aiee B in @b APYS! AiT9R P pridPer abl y
present . in an anoupl, g6, {70l e AndbersB) Hohloo e 81 a8 dshe

overall blend, nore pre? érably from about 30 %to about 70 % and nost
preferably from ab&ard st gicfersblyFomrboust) Bgo pPEAY Kot h a hi gh and a | ow
volatility solvent 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 "t he over Zhdsolypm aempopes & thrrakoufsar HresyronTosmetitondprreilly 85t ~ 70 %

and a nost preferahh Y hhosnsaRabdu: 40y, % 16ut 300 Bl weight%r BY oVeedIHKnd Qhord he
overall blend. When both a hi ow vol ati | resent,

gh and a | o\ i.ty. solvent e
the | ow vol atil ity Psrhifemabptivetaboyt 0 %ag @P%BF{F%WJ? o140 2o Bttt of
fromabout 1 to abeyi, 4Geodhya ME EHE 10@fvolail@y @WRhEkd presbdtaichigimaiailipr ef er abl y
from about 3 %to about 30% and a nost preferabl {rom aboyt 5 15 9%t} 0
about 20 % by wei gﬁ‘%lvcﬁfcof“ﬁ‘é‘e’&i\}se“rr%{?rf‘blmréﬁﬂ.‘n aﬂ‘?ﬂmb%gé %ﬁ@&i%%&’%ﬂfg@ Fst
conposi tion confai |B§wa%|-h>aﬁﬁh overhll Blergii re Preféfub o sbod 130 8% to Bieme7(k usl aan
base i s present i nmenpiaRoy o BRI il e it S oS LFE el

U I adi 1y “deter m rie y

base is present in™e
those skilled 20 i moth bRigiird a Idr efadlimbdlvent dncpresedtahe lowtvolptiloy sdheseotnponsit| ane

ranges from about O t out 0.2 no re o] - Qb ek P

about 0.05, and méﬁp%@yﬁﬁmt?@?%?nmgefoﬁ%f“ag‘g{tggé%?%ﬁ?owegé.hbgt&mgrer is

i ncl uded to provi détesd, megiptefiardblyrfromyatiow B Yzio aloput 3¥6 ard|akmngypssftraie fronf Beutip| e

ratio of water {0 sjlane. i.s, pref bout 0 to about 50, nore
rﬁts ) 03 _u&iot/a Q}é %Jl%}? gf?%eyog%ﬁél?ﬁbﬁi

preferably from~abol 0 a nost preferably fromabout 0.5
to 25 about 1.5. Suitable solvents for the base containing catalyst

COWpQSi tion incl Udel'hg ﬂaga.eomaining catalyst composition contains a base, or a 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 inciuded 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 .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

ethano} 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
37



| i sted above as a high volatility solvent. Mst preferred solvents are

al cohol s such as ethanol and isopropanol. The tenperature of the waf{)grMAR 2004
during the exposurewpheisgeabl y ranges fromabout 10C 30 to abowgﬁ, JHpre
preferably fromabout 15C to about 50C, and nost preferably 37 01 f8 60
0 3 MAR 2604 PCT/ USO0/ 24847 from about 20C to about 40C. The tenperature of

the base during thegcexposus C‘“ﬁ’?&%ﬁ?ﬂpﬁe {%%g gfiﬁf&%%ghagﬁﬁ%‘ﬁtoc to about
0 0 :

60C, nore preferably from abou a r'&P¥ &bl y from
about 20C to about BeEably r&iges fadnh sbobbkdES torebme 6GICUsIbM @teferabnchdisl sboaniFamica and

am nes, such as pris[EEﬂtym"c,%E& AT VRN Ta]o M egtoiufa{oyc%la I i nes, aryl am nes,
AR BB T il Ol B gy a0

al cohol am nes and m xtures t IC ave a d boiling point
of at |east about -50C, nore preferably at |east about 50C, and nost

preferably at | e‘aStSIRTQ]QFL éss%agfxéo 'iv%l@lﬂ-lcﬁldgﬁﬁjru‘ﬂﬁl%?i n addition to those

recited supra, also include, alcoholam nes, a S SN BT E M ne, 10
di met hyl am ne, tri nasedigara@ndieniary-abrt srhiaes #rel anmngsraiqoid] amineesnd net m@imitrayt

ammoni um hydr oxi de, y,RLgLi Qbﬁﬁne@Bdﬂg{RﬁYgf%Yela%%&?-’50‘.rpgigfc

. di-_or
tri et hanol am nes, and nono-, di-, or triisopropanol amnes. prl%erabé)b%eiaﬂed
conposi ti on may be #a¥el’C. arfrost preferhblycad leas aliput BYE rfuitdedmiveyin sddition 1d 5 as

sol vent evapor ati onpQt rdchigs L88Sadhatde! = ratures may
be enpl oyed to cur re or ugrya%/cﬁe cgéiﬂfozlgi.a}ﬁgﬁ%ﬁlkﬁgﬁ}ég%’gltqtli}%grs%%‘r ef erably

range from aboif Zb@‘gﬂalai?&dflmﬂ@d@mﬁ@rfé‘ % p@ipylafngtetspety] 50C t 0
about 350C and rmstamrﬂfn%?ﬁﬁﬂiﬂdefﬂiﬁéﬂdﬁ@,@&ctﬁ&@ghﬁﬁnﬁ@%o-@3198' 20 As a

result, a relatively high porosity, |low dielectric constant silicon
containing pol ymerNEBHBEEIRS GRS PENG- ohaisAPTeRRBolaminet r at . The sil i con
cont ai ni ng polynmer conposition preferably has a dielectric constant of
fromabout 1.1 to aﬁgut .5, nore. preferably fromabout 1.3 to about 3.0,
and nost pref er abl y D CERPASHMmPesitonTaaY b Gured. agedsor dripdingspryetional W sash) | ca
conmposi tion prefer abskylvenaog@sratich@iitha hasivoldild¥bivesr. BIB@IHA 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  Asaresult, a relatively high porosity, low dielectric constant silicon containing
polymer composition is formed on the substrate. The silicon containing polymer
composition preferably has a dielecric 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
about 3 nm to about 20 nm. The density of the silicon containing composition,
including 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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25 100 tun, nore preferably fromabout 2 rimto about 30 nm and nost
preferably from about 3 rimto about 20 nm The density of the SI|I§§qu2mL
cont ai ni ng conposi LidANasssh NCl udi ng the pores, preferably rangesdmson

0.1 to about 1.9 g/cnjerr], nore preferably fromabout 0.25 to about 1.6
g/ cn2, and nost preferably fromabout 0.4 to about 1.2 g/cn2. 30 38 WD
01/18860 PAGE | NTENTI ONALLY LEFT BLANK 39 93 MAR 2004 WD 01/ 18860

PCT/ USOQ 24847 Variations Pr e Variations on and nodifications to the
above-descri bed processes for fabricating a nanoporous silica dielectric
fil mhave been described in a nunber of co-owned U.S. patent applications
and may optionally be utilized in the practice of the instant 5 invention.
For exanpl e, the above-described nethods may be nodified by producing a
filmwith at |east two-different regions of density, i& , adjacent regions
of relatively high and relatively |lower density, as disclosed by co-owned
U. S. serial nunbers 09/ 046, 473 BAGENNTENTIAOBALLY LB}t BLANKed on March 25,
1998, the disclosures of which are incorporated by reference herein in
their entireties. In a second variation, water and base vapor m xi ng
efficiencies are inproved by blending at | east one al koxysilane with a
sol vent conposition and optional water and 15 applying 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 a third variation, a precursor mxture is forned of a
relatively low volatility sol vent

39



conposition that includes a C, to C, alkylether of a C, to C alkylene
glycol which is mniscible in water, and al koxysil anes as disclosed lgg MAR 7004

co-owned U.S. seri alyghi s 09/111,081, 09/111,082, both file July 7,
1998, the disclosures of which are incorporated by reference hefein oy
their entireties. 25 In a fourth variation, silica precursors, as defined
above by, gant Formula | .and the oci ated enuneration of preferred

an AL 0 PTOLESSEA

silica species, are=depsreed—fro e phase, with an optional

co-sol vent, on a sudsifidi en i roalfn! ioQkH MoveldeSeribbd hhceEll FoR Bri a%ﬁéé' ls are
provi ded by co-owned U.S. s]eridaLc nug‘g}?ar 09/111,083, filed on Jufy , 30
1998, the di scl osur@ EPORHTRGR LR L6 PuF Breadesybaddn e pameaofrorasingd Ub. i t s

entirety. 40 WO 01/pb866GpIRaiBnbMiR r2)Ggidaelly 845004248 4Z plabc of itk tliyar i ati on,
a uni form nanopqrous dielectric filmcan be formed froma Iiquid

al koxysi | ane pr ecurg"g?tmélpi n- deposited onto a horizontally positioned fl at
substrate centered and held within a cup having an open top section and a
renovabl e cover for.5 cl 0si.ng t he tg_@ etails are (E]r_ow ded té}‘/

.. Further
co-owned U.S. seridl” RAMBEr e By ?%“',““F‘?‘{g@ﬁy fimadifersty godusing g film fy
di scl osure of whi chu lesst iwvatifipen akives dylensitpfier ahaenthen®k Bf feltildPngMidd et y.
In a sixth variati 0D,y ?ree(r: gg.gr cqorrgjosibti on is fgrmad from an
al koxysi | ane, an acrd VIOV ARTTR: EoTRTEN R SHBEETE Y Srocey mraPer Mg/ 046-Ai3gh
vol atility and 10owaudPHd46l47 §, potb GledenMarckl2e, 1908 gt discRbyred UrGhickQleat i | ity
sol vent is evapor at. volatility solvent is partially
evaporated fromt hé%?&%&?é’%%&%“%%‘?? 1“6?13." eﬁérre{“ﬁer details are provided by
co-owned U.S. serial nunber 09/234,609, filed on January 21, 1999, the

ool osure of W bt bR LTI kL L1,
filmis treated in bindiBgadeastops adkdxysilaneywitha solvew cempasition mehdptibyal heet indg t he
substrate to a fsenpgyiRhgHhELIRd 1o 2 semiconductor substrate and sequentially exposing the

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,

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

20 In a third variation, a precursor mixture is formed of a relatively low volatility solvent
composition that inciudes 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 referer:ce herein in their entireties.

