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BACKGROUND OF THE | NVENTI ON The el ectronics industry util il®eling tric
materials as insulating | ayers between circuits and conponents of
integrated circuits (1C and associated el ectronic devices. Line dinensions
are being reduced in order to increase the speed and storage capability of
m croel ectronic devices (e.g. conputer chips). Mcrochip dinensions have
undergone 10 a significant decrease in the past decade such that |ine
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resi stance of the 15 conductive line and Cis the capacitance of the
insulating dielectric interlayer. Cis inversely proportional to spacing

and proportional to the dielectric constant (k) of the interlayer
dielectric (ILD). Thus, shrinking the spacing requires a lower k to

maintain an acceptable RC. Historically, silica (Si02) with a dielectric

constant of 4.2 - 4.5 has been enployed 20 as the ILD. However, at |ine
di nensions less than 0.18 microns, silica is no |onger acceptable and an
ILDwith a k of 2.4-3.3 and below is needed. -1 10 June 2004 Two general
approaches to making a low k LD are spin-on and chem cal vapor deposition
(CVD). Although both methods are capable of generating a low k |ILD, CVD

pr ocesges have the advant ag@AékG}?@@HD@# ?I-{EOIWEJ\llﬁ%ﬁ\I exi sting tool sets.
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requirements can be summarized by the expression RC, where R is the resistance of the
15 conductive line and C is the capacitance of the insulating dielectric interfayer. Cis
'inversely proportionat to spacing and prdportidna! to the dieiectric constant (k) of the
interlayer dielectric (ILD). Thus, shrinking the spacing requires a lower k to maintain an
acceptable RC,
Historically, silica (Si0;) with a dielectric constant of 4.2 - 4.5 has been employed
20  as the ILD. However, at line dimensions less than 0.18 microns, silica is no longer

| acceptable and an ILD with a k of 2.4-3.3 and below is needéd.
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20 atomc % of atb+c+d = 100 % a = 10-35 % b = 1-66 % c = 1-35 % d =
0-60 %9 will be refereed to herein as organosilicate glass, or OS | uorine
and carbon doped silica, having the general formnula, Si acﬁ-[ﬁli\é"?%lggei n the
atom c % of atb+c+d+e = 100% and a = 10-35 % b = 1-66 % c = 1-35 % d =
0-60 %9 and a = 0.1-25 %9 will be referred to as F-OSG The ratio and

structural arrarbesgateral approdshes t6imakeya 1KY Qe ard $piRldnhd chiznfitdl vapor
hydrogen atons in the final ILD is dependent on the precursors chosen, the

oxi dant, - Hepodifiod (T¥DR 0 thcaad Hohﬁn‘@t@d@@&@éﬁa&@&%éﬁ&ﬂﬁm%ﬁWkﬁ@DR’f\_/D

power, gas flow, residence tine, and tenperature. Doping the silica wth

carbon at OfBodtss8s BAY the HQHMBgE @NVBERG HBR: th UBfizd Bﬁsﬂiﬁgﬁf&o‘sie@ Ahghectric
filmfor several reasons. Organic groups, such as methyl, are 5
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can act to protect the resulting romcontamnation wth
moi sturg. Fhe bk Wolal) j @LE@ b%*k?:'ﬂ g h%. can
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are al so ué%m* eg%ga{:\}%sorr\e{?ﬁ.]p éﬁ"é’ .EMF.H? géé%c'gg%égﬁg&ﬁﬂ%@%&pé?’g into
the CSG a gt Cl?jen | ater "burned out" or oxidized to produce a nore porous
‘mat eri al Irchhwill inherently have a | ower k. The incorporation of voids

or pores in a l i i c.const.an terial will.result in reductions in
Che dl electric eonOERETHIbEe BT PRORR forasRelng i ectyp RO Matensivelghoes 7 A

i s benefickgh ..the amunt .of osSi incorporated. into the film nust be
bal anced vFER S REAE Yo Ra "t PR PRSRe e F9acton 2008 aBoro etubs B es

wil | ve on. the nechanic r rties of the film Thus the optinum anount
of poB Si tiP%alsﬁh%‘é’c%?ﬁE'%?‘fj %‘R’@%%gﬁ%ﬁt In pigzma gnhanced ghemieal vaperoiensaition
provi des I@%SE %abi I iéﬂ\{, t hus | eading to | ower k. Fluorine-containing
organic gr % le[uperatiire Freauired Joria disreBtien agd depesitionyis dyrically wi | |

al so serve to protect the silica fromcontam nation with noisture. 20 Wile
f1 uori nat &¥pteeen 10 ard 400 2 swhigh is generallydower than dermparsturan dequireddal cal
stability to withstand very high tenperatures (up to 500C), the material s’
properti eshg@ayCVD.ow wat er sorption, mechanical properties) are
susceptible to being conprom sed when | arge anounts of fluorine are

i ncor por at ed i ftanventionahsiéea 63i0FCVOrdielattad filmrspproducedhiremi $iHs pr TECOIS as
poly(tetrafl uoroethyl ene) despite having very |ow k values down to 2.0 25
or |et8, KaIN@CHeTHshdemaathylbitbosiinateytanidi Q4 havetadieleetriccranstant Wr greater than

experienced during subsequent processing steps involved in the manufacture
of an i nt édY. athete are seneral ways in which industry has attempted to produce silica-based

