; 6789 ; e3e~j {"_bbcj 6J) Tj # WO MESOP FI LM FROM A SOR%@\IZ\O%
CONTAI NI NG A SURFACTANT AND METHODS @M@“M@&m This inventio e
wi th Governnent support under Contract 1, 01830 awarded by the
U.S. Depart meWO ®8f3928er gy. The Governnent h&¥®%ertain rights i RCT/HEY30655

i nvention. .CROSS REFERENCE TO RELATED | NVENTI ON Thi s application clains
priority from appSOPURQUSSILIE PHIVEFROM/ZROIAPEION doNTANDRGEDer 23,
1998, 09/33a210, filed June 17, 1999, 09/361,499, filed July 23, 1999,

09/ 222,569, filed De(Sé}%ﬁCT&NINH) MEd‘HIQDSl(BFMAKING&AME:t ober 4, 1999.
Thi s appl ication is a Continuation-In-Part of application serial number

09/ 4l 3,062, filed Cctober 4, 1999, now pending, which is a

Conti nuati on- | ”Tl?@fiﬂveﬁfxo@%!; hﬁﬁ&hf?ﬂﬁ@&”ér&heﬂ‘sﬂ?ﬁéﬂ 0Rde36bnd2. filed July

23, 1999 now pending, which is a Continuation-in-Part of application 15

seri als nuBﬁeﬁCMGSGEQIZBO awardeddbydbe &.3 Dep@@agent nbHiingren dimyGovdriumbntihas a
Continuation:-ln-Part. of application serial nunber 09/222,569, filed

Decenber WM BHS 1 %Wlﬁléﬁg?rhg, which is a Continuation-In-Part of
application serial nunber 09/220,882 filed Decenber 23, 1998, now
abandoned. 20 FIELD OF THE I NVENTI ON The present invention relates
generally to porous si IG&@SSWMBMR&L&T@MEMMN ity produced from

vesopor ous i | T8PPI CbARECBT LY (P APy 2 bt PaRCOREAHEE  an

t enpl at edpecitbet D, 1998, w/zmm il ﬁmeflacww 99/361 uemmad RiP3.0a90dy W th
the characteristic pore size bei n e surfactant mcelle

iz, TheDa i, idarember a8 9858 ek L 04 agkiactoner de GRS ohyH at  on i n
nbi nat

con i yclabiano Sl Rl sl s i Gk

her ei n, t4d9%&mow péddixrga%vhmana C&nunmmmm-hm/of‘@pﬁcatwmcsnnﬂﬁu)nband oxygen

0 d t t.her,

(WLSSBNE@?%IP oo Rica 205 195 R g which i CapEReat Do F Apaton
si gni {si caahbyndn@sess 0b/335,220 nmea PR B, 1959, RnSimling, tWhich i§ € RLEnIEISH-187PaRN t O
a size range fromjust over 1.0 nm (10 angstrons) to a few tens of

nanomet er apphcatloz sgrig @mWOQ%ZW,@%@Iwmeemﬁ@sbwgmQem-'hég tvétigh is a
"stabl e" 1 | r

conbi nat i on reo?rp P%?ﬁﬁ%#@%a@c%@%bﬂ %Mm@aggbm?’fg g%déﬁéwﬂ? (1:%))9n8§tn gvﬁ
increasesabrandamrle t han about 20% when a surfactant tenpl ated nmesoporous

filmis taken froman equilibrated condition of 0.0%relativ I

vacuumto an equilibrated condition of 50% relative hum di tym,mwwmmw

stabidg ty neans that the diel eptgrirs OongEIVENTEONIS | ess than 3. ypger any

condi ti ons i ncluding hum d conditions of at |east 40% reI ative humdity.

The term hyd%w?%ﬂ@averéwdﬁlaagge%ﬂp%x tq RATPYS HHer £ ML poesist-seeled. The

term "de Vi t Ry SRy
&58?{ ﬂfrgaﬁc@ fro ?p%%ﬁ@?&@@é. hMdre @ ecﬁﬁ’%ﬁke gmré%{ut Su?\fseln

groups frioms aces act ant terrp ate l'tca film
10 BAmGmeomoﬁflﬁlxtd\mmbm Routparscaitdining of sutfastantr (surfastast tanzilatgd)edf ul

as | ow di | ectric nst ernmetfal nateri i . sem conduct or ,devi ces,

25 1 ow di BF 881 94 FeBaR S AR i PG e POPF Bl ML BT ar PYsce ¥ Eana | n
cat al 3t i cdefinRRBY tife suMAsfanOhic@il€ sikk. SThé prosENeEtIOh alsb dlstes 1 theusyrsently 15
(1998) in the process of inplenmenti ng@l nterlevel dielectric filns that are

silica fidehydrogylatien ineambingtiopfwish syréastant teraplpied meseporeys shligayiimsite oblands |
with |ess r onstant (k') in the
range of %}Eg&?m%ir{%%tlj—'&g aglrﬂ?l{e c?%gﬂ{ll%kcﬁ dggbtnrgl c constant are desired
to inprove th/es@q@érhateurnghesuaﬁﬁdsuhf:a”smmdmmpmmddﬁvmgeﬂ;concéswcaad poyzen (O)
consunption in sem conductor devi ces and reduce overall cost of

sem conduddgosHal 3dduiony! demsssi ng the 20 nunber of netallization |evels
t hat e req | hah o

i ntroducti onw'{rﬁgfaraggﬁa%e?ﬁlslﬁagﬁ%??org!tl?v%?%bca ?9{&\/\% erﬁl&% %éggtleé r(%tlrnfr(l:
const ant oft segnifidantly Ilems tddiatrhsmymdec dugenaral, itidarafers Inest oftmtohas\m BeEn a
standard [n mcroelectronic devices, silica films with porosity are very
attract i vEORGUER¥CE bR FREBOMN KRB EFY 191510 BARILER devi ces that r equire
| ow dielectric constant materials. 25 The feature size or design rule in

t he sem conductor interconnect will be sub-150 nmin ultral arge scale
integration; and pore sizes to achieve-l-ower dielectric constant (k < 3)
must



be significantly smaller than the internmetal spacing. Dielectric z§nﬁﬂ‘ﬁ0ﬁ3
of porous filns is dependent on the material and pore structure. r“ porous
silica fil ns woreosseasi n m croel ectroni c devices, naterial and pefrasse9/3065s
structure nust 30 result in uniformdielectric constants across the wafers

din diff ' ' h f L. L., i ' i.al
ond por e st uchhs Bohoslb RO ek e MBLEhe sabile 5k Btive SARINT B foPPb AR |
di el ectri@eeofNSRelative QaBatLHAcAR B ialEQRE Corsbdre incrbasedfo RIRIFE thxh U6GLUI085 -

2 3 Jury 2003 WO 00l 39028 PCT/ US99/ 30655 Al so, |ow dielectric constant
mesopor ou®hdn 2 shyfagtand tasentated sleappopousddnn is dakise frore paiequilibrated camditéon of 0.0%

conpatible, with a.sem conductor device nuf.act ur.i cess lLi.ne, for
exanpl o selHvE Bubi A ORI i ERULOEERRSOAF D% RERERSmilhr rppsdlute
t echni guegatilig médms dhd? thOdklebEic 685t rerASinG RRY 8L BNindRE &AM dHti hsGRALAIRE
requi res masking of the backside to prevent contam nation. . Surface

t opogr apHynid candisioneefatdedst 4Q4relatdvef hupidisat i on of a nultil evel

i nt er connect ructure. .1 n the,"damascene” .proce r_copper .i gt erconnects
|t ended for ulie e uebRupBl: pfDERERE RersRLaRT RehoinlER ke pd e taRh

di el ect r i*QehypdtekylbSnet dndBrhpadsed paAMA1YG torhli relho VAT dbdicyd %?s HReh s@hdedshe
structure fpl anari zed by chem cal - mechani cal polishing ( . The initral o
pl anar i t yfdhtisurfpstanbteapiated meseporerssilicafilir e in the Tow k dielectric film
is ve[y critical in maintaining planarity at each |evel of the

i nterconnect. Another inportant concern with porous dielectric filnms is

mechani cal integrity. Becal&CKGRIOEND OF IgB INYENTIONppears unli kely that
porous fil s \égl | be directly polished using conventional

cheni cal - mecharte% silich fms g petevmllydgedup ' digletryc pasiapt inggipretal ayer of
L5 Si1 | CanBer ARG fkic Rl Abviekt, hIBwPRLRMRC Bk dobith il dd s Bhafed 2ed.
However, even wWith a cap |ayer, the porous low K material nust have
adequat e ssuctufesess] incemmbytessippataMbss bithe 16 rsenygedisiuctoo industrg tsaprdsdntie

stresses ciated wth.the CVP process. . Silica kil i t h.mangnet er - scal e
(or nEso [fi?%iﬁ &3 %'b%ﬂr BE5P 9F P lﬂ'ﬁerﬁ&‘gdﬁ%ﬁa"eﬂ ﬁi?bﬁcg%‘f Eh“sgﬁ‘%\%rg émcggﬁg’sa?Fd

cl assi fi efrivativestofgilicy BeS silidatds, oRpsi9etC BlmX SViggRES thah 25% @&0ho porosity with
(aerogel / xerogel ) in whi a random or disordered parosity is Introduced by

ch ) 1ty
cont r ol | edelpEhp gamstat (an iy ihesprge-af g ftodl vByther geactions indiclgefsic sgastant are
surfact anf.z: |5 bLI : ' J; : | :
oot ksErR) RRESL L Palid Gt B ABLE LI 1015, Al RREE. ki
successf uh selerrondtatat degiten ind reduch ®leeatl costoftsemstanduc®r kedaes byt decrasing the

dielectric constant .of 3.0 0 ess has. been wi th aerogel /xerogel -type
por ou® siMH 5@%%.111%3%?3{5%‘?@%3%%% 25 of aerogel/xerogel filns

include (1) defifed dit Ras LdicREfREShINR 0PI, thel ihFBUCEBH Of BErdsay & 4 effakE ol of
al cohol renoval (e.g. maintaining a controll ed atnosphere containin

sol vent orayfilpvagnaerticlaciri pepsgant phi Hlmoy addation, besaise siice dialepdr e
structur : LZE, L ¥l j j r : el
R S R SN S R

st r engt h seouqadecot mddginsfor aévanced déviees thal hemiere do w alielecttia gesstira neatSials.

hi ndered fuml enentation of thesg actodel, | xerogel  porous sl LheRd LhTE 1n
ultralarge scale integration; and pore sizes to achieve lower dielectric constant (k < 3) must
be significantly smaller than the intermetal spacing.
Dielectric constant of porous films is dependent on the material and pore structure.
For porous silica films for use in microelectronic devices, material and pore structure must
30 result in uniform dielectric constants across the wafers and in different directions on the

wafer. In general, isotropic material and pore structures are expected to provide the desired

uniformity in film dielectric constant compared to anisotropic material and pore structures.

.2



23 J 11 PJ 2003 WO 00/39028 PCTI US99130655 I n order to obtain ang[m)mj
filmwith a low dielectric constant of any material nmade by any process, it
is necessary to nmnimze the nunber of hydroxyl groups in the structure,
especi al |y atYQUYPY&rfaces. The dielectric films nust be madd TP ¢
in order for the electrical properties to be stable in humd air.

Hydr oxyl at ed Adsy, lawe dldctricponstas msésopomuk ifilms usesedrmerialydiced echd prepared
constant .exceeding that of dense silica (i.e. approximately 4.0).

Physi sor jR PERAUSET SatREOIsaY it seaucondustpa dsxise Masylactingscesa Hng, fot srample

i ncrease i i 3 f | 2] : ous
11 oa f1°PaeoBifs TRAEe AAAT AR AR ELURE HImERARRIATEn & 4f FERRR
filnms i nnoooas donverdesttbevmph dipesating requinesmnaskingpyf therbackstdag peayeasur e of
films to hum d conditions. Hydroxyl groups and physisorbed water o

mol ecdl eSOREPIBAEORenpved fromsilica surfaces at very high tenperatures. C.
J. Brinker an I - i | e w York,
NY ( 1990) (Bﬁ%‘é%@?ﬁgﬁﬁ%é‘%? © iés“ct‘%ismfﬁg‘?% e %@@%gﬁ%ﬁ’% silica
by exposutrecture. \[ethe ‘haghsceasimoedss f@opperanttrcdifi6ds ittend=defor, ulgelatgeaoalact or

devices with dielectric filns and al lines cannot al]y he processed
over abouRiSGEBEE OFFRIRICOTGURISF Clypt: wa&gélslecwﬁwrdi §iched.dallaviss et Pes For
porous  Sidepsdeell i dniRORuS R gaﬁtﬂﬁ_%&@p%e icaEme\!ﬁﬁﬁ@ﬂ?pliﬁlin AOMBST THOREd,1and

K. C. Vrancken, in Characterization an Chem cal Modification of the Silica
Sur f dée, plaskrityr@ddhe Ssertieed sunfacguetarsdn S lonck dbettBafibnh yesvesy cfificadini er, New

York, NY (_.1995 and., Br.i nke t ~al .. 1990 ite procedures for

hydr oxyl a s %ﬁlnb'#%?ﬁnéyaatsea% %Xglsﬁg@e ‘F’Fﬁﬁ%‘}‘]ﬂﬁgﬁi on or by treatnent with

si | ane sol uti Qppthe? énpRtadeincaageporbiipeieldctitsfiayie nieamidahimdgayyl at ed by
bath (a) fluorination treatnent, and (b) a two-step dehydroxylation method
of ( | ) Begpuseaf thein fagditsgt enpeans unkikely atporeusdilms witkdeijresthy polisbed using or
hexanet hy| di Si: \ 14,18 - ) b '

ol utt on tPHBHbAA RRER M kb S AR TEMP PR B, St el ABTHLE |
hydr agen silica ot hnodigerm)ataial on derptalsyiowi K] fi liheniblcyegilanaezedf H30@v&H&(earwiih a The
silane/fornjin as(Hz in 35 treatnent .is discussed in US patent

Fa504. 045 BN HePonts iy Noanal BRg g plt SRl RV E a1 Batues
that ar e siref SRS RCRIIRRINEBE Bressdd 2bRRia34d WaARtROCMIEpRLadsed fil ns, the pores
form ordere (se._g. hexagonal ) arrays, with the characteristic pore size

bei ng def i ned SiNcatfims siithfragempter-pate(or Mespprousporesiyrmet bherodeses fepme d
route all POr-0Si t v, §] A= e using the
properti esgm%&gg:ﬁﬁémgﬁ? %lggstlﬂgn 1gt%an ?ﬁ%@)i %et%§$égc%?l}<§%§glv\nﬂtlﬁ@t he silica
specizes Faerogel/gerogel) irewkich afrarplomosi digordérad poomsity i vintrodugedrbty conrellaind

hi t ect t th | t in. d .
mechant cdFMBrOAGH FEUo et fd A FRFSoRRRY G TR TRLH PEFELtdn
i mpart  bedti® the porks relbhh003h VBRI p380RE 13ThdS04 R0ERACHRE Ntk o®dre, the

properties than'|ar %er and non-uni form pares. Al though easier to produce
(no need Mast suceersiub pmensaeien phlewddielectrig canstprt sjiradiimsyyith diglesiisconsant

sur f act ant .t Iy L ' - 1St - A

i el ot r LSS kB0 R wifheke IR BE oS BB BRAS: HBL Sk hvaies

Br ui resma oéhemgz},fllm;:ogetm?s influ«tiaa‘n(g) B;ﬁﬁio&]?:ﬁ"iaect@yﬁrbgsldﬁlm épqtémlc_ateﬁm B of
mesopor ous _surfa enpl ated ;sjli.ca fi or.der ed  por osi spin
coat ipng. CRPE0 i AIoaBe AT VAL (e vBEDATHAG P GPRED] RRCERSALE SARFR . A

goal of t{iHaWekds diRAg hidpardiiGh) &6t okt BB ot WtRIChAY €F)Shé Bmallest pore size
m croel ectroni ¢ devices. US patent S, 858,457 by Brinker ‘et al also reports

a di p codypieajlymossibldun ecrdgal/xamigelfgine folds suthe aize aangetad Pt @0aun,med ¢por ous

ilica filmwth, ordered it th f act ant. |
armon; um L RR S et BRRbaes ol stHlE e ThRE i B Rl ne: an
usi ngsoa MefdedinPMmetRioh 0P eRsOfkrd 8/xbidgB] pdroRSititNEInds Mdet@cdn@lictbhe

dielectric constant of 2.37. However, surfactant tenplated nesoporous
silica fideMiseprepared with ammoni um




surfactants and tested after pyrotysis (thermal removal) of the lﬂf@ﬁﬁt
have been found to 15 adsorb noi sture under anbient hum d conditi %

t herefore do ye a | ow di el ectric constant under the anbi

condi tions o?&h@( 8 manufact uri ng and operating conditions fofél}mg%%gg
sem conduct or devi ces. No dehydroxyl ation st_e%z are reported in either