25
In a fourth variation, silica precursors, as defined above by, g.g., Formula I and the
associated 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
details 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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about 350C or greater, for a time period of at |east about 30 seconds.
Further details are provided by co-owned U.S. serial nunber 60/09 2004

filed on August 31 92533 20 the disclosure of which is incorp 0Aa¥47
reference herein i n9 LS gontirety. In an eighth variation, a substantially
uni form al koxysi | ane gel conposition that includes a conbination of at

| east one al koxysi |l ane, an organic solvent conposition, water, and an
optional base catalyst is formed on a substrate. The substrate is heated 25

in an organic sol vigRtiny 2RRliordl (SRR 84rSpdreus ERNAEIO Hfn tdibe Jotinee BERASIgidoN,
foll owed by curing, as described CO- owne

I by g U. S. _ seri ,almﬂ_rnb%r

09/ 141, 287, fil ed Wiexysilepgrecyrser spin-gepgsited grio g parnzopially Resigpnagjebfyofrete

i ncorporated by r efQE@N5R HR R aict hd/fig eRbich &pkectibh s AVembtableaniatioron,
nanoporous silica dielectric coatings are fornmed on ubstrate 30 via
chem cal vapor UepdRingtsicrof ughehieal F@@F?V‘GT?O\ ‘t?é%iif] STPEMIEDr s then
41 WD 01/ 18860 0 3xMaRs208%d RCA4AISGO 24 84edifx9@s 6w Hich i irgeipbiattd bagent , -g.
wat er vapor, and either an acid qor a base vapor: and dried to forma

rel atively high pof§&rtapereingi/ i 8i%Bct ri ¢ constant, silicon containing

pol ymer conposition on the substrate as described by co-owned U. S. serial
nunber 09/111,083, filed.on July 7, 1998,. the disclosure of . whi i,S

i ncor porated by rell"é‘P’é‘ﬁc"éna“gn’ﬁé’f%?’ﬁoricﬁmﬁ’cimé’méﬁ??r%?§9ml31.1a SPels kol

Modi ficati on Remgemts sasdt ddaipbarita cdntgniogd high valdginsindiloavdadiedsomtierlibal s,
such as the al koxysj | oxanes itigned. her el f ilms wth
surfaces, includi nrélag‘(fp‘f evé’gggwfﬁ‘émg%F‘gpgr?{g?jﬂﬁ{hg]sq%gﬁg{:%ﬁ?gi% si | anol
10 groups. Sil anol mnaiigetaherawifen the haturioh eynppsinoradsiohds dewidnare previded bvar e

hi ghly pol ari zabl e i{h?_a?)u%%%ﬁlrnhﬁb{r)w/bﬁ" 609’1[}%&&%'%&2‘1’ [ RloSBe SiGosdieect ric

constant of the fifm nanoporous filns substantially free of
silanol s and wat er whighis orcgraeTated pyanigeente hefein 1 its eptizgefh- f ace nodi fi cati on
agent, such as,hexanethyl di silazane or nethyltriacetoxysilane, is
optionally introduced into the pores of the film Such silylation reagent
react with silanol b asaventeatsen » Siiiebla subsratchai s uies PR TG BFBEHBBI ¢
cappi ng groups, €. gupeadihily Bl iNI5%E viroiieat iy heathld Wi, substrald 62 aQEatieLyTd

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 in an 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 vaniation, nanoporous silica dielectric coatings are formed on a substrate

30  via chemical vapor deposition of a precursor. The deposited precursor is then
41



desirable to conduct additional processing steps to silylate free surface
silanol groups, or to enploy nultifunctional base materials, d CMA'R%[H
supra, which do not warpedssee such surface silanol groups. 20 A n E“g/%ooﬁiw
surface nodification agents and net hods for produci ng hydrophobic

di el ectric nanoporous silica filns have been described, for exanple, in
co-owned U.S. seri & %H"g%el?m 60/ 098, 068 and 09/ 140, 855, both filed on
August 27, 1998, 0919%5%.'6 e Blof B8 A R POL BPIET BBACY 4T SRR D

1999, the discl osurdasd offorwi chnaeriphxghnpcnomrlatveactldnmc cbetR, einea chasighy i n
their entirety. 25 ification s conpound
having a fornul a sé’ggglte @{? r%%{h&t n%gsurggﬁ[“ g?fg’i‘%':? ARG 8?%%&%&?&3%@ (1-7)
(1) [err] R3S NHSi R:§’9f 142983mle$p@u1¥7(13?8 Fhefﬂns@&'@rf; of widgh iIRATChrEXTatEBhy refef2ice

R Si(ORy, (6) %;’é Hn,nmy and/or (7) R Si(OCOCH3)y 30 42 WD 01/ 18860
0 3 MAR 200k PCT/ US ABZTERA conbi nati ons t her eof, wherein x is an
integer ranging froml to 3, y is an |nteger ranging from1l to 3 such that
y--X, p is an integgr : R is an independently

sel ected from hydrogen anc ydro gantc noiety: each Mis an

i ndependently sel JdP*éﬁth%ielﬁlb%%‘f W'gésmuch mhealyquarmlarﬁs aediohddchainbfrm he
sanme or different. nd

sel ected fromthe gr%ﬁ%&éﬁ?ﬁlﬁ‘f g’é‘ms%%?m&?@?%g R%%%%I s?’ ?ém s%" 8’Irek5 chorxa 1 silaned
conbi nat i ons t hér eroupsTidlanglyapd thepyaiar yhat @exmgmwhﬁrmtmrau aurin@hbsmlahubleeh and
is selected from thgegrqup, a@l@&ﬁgs«nmge%d&ie& e OB dp, m{gr %Pﬁl d,
cyclic al kyl and conbi nati ons t hereof, and ereln sai dﬂ k R A
in size fromC, t dmpwhtancplst frqe of vikgola pnd watesi antopganis rsaﬂggtut asw&cmodlﬁcanon
unsubstituted and hadg elschlaﬂhédaﬁlethﬂaﬁﬂazﬁ;’e o %e&Qin@RQMiys%ﬁqs E’;ﬁnrg{aﬁmmoxu&mm

surface nodificatign a an, acet oxysil ane, or,
conpound such as a8 #‘P‘F@E’hyﬁ‘%}i’ pilyjpzion ‘&é@é‘b%??féwl“aﬁ’éamls on the pore surfaces to add

di acet oxydi et hiyl smfgama hydrophobic capping groups, g.g., trimethylsilyl groups. Thus, it has been found

desirable 10 conduct additional processing steps to silylate free surface silano) groups, or to

employ multifunctional base materials, as described supra, which do not produce such

surface silanol groups.

20 A number of surface modification agents and methods for producing hydrophobic, low
dielectric 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 XTI (1-7)
(1) R;SINHSIR;, (2) R,SiCl,, (3) R,Si(OH), , (4) R,SiOSiR,,
(5) R,Si(OR),. (6) M S1(OH),,. ,;, and/or (7) R, Si(OCOCH,),
30
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met hyl tri acet oxysi |l ane, phenyltriacetoxysil ane, dlphenyldlacetoxy5|lane
trimet hyl et hoxysi | ane, trinethyl net hoxysil ane, 7 MAR 2004

2-trimethyl sil oxyp@ete fesgne- 4-one, n- (trinmethylsilyl)acetam de?(_‘l‘fUS()OB4847
2-(trinmethylsilyt) acetic acid, n-(trinethylsilyl)imdazole, 15
trimethylsilylpropiolate, tri rrethyl si | yI (trimethylsil oxy) acet at e,
nonanmet hyl tri si | aza hexa “cfinc azane hexametfp I oxane,

t

trinet hyl silanol, FC%?%%USMI a?lr?) 1 DREnI e 'ér}fb’}g 3y R (bieger ranging
t - but yl di met hyl si |famol $o 3(hupi‘b$ﬂ'ty§d=$-lXI pnedindgeanatiedidr hatlt euathnsfmmeiaﬁendd’dbﬁt

preferably the surf ce di atlo en s hexanet hy |Ia
surface nodificati’6h Ied tqu %‘yd o 7' he i%gmgﬁomct%gamcm "f“ét?f’cgj “zbﬁa\‘)é pc&?f&“y as
acet one, applied tsolertth:bhydmpqum U%llcsmdnf:t&aanﬁﬁ apdl M @e be ihn sdnfeeor flidfferantoTheR andpor

or Ligut . and 3 hap Atk g, paddl el B eI bl 63 81 AMERRuLNC! Ude

mul ti funct I onal ™ sur . Sc
co-owned U. S. ser iabsistogbaikyd g2 3! cpsﬁmallmmem;f dhedkbyorefieswbsitwed duer ei n

inits entirety,

nodi ficati on agents ngt cangﬁ‘q %Qi\égfrﬁf?‘. n el cgéis\ﬁ%%#rsgggﬂt aﬁ(glr I’rgﬁ;ﬁed Wb

optionally with orcythtaHUmndo‘emé@FtweﬁﬂlsreoiS%ndtVdistem Saldallﬁbhmetmmwnmilud@m of

g%, ,, ketones, such,gs, Gl erJ'ie‘q?Q ROl &e&nmglm@mn € in Jize RGNEABONE.
in nunber

and others, as descri bed” tarl in co-owned U S serial
09/ 111, 084, f 19 ecrbei Cuubrpfemblythrogriacetigodificaiiqnagent is 2p ey dland, of, fonexempleraat ed

by reference her eifdofet dotn o@{atshéheafsxmfwm%@mn%,aca&)g@.ésrdaaleé&ymﬁmﬁt?fsﬁank
in U S serial nunber 09/ § 30 i ncofporated Dy reference above,

certain preferred %ﬁ?%&é‘@‘%ﬂﬁaﬁ E%FPYIBWC%E@@FFE@C viibenyiiasglosidanga 03 MAR 2004
\/\DI 01/ |181§60 tF’CT / Ulstgﬂétaﬂl&ﬂgxy@ilangﬁﬁlﬂetﬁjdﬂﬁﬂ]b%i@dneWﬁﬂi@ﬁ:y@ﬂ?yﬁeﬂﬁﬁ&n{;‘ﬂﬂ-&ﬁ surface
silanol functional grou n mass presen tsi.de the
structural framewdFEgpy PSE'H'%“F‘FV‘ %%“?%eﬁquaécmﬁé 1d, ndgrpopedisayIdmdatedl s such
asI R, Si é ORerr)3y| e:ﬁm]uhﬁ@jwnp:blaol)@e}mﬁem&mlﬂmﬂndﬁ;yl@mmﬂcew eodaﬁﬁmylendﬁmel y

sel ected noieties or_an..or.gani suc an al kyl,

aryl or derivative¥* Wer‘}lyﬁ%sé SRR yldl‘“’ﬂ%anf E“’B‘F%f“yiﬁ‘%gﬂ‘ LF?' o gﬂok’yl noi ety
is optionally suhsphehylmedolor bu;uid;mb&yllsﬁanblediphmmldﬂamq:olbmd simbiniagut theleofandbsed
or cyclic. and brelELAbLL JA00GRAHDxRh ifenl £ MMaffot BB THIaQmalliRRIE"

and nore preferabl'y
agcnt may be rmxed 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. senial number 05/235,186, 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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about C. Wen R or R is aryl, the aryl noiety preferably consists of a
single aromatic ring 10 that is optionally substituted or unsubstitytediR 2004

and ranges in size_ fr to about Clerr] , or greater, and
wp d’ }Q&gﬁt : ”Péﬁt{suomw

preferably from C, C3. In a further option, the aryl noiety 1's not
a heteroaryl, Thus, R or R are independently selected fromH, nethyl,

et hyl, propyl, phenyl , and/or 15 derivatives thereof, provided that at

| east one of R, ororRord fynesiogal grogps apdreadi evith mistads siieral funipaanil greups amie Rbinkiag

methyl, and a tri rﬁ&é@?ﬁeéeﬂ{‘&hs:&%é‘ @rﬁc%mm%fervs&torm@ﬁarg%ﬂé m@rﬁ&%ﬂ, E\gtaﬁlgﬁlfmols

Forrrula V is nmethyltrinethoxysilane. In another enbodi nent, sui t

sil ane accordi ng tssch#e i nvention has the general fornula 20 of [err]
Formula XI'V wherein R* R2, R3 are indepepdgakly H alkyl anghgnaryl. Wen
any of R® R2, R3 are al kyI and/ or aryl, they are defined as for R and R
of Formula X115 aweean Riad 5 g eidenselenignisiseirdimpieiss auettasd] #ig/of a0 maviumaiety|

R is selected frosm:ﬂ'!asagi[k?f By} or GEffilebbethdst., wagek Rr R29 r%eau%}‘i rfdedlis

CH3. Thus tri-functional surface nodification agent s according to Formul a
VI include, Lg., HpealystRstmipe arunsbytineec grdsmayaisaaight, branched or CY"hC and

I ris(di methyl am nqlp@my lrsigkan Gize RaC b abduf €S (odgy@a&rhmrdamra@c}ferdbmm tnoyet

anot her enbodi mrent, a suitable srlane accordi ng the i nvention has the

general 30 f or mul 3ogiCsaWhen B RRARS 50 he vy Ui‘F‘I@BeéﬁaqﬂC?ﬂ“B%BG?%M%rf’e?“r‘]““g
Formul a XV wherei nnfis é%nonaﬁiy s@crsemremaﬂamgiemd ¥ndHanga! H)lze BOEA/Qto oM €, \BhEN
any of RR R2, R are alkyl %%r ﬁ@'ﬁ he are I ned aﬁlfor Fornul a
Vi1, above. In onegrfﬁ‘%f"éflrnlé’éele Ry s *Or%bo R‘Q“mﬁ"r‘fé’PB‘B‘c SER! MOKRdS B % s
CH[ err] CH err] Thusdrdarylf uncti onal surface m)dr fication agents 5 according
to Formula VIl include, g, g., nethyltris(nethylethyl keoxinme)silane. In yet

a further enbodi nent, a suitable silane according to the invention has the
general fornul a ofhus, R, or R,are independently selected from H, methyl, ethyl, propyl, phenyl, and/or

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 methyitrimethoxysilane.