CVD films with lower dielectric constants, the most successful being the doping of the
P insulating film with carbon atoms, fluorine atoms, or organic groups containing carbon
7 “and fluorine. Carbon doped Silica, having the general formula, SiaOchHQ, (in which the
20  atomic % of a+bc+d = 100 %; a = 10-35 %, b = 1-66 %, ¢ = 1-35 %, d = 0-60 %) will be
| referred to herein as organosilicate glass or OSG. Fluorine and carbon doped Silif:a,'
having the general formula, Si;0,C.HyF. (wherein the atomic % of a+b+c+d+e = 100%
and a = 10-35 %, b = 1-66 %, ¢ = 1-35 %, d = 0-60 %, and e = 0.1-25 %) will be referred
to as F-OSG. The ratio and structural arrangement of carbon, silicon, oxygen, f‘fuorine,

25 and hydrogen atoms in the final ILD is dependent on the precursors chosen, the oxidant,



10 June 2004 Organic polyners in general do not possess sufficient

mechani cal strength for processing under current conditions., Al sQ

fl uorocarbon pol yners can have ot her drawbacks such as poo*Y0 é@l'l‘\%gpg‘ﬂ\,
potential reaction with nmetals at high tenperature, and poor rigidity at

hi gh tenperature in sone cases. 5 One way to incorporate carbon into an ILD

I's by usin I ' : | ( T I 1 con
sourve i n (e BRI Paseht Sorpset s Bl Tos v, e e dinfisd e
reaction ofy fp ﬁﬁl on conpound contai ning met hyl groups and Si-H bonds with
ni trous oxide ?’ ) oxidant to give an SICC filmw th a carbon content of 1
- 50 % by atom L ght low diglectric constant. 10 S. 159, 871
di scl ose net hyl ?ﬁ@@e(%)@@i qgr\f\f’:ortgtoﬁiss %-0593%@65%&56{%\[‘, rsg%kcﬂ?a?ﬁosi | ane
precursors to OSG.low k fil.nms. Materials with.10-33% carbon content, by
Rerght - andeR MR BR fih (TeuSBL iR PLE s Bicipe, SPnaImetubats, o
al., entitled " osjtion of LowK Dielectric filnms using Tripmethylsilane,"”
" ect r obHdPEGRCARLS, Hiehe Ml or fereroanig stoupRdoyee SdmposkTIEA Atias
the use of trinmethylsjlane in a PECVYD [?rocess to provide films with a k of
2.6 to 3.0P'QeHdbe Eeawléwﬂsce‘ﬂégew%dm TQELCHTAHIRANPN vith Mpisare.cAR€ ai ni ng
organosi |l ane precursors in producing dielectric films. For exanple, U S
5,989, 998 HICSRFR!NS af REOHYRBRLRS S¥sh % Metiel/pr Psivk can Rise servnie "PBeN exathpl e,
(C6H5) xSi H~., or (CHz=CH)xSi H4-x {x 20 is 1,2 or 3), and an oxidi zi ng gas.
WO 9938202sticiened die silied, popsibly l4adingstodewerdensity throngh seaga-filing with buky
met hyl sil anes wi th hydrogen peroxi de as the oxi dant and the addition of
oxygen to &Hdbenglst Kergasisarouns air asstwiel bepauss sorse functinpalilied candet he
oxi dant. WO 9941423 and EP 0935283 A2 di scl ose sil oxanes such as
H( CH3)18Si OsceropmiaHnty the3) 3G asl thendater "humled gt ot okidi2ed i Qragiluce 4 rasre
precursors for 25 PECVD produced OSG filns. -4 10 June 2004 Silyl ethers
(al koxysi | peresy mMataril which wikmhedingy heveed lawserpe. eChe moorpofationdf ebigistar pores
films. EP 0935283 A2 discl oses nethoxy and et hoxysil anes, such as
(CH3) 2Si ( Oatd3pw ciaielct(iCER) (428 Bat&ii4] @THRIs2I inreblucBoriBif, thé Aiethcsid agstard net hod
of formng thin polymer |ayers by blending reactive p-xylyl ene nononers -
Wi tg o?e qrrgpmtienajwmb 0 %?tmﬁpbnggitﬁ WHﬁécmsiWibiahan@Iamdt pdresiigt t wo
pendent carbon-carbon doubl e bonds, such as _

: - incorporated into the film must be balanced with the deleterious effects that the

| 15 . introduction of pores will have on the mechanicaf properties of the film. Thus the
optimum amounf of porosity will be material dependant.

Doping the ILD with fiuorine provides low polarizability, thus leading to lower k.
Fluorine-containing organic groups such as CF; are very hydrophobic, so their presence
will also serve to protect the sflica from contamination with moisture. | |

20 While fluorinated sifica materials have the requisite thermal and mechanical
stability to withstand véry high temperatures (up to 500°C), the materials’ properties
(e.g., low water sorption, mechanical properties) are susceptible to being compromised
when large amounts of fluorine are incorporated into the material. Flucrinated organic
materials, such as poly(tetrafluoroethylene) despite having very low k values down to 2.0
25  or less, have not shown sufficient stability to the temperatures experienced during

subsequent processing steps invoived in the manufacture of an integrated circuit.
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tetraal | yl oxysil ane. u. S 6 171, 945 di scl oses a process in which
organosilanes with "l abile" |igands, such as fornyl or glyox gro are
reacted with a peroxide conpound at the surface of the sub@ci‘éﬂ% @fﬁd ar
subsequently renoved by annealing to provide a porous I1.D. 10 U S

6, 054, 206 di scl oses deposition of a filmusing an organosilane and an

oxi dant, T @hrg@hRholindrS TPY&Heraf dd Nt Jos Q! i AAE Bl §tP§rgftﬁI‘ Wi th an

Oz plasma to generdate a porous silica materia I'S typr ca pr epar ed

xanple. VB EeHng3 gL B ESHRENIE Moo MERBMar boER %éeb@”gsj -
SRI3n0% | B ERY N S Wb AR Bl Pk o mwﬂgﬁg&g@ﬁ@@ tdrpelbehd