Brui nsma et alln onder Br dbiRimra mirousfilm With ppedielotrici qonstast dflaay muatenisd nfide bya
Filins Wth Hi hI .Ordered Largrg Portg 20 trg@yg’q D. Zha P. Yang, N.
Vbl osh, 0 PEAFESS: S BERFEIRAIC B ¢ BERper MULTORH STRHPR it HeSTTIGHE 10 No.
16, 1998, : rolgm k- | red

| ar ge pores %ar g%t é%gsﬁffﬁ i?ﬁ%ﬁ%cﬁﬁi@%@%ﬂg SI ?(I! cfg}db Seg&ggloaﬁrgﬂfsﬂ@
cont ai ni regectrmal pmpempm koyfeadtiizib émbumid sie) Hlydidxlytm:dd s;mﬁaod:sylmpbs)uarsdxcla@hns

nol ecul ar et h I ene Qxi d S fact Low di el ec

const ant §es{”‘gé die %’“\éﬁ P’é‘iﬁ?ﬁ g%‘cﬂ&{ﬁﬂ%es% (fﬁﬁap%oxé@a %Q ed after
cal ci nat 'P‘Hgsz.@é ﬁ&?oﬂv!aﬁéﬁmolé&\&ﬁ%%f ThydrdlyiReY aptReE A m&h&qh@r‘éa&%é’aiele&émé or
exanpl e he ago al porosity, ist uncertai nt uniformty of dielectric
const ant comstatitfand etfectivdi qapmmanmobmrneamgmoméoasﬁm?@hmmmmne of mater
dehydroxyl gati on procedur.e sefu for. |nt inin ow val.ues of
i o ect r Foleayiean D6 SUPlS by brvdir s whiiorlin FEbesBes Syactim B o her e

i s a neeghihRiz %HP&@% aﬂﬁuﬁﬁemuﬁsxe@oﬁ@iﬁeﬁprﬁy&oﬁ¥1l g[rs@psfdnhrﬁyﬁe&b@@m@id of
30 nmaki ng them provi des a dielectric constan ess than 3, and that
meet S0 engiaieaildsmayt kasitayne fos sitics wufavgs Bltery bighl temperatireso G dnBrioker@hdf i | m

t hi cknes hi ckn formt m_nj chani cal
ntegr & Wradedtel BRREGH SR, deagfllt S UV 9 MALSSE B0
PCT/ US99189@discusd thiimiall dehgdrakylation demhe@byrakpcapmtatvlengmg@ Eﬁihhﬁdrﬂ:ﬂfes‘ﬁf\l c h

include humd air_at roomtenperat ure and nmust be i form acr oss large
vaf ers. smanuHoquem RRPEIQPRERetpy devicesyathediglegtrg fl iﬁ’éjaééfn%? lﬁlﬁécwe%em
inventio ok e I i

has pr opgrl{u{?1 ICHcﬁ’\réléc): %ﬁ%?blélmﬂctmé%to?%ral ei ecto‘relaihy?(lgén a;ﬂnd;n +éerl§%/sga$ﬁan
3, fitbm ﬁmm{ms&hdarfdmsadmcmtmmrfdumso about 1.5 um standard devi ation of

1T LM AT P SR B

conbi nat iOh@ﬁllcFadeﬁQﬁcatll;ﬁ of i sme&saifawwnt%wfSt@ﬁbm@u@ce@bﬁaﬁ@k @id maki ng
a surfacfant teg@at ed MeESOpPOr ous 1T m havi ng t he sane gener al st eps as

descr i be&aalysis Ehenier.Ryew York.daY i (R0 De prdPringer epalolpP0rsle PrﬂQﬁﬁu@S@f pat ent

. t [ PONDERS
B EvapOLK R EaeR 3EsiBE uirkiets DERCBIRRAGR on oy obdbuficd Vo TSRO 7
mesopor ousregdliXeeo del-typeHdis rlngvd: heersdabyydraxylatahiiy bith Ga)dlupninkiaen weatmient, and- 5
silica cur sor l,utj on oat | a fil. ha.in t.he f Imtorem)ve
the sur 1I‘O ABXAN(O-§iEP 8%%‘?{%2‘%@5 t@ﬂ of F’I%r’r{ut“ﬁgstl{gflg silg l?régg?mﬁﬁrr(; &y
hydr oxy| ati@dihyRRtbreghne bpﬁéédaﬁie'tmgdifsﬂ&aﬁ@l(m\/ﬁM))ﬁnmﬁd[MW aidaded (J)molswiaht ai n
t he mesoporous film According to the present invention, sel ection of

sur f act arfeis selafier rpgment wgb ﬁé@%tmﬁttﬂ%hxdWEG%F%t@aﬂ}:gr@é"tﬁ@& 1Q61 hydragsn in
constitu i I e of
Thet eat aageelf AARLERIH A RUALERS RS The HLABK A CBEML DS |
(k <28) tueatmens 1ssd1sadmbs:edah meﬂmtemtt#arﬁm @ 2canddiotmiead shd cﬂhau‘ﬁlamde;mtems by

accor dancg th t bresent i n ent i n. conbi nati on wi th dehydroxyl ation
whi ch |n\)st5‘i‘ wdgol %Hesgf'atéﬁrfﬁ eé?ré:eggﬁi’ﬁ?&t of hydroxyl groups at

t enperatures whtiy éﬁrﬁbﬁﬁ@-{eﬁfylﬁe& GIae, Hﬁé‘boﬂ%é @&ﬁﬁ&ﬁ@&dk@?ﬂ%x@ééﬁa?ﬁma?s’ FvirifYg)
dehydr oxyl ation, 25 hydroxyl groups may be replaced w hydr ophobi' c groups

such as dhgelmr@tqlskly lporp siagiwsing defined by the surfactant micelle size. The surfactant

templated route allows control of the porosity, pore size and pore shape using the properties
30 ofthe surfactants and their interactions with the silica species For a given level of porosity,
this control in pore size and architecture and structure of the pore walls can also result in

good mechanical properties. More specifically, smaller and uniform pores can impart better
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siloxane (-Si-O-Si-) bonds or conbinations thereof on internal FZ?:WN 2003
surfaces as well as external surfaces of the surfactant tenplate

nmesopor ous fi is advant ageous that the surfactants used i

spi n- coat ed sw%@‘é’ﬁt tenpl at ed nesoporous filnms as descri bedp?.lﬁn{sﬁ%sosss
present invention will result in fine pores snmaller than 3o about 20 nm
Most of t emethamical progericp than lsiger ambmobenifaid poresl Athéughiraiactogméduck ind he

size range af. about . 1.to about 2Q nm, This.pore size range i s desirahl.e in
it or | ovaheaifer GOOHE PR FERE 46 B e RO SID TR PO R HEL e ated S
sem condugl s hﬁ%‘ﬁb?@@entd%n{aﬁ@iré?e&%i@xhl&v‘lﬁél@&rigfc]pﬁét%ﬁgl speci es during

repeated heat treatnents. Further advantages o present invention -6
2 3 J U N 2003S Paeddripdio2sorPIVH LIS 8RET8/2618T byl 8nansred bioad, mdvw UIE. priext des
for super] trol. of filmthickness and thickness unifqQrnity. across a
coat ocb waf SE2TARETIIEE o RSP AIFITLEL RFOPOIHS Ao demplated stlish Sms ¥ihe) | as
di sorder eerdeﬁag,f%tasytyws}ggﬂl ¢AGhEATER shARhAGREE wal a:é?ﬁclﬁrfs?é ok Pg{?x.ﬁas%gect rie

constant 1 n differehnt recti ons on | arge wafers. er object of

t he presesurfactantnd igoal afdhisrvoark ceasdoweati¢ieetrio onktdny dutentyytent inmgiceetsictroma
surface that is hydroxylated in order to obtain a |low dielectric constant.
It is furfl%vé‘?esan obj ect of the present invention to provide nethods of

meki ng nesopqu?gteﬁd 3,858457 by Britkbcdt al B5!kdpokts aldayeshitiak @eddeliére FONBAIARE 2 AN
permt spin-coating techniques that do not require atnosphere controls.
These lhet stofhstapt-temaltated mesepyorscuikicalfilm withiogdered perosity, tthere the swifatant gsed

o The. pr SLukt* et TR S e L B R R e SRecaheCe

of speci f & mesdut} dsttedartrod® bRl £ln, tropdrenPh atkie[For e dicledittc SisAnCeRR. ¥
filins. Thus, the present invention further jnvolves nmethod of ,
dehydr oxy! at i RYVEesi trfagtariiemplated HsoPPROUS PH IS {ME PERAFAY Iy mReN¥ e ps  of

exposin i f : = i and
p 9 {Bfichisiagg téswdTﬁfee% S?ﬁ@%ﬁ@&ﬁéﬁhd ferfovad otithd dﬁ&ﬂc PRIV He&PRRQH B

a dehydroxylating gas. _ on organi ¢ corfpound is also ﬁnomn as a
si |yl &t i osdsatpamoistubx paden ambiant hhwidedndamspangiatherefare dp oohithve arowdidlertric

typi cal 1 yoapnt S0t bis PuRpliEmf B SRS Bouh AT Rt ™ '

advant agegsonditiong @t sdinindutlBs ePAEBUNJ ddhidefxyiatioh Istepf ardBrt®irtedlin Billvdrng | ow
dielectric constant that is stable over time. Further advantages of 20 the
present i BUBRIRAS ah&F Bstksr ¢tyali ncl ude i nproved safety and | ower cost when

appl 1 ed on_a i 8eSOalienolf VARG RBROHER Blims RN ERNIOYRUBS! L 8o bBR

dehydr oxyl ati on ‘pfocedure 1s the repetition of the Soaking an
dehydeoxy$tdtugs,JaLher pslarg, N. Mo, hdiengnBE ihmeatica, and €D Hurloy dwbyatceds t he

use of an,jner S t,] bst i y.free o drogen. .25 1n_yet
oot her - eMsBRRl AR 10 K" hiasBHee hid:fish ok Srete BERER S AR opst
two- st ep eabiednaxy padeiseiictiedstiadilms bl dip cdatihacilrabadedsplutiohs gontEhing ot
maki ng a nesoporous film_ The nmethod of makjng a rresopor_ogs silica filin

has the gRErRaly@kalsae ggidghibloaksepplymespifdioRgmpleedat waight slkyi{stiyfene
081 921, 75¢y;46y bhcthils OF BR! ALIELBXohGARE BNES - 2V ZverE RIFBHEA B Ress WLhag ant in
a silica prle@ur so? sol ute?/on, slr-)li n-ocoatlgﬁg a 12¥ﬁ)merafr%ggﬁeati ng St ﬁe ?Eﬁt mto
r enov@s 3omehmrgiaffeacilamatiomof te films ndSoporcowsdifidvantageaof érderad pbmwasy, for
partially hydroxyl ated, and dehydroxyl.ati.ng the droxyl ated filmtao.obtain
Phe. mesop SIS FRPSARCBIRY rfs Moo Hn A BaR S FRULAL Pl EL e b Y LRt
conpr i sesdeeisai ok ad weRrD fFirthe i@l Axydtaideskyl dtlofprbdelures, that are useful for

maintaining low values of dielectric constant, are reported in the paper by Zhao et al.

Thus, there is a need for a surfactant templated mesoporous silica films and method of
30 making them that provides a dielectric constant less than 3, and that meets engineering
requirements including but not limited to control of film thickness and thickness uniformity,

minimum surface texture, and mechanical integrity. The dielectric constant must be
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2 3 JUr~ 2D03 WO 00/ 39028 PCTI US99/ 30655 the tlvo-step dehydrgém@n of
exposi ng the hydroxylated filmseparately to a silicon organi nt and
to a dehydroxigl g%bq gas to obtain a nesoporous filmw th | owpdirajsesoess
constant. FuPHE q“ﬁpr ovenents are realized for any of the above referenced
enbodi nents by using a pol yoxyet hyl ene et her conpound as the surfactant. .
It is advamtlagedustableamdetersihbpergoigyonyitiony vtk ietlnde hamid e haebm used in
spin-coated fil s as ‘gescri bed_.in the present invention will result in fine
pores sl [FERPYHET, ARG BSOS R fOTBACTasE {88 VAE™Siver age pore di ameter can be
tailored with surfactants in the size range fromabout 2 to about S nm
Thi s average pore dianeter ra i %ﬁ:ﬁ)ﬂﬁmﬁ evel dielectric lo
es

. P ansioviAR TPENTES :

films that sepakate netallizatl o in .nsmconucgordwc t

i 28 i1 Ua T TSP OE 1 CORECt 6 PG FUREAE G Yidar ST TR hese
smal | pol yexexehdiyisesiBeLiiRewhiiiag piopeities dctudlhd ber A lindifd b U &Lric constant
pol yal kyl ene oxi de "bl ock co-pol ynmer" surfactants used to nake fibers with

pores | ar gésss theand, Blmthickupss from showedi agete aout hd wnestanttard dawdattaned filme| ude

a net hod whi.ch pravides for ior .control .of filmthickness a

t hi cknessmﬂﬁmg‘c‘n@fsygﬁ% Po¥ uaigjpg'éé’asttaé@gf/é%é’r‘a,%% P aR5 RYTC Pt ﬂ?@?eééqarni c
constant, ghsht2pinkr, ¢ORIdidIE S EMIMLRE ddmiiRatis idredfoqui re at nosphere
controls. The subject matter of the present invention is particularly

poi nt ed® out and TaP Braspetinyentipainaledes g matodofifarking aguifastentdemplatadhi s
speci ficat| i i ) 3 i .
tbget her v RT PRI by e e QLARLY Al o0 Be R0 Aol B AN B seral
under st ood nby0&¥¥16f5dn aewtld St fekeritab| mattrm §,926 260ientitledh MES@POROUDBSHACIAL on

wi th acco I i I i r r aracters refer to.like
el enents. %@%ﬁ%&&&%ﬁh@ m@gﬁ&gﬁic@%v@?PﬁsmtdﬁY?&Wﬁs 4s a
function ofhetddl At AMd d HRPWRL® oilftal Am HhvihgSRE StegSo CARADINGIVualb @Bt in a
cont ai ni ng pol yoxyet hyl ene €t her surfactants as determ ned gy nucl ear

reacti éh aﬁlémg:steﬁur(swﬁutfqgm s;}xh@omm Timp dieyiong/ beHiinda gcmpirethe surfhctantdnt
series. FlI 2 shows t ielectric constant . (ne r t, roomte rature
nder anbi G L ORI Ratis el pRBhT RaoRFRARY Sy BnlipPldGiee
NMesopor ous pértially RydrpeylatdWlinho Gbtai EPOmBopRbyOR et Aytadmgab higy present act ant

as a function of dehydroxylation procedures. 30 FIG 3 _shows the dielectric
const ant ( H¥48iRTe selaftionRfitrEtasipnly salertian o BRICSRIHIER Of EKAPFSCBIFET FRluHemi d

air) of a syidiachRitha LBHRLAlGH: FRRBPHIONS J LThAIAPAES Hbldb thoRhes set
pol yoxyet hyl ene et her surfactan: as function of d~hydroxyl ation

pr oceda® es forthsabove. 3 ~u~~ 2003 WO 001 39028 PCTI US99/ 30655 FI G 4a shows the
| ow angl e x-ray-diffraction spectrumfor. nesoporous sitica fil red
with a C1ZEQ, o Sg? ?/0\5( gatgﬁ)??é%vgggﬁﬁ%g?c cso&F%tc%zfg%.t ltség{)?b ;ea% aglgéénﬁt\?lm@%%gl ong

t he radi al ceidigsdsionchdévedi acdotddncavithahepresdnlt Gvedtiors hov@EnbihgtidnowitRngl e
x-ray diffraction spectrumfor nmesoporous silica f Im5 prepared with a

Cl ZEO-o pofsRydjutiaionhieh Hyplvss praiat FfOmPIHe ISMY G ObRUHFORESTAIRSAY t he

temperatures within electronic component processing temperatures. During dehydroxylation,

25 hydroxyl groups may be replaced with hydrophobic groups such as organic alkyl groups,
siloxane (-Si-O-Si-) bonds or combinations thereof on internal pore surfaces as well as
external surfaces of the surfactant templated mesoporous film.

It is advantageous that the surfactants used in spin-coated surfactant templated
mesoporous films as described in the present invention will result in fine pores smaller than

30 about 20 nm. Most often the average pore size can be tailored with surfactants in the size
range of about 1 to about 20 nm. This pore size range is desirable in interlevel dielectric
films that separate metallization lines in semiconductor devices to minimize diffusion of
metal species during repeated heat treatments. Further advantages of the present invention
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tangential direction of the circular wafer. FIG Sis a transmfsigﬁ 00
el ectron m crograph showi ng mcrostructure of the nesoporous si (:J 12

prepared wt ' | o pol yoxyet hyl ene ether surfactant. FIG i .
surface cont (%ﬁ ‘@&%‘ng a mesoporous silica filmprepared with Sg%yﬁi%ﬁ’(gs’lo
pol yoxyet hyl ene ether surfactant. FIG 6b is a surface profile of a
mesopor ousclside aceethéd whiph@pmrim for sdpeaoﬂmE@l of Pimt ﬂﬁodgneksf‘addeth'&:kaes}ser

surfactant .. Fl 718 of .el astic us silj

LT I ety ahrass e Fodht RreB T aHih e R s (e deal: o WPbas. 15
FIG 8a s t us

G 1t oot Tbtclcl ol Sk Einreb @ B AdhBOH GRARG of BIccRic PRAORPLEY

Sur f act aMifﬁE@Sdmdtmnsamlangmsfefk 9. The x-ray beam was al ong the radi al

direction oftec r . FIG.8b shows th Iowanl
diffratti on spbdi? b? Jﬁ‘és"égﬁr% n&i”i"?’&tamtf’m‘}%g% Natidshudretylagpgs o

pol yoxyet iyl Laeragd faf 1s?1‘§'ﬁfcﬁ<9§a?é@ltm o%r&?ﬁﬁ@ﬁxti fE@%efé@ﬂrﬁ cofidtait, Was 20 0. 19.