In another embodiment, 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,, R,, 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  botb CH,. Thus tri-functional surface modification agents according to Formula VI include,

¢.g8., tris(dimethylamino)methyisilane, tris(dimethylamino)phenylsilane, and/or

tris{dimethylamino)silane.

In yet another embodiment, a suitable silane according to the invention has the general

30 formula of
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[err] Formula XVI 10 wherein R, is H alkyl or aryl. Wien R is alkyl

and/or aryl, they are defined as for Fornula 1V, above. In one prnejfpmgm

enbodinent, R, is CH erNH. Thus tri-functional surface nodification qa?g%gts
I

according to Formul 84 nclude, e.g., nethyltrichlorosilane. G&°
preferred enbodi nent, the capping reagent includes one or nore 15

or ganoacet oxysi | anes whi ch have the followi ng general fornmula, [err]
Formula XVII Preferably, x is an integerRsa0g-0g.R,n val ue Hotits X 0 2, and

x and y can be the sane or ifferent ra
about 2 to about 3, Wlbﬁrremg}rg’céa’c gf’are SEFPERS 1%@% s ]San%c%?l %Pﬁ?n%gi"nfgn}gﬂaﬁguﬁb
mul tifunctional al ky:ldface’yioehyvsaré @ﬁecdaaladfr@brmWVllL&lbe«teOXrymelp&Iﬁﬁred@mbmimdﬁ,R and

include, sinply by myeb %ﬁﬁ?lR 5?‘,‘;}@?}%‘&' L i{ful;cnona? 20 T%&gyn agents

met hyl tri acet oxysil'ane race oxyS| anée

phenyl tri acet oxysi | &pediand FdinpieeYly indivde efg orpsy tratrestiphahytienkimatlaens
thereof. 25 In an alternative enbodi nent, surface nodification is provided
by annealing the film with an electron beam After a base material is
deposited on a subshyatagyrtiandnbodiptentonsilithbie filbad Bdortiog Bukgovatien bolthearicss] t he
deposi ted conpositign ihs.then anneal ed by exposure to electron beam

radi ati on, in vacuo, at a tenperature rangi ng fromabout 25C to about
1050C, with a beam energy ranging from ab®8iClg. 5 to about F®rrey XE WO

01/18860 0 3 MAR, 2 | r
500 to about 10 Oggéggﬁléﬁﬁ}gé%ﬁvgﬁfq;%rﬁﬁgﬁ? ﬁ‘g‘,‘[)’aa? QaéhﬁleJJsomﬁé?Buﬁa
1310

essential |y no or al“ awyeda omﬁmedémb aﬁﬁﬂshﬁawgéwcua#aﬂ @rl'faﬁﬂﬂéomﬁcanon

el ectron beam procegsats é&sramgﬁ,tﬁamulmﬁnaauw,L%/e;ﬂet%mmaro;me nanopor ous
silica film the hydrophobi c and pol ari zabl rimethyl silanols are reduced

or not 5 present. Further details are provided by co-owned U S. seri al
nunber 09/227, 734, 1yfaishd®élprBrddi chB6kimeh: 1o daggive Raged IR RudeSonel@ HoACt

Pl anari zation and/ or Enbossi ngMet h %CL
15 organoacctoxys;]anes which have the following general formula,

(R,),Si{(OCOR,), Formuia 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,
methyltnacetoxysilane ("MTAS"), dimethyldiacetoxysilane (DMDAS),

phenyltriacetoxysilane and diphenyldiacetoxysilane and combinations thereof.

25  In an 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 1o 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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Broadly, production of planarized nanoporous dielectric silica film
coatings on 10 substrates can be conducted by applying a prepared lqul\Fg (ﬁ[
vapor conposition, that i ncI udes a suitable silicon-based dielectrlt 1l
precursor, to a sub¥PPHI%%® and then conpleting formation of thePEEYSPRE
nanoporous silica dielectric film by nmethods nodified to include contact
with a planarization object, as follows. (a) Increasing the coating

vi scosity by agi ng,ant axeeneggldbsengmgblg frfdoemadeiedbaanoo dd yotat jkraaeld or

base catal yst and/ cont@ctl ng the coating with an acid or

base catal yst and/ g[lrh \’ﬁé‘tﬂﬂ?g %11“153? EPHT AP B rf’%“%%@“@iﬁ‘b%ﬁﬁa’é’f”éand@wmgen

Cont acti ng t he coatafierghaviéciron gaagxprocassplvanﬁﬁdzzﬂtgmmps d}meﬁegﬁt,ofmam,{aﬁmg;s | east
one contact surface. azt,)l_lﬁn sired de%r ee of planari

other desired patt&rh! Et{eﬁwg %?"5’8."’8?61?3%@%&'&"&“1 ilpnolyare @F““éﬁ’ﬁ"i"ﬁ‘br essi on

to the 20 coating mrﬁshm%mﬁuldsmmft prbbiyed ByRadohaDU SOfe AR dugiBer@b/20RMAPOr OUS

structure. (c) Seqqeda(;t Itn%f t} Q % |zed or enbossed coating fromthe

pl anari zi ng object. 3 P arﬁ”iy S0rface to hardness. 25 It will be

appreci ated t hat these steps can be readily conducted in the order listed

above or in a diffeg : ) able 1. Table 1 Order of

Steps (after coatim oI¢} & 3 MAR 2004

PCT/ US00/ 24847 subﬁwe@lt}@m@lac):pn c(fb))a,nax(z(cbl nmogbréﬂ)d@;&mc&ﬂmaﬁ@ﬁ cqatingzari zat i on

obj ect; separatg, fr ure, .

cure; contact p ana?'lgglg%? |C§$\Leo%°%ectted%§@a&¥ REHPT ke et orBhor BNl AL S
includes a suitable 51hcon based dielectric precursor, to a substrate, and then

completing formation of the desired nanoporous silica dielectric film, by methods
modified to include contact with a planarization object, as follows.
(a) Increasing the coating viscosity by aging, Le., gelling by a pre-added non-
15 volatile 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., 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.
(c) Separating the planarized or embossed coating from the planarizing
object.

{(d) Curing the surface to hardness.

25 It 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
r of St Description
(after coating
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separate fromobject. (b), (a), (d) and (c)Contact planarization object;
allow aging to continue; cure; separate fromobject. (wth applicat Lﬂ(ﬁnﬂﬂfmﬂﬁ

gg., S.O0G corrposug,&& 13?J°e m xed/treated with gelling agent and, /él 8

the press). (b) and (d)Contact planarization object;

fromobject; allow aging to continue; cure (wth application of Wg.,
S.O G conposition pre-mxed or pre-treated with gelling agent). In one
option, a fluid that |inckubdmatela si|l i con- based dielectric precursor al$o

i ncludes viscosity em ay 5 bbj ect
and/or a renovabl e, 1o 623?)%1%&@' Agc tac‘éﬂ?f’%fl‘?q@ﬁ% vi scosity
enhancenent by the aging process haspa&tetMnbjgﬂz,ame:hezhﬂxranot her opt| on| a

protective |iner and ati-g—F+¢g applied
onto the substrate SJr%)a@zTﬁha,@? tﬁgrgea%lﬁ r”"c"éﬂf @ﬁ"aBFa‘ﬁsﬁgblgﬁ? aP‘?:'é“”bll el eciric
precursor(s). 10 At an appropr| at g sppwmae&m nigecstage after the substrate is
coated, while the COiL( dcu .ae% S ale—to--bethpressed with a
flat surface while re g ﬁe apaci pf?"‘?z&t‘?lbc;&r’ﬁcaa%’%‘?gﬂ’@d° FREHBSor olis

structure, the coated substrate i g chmaseszfraefradobpct awpf@plscaﬁ@cdﬂﬂe a
roll er machine, and/pr any other grd énown device for ng{i S*bﬁfrﬂg‘ 5(fl at
surface onto the fil mcoated subst|r ct) °°1‘}E’8?‘%°“%{6'511’§F/gf? i Sf“%eé‘t j am
an object having at|least one surfaad:eurh@vnthgptdssa necessary capacity to
oo Nnaloa USO0/-24 847 -or—am/—other

:jgg |r rezz galto It 2? ﬁr oflft7 o] (R L@ EIRD JiCopra® aB%lrﬁaH%P Obéeﬁrc Flepér?e_aﬁ‘??mci’ﬁi%@o“’f | at,
is contacted, preferably under priegsgreontivut; rturmewmaa;blic&gan(blﬂ g_ghesoc

substrate. Preferably, as nentione rel ease
non-stick fluorocarbbn 5 surface qo%w%{eﬁr%ng% mll’(‘ S3%er a%?.“%tf‘ g%ﬁngsﬁgﬁ’i } ar
properties, is positioned between the

In one option, a fluid that includes a silicon-based dielectric precursor also includes

viscosity enhancers 10 permit contact with a planarization object and/or a removable,
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, g.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 su:bstrate. There, a planarization object, i.e,, an

object having at least one surface having the necessary capacity to impress a planar
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pl anari zation object contact surface and the coating to be planari zeﬁ.éﬁir
conveni ence, the non-stick release material can be a non-stick film AR 2004
can be separately | i and separately renoved fromthe plan

contact surface andaB% 8%%1 anarized coating. In addition, if thgcg{?]%bo?z%ate
is only being coated on one side at 10 a time, a protective layer of a

soft, jam conpliant, material is placed under the other side of the
substrate to pr ot ecr alil)totlqué?ﬁlfd@hﬂ&g@ ontpghe\ghupfice af tsoropenzapioh acinapesd! fidds t he
pressure and duratigm.odg, {pﬁérﬁk}aﬂa&p&@stu}eoau%@&amg dn thd/QbMraedependi ng on

the properties of the dielectric coating, including the type of 15

precursor material, viscosity of the coating, coating thickness and the

degree of aging amaléfaﬁmg:%mgmone&su%ya retea@tlaybxa&cﬁam;bngha@ﬁma&a&m start
of the pressing. In a preferred aspect of the invention, the aB%I ed

pressure ranges ¥ r GHaBOULhE 21 kyprn mptgrial ploipilat prepestiesyip pesitispedk Rerst e t he

appl i ed pressure r%@;&aflé@éﬁﬁb@bﬂﬁu@uﬁacm theéoddhg 30BN anhzePRor( Pr essur e
units in Pascals). The duration of the pressi ng step Eﬁ‘b‘t erably ranges
f

from about 10 sec t8P4BGEAS: BO MR-k Eicase MAFrAFAROSA ROPSALIP et Fiheabout 30

sec to about 10 mMsepirRdy appliedardépaiely BSPRE FroMfihelph@ad dbjeeidoh@fl suffleearzoat i ng
to be planarized can he exposed to i to. speed

uum prior to pressin
removal of vapors éPFcﬂH&a“%ﬁdscg?ﬂnge[Haﬁé?@s' ﬁ’ﬁs‘w%‘éﬁr‘s{"ayﬁ’?‘ WRELONPRFSEE Fabl e
bubbl e formati orp Aldngs maxtoteve&eyayei dsfa s@ﬂt € 8.Stonplisd, ertedianis bacedaadud tetoedr i N
vacuum Optionally, édt§hg m _can ;%% and cured while still under
pressure in the pre¥§° ?heé‘fb(sg?‘e}oé’ﬁ%?/c& PPSAT%e press. 30 B. APPARATUS FOR
PLANARI ZI NG AND/ OR EMBOSSI NG 48 0 3 I\/AR 2004 WD 01118860 PCt/US00/ 24847