JP11-11171 escrib reparati from

(CF3) Si ( re with OZ to generate an

i nsul ati Sﬁ%ﬁi"%gpgi'ﬁwgﬁ!ﬁ% egﬁ%%g@ré %HT%E ; 458 teaches t hat the use of
sp2-hyhlridi zed . F bon %hos 20,1 CGFSE S refer bl e due
SR Uk A NE LI RN T L O
the resultan JP10- 088352 di scl pses .t ossi bl e f

(R 0o ( FOBmsTapes (T Siinrs s Alicarssoires i B8 Sy i dsaeson s viiSes1azs and
non-fl uori ed chajn) as a pre or for a fluorine containing
silicon ox{ﬁ EF‘??W Aegcrige ghegr aﬁfﬁgfdeééﬁ' UL CQRROISEqNHiRing SeetByl groups

fl uoroacetate_ 25 substituted silanes as jnsulating filmprecursors.

ronever oS EoE s i oG onealo Qe SIQE filfa With 21agsbon
preparatr on.of fluorosilicate glass (FSG, not F-OSG filnms. -5 10 June
2004 |nadetmrﬁ@i£1ex$%% bha@mmémgwakq!me\}wwmcrwcé@meé@ts and t he
corresponding !'LD filns. One problemis that it can be difficult to include

all afl@ns or fuH&: Gt 811 dsclase metiylsianenECH IS {xtih&-43 assuitatde GVELr
nol ecule, in the desired ratio to produce a SlaCCHd or Sie®CHFe film in

whi ch t he Qrgamsﬂanem&cum ta@bEclov-kefilms] dlskprialnwith 19-33% 3Brivin dontent, by 66
% c¢c =1-35 % d = 0-60 % and a = 0-25 % Heterogenous m xtures of
pr ecur sor svejaint, aed kdess, thanB.G sregeperieécess desi r abl e to a single-source
precursor for process reasons.
An article by M.J. Loboda, et al., entitled "Deposrtron of Low-K Dielectric films
using Trimethylsilane,” in Efectrochemical Soc. Proc., Vol. 98-8, pages 145 to 152,
15  describes the use of trimethylsilane in a PECVD process to provide films with a k of 2.6
to 3.0. |
Other patents describe the use of phenyl or vinyl containing organcsilane
; precursors in producing dielectric films. For examp!e, U.S. 5,989,998 discibses the
preparation of PECVD low k films from, for example, (CsHs)«SiHax or (CHz=CH),SiH,., (x
20 is 1,2 or 3), and an oxidizing gas. WO 9938202 discloses dielectric films deposited from
phenyl or methylsilanes with hydrogen peroxide as the oxidant and the addition of
oxygen to aid in the association between the silicon compound and the oxidant.
WQO 9941423 and EP 0935283 A2 disclose siloxanes such as
H(CH3),SIOSi{CH,):H, (CH;3);SiOSi(CH3)s, and cyclic (-OSiH(CH3)-)4 as precursors for

25 PECVD produced OSG films.



The deposited ILD filnms should be able to withstand tenperatures up to 450
C, since sone Si-H, Si-C, CGH, or CF bonds can be broken at high
tenperatures. Release 10 of F ions or radicals can etch t hE0 dunen2BP4 ot her
conmponents. The low k ILD nmust al so have suitable machanl cal strength. Wen
new low k filns are substituted for traditional Si QZ, subsequent

i ntegration pr O‘éﬁgﬁetﬁéégﬁlkﬁiﬁuéﬁ%ﬁﬂ%@é’ﬁlsgm%eﬂ PRI rb Rl Lt A1

up to subsequen roces €em Cca anar | zat I on

et ot hg_ aniTiR i goosea AL Elshinsd relitdd B ?Seé éi’au”?e?gﬁﬁérﬁét( SR
G ol oot fﬁ@’c@"ﬁ@%é@@iﬁ% Beanu BB AR bl f/fﬁemlahéé@ RIS i o

the range of 4-11/ 5-1.4 GPa y
El ect r ochefY&S) b¥ E“ pg reastiye P%&%ﬂeﬁﬂ%ﬁs M“% O”Mtrf‘a’& C%O”%rs)ha’z‘b‘g
Precursors which are safe to handl e and possess |0 8 she ves (greater
than 13eaticaeogessenEseids G35t Brao S O SROR FOUBRAINES g apnc
nmet hyl, dimethyl, or trinethylsilane are all highly flammble gases.
Final |y, thFagljiexys§iSosilicon precursors need to be readily available and
af fordable. s 10 June 2004 Despite the foregoing devel opments, there have
not been any exHrbiEet? 1944 disclpsesor PEacess inawhish etaadesianey withtabile” ligands,
desired nechanical and electrical -properties that are paranount for
i nt egr at i raychaw fierray! oF glyoxyl grenpse Aiealegcied with 2 geraide aompaundsat theheurfasedf
therefore remains for precursors of lowk ILD filnms that solve the 5
probl ens dbesubsirate, and srelsnbsgnuently tersoves] bysanriealing thprowidgespeobed-Ribove.
BRI EF SUMVARY OF THE' I NVENTI ON This invention is directed to a nethod of
maki nd0! LD fi | nid.Sh& 054206 disaddse3.depositibe oba fijn ebiagan grg8nesilahe asd aoy
chem cal vapor deposition (CVD), such as plasma 10 enhanced CVD (PECVD) or
ther mal  CedRidans ifoltpweaeny fermoval gidhe srdancocorpparent soths fiirfitwith am@g plaisoma tos
also directed to the filnms produced therefrom and to nmethods of using the
films. Thegeheratd aldotbdsd dilivm materible deposited as either OSG (Si aCeCHd) or
F- OSG