The x-ray beam was along the tangential direction of the circular wafer.
FIG 9a shows Itixefurther arafiject of tkaprchemfmamtxomtospscdermmfxbds ofmmskipgr ous

| f | | th t h f act.ant
Sur T act arfPSRRER o= i W ITIR RS PR s i SRy I B o a
di recti onegHnides tidt d6 WbBFeqhié @ﬁnosﬁﬂxéﬁe cSRro1810TResk Resthad R BtHien gmBporous

diffraction spectrumfor mesoporous silica film25 prepaxed with a G zEOl o
pol yoidy et stljs Bxrther provide fen salncnoraspntralcqfafﬁm thikaessoind averegoporsslignger The

x-ray be Qni‘%ﬁ 13h 3, ¢ Ji‘ﬁe ggﬁ JE‘}feﬁ 1or§j {FBEL 400 R 248 el %e OLH @.g}u\'\%ftﬁe nse afC

10a shows ow angl e x* rac i'ON Spectrfum 19 %a

filmpr emé@ﬁc\amtfkbtmmoqémﬂ@ toterkplateQofositndn §3idikcOuted mhyoxyet hyl ene et her
surfactant. total surfactant tg TEOCS nole rafi 0.20. The, x-ray
beam was al ongTe*t%ethFaaqsam igysudien |fweafm10h\é‘~‘%eﬂra?¢ %fioflega TR&¥ @Fing gsHica) op

shows 1 heglgue ang s%ty&ro&?‘)ﬁté?l' HalfmGhé & EBHH& Hﬁrsﬂ'iﬁssgﬁgfé)é% iy gafilm

prepared wth a m xture of Cl ZEG-a a CIz yoxyet
sur f att arsilicontagganic edmp@ind a7d 3 dphydromddmg/@somgﬂzsn prgamg@emmasss also

surfactant to T rati Xeoh 8 beam

angent | ot B iyte abfl BrfEirol Merbhs: Seaf A3t RPlE bt it oy

x-ray di fdrisahition phaqeeaid sipobiat 0% earexytatiigldat & thplcallpsearest Wi th a

Cl ~EQ, o pol yoxyet hyl ene ether surfactant. Surfactant/TECS nole ratio was 5
0.20. Th éewp?raéﬂ%a%wva@sem BHeRtiondas i advaripees AL PHYIGRS pRRSSEPPIOUF BIMRhLer

FIG 11 ﬁﬁ&%@ceﬁmlam% I@ﬂ%&’ec’& & Bhsthnf {ha@gtsta% ?%re%%feu But@kr SRIARGEOYS

silica filin prepared O o polyoxyet hyl ene et her 'surfactant .
Sur f azt artht PESSitintentipapoenuelly mclude improved safety and lower cost when applied on a

large scale.

In one embodiment, the improvement of the dehydroxylation procedure is the
repetition of the soaking and dehydroxylating gas exposure In another embodiment, the
improvement is the use of an inert gas that is substantially free of hydrogen.

25 In yet another embodiment, the present invention is the combination of the two-step
dehydroxylation method with a surfactant templating method of making a mesoporous film.
The method of making a mesoporous silica film has the general steps as described in co-
pending patent application 08/921,754 hereby incorporated by reference, viz: combining a
surfactant in a silica precursor solution, spin-coating a film, and heating the film to remove

30 the surfactant to form a mesoporous film that is at least partially hydroxylated, and
dehydroxylating the hydroxylated film to obtain the mesoporous film. According to the

present invention, the improvement comprises dehydroxylation of the hydroxylated film with
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0.20. The x-ray beam was along the tangential direction of the circul ﬂr 0
wafer. FIG 12a shows the | ow angle x-ray diffraction spectrumfo?.:’JJU i)
Mesopor ous Siyd G@sdhtd M 10 prepared with a CL8EQ o pol yoxyet hyl <
surfactant. Sudr)gacE)aént/TEm nole ratio was 0.20. The x-ray beaﬁemsg g?lsg
the radial "direction of the circular wafer. FIG |2b shows the | ow angle

x-ray di fthe 5¥e-pien detyeleexyisranoe! peraspe Badydroxylated fiimsspagasely dela gilican a
C, BEO T . i
0. 50 TheSH e ShoMe? B & 0 A AR b bR BeBIOR AT B ), 0

waf er. 1Xiflkéiric t2mstainows the | ow angle x-ray diffraction spectrumfor
mesoporous silica filmprepared with a C BEO, o pol yoxgt hyl ene et her
surfactant. SUFUHer mrpTETEsralegerligeddonary of the abqteaelerensgd smbadimantsiong

the radial...dj i i r area scanned was | ocat ed
about asgoadc%n?r;{eéog%(x&gghghng%&eg\%%%%'?%dmg S‘érrfgéa}g%téanned in Figure 12a and b.
FIG 12d showst {shdvimugsangtitt xhe siyalOpd1l6edthylensghatsotfatthes usRbiaRgimstated

silica filmzo prepared with a C, BEO, o pol yoxyet hyl ene et her surfactant.

Sur f act arfiirpEReSssHPed indhe grosart ipvensionTwidl sesylhin fRapAreiasmalies thpntabeut 5 nm.
tangenti als, i ' f | 1 of d
about 90 425 EEE teefiee bt EaiEléy 2o BB Slored N ALARAAPNGR HRTNBTNE |,
FIG 13 iazboat Dtoagdbutaf neti Elhéciverazequins titanietsransgtsistdesieabloin in@eleoslsliclectric
nesopor ou terials. 25 SCRI_PTI ON OF, THE PREFERRED Ej VI BODI. VENT The
presetft rsR sroarae @%ﬁ%&w&u@s &} $TRIGORFYCHRTAZYICCT FOoHTHMEZS di desiam pr

cont ai ni nget b Ol Ye 2 Q {rdtl ' [ has
B oper 1 e B Pt e PR PP oR bl i
filmthi cknddferdnt fomabetpolyalkyiend axidd Solock c&-ppinm?d swifatants eedabowke 0. 2 um
to about 1.5 u stapdard deyviation.of filmthickness Less than qgr .equal to
- 5% solistal T o@eF BERG fnaniy bR Joudr atartise R R R R edib o toe R .
nor e pr efipéthdd Which psoviddforfQietiod Bortro 1 0Tdi LR ckRES fhpd Bitiheb Lo fdrhay Ryt ~
nm ordered or - io 2.3.J UPJ 2003 WO 001 39028 PCT/ US99/ 30655

di sor Her dogtsaaeieny filnaswith domsidirleqton sontiaeu1d sDATEAtERHerhniiueh whinhadosqat

i nventio I LS ter than 30% preferably greater than 40% and
nor e prepg‘?‘ggﬁr@ﬁgg egteecrogﬁrﬁgih 50% The present invention includes a nethod
of nmaki ng a nestpcengeast mattdrod thd presdny inventibais prgticidlispeinted @at ambdistidatlya

b oh o e RS B PR A R AP e R Sfob !
appl i cat ifheth@8b6Lebbrafiof, togblet Wath faRidri dd@kntages andlddjEets tREREH AaItRGL hrer ei n by

reference, and then chemcally dehydroxylating the hydroxylated filmto
f or m ¥he updeiGOL by selstanre tp theifpowingslesdrantion talen g caBRIFHION MBACE AP NG

et hod Ofq. Bl 00 GoIPSANAFOUS iRl HAP B2k M dif, St eps of combi ning a

surfactant 1n~a srlica precursor so 1on, formng a filmby spin-coating,
| 0 heat treating the filmto renove the surfactant and form ng a nmesoporous

filmthat is hydroxylate 1.cal |l aydr. ' t he hydroxyl at ed
filmto obtain the msopg%%%g$@cﬂqm%gmmc&gect ric constant.
The silica preug $ehowdlith bordsitias bdasctRnYflsi€actRitTBOS flole Aliods dePiS
solvent, a catalyst and a surfactant. Afilmis nade by spin-coating a

m xt utse cloatipgsaditiqncenipining pebyoxyghylene ather surfactants as determined by nuclear

reaction analysis (NRA) for the CxEO,q polyoxyethylene ether surfactant series.
FIG. 2 shows the dielectric constant (measured at room temperature under ambient

conditions in humid air) of a surfactant templated mesoporous film prepared with C;3EQg
polyoxyethylene ether surfactant as a function of dehydroxylation procedures.

30 FIG. 3 shows the dielectric constant (measured at room temperature under ambient
conditions in humid air) of a surfactant templated mesoporous film prepared with C,sEQo

polyoxyethylene ether surfactant as a function of dehydroxylation procedures.
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15 and surfactant, after which the aqueous solvent, the catal yst, _and éuge
surfactant are-renoved by heating to form nmesoporous silica fil nZBHHNZ

hydr oxyl ated. Chem cal |y dehydroxyl ating the hydroxylated f Imresults in a
mesoporous sQ S in"with a low dielectric constant. The chBni/E3)9/30655
dehydroxylating is preferably achi eved by exposing the hydroxylated film
separ at el y to FIGs#4 slsovs thaded anglgantag diffpuetnshestrain fasm@sspor@nailicaifiiler as
the pure liquid or 20 pure vapor or as a solution,_ or as a vapor in a
carrier gA®%Hd WHB 2 doeolaryehyiras piensifastanh g Thadrasrhean was plons e
mesopor oyss:fi 4 i I,6..constant |ess than 3 that remains |ess
than 3 i#ﬁ%&%ﬁﬁcﬁ@%gﬁhﬁgﬁﬂcﬁ@%@aﬁe&mdi ng to a further preferred enbodi nent
of the presentFIGn¥esiiowsthe lowadglelxecl rdiffractinsipeotrufikfoxmsjopreaapilicadiim
surfactant-tenplated filnms pay be obtained by using one or 25 nore
dehydPox PreRF SVl 8 §33EQnRelvoxyethyieae F@ﬁbwg’(jtaﬁy d'F}g?’Waig?%!’% plong Ber f aces
of the . } : La.enbodi nent, the surfactant may be any
surf act ﬁ%@gﬁﬁﬁc@r&%tﬁ%&r&{lﬁ%@%& to non-ionic surfactant, cationic
surfactant, armIGnd ds stradsatisdod eleettmhmicograpts shidvadng antrosanaueafihenat i ons

thereof. The precursor. solution may jnclude a chem cal  agenf including but
not |imi tRAFOPYORS §£§C% b REpPatArwith gﬁ’tﬂEéa!O BRPRYSthYIERE Shen quiréc%q. ecul ar

conmpound, an i = I i :

U Tact ant 1 ol o S Ret Kby B AT R e 8 FA B0
sur f aiot ampolycapetbyliene sthef sucfaatant. anphoteri c surfactant and conbi nati ons
thereof. -1li Iééf a rr 200 1V\D 00/ 39078 PCT/ US99/ 306~ S{g%tlée

hydr ophi 11 ¢ i@t B W55 BRELE AGH THERPORHS ST PR e i GrEQur ol |
propyl en%ogjoxgghylegé bevbenergtaieol and conbi nations thereof. Organic
co-sol vent ‘includes but is not limted to nesityl ene, octane and

conbi nati ons tFAEr &¥2 grenlk of plastiampdelus pEomesaporensasliqe film mepsyred Bi ted to
tetraet hélico%&egﬁtcihh,i a%aaitﬁ{l&y%t )the b RIhARBL lj orthosilicate (TMOS) nethyl
enyl triethoXy si

triethoxysilane, p ane, dinethyl dinmethoxy silane, ethyl
tri etisoxysi | arfféGafd showbilrealowoasgleherayodiffrdction specfurmn fedmesdpodousesitica file

aqueous sol vent | ncl et hanol .. The catal yst i ng¢l] udes i.s not Limted
" nor o RATRE YU frfcrEiorkp B SHUon: e SHFTE0aty PR T L EOS RO A PrE
aci d, sulof 1 i1hedChad:beROAN oL e rhdiel difticibh biithe RRtulat Whised to to
carboxylic acid, am no acid and conbi nati ons thereof. Carboxylic acid

i ncl udes but iFEGn8h shaws thedpw angle xhran di fEraetiindsppetaimifer mesapproussiigadin aci d

(acetic agj ] i+Qh C j i i t j ! I id),
find combiirat i RCHERS pitflomst YRyt ullditacpl Bl TEOS AP waE

gl ycize, Onid rTheei-hgrbeamndascaioy thattirgyeatidlidveeridn ofAhp cetwdar wafenon- i oni ¢
surfactant is pql yoxyet hy] ene ether s actant. The term 15 "non-ionjc"
efers to a sEiPagt SROVE RIS AgSrery SHRERR b SunGReRRER B
ions) or Rt With @ @, EOH ftpdbRtnyidHel MR s@ffadidlti dRIF28RBOTEOSANSI R0 was |
present. The non-ionic polyoxyethyl ene ether surfactants described in this

appl i cat i0e¥). aFhe %ray Heampy ascaloregs theandial dirastion af the sircHpHveien and oxygen,

Win the uee arc RRSsnEiee ko Ahfle Rk SRR OBR E L G Ripol I SIRL AR

dehy drsox yregarawili @ Cr¢EO @ polyowyetheleae tthecsuefanmharwfactane THOSmo Rrats wance
in filnms) are obtained using sinple synthesis anfd procelssi ntg condi tions.
Addi tion Q}@Tk&r)gg&y am; Wasalong the tangential direction of the circular wafer.

FIG. 10a shows the low angle x-ray diffraction spectrum for mesoporous silica film

prepared with a mixture of C2EOQ,q and C,EO4 polyoxyethylene ether surfactant. The total
surfactant to TEOS mole ratio was 0.20. The x-ray beam was along the radial direction of the
30 circular wafer.
FIG. 10b shows the low angle x-ray diffraction spectrum for mesoporous silica film

prepared with a mixture of C{2EQ;¢ and C;EQ; polyoxyethylene ether surfactant. The total
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t hi ckness uniformty, mninmumsurface texture, and stability of diel ﬁ%@ﬂ iC
constant are obtained through the use of these surfactants. Sur f &8ty i
this pol yoxyet hyl ene ether famly include but are not limted to O ~Hzs 25
{CHZCHZO)I@-WQWQ@Q%FIOWI’I as ClZEGto or 10 lauryl ether; C-6H33PEl >DCOH
al so known-as C~-6EQ o or 10 cetyl ether; Cl8H3~ (CI-IZCI-IzO)IoO—I al so known as
Cl BEQ O osurﬂat&tasmt walf FOS et dleraticOvas 20 CIHhé:klz@) b&ith alas elong thvatangenGhr d&famtion 4

| auryl et hﬁ ﬁ 35 CHzO) ZCOH al so known as C, ~EO~- or 2 cetyl ether, and
conbi nati 8 @"PH@I@’O ¥V4:Addi ti onal Iy, pol yoxyethyl ene ether surfactant may be
used in conj ungtd naehid aﬂeﬁ. ARl HeGr Bt |SiifHateich t O
ot her surfactants, a + o roph )f?ég ecla gﬁr?éccorrpofjﬁigsoﬁgg%aétﬂl alfgglvmth
t he et hanptepamsd mﬂﬁae@lGEOe@pmiyoxyetmyimeaanmauﬁa@mtv§ntfactamtg’EEfD§ neade swilowent S

conpat j bl i t he surfactant rrbl nations .t hereof. The surfactants
i ncl ude 83}9” trHEIP"raYZ ?Pén\‘h’és@&“@)éb FFJ%??@/%‘C HIAT WA not limited to
anmmoni um basedpf@tme@h&ww{eﬁw g&@nﬁf@%ns@wécuw f&”?{rféé’dpo‘f‘éﬁmidérﬁhn

chl oride. The organi c co-sol vent ut are not Timtwed
mesi t yl enprepared s aa@dE@qmmlyaxyaﬂMertehdueeeﬁrfach Snekdtant/ TEOS amis fatio was

I I d | ud t I I
Dycol - cRBd RERGRy hejn Wa alang BF faapttiiab tiriipt of b &aresl " hour ophi 1 ¢
ol ecul ar conppwciaalaws méQmengf&%{-ra?%fﬂaeﬁorpﬂje@irﬁmqgm%cﬁo‘ér&ﬁ silatfm and

et hanol as well as | ow vapor pressureS. These snaller hydrophilic nolecul ar
conpothdsprapared iMdla/C B Onepdiexyethyilens|sther surfadtants RurfadtintCEQS mlmnb svashat

have for ar.ound t surfacta m.cel.l e o] S coat-i ng and drying,
and uponnggpe::rﬁ%ﬁr% %8’?&3°H§BE%I38W§d88%‘°Pe§3% ‘ge%I a&rher scal e
porosity in thEIC$|Ibb@ﬁoM@{Heﬂowt&g'Ehﬁr@ldxifﬁ‘a@tl&[ Qfddfrﬁmrfosmbsﬁpoedhslsﬁwa&nm up
of four solution coné)ounds of (1) a silica precursor, preferably tetraethyl

ort hosi | i Brap#reqd Withg)t 9)0 Ay asiancsioy svractans: Swsfagiptd EQY maktoiatio weaser
and conbi gapi ?Péxtr%faﬁga% wa Aond tﬁé‘{aﬁ!réféxta} 3119&:18%@?9!&&1‘ ﬁlapt)vafé?e silica
precursor, prefera an aci cf for exXa e nitric amd hydr ochl ori c
aci d, 1sand (4) HGuU2¢ ahctwmﬂme IBacaagEec-fﬁEWﬂastmmspesmhmIfancsvpmamsmlahd’ﬂm a

co-solvent, prefe ab t hano i,S add AIth g esolutlon
i xtur e copRPR YT e G Y hvetiyie ey stabiePir Surtact gD Emte g S8

and surf agbantTh®xkdy bédﬁ@w&b‘ l&foaﬁgttﬁﬁaﬁ'ﬁfﬁ%emh%fﬂ% GiRuERAM G, YRS iredlsdadned
control the pore-volune fraction in the final filmand to vary the pore

st r uct ur ewaploseted ppousidP |degrees Gotagianyaibiom teseres rgapnedin Figyed 2aend Phat  a
much wi der ran t I

pol yoxyet hyl encriing e el skl WHrAERU el O e O e ¥R |

i sI [ [n_m)r tmparad)rmh aaﬁ?@EOld)@I[s@mntetla}ﬂermmmt' smﬂﬁ&:t;s?tl Srrx]:ﬁaqmnﬂﬁlﬂtﬁnl molaratibevas

sol ution or,.to spjn coati reci ion o e.silica cursor may
be avoi de@l’zhyrr??lﬁ r@ébeaé:? W&F@ %tban% 69°\/‘8?|Pf hﬁrcérlc}élraéﬁ'la 2Bt i mary
sol vent, {dankQIPid18tdtaNat¥ut 0o @@g&eg(raddnopﬁl dvfyfedrh MR dfea fbﬁ@@éd@ihtra&ur@nzamy be
avoi ded by controlllng the water to TEOS nolé ratio al one or in combination
with contamib.of pH, addition of alcohol, or both. 25 A tenplated filmis
e by SPL: CORY % bl d AR BARR L
exanpke at ?000 rpm for 30 seconds. The substrate is preferably a silicon

waf er or an al um num ilic f ted to these
substrates. The spin- @%&fﬁﬁ& Eégﬁaﬁ% Mb@wgmNanenti on
requires no at fRSpheLR 11%@11891@&5 Qﬁle%‘éfhd&%ﬁgam&%ﬁé% a surfactant containing
surfactant-contai hing solutions t he met hod shoul d be readily

appl i cabl eoluom{surfesirg ¢¢mplatedsmesmporfoas silicd fifn) Whmehheszlbmpcmes mchdmga@tmot s
W th good t h|