PA=ERNI S QN7T Q AN %prh] d ds,)ggzgphg%ﬁ'ﬂ% m}surve%né &L@ RLPNE gl«;&an@%&gql@ &3P on

tool for planarizing a 0ossin ectric |Ims
course, the arti sarvami ﬂépelaqufeuhmr@etthaof thehhel¢otricentting eindudiegithe msvfon tooI

may be applied pnd G&Ggsmtgrgab%canyoﬁw& ) tﬁsae,\é.@ ol 58 Sefle of & ss. ng

appar atus, i ncl udi i ress drau ress, a pneumati
and/or curing, if any, that has taken place at the stan of the pressing.

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

to about 1 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

ranges from about 10 sec to about 30 minutes, and more preferably, from about 30 sec

to about 10 minutes.

In a 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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press, a noving cross-head press, to name but a few. Generally, the
inventive apparatus includes an object with at |east one face having &3 MA® 2004

sui tabl e topograph)@d&”gfgatl ve image to the desired pattern topd@useorassr

i npressed or enbossed onto a dielectric film Certain enbodi nents are
preferred. Wth reference to Fig. 1, a vented conpression tool (1) is
illustrated. As preV|ousI descrlbed pr ecursor, for the desired
dielectric film (10) i Lildp A B e - DHkfded of a suitable
substrate (20), e.g. a S|I|con wafer or die, or the Ilke as described in
detail, 15 supra. The substrate is suggﬂ)orted on its op osi te sur%elce.with a
support. This is PPenEsHeN BFOEdE 8 APTPRT P“@P}ﬁb'(ﬂl?“ﬁ@@)a ar qgrbossig UFECHS ¢ and
conpr essi bl e pol ymafmh suls8Rey. méurﬁaﬂe ﬁﬁsaﬁ hapdppiebiak that tht inetmasti cal |y
deform as necessary, to conpensate f H%rbl armun,?] of . flexure of the
substrate and t8 e FETPRTFIEIOR 0P HERYEE ARRUE a“&fco?ﬁo Y QL BUEYE PL NI ] es,

gig" variations i neﬂbébﬁbﬁﬂpﬁtﬁﬁs \iﬂfuei“ng&_gi;@h abortpkﬁsgkmﬂﬂ&:lit@fdsablpmnﬁﬁc (TTV)

A rigid support (40) optiaonall 3/ underli es aﬁ 3 backs the conpliant
support. The conpl P&t 2 SGPpSFTP SOFROPFSS s #Wodi ment (30) is preferably
a polynmer pad of suffici ent thi ckness to be both conpliant and supportive.
Suitable conpliant materi i.ncl ude r.instance of, vold.fhilled
el ast oners, kg , aG§Befr‘?l[} 551\181'11\:%‘?;‘)]33?%5 1P8ude l-"b tw1th a%?eagtgﬁe %Fe l%v ﬁE

bl adder pressuriiozeguiwble hopﬁgrﬁﬂ:ﬂ)lluduegga’s ingage fol zh;uiedred Ipmeadfdlbt: iropressed ¢1e

conpl i ant support ca ris i I h."
Pitch, whichis u§5’g égéggltosﬁ ‘16% girx aa%%%%%ﬁa@% Ar%éfeﬁg%igglﬁ%gfem&{l shi ng
processes, is usef u Fighecaused @inpreswn\méélduslllprﬁﬁ?érﬁtsme%"o"@iéeﬁ%hﬁfduﬁ
property of pitch-typ rsg&l%?{h!z HsRed d?eléc%%ﬁhnh@?fs apﬁﬁ'eé&ﬁ@lhte)ﬁm%’fg Defade@@l at ed
by tenperature con For e VI scosl ch-type 30 materjals. 49
WD 01/ 18860 0 3 NAanmamlfs@tﬁQQDWzmswvomwéer@b%r%@si/gﬁa%éfé?ﬂhﬂ%mtdﬁslﬂ f or ced
into contact W'1t5h t a?pé sjuﬁsq'attells pgﬁedcbn%s%ﬁo&{e%urfﬁé%H%ﬁﬂfpmﬁ5@1)15 15
optionally before, urlng or ter agin tion ny art standard
press machine, fi gpreferaly b@ﬂmpbiﬂfé@@}’mha%aﬁaﬁ’l‘ FI%S“E)F'?SQS“‘PEFSW PP press, a

movi ng copolymer pad or sheet that will elastically deform, as necessary, to compernsate fora

small amount of flexure of the substrate and to eliminate the effects of minor
substrate deformities, g.g., variations in a substrate wafer’s total thickness variation

20 (TTV). A rigid support (40) optionally 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, g.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

3Q)  materials.
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5 cross-head press and/ or conbinations or variations of such types of
presses. As a con sequence, the topography of the conpression tool 03 SR 20
surface is transferwedngmothe dielectric film thus effecting acargszhiap
pl anari zati on or enbossed pattern. The dielectric filmis prevented from
adhering to the working surface of the 10 conpression tool by a non-stick
rel ease material that is optionally affixed or coated on the working
surface of the congresm on tool (60), or applied as a sheet or nenbrane

[

over the diel ectri éhgiomRieHemded lsdbmfp@s%m@monws “mheiwa@ulsﬂd)ﬁlmﬁdimlmmd this
can be a Teflon or pgiddol &b), byiRBaiR bef Rl QEFi %ﬂ%gel&tﬁ)}pv&} any ¢k r‘igndard

conpression tool (1) is in contact wth the gases or
vapors rel eased byeHRpcHRRg -8y 2pBTOAL RTEss. %ﬂ‘ryd@éllfamf#s@,rﬁ PewtHEs Pess. ampving

generated. W theut cro&0RE P&t b fc@rﬁb ihSIFRYbNErf S
vapors, bubbles ar gol i kelﬁ boé l resser |n{ogyﬁﬁgdh??qe?nggﬁt}?sg§cg§ ?'{1

any gener at ed gasegeqbqncq,gnﬁg}pggra?tg Wéﬁtceraprvsswn teoh eongagt syefaders wansfired 17 Ole. Once
the filmis planar jgedriofim, MRS &Rsh WrkRiep plBSIZLRH o?gmpcﬁ%éd?)%lﬂnt he

conpression tool is renoved fromthe wafer surface, conpleting the
process. In a second preferred enbodinent, as illustrated by Fig. 2, the

substrate (80) andTheCfoﬂéc&thﬂnGs frévented 86 ahli?b‘z‘xﬁ & tRONY RN A6 e The convex
shape is inpos | i ant support (100). that has a_vacuum "chuck"

a 23 co
(110) on its uﬁﬁ TR Sl (et 014 R £ ?ﬂﬁ%mgtﬁ%%f%% aptignaliyzatlyedior gased i n
pl ace. This chuck bsthé ReRing k@teelofith @mpred@6iioolBBNS appRd aSalidealdl €

mechani cal pressure c N be ate this flexure. Preferably,
this is acconpli shgldm %F"ﬁ%e‘?%‘: 1ﬁ'ﬂ’t SFRRTONPISTOR i S eigHsly FReprgnad. Apis

pressure corrpartrrecﬁnbéaIEI)o,n”'ggkmalarlyﬂeféfatledsbeaahhﬂdder or one or nore

pi stons, that 30 are positioned within the conpliant support. 50 0 3 MAR
2004 WO 01/18860 PCT/ US00/ 24847 I n one optional enbodi nent, the convex
shaped substratlé aWdildihetmmprgssion fopl () iairecomracxrvdésdhagaéamﬁltrhgnsesmmﬁ;xassi on

tool by COntlNul NGrelediei B GifEofp €aBbriR Y Getkitba'pRess &R e Bher A RARTEN!

until full contact Is ac
some outlet 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
dielectric 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
holds 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.
Preferably, this is accomplished by raising the internal fluid pressure within a
pressure compartment (120), €.g., an inflatabie bladder or one or more pistons, that

30  are positioned within the compliant support.
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5 Wth the substrate, and its dielectric filmcoating in a convex shape
initial contact wth the planar conpression tool (130) occurs at tr{b?pmpgwﬂl'
poi nt of the "donme" woldPises Further application of force (150) tgurQigihside
conpression tool causes an increasingly |arger contact area between the
conpression tool and the film Wth 10 continuing application of
progressively increased force the entire filmcones into contact wth the
conpression tool. This gradual radial increase in the area of contact

forces any vapors o4 or&%g@&xawﬂboaﬂxém&u@&h%tsha%k& Wbkt E 8ieRBE ARABAL Of
vapor or gas bubbl es uch bubbl es woul d ot herwi se introduce a surface

defect. 15 Fig. 3 pPEiiaguest decppuessigniop) by rrimung & raiss B BgssyiRee i dentifi ed
as "A' in Fig. 2. Thufliant doimgarmni kil EatkRsis adhiedodi nent of the invention

wherein the conpression tool (160) is crafted so that individual scribe
lines (170) on the substrate (180) correspond to purge inlets or vents
(190) passing throwgikh thhﬁlbﬁﬁfﬁpineQSHiellctil@mln coa&gmk tonRéx fpbifegRitiaCdbaneel s
(200) - e.g., rratchln the inter-d runni ng, al.ong, the face
b the 20" Sompr oss iRt gse s el a i eredt de ot et B8 A Ge
channel s in the to®uniengmlicatias of fsrcs{160hrouehtlkeombresdi@doddeigedan( A) of Fi g.