F-OSG is typically prepared by CVD using organosilane precursors with methyl or

phenyl C-F bonds. For example, WO 9941423 discloses the use of PECVD for a
15  number of organosilane precursors with sp*-hybridized C-F bonds such as (CF3)SiH;.
| JP11-111712 describes the preparation of films from the deposition of
(CF3)Si(CHj)s, followed by thermal treatment with Oz' to generate an insulating film with a
k of 2.5t0 2.6. |
U.S. 6,020,458 teaches that the use of spz-hybl_'idized- C-F bonds, suéh as those'
20  in (CgFs)SiH3, is preferable dde to the stronger C-F bond sirength, leading to greater
thermal stability of the resultant ILD films. | -
JP10-088352 discloses the possible use of (R'0),Si(OR),., (R' is a fluorinated
alkyl chain and R? is an non-fluorinated alkyl chain) as a precursor for a fluorine '
containing silicon oxide film. U.S. 5,948,928 discloses the possible use of fluoroacetate
25 substituted silanes as insulating film precursors. However, both JP 10-088352 and U.S.

5,048,928 are directed to the preparation of flucrosilicate glass (FSG), not F-OSG films.
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(SiaOCHdFe) filnms (wherein the atomc % of atb+c+d+e = 100% and a = 10-35
% b =15 1-66 % c = 1-35 % d = 0-60 % and a = 0-25 ¢ d&n oxhg nt such
as N\zO @2, 03, or HZOZ may be used in the CVD reactor, but vy

required in all cases since many of the precursors al ready i ncor porate Si-0
bonds. Novel porous ILD filns may al so be produced using these specific -

or ganosi | i con priassdiaEes e?ﬁ?lnsdlﬁfénil%ﬁn&ﬁﬂ@Wbﬂeb&@ﬁ@éﬁcﬂﬁ"&%?és%n&@

invention are silyl ethers 20 oligoners, and organosilicon

conpounds  ¢pad abRkRHISAG m%?.t%ﬁ%%.fflmfeto%ém&e Sﬁ Q?ﬁs Qéwhéﬂv@eag.gasgagléé@gn

can have a structure as shown in structures
| nt eger gfl %Q'I% }f]gisarﬂ%ﬁflscérs ?f}%; %?u'lel\s/rffﬁ 'Jétsﬁgg atfg togprﬁguc%a si, o8 HLWe
f2:)04R~~tlg hrg) o) TR TR B2 one 87 " FroF & 2P 1,
Si ~
(RESi VS HRS 'ag”ﬁq*lﬁ 3} '%Wa%'h%ﬂétﬁg%@f"@éﬁ B8t 59%5%8** 5 o350
f”mat:élt “Le'pa@:gf’way@a‘r%f%n 6% it B ¢ e&lglssﬁﬁéa“f fsl%aﬁf ally or
U1 LR A8, 2SI i e 2 7
fluorinated, or ful I%’fl uorinated nethyl, ethyl, propyl, isopropyl,

cycl opent ypfocg%re@ﬁ met hyl cycl ohexyl , phenyl, and tolyl. RZ can be one
or nore of a to Cl2 substituted ?r unEubstltut ed aromatic such s 10 as
phenyl , tolyl, BPE H%Pﬁsétﬁ"@t”l‘glrbﬂ%ﬁm”dﬁe\a BdPiRetEad §?W§P@r§‘ﬂr5§t‘#ﬁltﬁ 45Br@nched
chain or c cIoaIkyI up to uch as trifluoronethy

“pent af | uor B&EhSAME SHp &FEi Eﬁl"fl y°rc9 F‘fQﬂ“ﬂ? cpp grekancat rh@’b?ﬁigﬁftfa@fﬁﬁjp‘?e'%ﬁﬁl as

C6H3FZOr C6F5. R can be one or nore of R2, a Cl to 6 linear or branched
al kyl 1001 of Fdans gr taglicads can etch the film or other components.

The low k IL.D must also have suitable mechanical strength. When new low k
films are substituted for traditional SiO,, subsequent integration process steps are
impacted. The deposited films need to stand up to subsequent processes incfudihg
chemical mechanical planarization (CMP), cap and barrier layers, and photoresist

15  adhesion, stripping, etching and ashing.

Studies have indicated thét current OSG candidates produced from
trimethylsilane (3MS) or tétramethylsilane {(4MS) limit the dielectric constant to the range
of 2.6-2.9 with moduilus/hardness values in the range of 4-1 1/6.25-1 4 GPa (Lee et al,,
198" Meeting of The Electrochemical Society, Oct. 2000, Section H-1, Abstract No. 531.)

20 Precursors which are safe to handle and possess long shelf lives (greater than 1
year) are also desirable. Silane (SiH,)is a ;iyr'ophoric gas, and methyl, dimethyl, or
trimelhy!sf[ane are all highly flammable gases.