Sur face alEReTE F e a3 283, 45 e Gorrn dont A Ba 1Bdssh i

pr OdU@@d Bio e ARUNOd 16h td By uRn SSERt sthriMANddvedtion Y EilrhithiBkAdik spema ok r om
about 0.2 pmto about 1.5, mwith a thickness variation having a standard

devi atl onecgfal tesis S‘B/hamdard deeatigroavesrgapire sizenemaller thaniabput2 G ihokesss of
about 0.8 vari.ati st.andard devi atio | ess
Chan 25 nansHarEres R T ps b st ot Fesd WEEROR: I8 RebRASRs cam e
controlled by adjusting the relative ratios of the solution conpounds, and
al so by varying the spinning rate durind-deposition. After spin-coating,
the surfactant-tenplated filmis formed into a hydroxyl at ed




mesoporous f I mby rermoval of the aqueous solvent, the acid, andztjﬁgaumg[]a
surfactant. Aqueous solvent renoval is typically achl eved by heat'i ng t he
spi n-coated fl r exanple, exposing lo the spin-coated fil

tenperature o“yo%@@%ﬁor 1 hour conpletes drying and increases E%f(ﬁﬁ%@zgﬁ%n
of the silica. Further heat treatnment (calcination) of the film for

exanpl e adlsardtedwermtw mdodormﬁiﬁz(ﬁdnsthﬁcdfomcmprcbng ot the @G mvantiat, pptaaite f or

5 mnutes, in N2 s t.he surfact and nmesopor.ou j | mthat
s bar 1 aIGeR B B CSTaNE e A 40 G BT BHAE SRR tal | y
dehydr oxyl at EdThé‘{a&sé}xt”ﬁ%ﬁBQﬁ HeTuddh h'n&‘e%hcﬂcﬁoﬂnhl@ih?ﬁ SesBpGHIGsi iAEIRAS 1 al |y
hydroxyl ated filmto a silicon-based organi c compound such as a sil7ane,

ei t her astetripdatipgrasd Ispigéodtiog sidice precaysor sadutiers cantdning & surfactant msfoan\aapor in
' mxture., The silane can b from.the follow ng

h
and not | IR sdated Alm VAl o1E et IR SEPT ADLRSTIORHPGPIEITIaR 82tk ot hy|
_ di net hoxyapimbam omxlav@t MYtk §¢ 1R aéhﬂltﬁﬁé b @fa@éli 1%r&ﬁ%>r%f@re¥lﬁéé§i§@eny|

di sil azané, and di phenyl tetrame | azane. Addi tionally,
si | ane etholsehbrmpaliu dehy dbaxylanng e h)&kpxbdetﬂdtfﬂmtafmmmsypcabumhga‘ﬂnnr to

a heat treat The sil ane. treatrre receeded a by a
Vacuum t 1 ERTHER: BSrPHasE BRERH S ATRS HOPERRES Bropartt ficyae b G He:
The partigedsyofRysibmirg at@dadtadt i h silies g&@ﬁ@bk Yoldey, cﬂsmvf% atigd by@?ﬁ 60‘Aﬁng5t ep
process which includes a soak treatnent in a solution of hexane

di si | ¥zarfkeat tieamgdhe Bk o smranerihe surfactenp ardiFasming ameFgporous Niimgha | 1$at an
| evat ed f f er abl
denydr oxyDar S TREL 3l cReral dly BELdr el oG DA YRV BRI it BuaffPl, P 0 P800

an initi ahesopotoussilice dilmmmith a {oi Hmmdxdagmatamapor phase silane tr eatnent,
foll owed by a co d vacuumtreatne The  si |l ane/ vacuum tr eat nent stg}gtl S

preferably reptit BUC RIS ‘%’é?ﬁén‘gi"‘ieéﬁe“lé?a BreCHTF e fbFUCRYS SQHEDG A §ata

fol I oved hy {supfagtlanf EAREMAL HaBe b?@éﬂh -B3ndh ni&ﬁl?é SEnhe 3ich Pﬁéﬁx@&%’oiuﬂ%ﬁ For
exanpl e, soa t he hydr oxyl at ed | mfor 24 hours in a 1O%bsolution of
hexanst hwndcausfadztalztan%en whitio thmqeemdocheh t@(mdyst&ndtth@ eurfipgapk-are merhoved gas

at 400C f.or results in ti v d dr axyl,at< on. nesopar ous
Fi1m i Shorils W iR bob g s fih i i RNBREEN S Chdistin b5 4T Rk
PCT/ 1J SO%h3 06&roxdlatedetlin deSulf3rif pafidsbeSroudsiliva Silmavith a rslm daelsaﬁu @oitstan®f The

dehydroxyl ation process steps is preferably re eate e. resultl ng
mesopor oﬂem%md#s}gdr%yd%tg}géémf@a lyrashigied gysmooﬂw FBE °¥3Hétﬁ g ynder
ambi ent di b 188%eitBbr 45k furk Myhid 3t abl e
T R L e A e A e T

exper $0me raureyspos ondsis seldtiom cd@sdnaparan e caireer ghs prcsasynmura apdeferr ed

enbodi nen t he..prese i nvention Thre

ool yoxy ordspy drokV BRE 87 Tthd SYEHRL Pecol BRI s Aol AR RubI SO,

al so knowsmaths@ds2 Bho3 ﬁfaﬂnﬁnidadmlvybmﬁhher (2) 1o C~6H33(CHZCHZO)IOO—I al so
known as Ci 6EO, o0 or, 10 C%@%Ik@get her; and C-8H3~

CHZ
known as C ~ gtePrsdiag tap P créqmbodwfn&crféh? pIe tm‘/teﬂu%é%?*lecmc
surfacta ) i ati os:
TEOS: 120: SURaR R TYRRERPrS MlachyR AulblaR Malind 5 A o o P e
nol e 5t i mowedshydmokpldtion sp@bthat m@luﬂes teoncabmg by dyoxd . grovps ﬁtonesufaccscnﬁjbment S
except for the TEQS were xed eneous oI utio

h .
TherPt he ReioPas AR S tp e e I ABEEAR Sy BEa 10 sR QRN RE BEE

TEGCS: H20: githiamiedd tahenadad burfactan® catidnic ReRgemMakdiynit Susfastft ra@fqﬁbteyxcachl eved
by heating the solution from about 40 C to about 50 C, especially for

pol yoxet hiﬂf@ﬁ@nb@h‘éﬁo@hmﬁ&@ftsdh@f@f Heating may not be needed for nore dilute

sol utions. e}g@rﬁ %3 10?1(49% n@lﬂgeé%erﬁ%?g&%eglgm\é’ﬁﬁ ﬂuri h§ lmf: é%f lJOQIWI ng

addi ti on of TE U|on s age oom nperature.

No prsci psebamcesumatahqrarmchlluﬂdﬁfropmemmhtﬂrlcempﬁﬁmhahloﬁgmm c'BIIBva&gEEhd
sol ution was di spensed onto the surface of polished 4-inch Si _wafers by

sgi n- coat FHRPIBRIPEBEErefm A EEcId syHRGARIINCla PP it Aipgtte pon-ionic surfactant,

cationic surfactant, anionic surfactant, amphoteric surfactant and combinations thereof.
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25 The resulting surfactant-tenplated filnms were converted to a zgsm&p@us
filmby renmoving the agueous solvent, the acid, and the surfactaht.

renoval was i by subjecting the tenplated filns to a te Of
115C for 1 houE ?J.O%ég'%gl ete removal of the .surfactant fromthe %ﬁrﬁgé#é@”
achiwed by-calcination (heat treatnent) at 47~C for 5 hours. 30 Prior to
maki ng el éimaller Ay drophdicinieleasarmeaponsderisles bitds oaf lihiteditd gliycaxrolyprapylene

characterized.b ucl ear .reacti on analysis.(NRA).to determ ne rosity, and
by prof || cihyPdetelatatatt hrofiielS diest ‘Orabic sbrbfient MelieS RSl ued
as an exaqlmiRes Unesi8flerR0b&gnd dhd cokminatén$thekddf200 WO 00/ 39028 _

PCT/ US99/ 306~5 but rather was used for guidance to help determ ne which

films to sel ectThesilidapredvesor etadedasibonis/moapaced intetactbplserttesiicat. (TEGAS), 1
shows the porosjty determ NRA far the.CXEO 1 ol yoxy.et hyl ene et her
U f ac® anSERTRL OB 7 U RS aR T phoa (BEnSE Hne et
di fferent SMefde) &g L@yl tﬁ@@hﬁxﬁs‘e?ﬁgiél; %ﬂ&co‘%ﬁl{iﬁﬁﬁn@%e’r&ﬁ@ val ues. For several

hi gher surfactant/ TEGS rati os t mqual ity was not acceptable for
eval uation of dhepreferad epbodimeni, dlss aguacusfsolvest noludesiethandl. such rati os were

therefore not ipvestigated further. For consideratiaon as . dielectric.filns
in sem conduct ecf@&?;l%ggl,c;ﬂ’tdﬁ%g%q I&PPh‘ﬂfBiEﬁ@@éngﬁ%&%‘F&C@én?alHdWﬁg’“faﬂ{,fém&}?a L?Dout
0.5 to abgitrokhrig.abid, hitri@ 6l subflric bbig; brghie a&idah¢IAdiAg bubhdtalmitédito

t hi ckness, crack-free, and without major 1o bl em shes or surface defects.

Fi | ms 19 t [sarborybetcidanise asidsnd cprabingtions thereof. Kearbexylistagidisicludes buftis got
patterns qr_.cl.qu | ncl usi: re. Aot .consi . f Ok e .cal . .
eval uat i oﬁl.ml%edfqgg%lestﬁe{s}’(éé:%acés&g%}{n\%tagld?’ee&%a.ng%uagﬂf{)agg%fsat%ldr}a%tﬁ% lglg%g hd {qr’faélhc

waf er) on aeid)utdnoe: avid (btyAd ddidip aedoentifding eetebfadeeinb abldencladed bigtienot
could not be attributed to inherent so]ution properties. The table E 1-1
Li sts t he lopéssito &1cHifs nitrpmedhang ag¢ combipptiensthersoMi t h t hese surfactants at

different 15 ¢ £ 1 -O0S i 3 1o 10BkA :%' ed
Films Surfact aga?ﬁ%t%rgéglcrtogﬁt% ? LIQE%%Q%T%; ?g?liygk}(’ég?él ow)ég%r%g%?%f%%’éloﬁ | m

Qual i tly Cl“aEDia@i¢" nefegutnl 4 surfaClagEchenUsthO®berd Agtienic &g eywpenium or sodium ions)
t abl e0. 17GoodPoor, Poor 24foor§%ce tzi I)ePoorO. 30Ig or AC(E ionic
t abl ePoor 6F &B‘Ig%’r(aﬁo% 383 eff"g o(a)rr}}3 FLSPREGT 5 GOBRSEE 'oﬁh? R RRA porosity

dat a showpolydxbttfylehe ather suificRBGaIY@ERbed NS thePappticationtaré bindll Gatsibddlys t wo
films were selected for electrical neasurenents. These two filnms as shown

in Tabl e Fowgining sasken. hydipgrrandwkygeaoritt Pl hydrxd NG groye etiea o
surfact ang{y§§9§i1fz€%a JEdd 1fhed With 12 he (P Inebe SFBcBmtsS i ESfibiAREST iR D! ©

rati o of
20  dehydroxylation procedure, low dielectric constants (i.e. low capacitance in films) are

obtained using simple synthesis and processing conditions. Additionally, greater film
thickness uniformity, minimum surface texture, and stability of dielectric constant are
obtained through the use of these surfactants. '
Surfactants in this polyoxyethylene ether family include but are not limited to C,2Hs
25 (CH,;CH;0),00H also known as C12EOy or 10 lauryl ether; C;sH33(CH;CH;0);0,0H also
known as CisEOqg or 10 cetyl ether; CgHs7 (CH,CH,0)100H also known as C13EOqq or 10
steary! ether; Ci2H25(CH,CH,0)4OH also known as C13EQ, or 4 lauryl ether;
Ci6H13(CH,CH,0),0H also known as CsEO; or 2 cetyl ether, and combinations thereof.
Additionally, polyoxyethylene ether surfactant may be used in conjunction with a
30 chemical agent including but not limited to other surfactants, smaller hydrophilic molecular
compounds compatible with the ethanol and water present in the aqueous solvent, organic co-

solvents compatible with the surfactant(s) and combinations thereof. The surfactants include

-12-



2s Initial electrical testing of these calcined filns for capaciidﬁgg m@i ng
a precision LCR neter yielded dielectric constants (i.e. capacit l? nuch
hi gher than expected for porous filns, because the filmstill contained a
si gni fi cant aWBd’H’?goG? hydroxyl (-OH) groups. -16 2 3 J U PJ DEBYS3RE0655
001 39028 PCT/ US99/ 30b55 Each of these two partially hydroxylated filnms was
t her ef or e bde&gaoobitited ecanyorixpobdsed cdtivaidwufacritsasuekl ad cdti wiepaiatel y to a
silane and a dehydroxyl ating gas. The filns were dehydroxyl ated b

t r eat ment #msRondyR Rhlegde.ohoargapiges-solyents 1@@@%¢lﬁt¥%ﬂoﬁmﬁ@<@@?$ﬁyémy

di si l azang_.j ‘gﬁ%ﬁ At %4 I C.
Thi s sequgﬁdgge%[?(1 e y%@%&f}@;ﬁi’%&g‘?%@é@% }g’taiégp?gl ﬂé\gglgi;égg%%tz QHB%}@?%ZM@;@

film andaidmtdingtedcsd glycerol psépiine i olyeasldreclgdd] candemedbindtiohb @Reeost ThS .
The capacitance nmeasurenents were perforned as follows. The backside of the
waf er was S@eHerhydephdicapelgculer wrpesadyhave mydchi lgher bOHIEROMER goMPAEY &  of

gol d was i Prfid i : old

dot s appr A spRHhEH s RRASKIG) vaddt oGP Thocs B EPy BB BEIELAET 0

shadow nmasémpé&iapaerd ikedetowasideresinviusidnain the silich-eivhevailsuliat have forbicé atound
conditions for_four dots on each sanple, and the dielectric constant. was
cal cul at efheudriagtaptigiceliqsHPOR SRRrFOUNS MM HYINgqRathR calemation, teggintugions

const ant dat fafbihideshd @catlglgéﬁo%@))élnitﬁe sienpaii FIG 2 and FIG 3 for the

two different fllrts. The dat G 2 shows that a dielectric constant of
1. 80 dan be obflhe siida precunstmsohitiomis mads yp bhifesir seldtion cémpbends of (PEGilicao

surfactant. The dat.a in Fl sho h diel ectric constant of 1 8~ can
be. obt a nBiFFBR PGP rEirHh edhouieals (R e UBiegraptsis i aet Srexemdien | ow
di el ect ri gthaRsIstvaRt Snd dWHiALR NS ERARIFIBYE cRARAT fR hi/ AR thakilie pREurSsch
mesoporous silica filns prepared with snmall "pol yoxyethyl ene et her

sur f act anpesfsrably apiceidnfpn exampld @ittie @eid orhpdmoghoric aride tnd (4) esurfactents Bsbavse ned
with thes : I Lvel e, i i S 5%
OSSR SR LR AULIE LSRR AL, Hadtsn Aehlnd, O

over a perio y 1 n anbiént or at ures
at 20 122Cpefictabble selhtidn méxtinerdodiaing méle 48i08 0% THOS 100; evatert T, iethaonS tHCIt0s05]i d

not increase ip va thereafter e pore.structure . of the surfactant
Conpl o earr B ot LT e bkl TEOR TR i e A & cotrel kA e o)
and tr ans FhstiirOn 1R @5 HRA 27 66 05 WYpded EMoturBh A INRR Wl SPReb gzl byl thesef | | m
on the wafer for two different directions, radial and tangential, ‘are shown

in FI GS 4#illadin the art g196 & mugh dyidentergecsisiaipeiantrpjzes ank amquetsen tanfmibfof2 to 6

d 2- i i i d. .

g o B bByokiB e Ak 68 bRl v AR G RE Uy BLARAET 1 by
di sor der gcb al&iotli)dlprieﬁpitstﬁiﬁlrdfmé@sm@dmf afril_iéﬁ/ln sf_taswdmitiunq)ﬁio?m Qpiﬁiccbﬁlﬁngl\@r e .
esti mat e to. he .l es 1 n nmitTrom m cr.ogra S, n romnityogen (0]
adsor pt i ohf¥EEGHM Pﬁthe ﬁﬁf pLscursy mﬁbb\ﬂmd%{@g@ﬁgﬁe Pf@ﬁ?d}fqlés §&Pt§9fva bby a
rapi d spr gyfstaylyaga PHAGOSSolvenBin cdmBimdtith Kith 200% V@ &@{ea%@élyfg%yﬁ&%@OGSS

Filmplanarity and surface topography were neasured by optical ™ _
prof i | ometmay berpveidedby sentiodiingthe tages 16 TEOSdaoleaiiQ plengasinowsdinaivnivitht hese

films. A SRS paOHMYn JFRoRbL, or both.