2. The Durge vents .can.be, RLEANAS oLy ARUATL 0RLL NS . W Gl Sy ff of e b1 ¥
connected to the purg t conpression tool tace, The purge

channel s are geifer abrh:ylmpg efpbicaibh §f pragoeati ety iatreased fotve thewatire filrs comdséntb | nes
that separated the | ﬂgcll ¥A tﬁing corﬁjﬂr&m% tob[%?érgr}ugpra&; Elrlgcllléats mvl\%fefga'off I&?ac?S

purge channel s can m rror I S-Cross pearance o scri be
|l i nes. The purge déregsney @Paﬁdrmpst afltaﬂibmrtllaltl)ereﬁmnwmmnm @foesgwngﬂssteps,

| noluding r emoval . Qi aPRlh iRkl anotl odEsindaRatublee hiktl d sol utions to

the substrate during conpression. A conpliant support, anal ogous to that
showmn in Fig. 1, is optionally enployed. 51 WD 01/18860 0 3 MAR 2004

PCT/ USCQY 24847 {sn &;d yrﬂrMes?H@&%%Woﬂb@%xréléd ipdct RLRGeDYs A" Fig. 2. THS,
conpression tool (21 23 is crafted _so purge vents (220) corresg)ond to

purge channels (2 3@’) g- P plustdes & prapodimeat cg Ithcdq\@nnon wherein the compression tool (160

is crafted so that individual scribe lines {170) on the substrate (180) correspond to
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 aranged 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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(240). In this enbodinent, the conbi nati ons of purge vents and purge

channels are useful for rem)val of excess liquid precursor (250) f ronf 3 H&R 2004
substrate surface a® @G/1genpressi on force (260) is applied. Redurcnysdohessr

t hi ckness of a relatively thin liquid filmover a large area requires

ei ther an unacceptabl e anount of force, or an unacceptable armunt of tine.

This "squeeze fil H}‘ %Irifh&%’inbb mglgtg% lll%égiggw:ﬁg 4b¥1 c&gq 10n Dligng that

entraps the |iqui 10 An I VI e 1's
substrate (wafer) Sd|I*thﬁltf&ﬁr"emmﬁ@ec°”€9@am1@Ipsrgapltaam;ee(dB@tm thheutstme t»reild | nes

‘would allow planar bz@tfn%s LOb Qe tﬂz%sf,ﬂgtogéét?%su egsegfxgsnar{dgﬁfgmﬁt&m gLy twce

as fast relative to sol1d, non-channe conpl i ant
support, anal ogous-lstft?‘)l ferrremovg hefwicessiiqmi dprecursoy @W)f;orndnahbsyraermlf@ye&j 15 In

a_ddi t ion, the pur GSmYpRRich f@MZ@d} giié‘t %Htltc?rlr%g%l tg.l‘g}é&g arr%xt!l\luyqﬁlh hgﬁ%ses or

liquids into the area of the fil eing pla as illTustrate y Fig.
5. Liquid and/or fé’&@éﬁ@éﬂ&fcﬂfﬁﬁé?ﬁusm(QMaﬂ&P@Cm@MWhtr@ugmph@ purge vents

(280) and channel §yecepie dufd@atlok g8 MQaue@Jetf%"tfﬁﬁugg{m{ &ﬁcgal%} ool (300)
has nmade conpl ete contact with the liguid filmprecursor, but before the

film hardens. The SBFYRRE 2ic8 BRBFERILRE iwidg. | 20 to rempve unwanted |iquid
filmprecursor materi al from the scribe area (adjacent to the channels or
scribe lines). uantl ty of the solvent affects the

Onl
pl anari zed are¥ (d’%;"e‘Fd'Y‘H‘éa' FéS 31?03“1‘15855%8“8? subfitedtasRgliamstir SOS t hat can
format the junctchifelohrdnpel atlite s@ibg @nasncbuldilos QERELSHINAD of RPore GRicH
meni scus can linmt sol vent ]mﬁg ration tothe(g re vggcﬁretheflrmhas
been pl anari zed or®3: *BFEPYBPRY REE HdehT ’Véfﬁ)aosgg Gon'atfﬂt‘et'? gPFegsiop tool
conbi nati on of sucA complianeupposiabalegeuproass slicemtihFiguy s dpkienallpemgeyadent s and
channels is optionally used to enhance filmplanarization. Sinply by way of

exanpl e, upon initial contact of the conpression tool with the liquid film
precursor, a vEcuumdiipnghe mugs oy dnd dhameh\cangs exseias 1dJécqussbsprEmtﬂssor 30

thi ckness 152 0 SO NS00I OB I EIBREAR AN uaE e mld Sl s Lo 11
conbi nati on of | i cuasedussniferyaldddars pystied dmoughithe Ftlm”erpu@lﬁ@)chnﬁ lnlorngdis ort he
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 o 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
Jjunction 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  embossed. 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
liquid film precursor, a vacuum can be employed to scavenge excess liguid precursor

30  from the interface of the die and compression tool. After the desired film thickness is
52



purge vents and channels to renmove unwanted liquid filmprecursor fromthe
scribe lines, as well as the conpression tool page vent and purge 0.3 MAR_ 7004
channel s. Additional force can be applied between the conpression to ‘1 ang
the conpliant substW&48%s prevent this positive pressure fromPEIEMeRHiel y
separating the conpression tool fromthe film Once the film has been

har dened or cured, the positive pressure (in the purge vents and channel s)
assi sts in separ at ich@vddhEcoaRHafi GSS1ad af0kasddO 01 4ehe i thakhea@dudti ihn 1N a
fifth preferred enbodi nent, gs i]lustrated bty Ei , .6, the conpressjon tool
is 10 formed of a BBHEPHERISHARES ] CBHPVSHRENTE ‘H‘%‘?@E&%‘i‘l‘“ﬁ’b 978 the 5085 t hat
are each smaller jides, Gk @85asSRCdoPresdoraidBitAge tehtdhd pli@e cliaaned addifdnal thee
substrate (350) to m%tch the si zg_ﬁ and shape  of J_lndi vil.dual dies on a large
scal e substrate, aff °f ARRLCLREYERENK CEBRERPIRY AP ol ar suR e o@gyent

materi al (360) &as deesiikecsaboiren plapandy Rparoihgtiteofskdi®tod] Gompitedict |,
the coordinated array js..opti,onally fornmed of any nunber of small 15

compr easi on ¢ ool <. Opkit G BF EERL HERPES PESrg s Bt PR SR RS P50, o
nore. More preferafdlcygnntl)esstsoin déppatieghhacongyression apl fram delplanfraedfiish. of 2 to
about 10 small conpression tools. An elastic or pitch-type conpliant
support (370) as described above for Fig. 1 is also 20 optionally enpl oyed
on the opposite sibe fdth prdfareg abbodimems, as dpsiosaiv Big. vebt congpresiomtopliigi d

S DEor e 380 al el S Lo BHRLESRY Bl Lol iled Oab e KRN LRONS Of
substrate profrle across the warer a8 Well o as - al’l ow ng a finer
degree of pl anari zatcrasnseonpn didmetdr i Wediiparieter pEthewnberenta (380)% matelr thesitei on i s
required. In addit] | h-er ' a I, onl 2SS
expensi ve than a |§“(ra§’éap§/a éé:%gﬁ%l%%@?%%i@%u%wf %@I@tgﬁ(ﬁ%éﬁg@e&%?epar ed
to have a surface ndvattick rslepsg omterip(B6Q@ as daseribed aprye-nBepepdiagon thedesisddsi bl e on
a larger tool. Thi5 ct neQ@bdtBinRe PLBRUESpLIRAY 8Gmed of B AAHr 28ItaN TO the
filmon the individual die. The individual Small conpression tools are
optional |y gandéd fnPEesEPHGPle THIREEdN nupbeRderfafaPle.di0ah? 19aPor) 20. 8T 888, | ower ed
%?;% 3281)?’ lzzg 4(73 oONPr &8 Réferhily, @R odAhhted s i8 ophoRal BGnMEOr D/ ab&8 6@ small

compression tools.

An elastic or pitch-type compliant support (370) as described above for Fig. 1 1s 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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si mul taneously and with approximately equal force, or alternatively, m fﬂﬁ
nore of these conpression tools can be operatively linked to a sepz;)r3 4
press machine, ,,g" wboahyssaulic, electro-magnetic or gas-operatgg; ,1% ﬁp,
chain or roller nechanisn(s), with one or nore separate controls. In this
arrangenent, the conpression force depth of 5 conpression and duration of
conpression is custom zed for Cg‘é h die on the fpubstrate to conformto the

desired integrated EPHREspsiy A pRroxigizighy| egual {pregess alimativelyang gk Pers cAnd
Wit hout |imitation,thdse gamp?esslloh uitsica iRSoperaeyelyeilaidd ARphraRbrekdYBachRV Y Ve
apparatus in an sinple ar ress. The fra §400 10 supports. a

nechani cal |i nkageq%))'&rfbl EROHSF BB qumtg%ﬂi Pag aﬂ’h?’d?ﬂfhmac%l“élﬂﬁh Wih20)
to a rotatabl e bal lonfoi md:lrp s@ﬁara:ﬂtoa‘rdla)vxﬁ; this@rar¢@ent AR olrptbdi e ToRE ddpitEof

pressure to a rrpreSS| on t havi ng the .t phy on its working
face, that is a%& i edT Lo A anﬁg?rﬁifoé]c?g%dé‘&m‘\:/\é?'}a’gC’(%Ebﬁeg?‘?rg??‘ diprdhe syb WHffpor t
(450). A pressure gaogdorndé e desired intkgmtedaincuitpediayati on of the force applied
to the wafer. A release material (not illustrated) 15 between the working
face of the conpression tool and the fil mcoated wafer, allows for rel ease
once the inpressi orfingly bpmpy ef iBusttve ahdivitewi lhg'mﬂmnrigrﬁtliung:teemérpl es serve
toillustrate the i le 4|l ust es a
process wherein a p%‘ég@%@;}ff@qm&ww&@n anémllp?]egaraoégﬁs Tlhf fram ﬁ{@b)ure was
then spin deposi® edurneno? meghanital diskagé (440)dy whisb fiorvwif epplitibruiongh @pipad (420N of
netal wiring on thaf, i fifcn hRewmopdiRd th aced in a press
with an optical fla'? éw ng zi rewease Sa%%%pﬁe!@gﬁoggﬂhvfmﬁuﬂcﬁe coati ng.
The base materials COWH@SMHT’@ (@OHih@fllf@dbﬂrlPI@PSﬁPbCQPrIQGrDﬂ*am&faanthatgs mpliedyent |,
were mxed for 30 {Rc.hed \Qﬁf@r@m r%gégﬂ ?stuﬁpo\oﬁ%(ﬁ ph:ﬂregﬁ?e lﬁﬁg cct%(ﬂ phoSRkes
wafers of 4 and 6 inches in dianete BN

Solitec[err] machi %1@%P?W@@%$%¥Ppﬁ@éé§sﬁaﬁg Afﬂlqu}@e mﬂtsalh(ngblﬁestrated)

California) usipg rpeAked thehoneRTRe Wt &b canpr@lith SRGGEHE ma-céa%%@erfame&& 30

1000 to 4000 rpm The precursor. was a partially hydrolyzed and partiall
condensed 54 P forrelgasc once the impression ISP complete. y hy y P y

The following nonlimiting examples serve to illustrate the invention.