Finally, the CVD organosilicon precursors need to be readily available and

affordable.



substituted or unsubstituted cycloal kyl, such as nethyl, cycl ohexyl,
phenyl, or tert-butyl. R4 can be one or nore of a Cl1 to C6 |inear or
branched al kyl, C3 to C8 substituted or unsubstituted cycﬂ&ﬂUQﬁ?OQﬁ C6 to
Cl2 substituted or unsubstituted aromatic and can be partially or fully
fluorinated. Exanples of R. are unfluorinated, partially fluorinated, or

fully fluorinat @esrﬁﬁ% R 50 BelRinerfldngfRSauL 20 bolh By Adingisk 1 neS' R 2

OR4 OR-((R30)-Si - R June es 0 unds
then%e” w;g qgﬁ%s%@%@g?@%%@?@a@% awaf%%fr%'arﬁ%jgegﬁas
s R AR ol SRRl ol o b
8 Lgitur(rao\lfj\nthoﬁm @%%ﬁﬁ%re&%?':r:;afwﬁ S5 g lopf Il s S =G egfw the K
advan%/ ‘ﬁ’b&?%as?ciagﬁﬂ'émé?@”’beeﬁHﬁgfﬁ ﬁy'ér?\?F &Pseﬁg\ﬂ:‘%‘ads? %ejc bonds, to

dope or ganl c or organofluorine, groups into the ILD film instead. of
silanes having only Si10 C and Si-H bonds is that Si-O C bonds are nore
convenient to formthan Si- Eonds &g ition, starting materials for
silyl ethers are readily a B! EQWWY x%!ﬂ"\é% TN silyl ethers are
safer to handl e_t han silanes. Most of the SI|)L ethers described in this

i nvention are fIAmAYNECN iselifeated tm methed ok makingi IHA)fims havipg edpelbi-Fer gas,
and nethyl-, dinethyl-, and trinmethyl-silane are highly flammabl e gases. 15
The or gand8ss. iPEefarabies of iess @yﬂeﬂmahwﬁ@orr@@@smoré(@ngychawlasm gener al
structure R ~.xSiRsX in which x is an integer of 1 to 3, R is as described
above 1Por enhapeed,e¥B (PEQVD), Oréfmtﬂﬁ!BCNB usingseetifie otgaposiiicon preautsorse Thimup
is typically defined as chem cal bonds) between two (or nore) atons which
can be br dreantionisgjsadineciedrtd therfiiomproglicedh reggfromsant toanethdds of usisgthet in a
t hernodynam cally preferred configuration, 20 and has a propensity to form
new cheni déhs.bonds or crosslinked structures with other chenical species.
Reactive groups can aid in the crosslinking of the deposited fil mwhich
enhances t he t héertaw kit Biilrs tgn aedemmmmlhesmmlmmcm)m A-OBGE il m
Exanpl es of reactive side groups include C2 to ClLO epoxides such as

et hyl ene @0 b%F ) Einy (whereiartieg atbhit 8 Giechdxy Eatdgss soth =aR0-88 W =
acetate or ethyl acetate, C2 to C8 25 al kynes such as propyne, ethyne, and
phenyl®t hylri§ %Cd =t B3E86,d 2030 % ahd as (0-281%). ath exidantlsuéh @asthNadi, €3e09for 1, 3
cycl opentadi ene, C3 to C5 strained rings such as _g_ 10 June 2004

cycl opr op&he, oaybeayseddib tiseD¥D readdoChut maiChot be gsyuired gf al PesesSiride rﬁ§ny
tert-butyl, tertbutyl oxide, or adamantane, that can sterically hinder or

strain thef thegrenssors @rsady iBcorporite SECaRIdes NvePs@ra09HiD fileRmapEReBEdS
containing reactive groups are trinethylsilylacetyl ene,

1- (tri met pyddatéd Lging thksbgpadiie bryanbsiliemt frebsrsbisl. cycl opent adi ene, 5
trimethylsilylacetate, and di-tert-butyoxydi acet oxysil ane. BRI EF

DESCRI PTI ON OFTREYEERAic MHEHEHQBHBHECLMWON% friventich érla@nﬁ difers PGt diferd OF
conparati ve exanple 2 inventive exanples 1,2, and 3. Absorbencies were
nor Mo z edligofndrs,| dndt dirg 8kdxAR5n 2BFhpbasH d:d?@alﬁﬁbfr@éctfv@rgr&!p%r_ Ity.

The silyl ethers of this invention can have a structure as shown in structures | -

VII, below, where x is an integer of 1 10 3, y is 1 or 2, and z is an integer of 2 tc 6.



10 DETAI LED DESCRI PTI ON OF THE I NVENTION This invention is directed to a
nmet hod of making ILD filns having a k of 3.5 or |ess, preferabllaé 82r | ess,
by chem cal vapor deposition (CVD), using specific organosWiJB 200
precursors. The specific organosilicon precursors of this invention are
silyl i5 ethers, silyl ether oligoners, and organosilicon conpounds
containing reactive groups. Table 1 and 2 present exanples ofgsilyl ethers
of this inventjon haying stryctures |-VII, | GL-u-d-iS’!Ré{hose iA Wi ch, the
silyl ether (RYOhSiRnag) i gde0),SitiR 19 June 2004 TABLE 1R gavSiFklgcon
Precur sor Exanpl es of SubstituentsSpecific 0]

Exanpl esphenoxytri net hyl sil ane(Rz0)xSiR h. X~x 13 R = H, CHs, OCzl—ls,
CsHs, O Si (CH3) 3('CHS) ~YCsHY (Y :”1- 5),
(tert-__ ~ Bu) CGH4,’”cycI iC -V
CoH'2-tert-butyl pfi enoxy- Rz = CsHs, (CHs)CsHatri nethylsilane. (OCH3)C6Ha,
(CH3) 506, (tent-(H3C 3eBu) CgHy, 0—R*0

Cycl | C CgH7~1O SI ( CH3) 3di et hyl etﬁgoxysi | ane( P{SO) >§Si HR 1~~x;x =

1- 2( CH3CHz ' S HC GHR=Z BB- RCIJ-B i i - -Si-(RM_-R?