25 A templated film is made by spin-coating the silica precursor solution. The solution

is dispensed onto the surface of a substrate and spun using a spin-coater, for example at 2000
rpm for 30 seconds. The substrate is preferably a silicon wafer or an aluminum-coated
silicon wafer, but it is not limited to these substrates.
The spin-coating technique used in the present invention requires no atmosphere
30 control when used with these surfactant-containing solutions, and the method should be
readily applicable to microelectronics manufacturing. The technique produces films with

good thickness uniformity across wafers ranging from small to large surface area. Films

- 13-



the filmis shown in FIG 6a. Roughness is generally less than t50

angstrons over length scales of tens of mcrons (FIG 6b). The elZak V2003
modul us of t ke ppeerous silica filmwas nmeasured Wi th a Hysi pE9Risoo306ss
Pi coi ndenterrM using a Berkow ch dianond tip. The instrunment and tip were

calibrated ogn depse siljca standard with a dul ys of 70 GPa. A range of
i ndent at | demé&y ‘HBG‘-GM ofdhg present ipesngen @évq”ﬁ% thagjmesptromy abgut Prd g

| oad were i L+ ; . i t d hs
wore | oo Eis iy piER bk SF ORI Al QSR Bevtaith of RAEARE.- 20, P

ef f ect s weraephgtone firectidda thiclak§eef atibhe0.8aas hudd thiakness varlatnetitles standard

i ndentation.l pad .on asur ed nodul sovluesf I, residence tine of 300 s
s shown feVidtionofJess dany ARRENS 55 (%3 prrosse frinch wele hiafim dniFknesnCaThe
range of Ok I : (N A i

oy oxyor FoeRlied B pd Bt e Xl PGS e sB1BORRBEBOls, And Mo b FEc he
modul us ofpitutirg mbe duringsddpositiofii | mwi th respect to dense silica is in
reasonabl e 15 reerent with cal cul ations f orous solids based on either
cl osed or open‘ggﬁ"ﬁ@ﬂ‘?%tmgh eﬁBﬁﬁ‘E‘W?@ﬂ%ﬁh‘?@&ﬁng B ahydroxylated i1 m

i ndi cat es ] My VM 1 L vd 3t n i i MPLE
)50 An o EeBone llo HeldShAF S Snfefs bilved, GE SORERY i 30GANY Apuolels

pol yoxet hellemereatdval issypitalt ahicyed by heatmgithie spimestatadafilivo nForrexampjea egidsmg  of
a nesoporous silic ilmw th |ow dj i c.constants. .The copponents of
Che ol n B SeifieseER i B adennentite RETIE bn f HaR SotPe s e iRe S0 Berestoeq i n
each sol uidn@bnsafién ¥Etht sBal ForthirdlettirédtmepORalMatiod)f ofIRé BGhefbr Ekdipleat £
shown in Table E2-1. Al the conmponents except for the TECS were m xed

until a 2BmpersEeabsls Csior dhionrs, auat 498FQionadiot plete Fird rainvéssiind¥X gasiremoves

conponent in .t | ow - t t hanol , wat er
and aci d. DA EE s dfroRuists vl i IEbaniallh hPEB s o T he
surfactant wasTlegairdlyt loydbonitedBihas dimicallyn@dtydidxglaied inds b afsopdiedsiilica
addi ng ot her_ sol utjon conponents. Heating the surfactant is not always

neces Sar yillabpit expogis jaldy Byraxylated flniog $lecondiasc exganicoycostoansh serhisy
Lhis Procedui. eithels MeBulNRIEE: At aod o BRoRMOH! 4i2f A'BidoPl 4 Etfler gas

Fol | owi ng addition of T he sol ution was age hours at room
t enper at WTesaa mdxiiies poa sdaheonn e chesenufrdm dlee flloping adenpt dinpitastio Simgtybr s by

sSpi n-coat. .at 00Q..r for..30 se S:-USiNg..a..shi N [1. 4:= o~

S0 5 506 sotisiBhs. gty B@P%&@‘fsg@%ﬂ%hdég‘feg’é’ghsﬁ%%’ Be r*’?‘gef:‘?%lndt‘?‘f%%?‘é‘%eg%ﬁ
filns V\Brcﬁclﬁleﬂ‘b‘tﬂiﬂeﬂﬁxiﬂxeﬁ?Bﬁ@Mz@' 0§ ahd ldipHeyyheaimefybsilaaaser i addiolonally, @& hot
pl ates. The hi ghest hot plate tenperature was about.L 400 C. Selected filns

from i ssilsee cxposed Sl mayibefurtersxaetrpdp ok Seudr o ame s oF & 3 heat Gartmynt-
treat mntgﬁ&iﬁﬁ%&%&m mg% gif %&%gﬁ%dﬁﬁg‘fﬂl%é B b QNRMnPHdthRA SR fredtRett TR

HzZ/ NZ as descri bed previo . di'el ectric constants measured.
The t abl earsinemvgas draforrhingrgadi albett. rThe paotisliinhydoxiflated Sigmtis aref@ably can be

obt ai ned i .than one surfactant. JTABLE E2-1 m.l.eCo siti.on: Ml e
oot | o oot TR R A AT A S R e s R T B EGO B SO 1
C~-hEQ 0Czximd 1 8isladade (erZE62zatic 33lventdnd expbalftd Sl A0HO RON) gadlitah@todtedS

Ct ~EQ, 02. 16CC271550. 050. 06 C1~EO-00. 06 C, AEOZ0oCC281550. 050. 1. C~aE0~00..1

C~BEQA. temeentiresphopatipllchyrexyated fdm ismuareprefensblysishydrexiiatadan agnylgple
g ' s . :
oSO 0 AR A CARR B 8 B APt g o o

pore structu yoxet ene etherfsurtactants
wer e pr obegponpliae sitdrerisiatatnt, follovedvbangleeond vaayuditfshimaatti dhetsdarbétaenmmne

any characteristic features in the x-r spectra of phese filins..The
conponent geaéfle’?tﬁéepslbi”ﬁ?f%rﬁ_ﬁ]tyi rﬁ%eaéegil ‘Eﬁ‘?‘c’oﬁ% SF‘EEIS “y at‘#ﬁg.e"seﬂf' ’F‘g’@f’é‘ﬁfl % ype and
anount USﬁﬁloW@d%Eﬁ%igﬁPﬂeﬂiﬂe%x@ﬁ&rﬁ@é&%fbﬂniﬁé%h?trgé’tm%ntﬁ'_| the conponents
except for the TECS were m xed until a honbgeneous sol uti on was obt ai ned.

In tla& exper i herexamplee seabmppthe hy droxglatedafdlde tori2d hohes i@l 106esolgtion der :

surfactan et hangl ,, water and acid. Wien .the s tapt was l.i d, at

f oom t enpé‘;wﬂg?gp%zaga i3 (tj@feéxﬁlang\g%en gxposing it to L}.% ﬁ? 1na1Q2 gas at &058 ford2
hours results in effective dehydroxylation of the mesoporous film, which then exhibits stable
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heated to about 30 to 40Cto nelt the surfactant, before addi ng ot her

sol ution conponents. Heating the surfactant is not always necesigdmmmgt a
honbgeneous sol ution could be nore readily obtained by this proce TECS
was then addeWO4E9928e sol uti on was stirred. 20 Fol | owi ng addi tPCEASHY/306850S,
the solution was aged for 20 hours at roomtenperature and di spensed onto
the surfa & pmfor 30
seconds ugfe}lég&naoo@lg‘jﬁﬁgggﬁg&r)ﬁp {i&r S’l‘hi@’%@ ?J%C%&I?Z 3&%‘{%03%%5%5%%6 e E3-1
PCTI US99/ ﬁﬁwﬁabl@mmmmdtonon T th‘&'suf?ﬂiglrﬂ&ﬁ ogohie [t R HESa dHQﬂEnﬁdH@taH\@ﬁﬂcally

L2 551550001 P CHEDRS5 L B ARG oy BSBOGIsY onstant of b T s sbl
d 6EQ O%Q@Wnﬁ%%gop@e@&e&)lo ggybgﬂuﬁg surfactant-tenplated filmns

were converted to nmesopor eatl ng on a series of three hot

pl atess The hi ghest hot plate tenperature was about 400 C. 5 Two filnms from
this set, -3¢ -0 and CC22C were subjected to a dehydroxyl ation procedure
i ncl udi ngE nt in hexamethyl disilazane solution followed by
treatment in 236 HebNaS WRSOhHRAL] B @MAQMHEhE thd Qﬁicﬁé)} 52 Y31yl eRBEGnRY:
x-ray diffraction, using the experinmental paraneters bel ow. X-ray spectra
wer e obt abfitd peesert isvemtined Threealiffbreat sutfactanss in tempolfoxsetiafene etier lﬁamMewere

cent o1 e PR GE R S5 SR e TSR g

direct onsl&fu(t:mﬁc&zowoﬂeaﬁb\khbwnraem,%zjmbm@b@c cem@ruhad%@ 37 Scan
Range: 1. 0 deg (2Theta) is_Scan Rate: deg / sec Scan Type:

Cont i nuougCI(IaCP& D101, atsodenongis) C anqurflpé&aaﬂéﬂeerr Athe filrgs yithdlese NI PD

(Model PV\%%%J S i ne Focus (LFF)
Cu Anode égt%g@w g pr?%&ﬁ;ﬁt’tll Sgr% &3@1’1 ~%E ~r2\lﬁ§g’g‘% %8?%@528 X-ray Power:
40 kV, SOTEQS(EHH)ﬁtIMnoKHydmmMM adrdeiluss : 250.06mm

The surfactant/TEQS mole ratio was varied from about 0.10 to about 0.50. All the

15 components except for the TEOS were mixed until a homogeneous solution was obtained.
When the surfactant/TEOS mole ratio is greater than about 0.2 and ratios of
TEOS:H20O:ethanol are about 1 : 5 : 5, homogenaity is more readily achieved by heating the
solution from about 40 °C to about 50 °C, especially for polyoxethylene ether surfactants.
Heating may not be needed for more dilute solutions.

20 TEOS was then added and the solution was stirred. Following addition of TEOS, the
solution was aged for 20 hours at room temperature. No precipitate was formed under these
solution conditions.

The aged solution was dispensed onto the surface of polished 4-inch Si wafers by
spin-coating at 2000 rpm for 30 seconds using a spin-coater.

25 The resulting surfactant-templated films were converted to a mesoporous film by
removing the aqueous solvent, the acid, and the surfactant. This removal was achieved by
subjecting the templated films to a temperature of 115°C for 1 hour. Complete removal of
the surfactant from the films was achigved by calcination (heat treatment) at 475°C for §
hours.

30 Prior to making electrical/capacitance measurements, the calcined films were
characterized by nuclear reaction analysis (NRA) to determine porosity, and by profilometry

to measure thickness. The NRA porosity data was not used as an exact measure of porosity,
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Based on the NRA porosity data shown in FIG. 1 and the observations concerning

film quality, two films were selected for electrical measurements. These two films as shown
in Table 1 were those prepared with solutions containing (1) Ci3EO ¢, surfactant/TEOS mole
ratio of 0.17; and (2) C¢EQ,, surfactant/TEOS mole ratio of 0.30.

Initial electrical testing of these calcined films for capacitance using a precision LCR
meter yielded dielectric constants (i.e. capacitance) much higher than expected for porous

films, because the film still contained a significant amount of hydroxy! (-OH) groups.
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t hat does not have any ordered geonetric "crystalline" arrangenent,
especially long range. 20 This disordered porosity was charact e} §zghl 2§y an
X-ray diffraction peak at very |ow angles (about 0.7S to about 2 degrees 2-
theta}. It i VP8YB¥Z%oted that this peak is not observed Z00% RFT/VHR/3063%
for disordered porosity. EXAMPLE 4 25 Dehydroxyl ati on of nesoporous silica
filins utilizi Bgheofshésaneoipartiallg hg@d@@fflafc@rﬂnrﬁtwefsQﬂéf‘efcﬁmy@?dﬂy%t&ﬁﬂy produce
dielectric constants less than 2.5. A nesoporous filmon a silicon wafer
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dependent on the silane's vapor pressure at or near its boiling point.
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filmtenperature can be controlled, and where the required gases can be fed
into the chamber to in the proper sequence, and the chanber pumiedJ&bil i n
vacuum before and/or after silane exposure. W designed an experi nental
reacti on chany@P08¥W2%e used for dehydroxyl ati on of nesoporous SEIUSY3066Hs
supported on silicon wafers which could be an i ndependent chanber or part
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invention are (a) repeating the basic two-step
spin-coating at 2000 rpm for 30 seconds using a spin-coater.
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met hod and achieving a dielectric constant |ess than 2.2S; (b) using an
inert gas substantially 10 fee of hydrogen as the dehydroxyl ati np7gH 2603d
achi eving a safer dehydroxylation nethod; (c) conbining the two-step nethod
with surfact 2P 00/&HWR% ati ng net hod of naki ng nmesoporous filns, BEBUSY)30655
conbi nations thereof. A hydroxylated filmis dehydroxyl ated by exposing the
hydroxyl at ed f Thenesglfias stirfidtaritQedphitdd RIGE wWErd BhEredd atsdshorPiiigi ®pl y a
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dehydr oxyl &G30n |t leat dent sSrepoPtdSd |BdBoW B0l t hgO0£lB| kh:ERs e pr epar ¢d
usi ng a golafi3io \MthSthe 6ol | 00i0sg (pubaiC;sBOj,0s: |0.15 CEO0, 2.23
TECS: HZO : —echloric i Lo b0 0E—Jhe—suifastant /| TECS
nole ratio was 10 0.17. Al the conponents except for the TECS were m xed

until a ctggrvmgﬂ)geneous sol uti on was obtained, and then TECS was added

and the s s stirred. Followi ng addition of TECS, the solution was
aged fior ~20 hTlstdisaydered popatmtmres afiftnts pespasqal witlh palyedethelepotthatvarfactantnch

Si wafers. After ,spin-coat.i the fi] mwas,.then k at .115C for at. |.east
Y hoar 1 oMEBTet R sRRR- LS by 0V alaels B Rt B dorSniBe & it e
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1 In this experiment, the components were added in the following order: surfactant, ethanol,

water and acid. When the surfactant was a solid at room temperature, the surfactant was
heated to about 30 to 40°C to melt the surfactant, before adding other solution components.
Heating the surfactant is not always necessary, but a homogeneous solution could be more
readily obtained by this procedure. TEOS was then added and the solution was stirred.

20  Following addition of TEOS, the solution was aged for 20 hours at room temperature and
dispensed onto the surface of polished 4-inch Si wafers by spin-coating at 2000 rpm for 30

seconds using a spin-coater.
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b) heat treated at 400C for 2 hours in flow ng 2%12-98%\2 gas.
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cont act | &itifilelBf |dat er ddopl ﬁEtZQ on fil ng0dBt er sane treatBAGET@DI e
lo Ef f e¢t—afPehygroxytatonrteatrent—on—pretect+e—Corstant—oal—Mesof
Silica Fiqugé'gep red wi|th Cj_glé—_)o, o Poly g)@féﬂt hyl iene Et her éﬁ?%ﬁ%t
Descri ption of Dehydroxylation ProcedureSanpl e DWater
ContactDi el ectricAngle - i ' VI easureConstantof H dro hobici "2%1103-2-1-B
1122. 67HVDS L Aheoosubihg3stfapi@nt-templated films were converted to mesoporous films by

0, - - 0 -2-1- -1- - 0,
2DS( L) P DRToRDY SLe i P | (RGP ferperature i aboul 4B E.H) 271
Ar 103s 2- TwB2a2ds BahiMaSest) AMIH-ILDS0E CC22C were subjected to a dehydroxylation
~112-1-111-2. S5D2H1VI DS(L) Ar HVDS( L) Ar 112-1-111-2. 24D2H vI DS Spin .
coat 2% prvosdagsiinel gdng a tregtnrent gt bexervtiy | diilazane 4o pupp fpllosyed by treatment in
Spi n103- 3;,1 : O(EE [ the data in Table E6-1, two conclusions can
be dram.%/ﬁ%i\é,agggs%g%fge 'E’gm% ‘untreated silica filns, all the treatnents
result in | owThedil@e twer€probed bprtray diffrabtod, ubiny tiespadmentap fahetess below.
constants_of 2.50 can be obtained after treatnment in fhe silane solutiagn
f ol | oned Xb5AYtSPESHAERRE QOFRIBR Qe FEangelats? 2801 o g It Brtsini Wi Bigsenirold
nodengt eby iRl ¥ale8 drdIIey BEAMEE Shodt R PAR thdnk Me(ckBB: S thdQaferd sPb@tLEEE! C
constant as low as 1.74 was obtained after two treatnents in the silane and
t-,vo trehtemnediis bpik tRegizliaiand tanganidal enectionsof (g ray beamyith gespeg to the 3 JUN
2003 WO Qgé‘g%o‘%g -FCTI US99/ 30655 dielectric constant as low as 1.95 was
obt ai ned "W only a single treatnent in the silane solution and one

treatnment in argon. For many of the sanples listed in Table E6-1,
it I
capacitance pas 2h 39 T i A hSLf

15

Scan Rate: 0.05 deg / 10 sec
Scan Type: Continuous (i.e., not Step-Scan)
20

Diffractometer: Philips X'Pert MPD (Model PW3040/00)

X-ray Source: Sealed Ceramic Tube, Long-Fine Focus (LFF) Cu Anode (Cu K alpha

radiation)



function of time either immediately after sputter-deposition of the gold

el ectrodes, or immediately after the el ectroded sanple was renmyddiNielh t he
furnace after the final heat treatnent. The dielectric contant as a
function of aBi3¥02%e for tinmes up to 2-3 days is shown in Fl &CTLS/B66% pt
for the filmthat received only a treatnment in 2%2 at 400C (film #103-2
1-B 1), abd_ra?qx@wegaquMX(ggbé ent st ability in capacitance (dielectric
constant) with time at 1o roomtenperature. The anbient relative humdity
during the aging neasurenents was ~40 65% The |ow dielectric constants

obt ai ned gth. therl{égb_lrrs %é}at received treatnents) in HVDS solution and
exposure n?ilé[heﬁf Sal?" as heated to about 400C are al so very stable
over very long tinmes, increasing by |ess than 5% over a week in anbient

| aboratory conditions with tenperature at 20-22C and relative humdity of
40- 65% SkmidentBeamy&pticst 15 the dielectric constant in this aging study
appear to co | ate . wel). wwth hum dity changes during the experinent. For
exanpl e, éap(g@?’fagééle’né}é'sured at the highest hum dity values was slightly

hi gher thgn Eﬁﬁﬁﬁ ; : b%h b0l val ues in the
experinment. Igg QOS%RWEQWE&%E&GS\%%W%&EQWO isﬁg%ﬂg‘lyt he present

i nvent i one hald) theeBeanhMask §1imadesot widt) it will be apparent to those
skilled in the art that many changes and nodifications may be made w t hout
departing fromthe invention in its broader aspects. The appended cl ai ns
are ther eﬁ@ée@vih?b?ﬂ@@d to cover all such changes and nodifications as fall
within the 35 tfue spirit and scope of the invention. 2 3 JUN 2003 cl ans
1. A nesopor®dsradiSolleaSHit | m prepared froma surfactant containing solution,
having a dielectric :fonstant_less than 3 that has poth a relative stability

and an ab%oliP&aayaasle, yomaticARndcattes Shb S hBpesPoblengt) r ~ t hi ckness from
about 0.1, : verage pore dianeter |less than or
Wb g&agx'?&"die %;é&’iﬂg SﬁP@.%?xgg

equal to about™20 nm The” nesop s silicaf Ixn as recited in claim1,
wher ei n seai Cavel Gophpe Mordchrvetator i S | ess than or equal to about 10 ~nza.
3. The nesoporous silica filmas recited in claim1l, wherein said thickness
has al3tandard deviation less than +/- 5% 4. The nmesvporous silica filmas
recited ipefeb@dk:Nd PropbfEoBhNCSudQr 0sity of said mesoporous silica filmis
di sordered, |acking a regular geonetric arrangenent of pores. 5. A
mesoporous silica filmhaving a thickness fzomabout 0.1 ~ mto about 1.5
~,mand a stan vial | Qn_about said. thiclal rel. aid standard
deviation is | g@égilﬁginki?& > g(‘;ilraé: OITHE nﬁ‘élg\?%gflrcorﬁ(gﬁgﬁdw%ggeﬁ %lnlz%@cg%nsraer(e:i t ed
i n clai mgowhamrEGn8a FIGeseakpictivegnsTinihtentitpaf te df&sapdonteflested beanf i | m
is less than, 3., 7, The mesoporous silic %I mas recited in clai m 5, ..havi ng
a di ePct FFAYIRTERHAE OMTT A0SIEY AP APRIORTNgHi PICRYSC R RICUTT RIBBIase ot bt ty
8. The m p@PRAGKS tifd ddtstor id PiRDIcHeh] @ghmert loftH® sHstefddbi}dnaits aNEERAR]
nm

pore size |ess than or equal to about 20 nr ) i
of the sample height relative to the path of the incident and reflected beam. In spite of this

increasing intensity, there is evidence of a peak near 1.1 degrees 2-theta in both spectra.
Transmission electron microscopy of a thin section of this film showed no evidence of
25 ordered porosity. The areas of the film that were studied did not show any regular geometric
arrangement of pores, especially long-range geometric arrangement.
CC22C: X-ray spectra corresponding to the radial and tangential directions are shown
in FIG. 9a, FIG. 9b respectively. In the tangential directions, there is evidence of a peak at
about 1.1 degrees, but in the radial direction, a clear peak is not evident. Only increasing

30  intensity with lower angles is observed.