20 EXAMPLE 1
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
optical 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
diameter. 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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0 3 MAR 2004 WO 01/18860 PCT/ USOQO 24847 fluid al koxysil ane conpositi ﬁ
(avai l abl e from Honeywel|l International Inc., Advanced M croelectro 3 AR 2004

Mat eri al s Sunnyval %Oﬁﬂgg(’ ornia as Nanogl ass[err] K2.2), prep @M&@v
t i in

21.6 % EtOH m xed w 5 % nonoet hanol am ne (" MEA") Is a
nonvol ati |l e base agi ng agent. The ratio of precursor to the base 5 ranges
fromabout 1:0.34 to about 1:0.26. The lE)rocess can be summari zed as

follows: 1) mix NARisatpsxslansomppsiopr (axpifahle rm Hoaerveldetemationpldac.-0) . 2)

deposit and spin fAdvmﬂc@mmr&nActr&@@m@fﬁa@gs“:;lﬁal@)am&nmfr@rnogim® Krgss and
apply Teflon' sheet g 10s_after ti | eave mHgFIess for 10

mn. 5) return to RpfH Haaeéﬁ%%«@ﬁ*awmw& f’“é’%?‘ﬁfﬁ@lémﬂ%

HVDZ/ 3- pent anone, EtSHI MBN ¥ a nfjvolaflk biak adifk padte T ratdo/ FpraaeorI2Bephser 1min
each. 15 7) furnace cure at gnggr ggn%n After mxing (time zero), a
flat Teflon' sheet™RESTUPpPITEL’3hPE The vat ed wafer, and the conbination
was put into a press for a time period ranging from about 90 to about 210

secs after the ba materlal _ The press was set at a pressure
rangi ng 20 from abc v . *¥he pressed substrates were

renoved fromthe pu)gﬁ,sNar@@gssswcy@mngmaqmemltmd)-INDZ/3 pent anone, and
then baked at 175C and cured _at 400C. EXAMPLE 2 25 This exanpl e

illustrates a proced®osihavsrn iy presliceasefel s spin deposited onto a silicon
waf er, the wafgr lﬁp&th&&rwﬁegsmn@ap@m@h@m dhedt (0 RVRRfpaiiea, pl anari zed
by pressing the aﬁ? nge L&d. nanoporous silica dielectric filmwith a
vented, flat Tefld eﬂee‘Flpies Coat B¢ conpressi on tool as shown by Fig. 1. 55
0 3 MAR 1004 5) return to spin coater, perform solvent exchange using HMDZ/3-pentanone,

spin dry.

6) hot plate bake at 175°C and 320°C for imin each.

15 7) furnace cure at 400°C for 30min.

After mixing (time zero), a flat Teflon™ sheet was applied onto the coated wafer, and
the combination was put into 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.

EXAMPLE 2
25  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, planarized by pressing
the aged (Le., gelled) nanoporous silica dielectric film with a vented, flat Teflon™-

coated compression tool as shown by Fig. 1.
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WO 01/ 18860 PCT/ US00/ 24847 The aging process in the chanber is as foll ows.
The chamber is evacuated, dosed with water vapor to various pressurfdsfRal0s
a fixed anount of tiweangkesed with ammonia gas to a higher pressyre 5085843'
fi xed anmount of time, evacuated once again for a fixed tinme, then TRE '
pressure in the chanber is brought to anbient by backfilling with an inert

5 gas. A precursor .r'%s made b%g.n'bxi n?‘l@ while stirring, 61 ni
tetraet hoxysi | ane, '61°§HE PrO°8Y PLIBt MBS &) folloys The @ampar irapavated aldsedatitar |
and 0.2 m 1M nitr iwateacpat 16 Goigas preskihdqfeuhxﬁidm&QQf&iae.Medw&moéfagé@ ‘Q\BS

then refluxed while stirrin nc?nti nuously for 1.5 hours, then cool e
portion of this precurasPFRUaT afay YRf Ui GaeUatRr opce 2gaim fs 610 oginhee

stirring. 10 Appr oxientit pteysute.ibtherthantber ibbSughths!iB¥ler? 6@ 64kBNNe Win SERASI t ed
onto a 4 inch sili %%_n waf er spi.n c%llé,s,and spun on a% 2500 rpm for
S

on .
10 seconds. Two fi SR ésp%lgciaetbégmflﬂg’t Wape Sk ferpsthorysilenp 6asdd i nt o

an agi ng chanber, wivhalyldns glybner.87enaeiomtativiter, indien! (M Afid RIdYCohd 30

seconds. Water vap j ed, int.o the chanber 15 at a pressure rangi ng
from about 7 nbar ?@.déélu g?c’ngk{'t @ngg‘gu e YE Wﬁ%?eﬂﬁe@.“%‘&e FLBRRH conipyoysly for
reservoir of dei onil2éekwiterodd. Aawpenafl tisgedsngis Bguid 30 BGvéighalgut 25C,
respectively); theet\q@qfogg}ﬁle%lgné_eft in this pressure range of water vapor

for 30 seconds. Anmonia gas Is dosed into the chanmber to a pressure ranging
from about 855!fAbar 20 (649.8 torr) to about 809 mbar (614.84 torn); the

wafers are left forp ] b Sy re range. The chanper. is

evacuated for 30 5‘38%’%’%?35}5 ggg%r%gg?ﬁs?jfgéggf%ﬁ oS c{lﬁ%shtcd ?Wﬁf'ﬁ?é’ﬁ’ff’“

backfilled w th ai Mewnappinehickmnessinoe at 25908 rmvafoen 6 saomsr Bwo Gk 44 om t he

chanmber and each i gepRdiR@€ &Gk ) ' : [ 5 press. A flat,
HLAEALO0 BerRAT AL s gy Ao L

vent ed, conpression tool according ti a 88t ng on
the worki ng surf ac&2pugicd ik bar 66 (Wil in 38aedendo Waeh vapdréy dobairinta the dvemiper | od

rangi ng from abeut aQQresreaspiy RLabdRCSnbal (3 PLESS giac?ut $ehpRl1ReLhgPSUr e

rangi ng from abou&r 25 to about 60 psi. The pressed substrates are renoved
fromthe press and™R4HEER°BA %?_‘%&F PVt IRMIgpEresgrngng fiomA°E 4o alfout 358ned by
an oven bake at 17hfpett3elyR tQvaldrstid RE in hiRGResRRO RS of MARDvIRK R 30 sc2QQC foOr 3
m nut'es. The wafers are renoved
Ammonia 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 | minute at this
pressure range. The chamber is evacuated for 30 seconds to 2 mbar (1.52 torr), then

immediately backfilled with air to ambient pressure.

The wafers 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 period
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  minutes, then another oven bake at 400°C for 3 minutes. The wafers are removed
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56 0 3 MAR 2004 WD 01118860 PCT/ US0O0/ 24847 fromthe press, and aft ] 004
cooling are neasured by ellipsonetry for thickness and refractlve |rmk§x2
Refractive index camhfasdshnearly correlated to the fil m porosityerfsoonass?
refractive index of 1.0 is 100% porosity and 1.46 is dense, 0% porosity
silica. The wafers are also inspected by scanning el ectron m croscopy for

surface planarity and 5 reqgqularity.. The results of the nmeasurenents of the
nanopor ous di el ectfrchs PESH a“ééﬁ?rlc?%“ﬂ A tmepfreediby gliRs ety derihigne s dtdind t he

thi ckness are wit hiffac@GRRk 3QiE8ctve Mdb:Sean 3B GneatiP ortbtdias 88 fioh ptbgydi el ectric
films are planar. EXAMPLE 3 10 Thg%f)rocesse of Exanple 1 are_repeated,

except that the wdfECEvedRdex REL? isd MR ACEF P Eséfscs*r-’féedjefis RYOPY atisd Fhﬁ t he

press. EXAMPLE 4 Lﬁf&»h@e amﬁ@saaﬂayafzanﬁmgmktﬁ)n}marb&oﬁ)eﬁeairﬁda piEnsEeRAd t hat
the wafers are heate

ile still t he press by the
appl i cation of *hedf aB“’th “-;S?Sa‘f Qﬁ“’(ﬁf’“"‘?’f‘i‘é“"’bﬁ“@m@he n*ﬁ@“’%“’é& %B't hen
removed from the poefEs thathetidiex bf refpdctioyvaid teanikknds actosigtih Reeptdhe idixadrpl e 1.
20 EXAMPLE 5 The p ocesses e repeated, except that the press

f. 1
is set at a pressuf%e °§?1‘§1r| ﬁegd'%‘%%%\%f)ﬁrf %ﬁarto about 30 psi. 25 EXAMPLE 6

Thi s exanpl e |IIustrates a process wherein a precursor is spin deposited
onto a silicon wafer, the wafer is theg‘éggﬁilgiﬁg a chanber for a given
period and then dried. The aging proce chanber is as follows. The
chanber is evatluatlid prockssdf Iiatiple lweet repeatedpacept thatahd waferd aprhegelmme dfiar a

fixed amount of ti d i nia gas 30 to various higher pressures
for a fixed armuntbn%ebte?%égc%&\}%@ﬁ {IE‘%’ once again for a 57

EXAMPLE 4
15  The processes of Example | are repeated, except that the wafers are heated at 90°C for
2 minutes while still in the press by the application of heat to the plates of the press.

The wafers are then removed from 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 evacuated, 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 2
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WO 01/18860 0 3 MAR 2004 PCT/ USO0/ 24847 fixed time, then the pressure in
the chanber is brought to anbient by backfilling wth an inert gas. Bﬁ.mg 7004

rql)%aﬁ‘g while stirring, 61 m tetraethoxysHan

precursor is nmade by,
M tetraethyl ene glyco 87 m deionized water, and 0.2 m 1 MGI{SPeresé

acid. This mxture is then refluxed while stirring conti nuousl y for 1.5
hours, then cooled. A5 portion of this precursor is diluted 55% by wei ght
wi th nethanol whi | éixed {ipg. iheg the qusw@%itmgmb;rrﬁb@uam tapdmitidmi by tehickfulirgovith

precursor is depos'aﬁﬁfén%ﬁ'st qi.ﬁrcf‘uréopﬁrfhaﬁé by rﬁ;?JI}LIg Mﬁ}f ?t'img 6?‘111?%%]%; YK, and

spun on at 2500 rpm for 10 seconds. Three eéhoxﬁmsuch a
way. Each filmis [5I&8é&d2ethylercglycelgt ﬁbmbflﬁmefiwatmr@l@ 2|rsl IMewvimcuweitedhiso 1

nbar (.76 tort) inp3Gusecaneiuédigle Mﬁﬁ%rcoﬁtﬁlugggggr i mogrs tﬁ&] E?E’bﬁ r 10 to

15 nmbar (11.4 tort) (froma reservoir dei oni z ‘and t he
wafers are |eft f@PTSDOLEIs Brraysoss "c‘l‘ﬂeg5%@3@’@8@Wmm@n@l“@%stmnaﬂosed into

the chanber to a phresRiagl.5 A7 6F b alutdddRS waf er,
506 nbar (384.56 torpt?) gr }1? he setcontljutV\dlgléfPe;d%mtlpﬁép)mﬂfeg)5 uw‘?tnu 3 34 torn)

for the third. The “Wgﬁé’i‘ & SPif ehuploppd spin 13 2800 T dard ( sesgnds o Fhree M arees.  Next
the chamber is evagyakied if Qrchaefaﬁemndﬁn {5 QlaledThtEhn Jgﬁng(chrﬁ?cr tvﬁn'icﬁa)l then
he wa

I mredi ately backfilled with air back to anbi ent pressure. ers are

renoved from the cKATBERE QhFRRLCH ) lbﬁ%ﬁéﬂ‘dﬁ)n‘@’ﬁﬂa‘“aewnimﬁ%iﬁﬂmﬁ&dhi‘mbﬂ a

press. A flat, menrmeds ﬁﬁhﬂﬁﬁ&ﬁt&iﬂrﬂﬂoﬁx&&kseﬁﬁﬁQf&idﬂ&e& @axaagzsﬂég ?]m}{é \Diﬁcrg f
e coat ed warer

Tef | on' coat| ng on hqe \ﬁ@& % Lﬁgface is contacted with

in the press for a®30% e’ FEPTDY WARGIWG APBIMABHUL dTebintshebember W00 secs.
The press is set abreasum’césmjmﬁar (Icarngm}gmfthoﬁﬂsﬁmw506@1&&3%581%)]@9[1:@5l The
pressed substrates_are.renov a a on a_hotpl ate at
90C for 2 nminutes, 0 0\6/\f/°erd %%OgW%oJéheEg %éﬁgrtthe‘%?q&% ?Wﬁﬁ?‘éé‘gethen
anot her oven bake atessﬁw@rﬂonmtsesmmmm;chaﬁbm isveRicnatsd ﬁarmsctdmemomeﬁmved and

ey ot gy A5 (PARUEE e imBldd 0 PHBAIY L LI SERESS ARG B0 oI T A0t Ve

i ndex. The wafefs ScannrRgEre Y BhPHEFoscopy for
surface planarity and regularity. The results of t he neasurenents of the

nanoporous di el eCtrBé Gafbds D 606Vl BB il Aharh 1P add MG Rbicel ShE 2C5h2n 304 it he

t hi ckness ‘are with
a press A flat, vented compression tool according to Fig. 1, baving a Teflon™

coating on the working surface is contacted with the coated wafer in the press for a

20  time 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 afier 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 resuits of the measurements of the nanoporous
dielectric film 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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acceptable imts, and the surfaces of the dielectric filns are pl anﬁr.