Rz %sv > Si 350, met oxﬁa’ﬁh@l siFI{ a(rgg( @Bsd)(st?)HFm) 1, 2-
bi s(trinmethylsiloxy)ethane(CHz) x(OSi ¢

1-6(CH3) 3Si OCH2CH20Si (CH3) s1, 4-bi s(tri nmethyl sil oxy) benzene( CHs) x( CsHa- x) (OS
iRs)zx = 0-4(H3C) 3% 0 ~ ~ ‘ \ VIl

OSl (CH3) 31, 2-bi s(trinmet hyl sil oxy)cycl obut ene( CxHY) (OSi R 3) zCXNY i s
unsaturated orGOSi (CH3) 3 , saturated cyclic, branched, orlinear hydrocarbon
groups OSi (CH3)3x = 2-10 ; Y = A _ o

4-20( 1, 2- phenyl Rhesh ba yhdiormidny o Hl fisine hibtanched or straight chain C1 to C8 alkyl,
0-4(CH3) X(CsHa-. Oz) (SIR z)~Si (CH3)z o -11 10 June 2004 cyclic

1, 1- di met hy€3 1o ©8l abdtiteldd &) urstbeR)iédidrcldalkyl, & 0¥ B ¢t Dyayghahgxane - CO
Si(CH3)2 O 1,6-bis(dinmethylsila)-2,5,7,10cyclic x = 0-6 tetraoxacycl odecane
(G " (25 X( QrieuB3 (St RramatiGba s3SI fully AUIARIRSIO1 toTh SRS ngg?

cyclic x = 1-6 1,1-dinmethyl-1-sila- 2-c¥xacyc| ohexane (%) )%(%-lz ?giﬁm 2)
~H3O) ZS' QuubriRatd 03 ooy ERisMRL M Gartisly Gy iuckihRecdidE) 2 = 2-6 |
B0 ZS Aubiratdl U3 80y %543% _1|ga_ y @iy udrinReD Sl 2 aRmatic: |
Examples of R' are unfluorinated, partially fluorinated, or fully fluorinated methyl, ethyl,

propyl, isopropyl, cyclopentyl, cyclohexyl, methylcyclohexyl, phenyl, and tolyl.
R? can be one of more of a C6 to C12 substituted or unsubstituted aromatic such
10  as phenyl, toly!, or pentamethylphenyl, a fluorinated straight chain, branched chain or
cycloalkyt up to CgF45, such as trifiuoromethyl and pentafiuoroethyl, or partially or fully
fluorinated aromatic group, such as CgHzFsor CgFs.
R’ can be one or more of R?, a C1 to 6 linear or branched alkyl, or a C3 to C8
substituted or unsubstituted cycioalkyl, such as methyl, cyclohexy!, phenyl, or tert-butyl.
15 R* can be one or more of a C1 to C6 linear or branched alkyl, C3to C8
substituted or unsubstituted cycloalkyl, or C6 to C12 substituted or unsubstituted
aromatic and can be partially or fully fluorinated. Examples of R* are unfluorinated,

partially fluorinated, or fully fluorinated methylene, ethylene, and phenylene.



10 June 2004 TABLE 2 Organosilicon PrecursorExanpl es of
SubstituentsSpecific ExanplesR and Rz are the sane as

i nPent af | uor ophenoxyt ri met hyl (Rz~0) XSI R ~~x~Tabl e 1silaned(sune 2084 - - g -~
=R, F, CH.rFr (y =1-3),F OSi (CH3)3CzHs-rFr (Y = 1-5), CsHs-rFrF F(y =
1-5), (CH~.rFr)CsHs (y =1 _3) - .- cyclic

C6H, ~-rFr (y = Ny e L ot s br (Y
= 1.3). CzHs-r F?@Eﬁ?@%@%éﬁ%@?ﬁy&wﬁ@ ?’%r‘ﬁ%'lf'i’%% sinEoftdring”
1-')~ ~ i ”ﬁ“:& b ) & s~ ko3

cycli cdi _rre%ihosi? yﬁ?ﬁﬁy’l F1UOT 0SY éné@?—%— §r Er'f_ :(@(EE%)@O-B)(G-BO) zSi F ~x=

0-21 et 1t | vor oobRUHHTEE Y e aRaerlats aRbAY ofoups. with one §i-0 bond per

T (PR R QX G R 1 (PRRu Ao Bat b L RBPBRS RS =
F1, 1-di_nethyl -1-sil az2, 6- CHz-1FYO 2§ R47Z, X, =

0- 6di oly?'gﬁ e@é‘ﬂl qngfcﬁejgirg ﬁg&&ﬁ%pﬁgrg%gécﬁa s{ructu?ezi@, E“ i< a )éndentate alkoxy structure

Si (CH3) zFzCG-Q1, 2-di fl uoro-1, 2-di met hoxyR ~- (\g R'@%/Z~ SiRZ~r)x R ~x_= '

2- 6di net hywit 4o girf@ypondsperdigrogerin pirygiuies \f Red Yartee Bs afkoxy gpup forms
Si-FCH3 CH3 -13 10 June 2004 Table 3 presents exanples of organosilicon
conpounds BiidgRd sideturasavith W $ir8iesds. TABLE 3 Organosi | i con Precursor

Exanpl es of Substituents Specific Exanples 3-glycidoxypropyl

R 3Si ( RB) CH( O) cMmaRer gdyaniage danaina sily! gthpap pethis inventies; RYRY Si-Oahdords doR |
OCH3, OCHZCH3 /-~ RB = (CHz) X, (CHz)xO(CHz)r (HsCO 3Si' QCHz) X~ x= 0-4,

= 0-4 O x depe-igaylic et erioapefuarisegyeypsdetothe HeD Ring Sngters pieilanesihrvigg only Si-
(113C)3Si-CGCSi(CH3)3 x = 0-4 trinethylsilylacetytene R 3Si (CHz) xC CR