9. The nesoporous silica flmas xecited in claim5, having a po?g {lfNyl [Bhat
i s disordered. 10, A mesoporous silica filmprepared froma sur P

cont ai ni ng sql uti conprising a porosity shat is disordered, said .
porosity haw%é g@’%&ber age -30 2 3 ~uN 2003 pore dianeter of PCLUSOYIEF or
equal to about 20 nm and a filmthickness fromabout 0,1 wrto about 1,5
~.m 11. The n@CZAfHr Kiray spdcire aoiBespoadingee teeddiah and eingerit(] ditestiong are shown

dielectric n a l.ess than 3, [ i el .c ri ¢ _constant having hoth a
el ati ve SELH 11 b GrioR eooa i 5 ekt e g sabie Ry IS F Lok Fiver 1
mesopor O@I&éngmppﬁgaklaghmtmqoqtﬁ ézcg,)etaconbl ning a silica precursor

wi t h an agueous sol vent, a catal yst AN surfactant into a precursor
sol ution; (b) @@8hlﬁoé&-ramgpsmactomes;mndmgtoshd: tedi drend nangentidl elipet idreschrd i | m

I t aid cataly d factant $
sal d Sanpratdt E d3erdin B rbraisPaB ot fefSbabiie s st draiineg sai
hydxoxyl afgd i é‘}l‘g@ng@opkpé%r B lnﬁgglpg)ﬁg ~th&gl d mesoporous film having

a porosity that is diso sal d disorder belng characterized by an
absence of a MegH-1B- Tap sdisfof&aa?spmtrp@dvkamad ¢rhthis sangde afe shotva if FEGHr Bas

2-t het a. The recited.in.cl rein said surfactant is
a pol yoxye (Squs”arﬁggl aé‘art?r‘é%é?%ﬁtd“e tﬁfon)ﬂ‘ﬂﬁ ‘?ﬁﬁlﬁm@ tP@BF’itgdW #ATAVE m 13,
wher ei n qa&ﬁtpohy@é%%&mbsaﬁth@tMr)w Bfelidr, I8 FEG8HES: (B 464gRkeCOH al so
known as C~2EO~o0 or 10 lauryl ethef; C16~I3)(CH2CH20)10~~ al so | aaown as

C~6EQ%a dxbtamedcletﬂw ragiehand, ta@@gﬁakdl e@Han:HE@t)q @eridainobshovooinar exsdeBeBEf®-0 or

10 stear a0 | sQ r 4 |lauryl
athor B0 a5 io8 EB T <y @ P PP E e L AP ool AR T oiffr e B

conbi nat ltmmme&mafms 4 Bingltpealtet £#66hBB. 11167 HE@des P-titdta i TRrkissibreélettiorsai d
surfactant is in conbi nat| on with o;ganl c co- sol vents and with a chem cal

agent selnagrasecRyrdmitinsegioss this fdmshawgd ae exidsaevplprdered aerosHy ., Tl;tmpaser
hydr ophi | Gy 3L L | ess
t han or eoléﬁl}ﬁrﬂtng apprrgéﬁl%tgeﬁ]gﬁ?t%g ty%%éﬁg%%&% Eﬁ%%? \figbgﬁ%e ‘met | i od
as rdagdit edpdcinllyllongmahge geulmmatet arsgecheatcond sur f act ant is selected fromthe
gxoup consi sti n-ionic surfacta cationic S tant, .anionjc
TurThctant e oRTERIREs PRt L oK 4 O GRELs R FEBTHisFian cin
met hod a&ni&@@béﬁdn tHis &taip1e, 19 combRiagbMwathi tHe 6Bderedtions SMJeﬁﬁhg’lﬂiray s an

reflections and the microstructure by TEM in Example 1 are consistent with a pore structure

that does not have any ordered geometric “crystalline” arrangement, especially long range.

20  This disordered porosity was characterized by an X-ray diffraction peak at very low angles
(about 0.75 to about 2 degrees 2- theta). It is to be noted that this peak is not observed 100%

of the time for disordered porosity.

EXAMPLE 4

25 Dehydroxylation of mesoporous silica films utilizing a silane in the vapor form at
room temperature can produce dielectric constants less than 2.5. A mesoporous film on a
silicon wafer was placed in a stainless steel reaction vessel having an internal volume of ~
0.081 cm®. The reaction vessel (equipped with inlet and outlet high temperature valves) was
connected to a high vacuum line via vacuum tubing. The reactor was placed in a sand bath

30 and temperatures were monitored employing thermocouples deployed uniformly about the
reactor. The initial heating up step (O min. to 2 hrs) was conducted with the chamber placed

under high vacuum (~107 torr). After the reaction chamber had achieved the desired

222 .-



amoni um based surfactant. 1$. The method as recited in clalml5§n @ﬁin
said smal |l er hydrophlllc nol ecul ar conpounds are sel ected f r omlt

consi sting of propyl ene glycol, and ethylene glycol , e .
nmet hod as rec‘ivggégsﬁ’ﬁ?cl aiml| S, wherein said organic co-sol VemPéT/g,SgJ)m&:

sel ected j & mthe group consisting of rnesitylene, octane and conbi nati ons
t her eof . Zﬁnpe]’etmrerimtmbeasd teethietsHahd in vabar phabe, Timhpreesmfe ofthd sfatd wapor was

precursor s selected.fromthe group consist? f tetra art hOSJ | i cat e
(TIros), derendent OR e § éé’laP?fc%fF%W{el“?&t&E)“e%%P Ing po1gt. h‘gﬁﬁ‘gﬁhlﬁ grsired time,

triethor é}pﬁy angn.

coxnbi na%/|h g%élgﬁgrt%odm&lgw wgl‘%]gﬁ%”et odcT? gé reci '?%%%%ar%&l %hgf‘%ﬂ%ﬁ&éwhg{%gf ﬁlﬁggn
aqueous smsemmwa:ompstb&eéa ehdwnnlreamdnu/\ﬁ;ﬂlewedm ond hbemoet bitohcaamentstiad | n.
claiml2, wher S at al is selected fromthe rou consi

hor uft < VAR @R Col o e et ShiBOR Ser R BRA o P 550 SRR SOROP S
recited i mgt ?’5‘@ t%&-SO@B‘eV%M ﬁ’e&m&h?s%ﬁ%ﬂ%né%étﬁieﬁ@ vJ/é?S '\/h‘ﬁé‘cﬁmacfurz{tﬁﬂ%on?ne

ot her surfactant. - 3 JUN 1003 24. A net of making a nesoporous
film conpfinsinutgs totﬁehcsmap'ﬁhleproo(edl)reommepnamgi for alnlumbar of gelassor thmarhplam

aqueous s ent and a,sur act nto a sor sol ut

Sheroin SOiERrLEtREN BT B rotHRRube Sl asdeRoRsh s Bechut Rt
mol ecul ar fFRIRAKhoSIABA BE EEIHITRE0BYs éh FRIsBABERT wiehIatd hAdibé BurhR83nd han
that of sand surfactant; (b) spin coating said precursor solution into a

terr]PI ap edtrﬁf;tcdnvm(l éqmnwrﬁaﬁu(a olEAN aéé'dléﬁg 0@l f@erwo h@la’BdTbatcmaymncanﬂt@au d
t
i sor der e BuARERAed SRy BBlear s SAANANS Tl ATy, SO B EHoR R "

obt ai ni ngnitigeh g@&ﬁmﬁﬂmwspidxﬂame Zeasufed. rmhm;dthefwzrfa{ was plgcad inrsefled gass f 1 m
conprising the steps,of éa conbining .a sil L precursor w th an aqueous
sol vent , aor&ﬁfl%ncygial%a cdkgF phwalghto filﬁwéﬁt%ﬂ%@/eéalzw hurgidiy; fentmegReredsn

sai d_precylsor mel Uid %a}»snﬁwdﬁss afipld ﬁ@mvag énwea%a%&eagaenﬁﬁeﬁmamcisp' n

oo
coating salg %recursor soflution Wto a tenplated f renmovi ng said
aqueous$ segamemroomaind Scatral ¢isferen dilammes dvese rrfvab:tlamd fmbxdnsgatrdnfctbytpb@ctséme

filni andfor dr filmw.th d| rder Slt and
dehydr oxy tﬂ?@ g%?f%%?%%&fé%%ﬁf %@W’% é}ﬁﬁe 38 egﬁl%léf %} Op’g’recf gtf ofl m
26. The netdecitheds withitRehy loddsdhdy ahdafexamhﬂfyeummhel afd set 6AE inGZbR Bt-her
surfactant_ i s selected fromthe égr oup consi sting of non-ionic surfactant,

1

cationi c Sheseaespintilustae Shatdepending pathe Slk@ﬁﬁ%fﬂ- itEatpent sendifonggrgployed,
O et AnEie OB, oot ls (O AL AR SAECk fths oy B AL A withE LR BB o

at | east ozre snualler ar conpound 1S selecte romthe
gzoup 2¢onghasinclagescdn cglpysmse of thepmqoybx@m&exhgh yitrolto siariey [Tieexployae mayrndcur in
conbi nat i pns thec[. of . ... g . .
igh humi 1%/ conditions. These results indicate that dehydroxylation by silanes may be most

effective with a procedure that includes removal of gas-phase or physisorbed species in the

porous film before and/or after the silane treatment sfep. This removal of gas-phase or

physisorbed species was carried out by treatment in vacuum or by treatment in flowing

25 forming gas, but may also be accomplished by treatment in other flowing inert gases such as

high purity nitrogen or argon.
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28. The nethod as recited in claim25, wherein said at |east one 3
co-solvent is selected fromthe group consisting of nesityl ene, %3@@?@ and
conbi nations_thereof. -33 ~ 3 J UN 2003 29. Tine nethod as PE‘?‘&SB&/SIO
clairn, 12, WWO®B%%ehydmxyl ating occurs in the pxesence of a I"¢on- dgased
organi ¢ conpound in the vapor phase. 30. The method as recited in claim 29,
wherein the silicon-based organic ciARUB®E4-3 a silane. 31. The nethod as
reci ted.L.n_c.l_ar.l m-30,—wher-el—t-he—sitanre—ts—seleetpg-fremt-heTgHromp
consi st | Bampk |tSilaret hy| T9@obTeBRe, | LiPRet MRS of &Si | an& dilz e@hw
di met hokg#si | dripressiwerel Myold| cHCor o| si T anp, ofitgripheny! | di §MI aza a(élalau phenyl
tetranet hyl sillinzarle apg hexanet! iyl (oiis) | aZsitane. pZn P\ﬂm‘tlh@d oﬁﬁﬁ’altlng a
nmesopor pus fillm with jsiggéfactant conmi n| ngatseentt | ain) | hitwgeret| hok0%
conpris|ing the steps of (a) gonbining a sjlica precursor wth dunddigeous
solvent| a catlalyst and a suffactant that|is a pol yoxe{hyl ene |et her

surfact ‘R:[m E{) %1)# SOOI —0) TSP coal | B[ S& §; Pr|eCyigor
0 ifm
ur f

sol ution c) | zenov| ng said ROLeous sol vent, said

catal yst and s actant|to forma hydroxyl ated hzesoporoys film

of a maj 83-6x-rd'-§Hﬁi3$iﬂracQ-iBn pédR i hn Ohe| rande of b7 0 é'@égree% t het a:
az~d (d) dehydri®xeiratiing sai d hydroxylatel filin tb dbtain saild mesopdrous
film 3B7BBhe |[EEMDSF*als 0.6Ti [ ed50n ¢l di0m B2, herej h7sai d.gbl yjoxy&Ohyl ene
et her surfactant 19301225 (CHzCHaO) | oOH al so known} a8 €l ZLO Oljor_1p | auryl
et her; CSH3I3(CHZCHZO)ToOH also Tnown as C,~EOQ a or 10 cetyl ether; C gH3~
(CHZCHZO) i 0OHx ?ﬂi‘i@n r fs th s(CHzCHzO) 40H
al so kno~~ as %hér%étg or tjﬁ?éury lge e(r;xé&ré Hsadrag%l—lng%@lzﬁq Zgﬁlgrg?so knor~rn as
Ct 6EOz or 2 cé&tFkpostireeto IOO%dmnﬂudrtwfomb hdves,eepacitager immedjatply Pogsursd. A
met hod of mal ~g a nesoporous.fdmwi th a surfactant containing solution, the
met hodl conpri gi‘?ﬁ%aﬂteﬁﬁlg‘f‘é}‘ﬁg 3 (a) conbining a silica precursor with an
agueous sol vembrakeadid\isdilagdié @ surfactant that is a pol yoxethyl ene ether
surfactant into a precursor solution; (b) spin coating said precursor
solution into a ternplated film (c) renoving said aqueous solvent, said
catal yst and L ggwgé}e@sthgy
and (d) dehyd?@%ﬁ%ﬁw E?ﬁtgg%hd&ﬁ‘r“gb ?% b Yes A B PloD ‘ﬂ‘?ﬁg sai d

Mesopor ofigmfiérthperatubeca ‘m: csmrdnqa:b raod mkyem thedeguradegasss cas be fadi iptetthel clpambes

absence of a major Xx-r
10  1nthe proper sequencél and the chamber pumped down in vacuum before and/or after silane

exposure. We designed an experimental reaction chamber to be used for dehydroxylation of
mesoporous silica films supported on silicon wafers which could be an independent chamber
or part of an integrated spin-track tool. The stainless steel chamber is constructed to hold 4,
6, 8 and 12 inch wafers. Under high vacuum the chamber will support an outer pressure of

15 one atmosphere, and the cooled seal on the front-opening door will maintain a vacuum of 10°
Storr. The internal self-heating shelves will heat to 500C, and internal circulation is assured
with a fan. After an initial vacuum treatment, a gaseous silane is pumped into the chamber at
the desired pressure, and thereafter a vacuum is again applied. The cycle may be repeated as
many times as necessary to achieve the desired degree of dehydroxylation. After the last

20  vacuum treatment, forming or an inert gas is pumped into the chamber.