0 3 MAR 2004 WD 01/ 18860 PCT/US00/ 24847 EXANPLE 7 This exanpl e dermonbd f&t &
that a catal yzed naygRpifss silica precursor deposited via codgpegido.R7
can be aged in anmbient clean roomhumdity to yield |low density wuniform
thin filnms that can be readily planarized. 5 The precursor is synthesized
by adding 104.0 nlL of tetraethoxysilane, _47. of triethylene glycol
mononet hyl ether, 8.4 nlL of deionized water 0.34 nL of IN nitric acid
toget her in a roundghibeiapra demasscatesiing asoblyied @ihopsorlsliongenior f8pysivd gar ous! y
then heated to -80C and. reflyxed for 1.5 hours to forma solytion. After

10 the sol ution i s“%FPashY© g’eé%etglm aphient glegpTpom nidiy gyt Ej“‘?/’vg?ndﬁ with

et hanol to reduce uidifoem i flasithay can b ecadiit inysiedused was nonoet hanol ami ne.
It is diluted 8,75% by weight in ethanol to reduce viscosity and increase
the gel tine. 1% A dual syringe punp is used for deposition. The dual
syringes are assenbDhegedusbnig syntheSzauiby adding?204 Mmlsqfndmgﬁqusiaﬁq)emmz&lfy whi ch
are each attachedtoafl The. two, t ubes nat e
20 that the 11 uid SEPSihe RS pdd e n bR el R ST G
syringes are sinmul hiaitenidsbgetheuinp edind B@olhiasiprine selgion isiaélow'ahndedxl nto the

| ar ger syringe and_cat aI a of
precursor and 0. 345@?710“50’%/&“ l%e% b g’t %gﬁednglye?flﬁ%egz(ﬁggﬁngi’rﬂo fog“ 919{?011 Jm:%te of
10 nL/m n. The 1Pl uibd s@umceandlowe@to cael, inis Giutedtjl6ge h}oWﬁm mtbm;ar@t weedwre whi ch
in turn flows ontg.the, ﬁ)l,!bstrate The wafer is spun at 2500 rpm for 30
seconds after dep05| tron. The filmis placed in a wafer carrier cartridge
in the clean room ahbiatast Bed weprmmaptanplmine B isqlilptedi. 736 by wiight 18 pthapol 9 t hen
aged for 15 mn. Thg,del i aﬁ&yggeagphlygatum@xchanged by depositing 20-30 ni
of an aged (36 hrs) 50/50 ? by vol m xture of acetone, and

hexanet hyl di si |l azane (HMDZ) for 20 seconds at

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 attached 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 syninge 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 mi/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 soivent 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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250 rpmwi thout allowing the filmto dry. The filmis then spun dry at 1000
romfor 5 30 seconds. 59 WO 01/18860 0 3 MAR 2004 PCT/ US00/ 24847 ThaMAR 2004
wafers are renoved woomssdee chanmber and each is placed onto a cop@iniAntspad
in a press. Aflat, vented, conpression tool according to Fig. 1, having a
Teflon' coating on the working surface is contacted with each coated wafer
for a tine period 5 ranging fromabout 200 to about 400 secs. The press is
set at a pressure ranging from about 40 to about 100 psi. The pressed
substrates are renmdietaifes mmftmeqaﬁ@sgleahmhbetdnémadh_eiaﬁlledda@xoelcwﬁta%_bﬁd i'}- I
tenperatures for 1,QjR. 1, anghrag Yoo in alrk. e film
isngharacterized b§gggfﬁ§%%n£?§§ tor%é@%?ﬁ?ﬁ%&@ﬁ%hﬁﬁ%Ha%?F@éﬁ?hﬁbx and

t hi ckness. | n addi £9290g ontthewWpRigE @Hﬁeﬁbt}[ie:@pmymdswrﬂwtllecbab% ﬁpfeaﬂ? rginge pmbcelr
drop onto the 1@ fhghi fodebsE FonGatoeio . & S-Sl ar £,al SO

i nspected by scannian%ﬂlé el ectron m$%r oscggg;}gﬂwg%? *aceé f)lpéeﬁ%lﬁlia%’%%’m _
regularity. The reé@l‘lt@t@?boﬂlhgo Pﬁiihwm&mfes trh eermaveofen diepreds ai_d;a(r:]jt ric
filmconfirmthat hdaRAeeihied £ J : & ss. are in
accept abl e Iinits,H?ﬁaf ?%ézfifns g§§£§§§§€gﬁ?fgﬁﬁﬁfnﬁ§ngpﬁseP@?ﬁ%Wd t hat
the surfaces of thé“-ﬂ'lhbﬁ’lﬁt’éélhatﬂic@rléfétbb’ic%lpﬂmermgaieanpinarttarrcfraﬂagiveﬁhﬂh;]dﬁi%fB The
processes of Exanpli@ides@rg ifnpahetar&¥GERL if Balq i g el a
pressure ranging fronﬁsaboat 10 toglabcgﬁt 3 IpS|. Q{quﬁ%&l\/%falg@m%heopreocesses
of Exanple 2 arl@ r BffeRcegmienbeiopiastsagiet e weémpiresiss pepeciobby semgtmwn by
Fig. 2 is enpl oyede1m£ﬁmtr&eopw&%wfﬁﬁgnaﬁdﬁ% &e%gumrﬁrﬁf R@ﬁﬂ%@'tﬂggto a convex

by a conpliant devi ce powere / a gas-fi1lled bl adder.
shape y P measurements of t}& Nanoporous leiectrgi:]c 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
EXAMPLE8
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 EXAMPLE9Q

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

by a compliant device powered by a gas-filied biadder.
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0 3 MAR 2004 WD 01/18860 PCT/ US00/ 24847 EXAMPLE 10 The processes of Exanp ?
2 are repeated, except that the conpression too] is vented as sho Hﬁ%RZM
Fig. 3 and a vacuu lied through the purge inlets to renoy

gasses or vapors dH%?ﬁ%ﬁ?ﬁe conpression period. 5 61 0 3 MAR 20d§38%@ﬁ§é7
01/ 18860 PCT/ USO0/ 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 conpEé&ddB& ool , 5 (b) a conpression
tool having a wor kikgprécess dr Badmgis2 ft %@Jte@?:xc@ﬁttﬁa?ﬁj@%gn re%ﬁ'&&'l Ry
conpression tool is operably_connected to said press, ( a contro er for
regul ating the postSPOM bYhisdApd AR isEaPis BIpuel thepusgaiinlets 1iemexeterdess i | m
by said press, (d)gasesbpRedt dRegiHeiconsdssamdipagenNt sai d substrate and
opposite fromthe filmto 10 be contacted with the conpression tool. 2.
The apparatus of claim| wherein said press is selected fromthe group
consisting of an arbor press, a hydraulic press, a pneunatic press, a
novi ng cross-head press and conbinations thereof. 15 3. The apparatus of
claiml1l wherein said conpression 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
wor ki ng surface that will enboss a dielectric filmwhen said cylindrical
object is rolled over said
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20 dielectric film and conbinations thereof. 4. The apparatus of clﬁn@w 2004
that conprises a coordinated array of at |east 2 conpression tools
are smaller in crossessmdsicon di aneter than the substrate di anmetpehmusiiPe@s
to inpress nmultiple patterns or planar regions into a dielectric coating
25 on different parts of a single substrate. 5. The apparatus of claiml
wherei n said suppo is a.conpliant support. 6. The apparatus of claim1l
wherein said suppoﬁhaégﬁ%r"?%%}ss)' a wor kpi ece holder for 30 holding said
substrate in a fi xedApemspataius HorhlaninengCo TSR a0kielechi? On 3n MABsZ@04 WO
01/18860 PCT/ US00/ 24¢ 4r 1. The apparatus of claim 1l wherein the substrate
and filmhave a convex strface and the conpression tool is positioned in
the apparatus to make i(miapresk fuepraes coatacttphdsurc® picempredsion vl f i | m as t he
press advances {he co essionLaq rds the su{gst.r te 5 and film 8.
The apparatus of cl ai m’) évﬁ?e?%sn‘ sg?]g‘g%\?%%g%a © P8dt 8?%%“&’39&5‘?% ng face
that is capable ovhareinpad eamenresgomtopl iapperabbreopreteronaid prespr essi on to said
dieectric film 10 9. Jfi&oARAR B 4oulline Hedlolllidn WAREEhIoRRLMLEPIREESST ON
tool conprises at |east one vent for transportrng vapors or gases to or
fromthe working f@electas filhey B¥AMsessi on tool, said vent conprising at
| east one opening on t he MOpkINBsiBHel 858 cffaid ApdraE QIRE SR wher e
sai d openi ng connects Fg) a %:%Jn uit th.%)ughszga?15 caonpreérgolélggnf%}?%gﬁi.mTS 10.
The apparatus & chefontagediniish B fospasssiov®wat conpri ses one or nore purge
inlets opening on the working face of said conpression tool and passing
conpl etely through, said conpression tool, one or nore purge channels
runni ng al ong the twolBi2RBATFUC cBim | hsrein sHtpewdsielrted Bom the gryp sasigungur ge
channel s are oper afflay aftenfres] £eldialiSesd, AHab@atic 3ss, NnBYisg crdsh-heabpesappar at us
of claim1l wherein s%i.d .CO re§si on tool is coated with a nonstick

combinations thereoi.

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 2 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 rolied over said

20 dielectric film, and combinations thereof.