( H3C) 3G - € @dHSikH-bondg, is thahSi-iCdidnds pae atoye eprveRiegStO{oOHARTCSi-Conds. In
(H3C)3Si0-CG G H CXHzX-a is straight chain diene,

2- (tri met Agdiiohydtartihg rat85l¢ Qyrisigbedhers are dolilp avaitibEnandvin@Sper@ivd;- 28d silyl
straight chain diene, 1-(trinmethylsiloxy)-1,3R 3Si0(C Hz,.3) x = 4-6

but adi ene ethiers 88 SHBbQoThandle than silanes. Most of the silyl ethers described in this

invention are flammable liquids, while silane (SiH,) is a pyrophoric gas, and methyl-,
dimethyl-, and trimethyl;silane are highly flammable gases. |
15 The organosilicon. precursors containing reactive groups have the general
structure R'.SiR%, in which x is an integer of 1to 3, R’ is as described above for
structures i-VII, and R%is a reactivé group. A reactive group is typically defined as
‘ chemical bond(s) between two (or more) atoms which can be brokeh using a minimal
amount of energy, is stfained, or is not in a thermodynamically preferred configuration,
20 and has a propensity to form new chémica! bonds or crosslinked structurés with other
| chemical species. Reactive groups can aid in the crosslinking of the deposited film
which enhances the thermal stability and mechanical strength of the ILD film. Examples
of reactive side groups include C2 to C10 epoxidesisuch as ethylene oxide or 2-
ethyloxirane, C2 to C8 carboxylates sqch as methyl acetate or ethy! acetate, C2 to C8
25 alkynes such as propyne, ethyne, and phenylethyne, C4 to C8 dienes such as 1,3-

butadiene, 1,4 octadiene or 1,3 cyclopentadiene, C3 to C5 strained rings such as

-9-



-14 10 June 2004 C%izx.s is cyclic diene, trimethylsilyl '
R 3Si (cyclic-CXHzx.s) x = 4-8 cyclopentadiene (HsC)2Si~ i x = 1-2
4-(tert-butyl phenyl)silane R 3Si (C6H5 x) (R9) X RO = steri cé‘lq'iﬂrﬂ% i ng
group, (CH3)sC, (CHs)zCH. Si(CH3)a-rHr HSy = 1-3 v
t,2-(di methylsilyl)benzene H HsC)zS~ H(H3C)zSi x = 1-3
Tri met hyl sj FEobD ) 5 y . .
D1 - er (b T Ea  o Ee (FL SIEATR o&™ s et i o
The or ganogyg,i S tRStd i i SRR al 1y
avai l abl e %Lr‘twcogﬁ@b‘glr pr epaE?EEe ,grilatmcgr%tiﬁ%‘é%ﬁ:h@%@*ﬁ@ﬁé@%ﬁesi 8?'
commer ci al b : j : L

n%r%éﬁﬁr‘éﬁk E’Pérﬁpl% gfé@?ﬂ%%gﬁng%ﬂﬁduﬂ' &y htrarﬁ'ﬁ@/ t‘e%'g?le@ﬁroups are

di met hoxy yl'si'| ane, yI'trimet hoxysi

bis(trinet i ene,. 1. .- 0 : g

(et met nyl ST RRES e Tt e o RteR e L Eresidnibisreiong tagiege,

di -tertbutaoxydi acetoxysil ane,., | eneral .. conpaounds containi ng Si-OR bonds
such a? thtggéwi'yﬁs”glltaf:ﬁ%?%F@Qtdﬁ?rggb&ywc’%&%’%%?abl e fromthe exchange
reaction of Si-X with an al cohol RCH containing the 5 desired R group
(Eaborn, Organosiiicon Conpounds, Academ c Press Inc., 1960, p.288). Goup
X is usually a hal} ' - i ' ,...Qr anot her
transfer group, sé%ﬁ@gﬁﬁaﬁﬂﬁNgéﬁgﬁgw&ﬁé%)%@ﬁNg pr epar ed
in greater than 90%yield from (%FBCHZO—I and CH3).3Si ).ZNH, with NH3 bei ng
the only bypr ogﬂet"% W3R gRacta gr corgparaliyqsp I3 ngriiye examples\ydd, . 33,
pages 5465-54T0). 10 Simlarly, the cyclic conpound (CH2)(CH20)2Si (CH3)Z
can be pr @drkd asosbenoes wersaoralized ipdim fhickneseans pageline affset for sldsivedi ol |
with the byproduct being renoved as nmethanol (R H Krieble et al., J.
Chem 1&oc, 1947, vol. 69, pages 2689-2692). The bridged conpl exes are al so
prepared fromthe diols, such as in the reaction of hydroquinone with
(CH3)3Si O to generate DPETAIYRIHDERGRIPI(QNIQN THFRINMENTION. The use of silyl
ethers of structure types I-VII nmay al so be advant ageous when form ng
porous fil ns bdbiigeentivs indippnied tgpa mathod ofmakieg 8i0D B havinde kaé Bdsort ed
filmcould be renoved after deposition by various thermal or plasnma

met hods, fessuprefargbliy 3 ox 1dds| by shéhicabvaitr dépdditinn (CViD)ensing@pecifibe bound by
theory, it is believed that the use of bidentate 20 silyl ethers (structure
V) as preganssiliconprgclieas. tThet spachicadgaridsifioon prevpeiresf this ihtentionaes iy
phase that facilitates deposition of species that ultimately |leads to the
i ncorygor agihers, eflyl etee Dliggméneanke pagirositedr tompdeRislcohtghindg rdR¥es gdapsi ty
and thus a lower dielectric constant. The reaction of the bidentate silyl

et hers can occUablehrsndhpidsent exammieoof syl dtREGEIT thik Nevehtid® Raviby sthudksret he
di mer shown below. --~s

I-V1l, including those in which the silyl ether may be an oligomer.