EXAMPLE 3
Mono- and di-alkyl substituted alkoxysilanes can be used as additional silica
precursors in the surfactant-containing spin coating solution used to prepare low dielectric

.24



diffraction peak in the range of 2 to 6 degrees 2-tk~eta, 3 5. A r=a,ethod
of making s, rb.esoporous filmw th a surfactant containing soﬂ&i@@“ t he
met hod conpri sj na the steps of: (a) conbining a silica precursor._wth an_
aqueous sol veMCY5°%4t al yst and a surfactant that is a pol yoxeffJ{UEAE3®oher
surfactant ‘into a precursor solution; (b) spin coating said precursor

sol uti on tonsten mesoguiratsesillida-filnm witle Jlieteetroviongtastaiod <@ §u efosesies of valntionsseére

t al yst d id factant f i hyd | ated f.il m havi ity;
Snd (o) dBIRpEEE SR HES LAl SRAPAMBTT b e A e b
Mesopor augihdthMysWiRaLrE 188 LhoRRE B34 ﬁlﬁle' 28 bBREIQRSEsithRC I‘N/Iﬁﬁr PatloS Qb a5

geonetric arCandenent of pores, and the pore structure Is characterized by
a maj or x9104ayto @i 0atx o fIOFE PR &k theet luyd ethoxlysilane Gespbetavzlydweh puepaPedd efjrece s

2-theta. 36, 'Ll%g thocei]?@g rﬁcitedgilln claim 32, . wherein said precurso
sol utibn THEACAREUsedWaslOdauryl sthet. nEe siartant (3t lica paesursor moke tifip Ny sl - 37, A
nmet hod of i i 1 tsak o : Lan,
The et hogRoh WiflrSRRSGROEOHE with Bt Situflo i BEb Ra ORI BLOHI i Shathiig)
an aqueous. Selevtedtoated wafead wste sahitcmdsa tifeatshpdroxylhiien tréeamantyes| fgloses. hJhene
ether surfactant. into.a precursor salutign; (b). spin ., oating.said, precursor
Solati o tedithoar e AR SRS s Setntkd S0 itliod Be el it M an G Yo gae,
catal yst gndos8i ¢mSUThaedadbn i &8l (eqtlliagéwd\d?&wét%a@uﬂétlm@mﬁipra&t@@ WaBdek) ;

yl ate

and (d) dehydroxyl ating said hydrox il my and obtaining said
mesopbt ouwas pempectyd ihe highyagayr lige amivasavmdehing.i She reaetPuwasplaeed isastandne

smal | er bic n ] i | ght
that s | SRhaRBteerdBleE At AR IR (RIS BERRICRER: RIS U 0l
Mesopor o umirﬁdcmrzvimb iﬁ;islkkre;aaﬁg &@pt;fstep @0 tifin o :191r§)0)ba$tdoﬁﬂuctéd1\ei_tﬂtirﬁidhlﬁmber
conprisin e steps, o a) compining a Silica precursor w.t an agueous
sol vent) Biegsd !g%dygﬁlgaﬂacw& QU 2=t Rﬁﬁ%@eir%acaorbmrﬁaségmcéweét%&smd
surfacta i : .1.Qn; i i i I

ol utton TRESrA? (BRI Ve R Rl TOTLRECTAUE FlaE e e
caéI al( %jbft @T]p@né@t dn;&%q#ﬂac@ a_rvtgpdrq:drcﬁsuwgattar gy-?l_rmlsbyﬂ@g@@gm Whmud@émmmsl ty;
an e I 0X atlLn sal oX at e | na.opt al ng sal

s opor ot 1 P YR dreR e B SR ot R B R b b b Hofs Ale
or gani ¢ cessé&ftialignbnsited offheasbdoshtmsntroliod ediby Snecodrandte 3dananbeit@kmts $ai d

precursor solution includes an agent selected fromthe gxoup consisti ng of
a second GROF BR3s5 AP LlowedByapnectt YIS VARHITR SRS & ICHIPCE B TARE BB 2P8 9 zed

by a nol ewdx@ps@ {oeisggs.cg%%dxﬁé ﬁcﬁtﬁﬁﬂtsoarhd%ﬁ%?c' trdafnERPHEE VIRER 1Y ddrhR6n 68

organi ¢ co-solvent an I nations thereof.
20 5 minutes to 2 hours. Upon cooling, the wafer was removed from the reaction vessel and

gold electrodes deposited on the surfaces. The capacitance of the film was measured under
ambient conditions. The films were also placed in a flow of dry nitrogen gas and film

capacitance measured. The results of one wafer are given in Table E5-1.



40, The nethod as recited in claim 36, wherein said at
surfactant is selected fromthe group consisting of non-ionic 33rANQIBNt |

cationic
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or gani ¢ qoeRRditad ordanichmbanad, pﬁ’@i@ﬁa@ly a silane, and to a dehydroxylating gas. The

1S

exposure to a silane may be as a silane vapor, silane liquid, silane solution or combination

thereof. In a silane solution, the solvent is preferably non-aqueous, for example toluene.

The silane may be trimethylchlorosilane, hexamcthyl‘disilazane or combinations thereof.

The exposure to the dehydroxylating gas is preferably at an elevated temperature. The

dehydroxylating gas may be an inert gas or a mixture of an inert gas containing hydrogen.

The inert gas is substantially free of hydrogen which is defined herein as either having no

hydrogen or an amount of hydrogen that is ineffective in the dehydroxylation. An amount of

hydrogen below detectable limits is practically ineffective for the dehydroxylation.

Dehydroxylation of polyoxyethylene ether surfactant-based films is a preferred

embodiment. However, lower dielectric constants by such dehydroxylation procedures are

also obtainable on films prepared with other surfactants including but not limited to

ammonium (CTAC) surfactant-based films.
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51. The nethod as recited in claim50, wherein the silicon- baschmﬂj
conpound is a silane. 52. The uxethod as recited iz~ daimS 1 erern the
silane is selected fromthe group consisting of ttimethyl iodvsilane,

t ni met hyl ehlW@8%39%93%e, dimethyl dichloro silane, hexaphenyl ®GHVSIBAESS

di phenyl tetramethyl silazane and hexanet hyl disilazane. 53. A nmesoporous
silica frlrxa nmade by the nethod of claim32) conprising: a disordered

porosity, lacl~ing a regular geonetric arrangenent of pores, and
chat act erw_gn x-ray dii fracti on peak between about 0.75 and about 2

d 2t het a di el ect t abl.e; il
Choer et ess 11 ol EpskEnee o fE e e e L LRRD) R R bRy e b 1
di anet er (2888 ethByRwRused Hﬁihe%@rf@&ﬁﬂ'&o Alfrodfide potBsity iR tBe ﬁlrf«xJ Naf0Ps a5§’o A

mesoporous silica filmmade by the nmethod of clai'm 32, conpri si n?hm
di sor der eebtpiseden ﬁynasrepmd@atle@owr anf@m@ean(CéhCﬁaD) pOHl (slsp knowa asange

St abl o;  2CHECH TR o Tt bty sl or sy Siant Ry B oR et

aver age p@g@nw@gmer | ess than or equal to about 20 nm 55. A nesoporous
filmmade by the nethod of claim 12, conprising: a dielectric constant |ess
than 3.0 that Al the Blsswers prearaciusing amlgpmw@hrtmrf@u@wmgxnﬂmatlos about 1.S
wnl azad i l_ess.t ha r . A
! ooy PEQREERERE S BB S o0 {190,081 Ol AR R0 R

conbi i ng0.a7 sAllltneacqmmn&cuxcapttfdsr the TEQFe0¢s ndired emtil,a caéa:mmga;mdma
pol yoxet hyl ene et oJ utio i n-coating

fact ant a cur sor S
sai d prectpldpn %I@WB  RR¢ ey TFég% P%ﬂfdleg At thesp q‘t’é’ﬁd\’ﬁsﬁﬁr@g Holewiwgus
sol vent, 19
characteri zlltgmgdﬁll‘at%%?%i ?dtlgu g%a (lgrsor dﬁe%érgb Igst gﬁ{%@g‘% gﬁdf @eﬁ k%maﬁggtgﬁce
of a maj oon polished 4Hifidhr Siovafens. Aéaksplmcdalmagr the @éno'#aszhdmke@t degll'Sé@ioQattlm a;

and (d) d dr ox sai d h droxyl ated fi bt a| SOpor ous
film S7. g‘?v] %Irﬁg% a@’yf"e’cﬁnflé rFﬁ‘?"‘%?’é;{eﬂf‘at‘é’@‘o \76?1%5‘ W&S t?gﬁfr Mﬁ;‘/l ene
et hersurdsetapts hur§~zH2s (CH2CI i 20) | OOH al so knovvn as C2EQ o0 or 10
lauryl ether; Cl6H33(CHaCHaO) | OCH al so known as Cl~EQ O or 10 ceiyl ether;
C gl ~~ ( CH2CHaD)s Bhained Blnsanermsubiactes ommeer srore of hedalgwingdebydroxylation
C~=HzZS( C"@Qt‘g% tsOH al so known as G ZEO4 or 4 lauryl ether;

C16H33( CHzCH20) ZOH al so | onown as CL6EO02 or 2 cetyl ether or conbinations
t hereof. -39 ~ 3 ,!l''N 2003 58. A nethod of neking a nesoporous film

comrising the,stens, of () (SATRINASAHVDE R BIERY SO0 {hil A3GRHS

20  sonicated in isopropyl alcohol and dried in flowing nitrogen at room temperature. This
procedure is hereafter referred to as “HMDS (L)”
b) heat treated at 400°C for 2 hours in flowing 2%H2-98%N2 gas. This

procedure hereafter referred to as “2%H2”
c) heat treated at 400°C for 2 hours in flowing argon. This procedure hereafter
25  referred to as “Ar”
d) film flooded with pure HMDS for 15 seconds, spun to 2000 rpm, and then film
flooded with isopropyl alcohol for 15 seconds, and then spun at 2000 rpm.
The capacitance measurement was performed as follows. After film deposition and
treatment, the backside of the wafer was scratched/etched to expose bare silicon surface and a
30 layer of gold was then sputter-deposited. On the top film side, an array of gold dots

approximately 2.8 mm in diameter was formed by spuitering using a shadow mask.



pol yoxet hyl ene ether surfactant into a precursor solution; (b) ,Z[gl -Q@Eti ng
said precursor solution into a tenplated film (c) renoving sai a@ﬁ S
sol vent, sai i d said surfactant form ng a hydroxyl at ed %i .{d)
dehydr oxyl at Sﬁg%@gﬁ"g{]hydr oxylated f I mand obtaining said meso gll’.{rﬂ?ga%”
filrrx, wherein said pol yox%/et hyl ene ether surfactant is O 2Hzs

( CH2CH20)( 2pakitaat e wak meaniredoCinECats ar eabh shopley lané thectdicle@hi6 MBB{tGH2 CH20) ~0~H

also Irno & 6EQlo.or 10 cetyl . ether; C gH3~ (CHZCH20)toCOH al so known
as C~eEO%8ﬁ‘%%d‘s_§‘5éé? 9fméti‘ﬁ1‘é‘}°§s é‘%&&%‘ﬁ%@gq a. (O—I al so %(nown as ClzEO4 or
4 lauryl et hexpyoGhehBa4icHRALhihtsalpeindd AR rdsnreFé Bbwa it Thile RLher or

conbi nati ons thereof "and wherein said pol yoxyethylene etlier surfactant is

i n conbi @t iseme of thh sahples tint raopiyed atfenl beat tetnaant imhydregst-camaininggaophi | i ¢
nmol ecul ar_conpound characterized a. ol ecul ar ight that is |le t hm
That o S5 BOIPORGS PH Bireebe hedetofl Bel Ao i i S péelenlutent "3

or gani ¢ sghat@Bhce w3 mckIGeABERRE aR® 2fi&Ghé RehtitRafhdHt MTEBle BIERRD NsBRbHtasal |
surfactants are amoni um Eased surfactants. 60. The nethod as recited in

cl ai m 59 angleexf avater dedpletagn-Stronfien doawdeagueitact ants are cetyl trinethyl
ammoni um chl oride.. 61. The nethod as recited in claim58, wherein said
smal | er hydrophilic nolecules are selected fromthe group consisting of

gl ycerol, propylene glycol, and ethyirgpR gEg-ycol . 62. The nethod as recited
in claim58, wherein said .or%ani c co-solvents are selected fromthe group
consi8t i ngEéfectad Dehydrenrlation Terstmert ondieleptiic Gersigy oddaseperoueiSilisa Filgism 56,
wherein said silica pirepoedwithiG.E@tnfadtdyyethytankediherisafastapTE0S) . -40 ~ 3
J UN 2003 64. Tho rne~thod as recited in claimb56, wherein said aqueous
sol vent | Cuspiptidasf Blehadrokylatich Pedcedure65! Sdthpletet hodvasr Cemtadted || Dielkatien b6,
wherein|said acid is hydrochloric acid.| 66. A nes$apeioLSMabdure h@yhaanta
dielectnic constant less than 2.5, a filmthicknesgsfromabout 0.2 ~mto
about 1,5 Vim and an average pore dianeter |ess {Rgn;, 'r})rhoﬁfl&?* fo about p
15— AR = oot devtat-on-about Pl LR Bkt dZ that ot obeilhan) -
5% 68. A ,§6(Lgrous SJUF- c;LfEU! mﬁ;:r‘;'tg ‘ tré%k« a ufacl antoc;;' S i ng—
sol uti orTHMrQ\Si(z)j>;%!ﬁ%| ectric constant | 8889%Ban 8 That has bot h24lrel at ve
st abi | i { YIMRSG)Pr2%EEsPEMDsabi 1 ity inl 1&-Bdrfd affhdosphere, a fRilh
t hi ckness from about 0.1 ~mto about 1.p5lN-klan qver age por e di a8t er |pss
than or lequal to about 20 run, and a porBdity that is disordered. 69. The
nmesopor o BEEMBIS(L)eca2 foH2er-EdDBdi)bed%HR cl al08-B4-A2hef2? n di sor der ¢d.7ds
i ndi cat jed by the absence of an X-ray diffrzatidilen peak in the rangd2of about
2 to about 6 degrees 2-theta. 70, the tnpsoporousisilica filmas recited| in

cl ai m 6§ hBIESBAdI sordered porosity Isighariagberyzed by an X-1ayws
di ffractm%W andppoylZ d€grees 2-thetaj ;<41-

D2
HMDS(L)>>Ar>>HMDS(L)>>Ar 112-1-II- 2.24
D2
HMDS spin coat>>2%H2>>HMDS spin 103-2-1-Cl1 2.48
coat
HMDS spin coat>>2%H2>>HMDS spin 103-2-1-C1 2.10
coat>>2%H?2

From the data in Table E6-1, two conclusions can be drawn. First, compared to
15 untreated silica films, all the treatments result in low dielectric constants in the film. Second,
dielectric constants of ~2.50 can be obtained after treatment in the silane solution followed by
reatment in an inert gas or a hydrogen-containing gas at moderately elevated temperatures.
In one film (103-2-1A2), a dielectric constant as low as 1.74 was obtained after two

treatments in the silane and two treatments in 2%H2/N2. In another film (103-2-1-B2), a
.28 -




'~ 3 ~ UN 2003 71. ~ nethod of nmaking a nmesopoxous filmconprising the
steps of (a) conbining a silica precursor ~wzth an aqueous sol verpt3 JeN 2003
catal yst and a surfactant into a precursor solution; (b) spin coating said
precursor soMREA8to a tenplated film (c) remp~ring sai d aRfRBEY/30655
solvent, said catalyst and said surfactant fromsaid tenplated filmto

fornn a lajetscaiddonttas: 4sibmasnawheshra@ed MithnailPaisingld thantmbst ififodidge ed as
i ndi cated by an absence of a najor x-ray diffraction peak in the range of 2

to 6 degseagomandnedreatment (apragshydr o: ~yl ating said hydroxylated filmwith

727 The et hofoGRE of i PR th G i PR | danepaeE B Han FERBHboLhd |5 a
silane. Tfictidn OEAiMO @ithdr ifRddditde]d 2MBS GRAFRUSpdsitidR STANPEHITIMbtrbl&s, 8F eps of
(e) combining a silica precursof with an aqueous solvent, a catalyst and a

sur f aét aimpdigiglysatier drasledrodsd samplenyas(remozed fpmetba furnacesatied ther fawal heasr
sol uti Ontriaﬂ%x%nta tenplated film (g) renoving said aqueous sol vent, said
catal yst "and said surfactant fromsaid tenplated filmand formng a

hydroxyl at ed Thd dielecRitctontiht seh Fyrdeuy babging tioe @r Hins 0y Y6 atiedhyd id sHowntih a
gaseous silicon-based org.anl ¢ conmpound and obtaini ng_said rres%glor ous

$1 m wher &G ISaiExcentHyuthe iimahataacasyedsemy aftfeptmet su2 BHH2at 400G (o #iP3-2-
id fil . ' 74.. T
CxPo” 0], Rl b s B ARG 0 IS0 ORS L L ey T T o

consiist i Agnoferpetanet.hThe ambizat teddibre HuthitdiRy dyting tHeighy thédi@rentbnieek fyy+40-
di nmet hoxg ?itane, a‘ﬂi met hyl dichloro silane, hexapheny| disilazane, Bi phenyl
t et r anet Ry 589 ‘9¥MHelearq cRastante phipinediveith e flws that secetved gregigiensisdm 75. A

met hod ofynB kiGrich ARCOPBERE S0 &éﬂg{c&e@ﬂé SNHERCE AboRPRAOGINAR LIS el | on

t he method conprising the steps nnbining a silica precursor wit
an aqueoéttgbls overemsty loag diates) insteasing by lessithaci’amver nweekiingmebigatdeborgiolut i on;

b) di i id ti t I te to f
{emp! at ceo i i RS B4 20 R R urRe b SR 2 R b
cat aliyst thariékleoidlcshytahai! taidtaghiOftudRarheheisoatetie Well Miththdr@idi¥y dhanges

hydzoxyl ated fil m havi nngorosi ty; and (d) dehydroxyl ati ng sand
hydr oxy| S4TEe the PYRCEINENb bE ¢F g¥arg e SRRRCHARGSBPAsYTed; At the hishkask hymisdity aise osi t y

| Cho r Apa sy S G o Bl ARSEARY R BB Riitny By TbETS O PO

vrr her ei expsdimgntdi spensi ng i nvol ves spin coating.

20 CLOSURE
While a preferred embodiment of the present invention has been shown and

described, it will be apparent to those skilled in the art that many changes and modifications
may be made without departing from the invention in its broader aspects. The appended
claims are therefore intended to cover all such changes and modifications as fall within the

25  true spirit and scope of the invention.