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

25  ondifferent pants 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.
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rel ease material. 25 12. The apparatus of claim1 further conprising a
substrate with a dielectric film thereon, positioned under said 03 MAR 2004
conpressi on tool angosypg@ited by said support. 13. A conpressi GrhRedr4s47
conprising at | east one vent for rel easing vapors or gases trapped during
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 63 0 3 MAR 2004 WO 01/ 18860 PCT/ US00/ 24847 said conpression tool

sai d condui t COHHEGtTHEgipbﬂatﬁim&ﬂheMer@ih nﬁequ@uﬂasndqnm\hwqrcon&Qk&rﬁ@é ifan
system 14. A neth Ianar%zm ternlngadlelectrlcfllmona

do
substrate conpri si ﬁ’@ COBPTESIOn KihisyP ‘g"“ﬁd BRAFRSCO PRI SR gt o a
substrate; (b) pl acmeer zf thgfilor asph jires mdwa@esmt tonthr&hi@Cioblit@vatds!the subsulatze
apparatus of cl '”‘GiQ% appl ying sufficient pressure to transfer an
i npressi on of the wor |ng face of the conpression tool to the coating (c)
gelling said dielectric filmbefore, during or after step (b); 10 (d)
curing said dielectr he et C erein the.
dielectric filmpr gct%s%kirimés c';]s% mer;(l:-t &d g?mg?'oronﬁlpéess’%n tﬁ?)%‘ \ﬁ%rf“é'f; ?ﬁcﬁg“a‘ '
dielectric film 1&pilde oftragsiersnpoplawd ocpagemedlimprabsened iddrecpicd8mur e of step
(b) is regulated to transfer an inpression of the working face of the
conpression tool without substantially inpairing pore formation of the
nanoporous sililéa 8 Blegpparstes dficlam | wperein sald edmepedssiprotodlicomprons @ leaiivst r at e
that is planarized,Qf rPahisEd aB¥rs bIRs TR H9lmhe W&Qingl"a tetom éﬁ: sidd
planarized or patterned dlelec ric silica coatin substrat ?orned by
a process conpri sioRlsaidyEE SAMPGSIAS BAMPOSE ercong Plhgﬁ weTsIng syréase ofpaid

silicon-based preckygRéssioR RbDwhers Widbpeng cdnfectsab Mt AdEPBIohHkaRtoRBletkion
substrate, and COI’ldU]CtI ng the foll ow ng 25 steps:

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.

I1. The apparatus of claim | wherein said compression tool is coated with a nonstick

release material.

25 12, The apparatus of claim | further comprising a substrate with a dielectric film

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

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

30  surface of said compression tool, where said opening connects to a conduit through
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(a) gelling or aging the applied coating, (b) contacting the coating with a
pl anari zation object with sufficient pressure to transfer an inpresk] MR 204
the object to the cqat, i t hout substantially inpairing fornmatj

desi red nanonet er-sggjldé{?%(ﬁ)arlme structure, 30 (c) separating the pl %#é)%‘]%ﬁ”
coating fromthe planarization object, 64 0 3 MAR 2004 WD 01/ 18860

PCT/ US00/ 24847 (d) curing said planarized coating; wherein steps (a) - (d)
are conducted in a sséquemeecswblegidunduiomuteingge aupspherir ta gagor @por( @) ,

(), () and () Dylahkd). (9) and (o): (b). (@, (d) and (o). (b).
(a), (c) and (d): and (b}, (c), (a) and (d) 10 19. The planarized or
patterned dielectric silica coating of claim18 formed by a process
wherein the siliconzbased.dblifchisi orQEt?e?rHﬁgs &ieil&ﬁricsﬁll-ne&{[aesqbsftrgapemoxtnhr?sir%r oup
consi sting of an al koxysilane, al kyl al koxysilane, a S||sequ|oxan8,
hydrogensi | oxane, a hy@dl srxieerfctisitcaiedie pregumsgrde ogpdsmitd; sesqui oxane, an

acet oxysi | ane, a hal og Bfhariz®p bARReARd <S08PLABL EFRNS . The
pl anari zed or patternegﬂag?el enét?iﬁﬂs'is igé coatﬁﬁgl@? &Jﬁ%&%& ?fgc?aﬁrégb%y
process wherei n t h@PRYROMAGOEReSSES ippransferan Rnression oRhgworkigdpendf el R

compression tool to the coating

(c) gelling said dielectric film before, during or after step (b);
10 {(d} curing said dielectric film.

15. The method of claim 14 wherein the dielectric film precursor is selected to form a

nanoporous silica dielectric film.

15 16, The method 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

irnpairing pore formation of the nanoporous silica dielectric film.

17. A dielectric film on a substrate that is planarized or patterned by the method of
20 claim 14.

18. A planarized or patterned 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 conducting the following

25 steps:
(a) gelling or aging the applied coating,
(b) contacting the coating with a planarization object with sufficient pressure
to transfer an impression of the object to the coating without substantially
impairing formation of desired nanometer-scaie pore structure,

30 {c} separating the planarized coating from the planarization object,
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wherein at least 2 of the R groups are independently C, to C4 al koxyj9HeupR,
and the 25 balance, if any, are independently selected fromthe group
consi sting of hydrogemnsssgdl Kyl , phenyl, hal ogen, and substi t ut egcpluesshssr
21. The planarized or patterned dielectric silica coating of claim18
formed by a process wherein the planarization object is an object having a
contact surface selected 30 fromthe group consisting of a flat surface, a
curved surface and cont¥ fHEREGAE PRREIEDI M Enher ei n when sai d pl anari zati on
obj ect has sai d cusheash £pRtadCld) SIEdndedad i6 Abddude &iedeVABMARIG oG0dhaging N
step i s conducted Dcsgo that said curved contact surface is applied to said
substrate with a rolling notion. 22. The planarized or patterned dielectric
silica coating of claim,28), fpamted); by a process wherein the planarization
object is an optical flat havi a contact surface conprising a |ayer

sel ected from the gr out?ié%)h@}/asntqgﬁg of a non-stick release material, a

gas- per neabl e non-sticlo)rel @asd(dmterial, a non-stick release material with
gas or vapor absorbin 0 ies, gnd comnbi nations thereof. 23. The

pl anarized or patter neg))’gg)é@%nthr(cﬁ’cangi lica coating of claim 18 forned by a
process wherein said sibi(co@}wdéBd precursor conposition further conprises
an aging pronoter or catalyst selected fromthe group consisting of water,
an acid, a base, a conbination of water and an acid, and a conbination of
wat er and a bas®. 194 Thapjanapred eupargraer deleqyan slice gesiingicdFlaist |8 fermgditiyéa coati ng

of claim 18 formed, ¥csayheRnAURE S fcoMbelel tidleCHE hﬁ&rs’*&%‘%e[@&}d frém GRNANGE ed by
heating the coating while in contact wth the planarization object. 25. A

substantial |y pl arf@pyigiagchpadtpositige iy Blersiane. s1ilsssguorpateydrogmsipxane,
substrate fornmed i dRoREREIRSEC D ATrbethsliSssqAHRhy| iaf Geedx $RIBRO S hilb@Aatkhrat
conprises a silicon- based precursor_onto a substrate to forma coating on
sai d substrate, arfﬁfa‘tec?ﬁaﬁﬁ?f‘ﬁmﬁ@“sfqﬁémf‘ol | owi ng steps: (a) gelling or aging
the applied coating, (b) contacting the coating with a planarization object

Wi th sufficient pl‘ﬁf SIJIJAE glanarized or patterned dielectric silica coating of claim 19 formed by

process wherein the alkoxysilane comprises

R

|
20 R-5i-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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to transfer an inpression of the object to the coating w thout
substantially inpairing formation of desired nanometer-scale pore -3 MAR 2004
structure, (c) separating the planarized coating fromthe planarization
object, (d) curi ng said planarized coating; wherein steps (a) - (d) are
conduct ed in a sequence selected fromthe group consistin ;%xedOf (a) (b), (c)

and (d); (a), (d) cordsyngasaliscerductedspiha spigpurvedgyniagtigrizce i apmied 53¢ (a),  (c)
and (d); and (b), (Ghate i r@ngk khba. 26. The substantially planarized
nanoporous dielectric silica coating of claim25 forned by a process

wherein the silicon-based dielectric precursor is selected from the group

consi sting of an alzif%y@brlaﬁﬂeorpahdﬁ)ehaieiéaxyﬁwchadaengoaclsimlzwmw@aane a
hydr ogensi | oxane, a h droorg si | oxan

ang r9gensi; I sesqgl 0Xx
acetoxysil ane, a hﬁW&ﬁ%ﬁ’éﬁ STEHEU G e?f(’fr?ﬂ ?{5? 2VIDERLPRAY SU Cf. The
substantial |y pl anashgeidg mayb@mbm&o:dmegﬁmdbnsfsn@dfam sadatleasgmattriat| ai m 26

formed by process wherein the a ne, COnpk i Ses Fornmul a |

| R wherein at Ieaétg“?eﬁ"fealf!%@nﬁmg 't %ésesmagern :l anog];tbcé{ﬁezea?let o I%lf%r‘ﬁ’]aﬁt

~al koxy groups and tvﬁ@ra&é@bnamq;ertms‘anambnan@sﬂwrd@pendent I y sel ected from t he
~group consisting of hydrogen, alkyl, phenyl, hal ogen, and substituted
phenyl. 0 3 MAR 1001 28. A process for formng a substanti al IX pl anari zed
nanopor ous di el ect 2B C'I‘lg|p|an@qed or patterned dielectric silice coating of claim 18 formed by a

process 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.

24. 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 planarization object.

25. A substantially planarized nanoporous dielectric silica coating ona 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 conducting
the following steps:

(a) gelling or aging the applied coating,

(b) contacting the coating with a planarization object with sufficient pressure

to transfer an impression of the object to the coating without substantially

impairing formation of desired nanometer-scale pore structure,

(¢) separating the planarized coating from the planarization object,

(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);

{a), (d), (b) and (¢}

(b), (a), (d) and (c);
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coating on a substrate conprising: applying a conposition that conprises a
silicon- based precursor onto a substrate to forma coating on said
substrate, and conducting the follomnng steps: (a) gelling or agi hgMihélli
appl i ed coating, (b) c8ﬁﬁ§c@%ﬁéﬁbﬁé coating with a planarization object

with sufficient pressupg t@ dbansfer an inpression of the object to the
coating w thout substanti a y | rrpal ring formati on of desired
nanonet er - scal e pore_structure, separating the planarized coating from

the planarization G aciubstaniigfly P&’ﬂ?"’iz?'?’g"a%“&Prélusd‘ GliE L oRBaO! g™ Aher ei n
steps (a) - (d) arfemﬁalagziuﬁxb&@k WHared tSRCEHEORNERe SR QG @rclricd MsdifedGroaup

Cons LI O L e A o (D

(d)d 29. dThe pL oceg&agtﬁsnrakaaé , Ah 2B ovdass iidix Anef b&ydﬁd’gﬁﬁ%ﬁjuﬁfﬁ?ﬂ&n(a) - (d]Z alre
conducted in the order e rocess of claim
28 wherein the pl aPﬁ%\?’ﬁYE‘EF"r Sﬁg%ﬁmé?tsﬂafé“%ﬁ%‘?ﬁ’f’% uFfeng P

27. The substantially planarized nanoporous dielectric silica coating of claim 26
formed by process wherein the alkoxysilane comprises

R

I
R-Si-R  Formulal

|
R

wherein at least 2 of the R groups are independently C; to C4 alkoxy groups and the
balance, if any, are independently selected from the group consisting of hydrogen,
alkyl, phenyl, halogen, and substituted phenyl.

28. A process for forming a substantially planarized nanoporous dielectric silica
coating on & substrate comprising: applying a composition that comprises a silicon-
based precursor onto a substrate to form a coating on said substrate, and conducting
the following steps:

(a) gelling or aging the applied coating,

(b) contacting the coating with a planarization object with sufficient pressure

to transfer an impression of the object to the co_ating without substantially

impairing formation of desired nanometer-scale pore structure,

{c) separating the planarized coating from the planarization object,

(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);

(a), (d), (b) and (c);

(b), (2), (d) and (¢}
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{b), {a), (c) and (d); and
{b), (¢), (2} and {d).

29. The process of claim 2§ wherein the process steps (a) - (d) are gonducted in the

order of (b}, (a), (c) and (d).

30. The process of claim 28 wherein the planarization object is optically flat.
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