77. A nxethod of neking a nesoporous filmwth a surfactant cont giznjn003
solution, the nmethod conprising the steps of (a) conmbining a silica
pxecursor with an aqueous solvent, a catalyst and a suzfactant into a
precursor solution; (b) dispensing ggiighsPr ecursor solution onto a substrate
for forma tenplated elm (c) substantially renoving said aqueous sol vent,
said catalyst gnd salflesopboasiRed filinGoréfakdd oY Slr@¥MhPdoBRidind M havi ng.
porosity; an,d (d) dehydroxylating said hydroxylated film and qbtai ning

sai d mesopwiusigs, having ashalestric qopstansdess ghag i dhat dachats e eplatiye spbilivdded porosity
and said fjl 818, L0 . R B | mcron and
appr oxi matge @A}&é s%&él?yo%gﬁgg?gﬁ{oﬁé}éﬁ%\gﬁ%%ﬁg a st glnod/zla?gﬂgevi ation of

| ess t han aboptr oX inmire an averag@pore didmete7 leSs hamorxgod t9 ghouT2enmet hod of claim
77, wherein said dispensing involves spin coating. 79. A nethod of making a
mesoporous film~rith a surfactant containing solution, the nethod

conpri si ng t he 25t epThemefdpbraie silicafiPasresitediin clat B oilefix said 4vdrage aqueous
solvent, a catal yst, and a surfactant into a precursor solution; (b)

di spensi ngP°§%ﬁi‘amE‘ieb’é&"z‘§37%m§6F%’@ft8ﬁ B8 M substrata to forma tenpl ated
film (c) heating said tenplated film said dispensing and said heating
collectively substantially renoving said aqueous sol vent, said catal yst and
sai d suxfactant3-f roﬁhsmeEPPPé}%F’éBP%glnf 23 TgFifeg I elpih LavhstiR ®id/| ated film

havi ng porfsid s nNedndird ¥R EEP%%! R0 DYs5ai d hydt oxyl ated film and
g d f [

obtainiz~, g said nmesoporous t~lzn, said filmbeing characterized by
di sordered porosity and said filmbeing of substantially uniformthickness

having a standayd d%&ﬂ%&ﬁ&&@ sﬁigasghﬁ DARCRARRE amtvﬂ:{c)'eiﬂ’i %é%nz%? , The

met | xod of claim 79, n sal I spensi ng | nvol’ves spih codting, 81, A
met hod of szikihesgparonesidpdilnus disomsmd, dadkinga regnldrgeomettic emangsmente§ sol uti on,
the nmet hod_conprising the steps of (a) conbining a silica precursor with an
aqueous soq°\5%sht, a catalyst and a surfactant into a precursor solution; (b)
di spensing said precursor solution onto said substrate to forma

tenr~pl ated el an c) subst.anti.ally. reqpvin al d_agueous, sol vent, said
catal yst and sard s%‘l(“ﬁ%??%li’ﬂ‘s?ﬁm%mlgg:%ﬂﬁegsdéﬂig?ﬁ“ggﬁﬂ*&% a nesoporous
fil m havi ngbopior. Haini and awlaedad dedation apoutasit thickmsssivhorilgaiddtandard ndi cat ed by

an absence, of ..a c,ndiffracti on peak in the range of 2 to 6 degrees

2-thet a. -%X‘am’?ggésg [%)J(lfg(a)%/i/

8. The mesoporous silica film as recited in claim 3, wherein a dielectric

constant of said mesoporous silica film is less than 3.

7. The mesoporous silica film as recited in claim S, having a dielectric

constant with a relative stability and an absolute stability.

8. The mesoporous silica film as recited in claim 5, having an average

pore size less than or equal to about 20 nm.

9. The mesoporous silica film as recited in claim 5, having a porosity that

is disordered.

10. A mesoporous silica film prepared from a surfactant containing

solution, comprising a porosity that is disordered, said porosity having an average

-30-



82. A nmesoporous silica ~tlin characterized by: a disordered. porpogijyly2003
| acki ng a regul ar geonetzic atrangexa, ent of pyres, and cl ~aractexi zed by
an xsray diffraction peak between about 0.75 and about 2 degrees 2theta; a
dielectric constant less than 3.0 that is stable; a filmthiclness from
about 0.1 ppuendiametabofitsstham orieqal tocabdut-30 mwyandg Elmp thickneks &roet abouf_ess t han or
equal to 363 ut 20 nrp 83. A nesoporous silica filmcharacterized by: a’
di sordere 'EHF’OTQia‘P?“ 49 Whdi cated by an absence of an XRD pear in the range

fronrx 2 to 6 dggr eehe ArekdiRtcus sHicalfiRh Sdetited i€ OB ) batiRbsdiblaic 3. 0 that is
stable; a filmthickness fromabout O] i,un to about 1.5 Vim and an

aver age potoastantdessithen 3 eid diglestic sxustagtbavingdo; attypystahiity aphan A m esopor ous
filmchar aﬁt@lﬁ{ezs qfy: a dielectric constant less than 3.0 that is stable;
a filmthickness fromabout 0,1 pmto about 1.5 art; and an average pore

di aneter | ess thaxa or equal to about 20 nm. S5. A surfactant-tenpl ated
mesopor ous dielgcty] } .silica precursor
sol ution by eva%br%a |%§1{1L€\%§§% %ﬁltlé]g%;)#o?% ﬁ]hll?é C asrﬁ%ct%éeéra%pzsggl by di sordered
porosity. 86. The dicembining asilidaprasfirsot withagSuequsaolzent, a datalyst aidea precur sor
i ncl udes one,ox nore of rretQ)YI.a_nd ethyl groups. 87. The dielectric film of
cl ai m 85, %@F%ﬁ‘tﬁmﬁﬁé’r%clufsf’f:% %Bcur sor i ncludes one or nore of - al kyl and

phenyl groups. @B. Tpi cditiigeaidpréuisbt solution et Mtadiplatydfiibgi n the silica
precursor includes car bqn-cocpt ai ni ng]i %crlou , =45 2.3 JUN 2803 89. A
dehydr oxyl at ed @ksopeReNias snd gqugoysispiv tp%“@fﬁif"@ﬁt%ﬁf“&sm Wt cont ai ni ng
silica pre%tggﬁ,hgalfgﬁitg@omvm@xma@ﬁmE gyl ation of the porous film
conprises the follow ng steps: a._exposing.said porous fihn to a silane; b,
renovi ng gas- phidse SRbydsexydating sHdhydpest ﬁlF‘PY?rﬂbE“a‘} WIBFEPXOYS | m 90, A
dehydr o~cyhgt ed mesoporous silica filmas recited in claim89, wherein

steps (a) and (b) are perforned at |east once, 91.. A dehydroxyl ated
mesopor ous si | i @i meseperowsshilimavingd noresety Hiabis diyordard,seid fisozden b¢pg - phase

speci €S aNgsidlBiMAIHARE o FPAGHP R 14y SatefRY R [ BMaA kgl i1 m by

appl yi ng a vacuum ol sald porous i ehydr oxyl at ed nesopor ous
silica fildegaeesrecited in claim90, wherein said gas-phase species and said
physi sor be -tﬁc?aeCi es are renmoved fromsaid porous f I m by applying a vacuum
on said porous 'film 93. A dehydroxyl ated nmesopvrous silica filmas recited
in claim89, wherein said gas-phase species and sai d physi sorbed species

are remo~red from sahd PYOUS ik b MhmARPLHLRH sAa Sicithagis honni ng gas or

i nert gas,
polyoxyethylene ether surfactant,

14, The method as recited in claim 13, wherein said polyoxyethylene ether
surfactant is Ci2Has (CH2CH,0);00H also known as C13EOQqg or 10 lauryl ether;
C6H33(CH,CH,0),00H also known as Cy6EOyq or 10 cetyl ether; CisHyy
(CH,CH,0)1y0H also known as Cy3EO 0 or 10 stearyl ether; C;Hy5(CH;CH,;0),0H
also kmown as Ci3EQ; or 4 lauryl ether; C;¢H1:(CH;CH,0),0H also known as CjsEO,
or 2 cetyl ether or combinations thereof. '

15. The method as recited in claim 12, wherein said surfactant is in
combination with organic co-solvents and with a chemical agent selected from the
group consisting of a second surfactant, smaller hydrophilic molecular compounds

characterized by molecular weights of less than or equal to approximately 1150.

31-



94. A dehydroxyl ated nesoporous silica filmas recited in clai m9 JUNMTET ei n
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~ from the group consisting of trimethyl iodosilane, trimethyl chlorosilane, dimethyl

dimethoxy silane, demethyl dichloro silane, hexaphenyl disilazane, diphenyl

tetramethyl silazane and hexamethy! disilazane .

32. A method of making a mesoporous film with a surfactant containing
solution, the method comprising the steps of:

(a)  combining a silica precursor with an aqueous solvent, a catalyst and a
surfactant that is a polyoxethylene ether surfactant into a precursor solution;

(b)  spin coating said precursor solution into a templated film;

(¢)  removing said aqueous solvent, said catalyst and said surfactant to
form a hydroxylated mesoporous film characterized by a porosity that is disordered as
indicated by an abgence of a major x-ray diffraction peak in the range of 2 to 6 degrees
2-theta; and

(d) dehydroxylating said hydroxylated film to obtain said mesoporous
film.

33. The method as recited in claim 32, wherein said polyoxyethylene ether
surfactant is Cy;H;s (CH,CH;0)00H also known as C2EO or 10 lauryl ether,
Ci14H33(CH;CH;0)1pOH also known as C,4EOy, or 10 cetyl ether; CisHj7
(CH;CH,0)1,OH also known as C{3EOQ, or 10 stearyl ether; Cy2H;s(CH;CH,0),0H
also known as C12,EQ, or 4 lauryl ether; C¢H;3(CH2CH;0),0H also known as C4,EO;

or 2 cetyl ether or combinations thereof.
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35. | A method of making a mesoporous film with a surfactant containing
solution, the method compriging the steps of:
(a)  combining a silica precursor with an aqueous solvent, a catalyst and a
surfactant that is a polyoxethylene ether surfactant into a precursor solution;
()  spin coating said precursor solution into a templated film;
()  temoving said aqueous solvent, said catalyst and said surfactant
forming a hydroxylated film having porosity; and
(d)  dehydroxylating said hydroxylated film and obtaining said mesoporous
film,
wherein said porosity is disordered, lacking a regular geometric arrangement of pores,
and the pore structure is characterized by a major x-ray diffraction peak between
about 0.75 and about 2 degrees 2-theta.

36. The method as recited in claim 32, wherein said precursor solution

includes at least one other surfactant.
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forming a hydroxylated film having porosity; and
(d)  dehydroxylating said hydroxylated film and obtaining said mesoporous
film,
wherein said precursor solution includes at least one smaller hydrophilic molecular

compound characterized by a molecular weight that is less than that of said surfactant.

38. A method of making a mesoporous film with a surfactant containing
solution, the method comprising the steps of:
(3)  combining a silica precursor with an aqueous solvent, a catalyst and a
surfactant that is a polyoxethylene ether surfactant into a precursor solution;
(b)  spin coating said precursor solution into a templated film;
(©) removing said aqueous solvent, said catalyst and said surfactant
forming a hydroxylated filmn having porosity; and
(d) dehydroxylating said hydroxylated film and obtaining said mesoporous
film,

wherein said precursor solution includes at least one organic co-solvent,

39. The method as recited in claim 32, wherein said precursor solution
mcludes an agent selected from the group consisting of a second surfactant, a smaller
hydrophilic molecular compound characterized by a molecular weight of less than or

equal to approximately 1150, an organic co-solvent and combinations thereof,
40, The method as recited in claim 36, wherein said at least one other

surfactant is selected from the group consisting of non-ionic surfactant, cationic

surfactant, anionic surfactant, amphoteric surfactant and combinations thereof.
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solvent is selected from the group consisting of mesitylene, octane and combinations
thereof,

43. The method as recited in claim 39, wherein said second surfactant is
selected from the group consisting of non-ionic surfactant, cationic surfactant, anionic

surfactant, amphoteric surfactant and combinations thereof.

44. The method as recited in claim 39, wherein said smaller hydrophilic
molecular compound is selected from the group consisting of glycerol, propylene
glycol, ethylene glycol and combinations thereof.

45. The method as recited in claim 39, wherein said organic co-solvent is

selected from the group consisting of mesitylene, octane and combinations thereof.

46, The method as recited in claim 32 wherein said silica precursor is selected
from the group consisting of tetraethyl orthosilicate (TEOS), tetramethy! orthosilicate,
methyl triethoxysilane, phenyl triethoxy silane, dimethyl dimethoxy silane and

combinations thereof.

47. The method as recited in claim 32 wherein said aqueous solvent includes
ethanol.

48. The method as recited in claim 32, wherein said catalyst is selected from

the group consisting of inorganic acid, organic acid and combinations thereof.
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a dielectric constant less than 3.0 that is stable;

a film thickness from about 0.1 pm to about 1.5 pm; and

an average pore diameter less than or equal to about 20 nm,

55. A mesoporous film made by the method of ¢laim 12, comprising:
a dielectric constant less than 3.0 that is stable;
a film thickness from about 0.1 um to about 1.5 pm; and

an average pore diameter less than or equal to about 20 nm.

56. A method of making a mesoporous film comprising the steps of:

(a)  combining a silica precursor with an aqueous solvent, an acid and a
polyoxethylene ether surfactant into a precursor solution;

(b)  spin-coating said precursor solution into a templated film;

(¢)  removing said aqueous solvent, said acid and said surfactant to form a
hydroxylated film characterized by a porosity that is disordered as indicated by an
absence of a major x-ray diffraction peak in the range of 2 to 6 degrees 2-theta; and

(d)  dehydroxylating said hydroxylated film to obtain said mesoporous
film.

57. The method as recited in claim 56, wherein said polyoxyethylene ether
surfactant is Cy2H,s (CH2CH,0)190H also known as C12EO1g or 10 lauryl ether;
C16Ha3(CH,CH,0)100H also known, as Cy6EQ; or 10 cetyl ether; Ci3Hyy
(CH,CH;0)00H also known as C3EOyq or 10 stearyl ether; C,2H,s(CH,CH,0)40OH
also known as C2EO; or 4 lauryl ether; CisHi3(CH;CH;0),0H also known as C;sEO;

or 2 cetyl ether or combinations thercof.
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(d)  dehydroxylating said hydroxylated film with a gaseous silicon-based
organic compound to obtain said mesoporous film.

72.  The method of claim 71, wherein the silicon-based organic compound

is a silane.

73. A method of making a mesoporous film comprising the steps of:

(¢)  combining a silica precursor with an aqueous solvent, a catalyst
and a surfactant into a precursor solution;

® spin coating said precursor solution into a templated film;

(8) removing said aqueous solvent, said catalyst and said surfactant
from said templated film and forming a hydroxylated film; and

(h)  dehydroxylating said hydroxylated film with 2 gaseous silicon-based
organic compound and obtaining said mesoporous film,wherein said dehydroxylation
of said film occurs in altemating exposures of said film to a vacuum and to the

gaseous silane,

74.  The method of claim 71, wherein said silane is selected from the group
consisting of trimethyl iodosilane, trimethyl chlorosilane, dimethyl dimethoxy silane,
dimethy! dichloro silane, hexaphenyl disilazane, diphenyl tetramethyl silazane and

hexamethyl disilazane.
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coating,

77. A method of making a mesoporous film with a surfactant contzining
solution, the method comprising the steps of:
(a) combining a silica precursor with an aqueous solvent, a catalyst and a
surfactant into a precursor solution;
(b)  dispensing said precursor solution onto a substrate for form a
templated film,;
(¢) substantially removing said aqueous solvent, said catalyst and said
surfactant to form a hydroxylated film having porosity; and
(d) dehydroxylating said hydroxylated film and obtaining said mesoporous
film,
said film being characterized by disordered porosity and said film baving a
thickness of between approximately 0.1 micron and approximately 1.5 microns, said

thickness having a standard deviation of less than approximately +/-5%.
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(¢)  heating said templated film,

said dispensing and said heating collectively substantially removing said
aqueous solvent, said catalyst and said surfactant from said templated film to form a
hydroxylated film having porosity; and

(d)  dehydroxylating said hydroxylated film and obtaining said mesoporous
film,

said film being characterized by disordered porosity and said film being of
substantially uniform thickness having a standard deviation of less than approximately
+/-5%.

80.  The method of claim 79, wherein said dispensing involves spin

coafing.

81, A method of making a mesoporous film with a surfactant containing
solution, the methad comprising the steps oft
(a)  combining a silica precursor with an aqueous solvent, a catalystand a
surfactant into a precursor solution;
(b)  dispensing said precursor solution onto said substrate to form a
templated film; and
(©) substantially removing said aqueous solvent, said catalyst and said
surfactant from said templated film to form a mesoporous film having porosity,
wherein said porosity is disordered as indicated by an absence of a major x-ray

diffraction peak in the range of 2 to 6 degrees 2-theta.
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a film thickness from about 0.1 pm to about 1.5 um; and

an average pore diameter less than or equal to about 20 nm.

84. A mesoporous film characterized by:
a dielectric constant less than 3.0 that is stable;
a film thickness from about 0.1 um to about 1.5 um; and

an average pore diameter less than or equal to about 20 nm.
85. A surfactant-templated mesoporous dielectric film on a substrate
prepared from a silica precursor solution by evaporation, wherein the film is

characterized by disordered porosity.

86.  The dielectric film of clatm 85, wherein the silica precursor includes

one or more of methyl and ethyl groups.

87.  The dielectric film of claim 85, wherein the silica precursor includes
one or more of alkyl and phenyl groups.

88, The dielectric film of claim 85, wherein the silica precursor includes

carbon-containing groups.
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wherein said gas-phase species and said physigorbed species are removed from said

porous film by applying a vacuum on said porous film.

93. A dehydroxylated mesoporous silica film as recited in claim 89,
wherein said gas-phase species and said physisorbed species are removed from said

porous film by applying a flowing forming gas or inert gas.

94. A dehydroxylated mesoporous silica film as recited in claim 90,
wherein said gas-phase species and said physisorbed species are removed from said

porous film by applying a flowing forming gas or inert gas.

95. A dehydroxylated mesoporous silica film as recited in claim 89,
wherein said surfactant containing silica precursor solution comprises alkyl-

substituted silica precursors.
96. A dehydroxylated mesoporous silica film as recited in claim 90,

wherein said surfactant containing silica precursor solution comprises alkyl-

substituted silica precursors,
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97. A dehydroxylated mesoporous silica film as recited in claim 91,
wherein the surfactant containing silica precursor solution comprises alkyl-substituted

silica precursors.

98. A dehydroxylated mesoporous silica film as recited in claim 92,
wherein the surfactant containing silica precursor solution comprises alkyl-substituted

silica precursors.

99. A dehydroxylated mesoporous silica film as recited in claim 93,
wherein the surfactant containing silica precursor solution comprises alkyl-substituted

silica precursors.
100, A dehydroxylated mesoporous silica film as recited in claim 94,

wherein the surfactant containing silica precursor solution comprises alkyl-substituted

silica precursors.
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