-10 -



10 June 2004 H2 OC RZSi~ ~CHZ \ OCH2 /SiR2 O HZC O HZC~ /| SiR2 GO HZ

This type

essentially tenplating the silicon,
Anot her attractive aspect of the cyclic bidentate silyl

structure.

of structure type I
ring strain which leads to ring openlngAQggwnerlzatlon

at hi gher

of

or 51|

ring expansion nmay aid in the incorporation of por05|t
and oxygen at oh

car bon,

Vis that ring sites of

Rbper

ethers
| ess than 7 contain
illustrated bel ow,

Jupe 20

openi ng

formfllmE @g

openi ng Ci
tenperatu
structure
films bec
coul d be
resul ting
structure
- bonds in

huse the organic poy
renmoved after depos|

f he precursor

tenperatures. O iR2 ---- O-gi ~~ O-Si ~O~- O R2 RZ 10 The rlng
L I N 9]0) >I LI OT1 1
s e W e A S e i L

AN be controlled by

(@Qgrél g filmdepo

‘Whd VI nmay

inafilmwth vo
type VII may be adv
have

the energy of the RF p
SxFileh. The use of brid
also be 15 advantageou

ﬁ E{/H%Q hor

€ ¥her ma
CKSIHgEb@gHg,S(g =0'f 5£| tefﬂ- et

ﬁ@b e?éﬁ? i°39§ *{ th Llr lmmh

phemoxytrimdthylsiémet | on
ilyl ethers of
form ng porous
e %e@&*ﬁbd film
¥l asma net hods,
her..oligoners of

precurso&%Fbecause Si -S
| AUl ReeNg®- speci es

such as sjlylenes or silyl rfadicals during deposithﬁnéf Englghly
reactive [species can aid in pﬁ%ycﬁﬂ;zGHDQ@Hand Cross |nk|ng In the final
film__ 10 June 2004 The (s rga I con pre contalnlng
reactive jgroups, such as’epc%ﬁﬁggﬂﬂﬂg C%i and .oxylates may
aid in the pol ymerization of gd)gsm l;ye].@rcs';-h{a subst Hat e. TISECH3)3
unsat ur atled carbon-carbon bgnds will crosslink, and the eljoxides can
participgte in Si-O bond fonmati on. The f|In1der|ved fromthese precursors
' dimethylethoxysilane
(R?0),SiHR " 3. x=12 " (CH3;CHZ0)SIH(CH3), -
R3 = CH3, C2H5, R2 .
dimethoxymethyisilane
(CH;0),SiH(CH3)
e 1,2-bis(trimethyisiioxy)ethane
(CH2)(OSiRs) X = 1-6 (CH;)sSIOCH,CH,0Si(CHs)s
‘ 1.4-bis(trimethylsiloxy)benzene
(CHa)x(CeHax)(OSIR'3), | x = 0-4

(H30)3SiO—QOSi(CH3)3

1,2-bis(trimethylsiloxy)cyclobutene

1 (CH,)(OSIRY), CH, is unsaturated or OSi(CHs)s
saturated cyclic, branched, or I ‘
linear hydrocarbon groups OSi(CHa)s
Xx= 2-10;y=4-20
(1,2-phenylenedioxy)dimethylsilane
cyclic x =04 o
(CH3){CsHenO2)(SIR'2) @: O)Si(CH3>2

S a11-




5 will

stability and strength of the filmiIn the preparation of an OSG
insulating fil mby PECVD using the organosilicon precursoﬁ@
the organosilicon conpound is preferably a liquid or a gas with a

above,

- boiling point bel ow about 250 C at atnospheric pressure.
organosilicon conpound is introduced in the vapor

chanber i
tetraethy
conponent
wth a sp
I n precur
necessary
conpositi

be OSG with crosslinked or polynerized substituents that enhance the

T Vi

The 10
hase to a reaction

Ncycligystem simTar
rthosilicate
}F’rz)t E‘zQIZ@Pean be

cific ratio of sil

sors such as (C6H50

for an OSG or an H

on of the filmis 4

(TEQS) (U.S. Re36, 623).

p
0 that typrcally used
The
%3 Q€t ed by choosing a
i con, oxygen, hydrogen,
Si H3and CF3CHzCSi ( CH3)

or1-4
rat”gkmﬂggﬁ?%%zgkh Fe

diokaeycikahesangr ecur sor
c , and fluorine.
3,/ al I\of the atons 15

-OSG fil mare present i
| so dictated by the de

posi

n \one hle. The
'Gh rate of the

A O

or ganosi
i ntroduct
hel i um 3
(Qz), ozg
di oxi de (
.can opti g
pr ecur sof

arreTeter Tat AT
i on of the organosi
rayalic krypton, neor

B S8 1
nal Iy be added, but
cont ai ns oxygen ar

Ao icad. ac ah Ql‘lrll

gt roxi de (Nz04) and/ or

gas—Ts—optto
|l i con precursor. Exanpl
,X=a0e nitrogen. An oxid
ide (N20)) nitric oxidg
H
may not be necessary iif
d 510 bonds. One or nor
flun :n fhn rnag‘t_l__g_n_g_;

ert—car+ret

gases nmay
Exanpl es
~s’ 10
speci es (
oxygen- pi
gas, the)

)

L= AP = A T v o g

& Lori ne- provi di
{enr; LLHON SIR'?
f molecule to unct
oviding gas and the
oxygen provrdrng g

hy o ak-ant

hs and the fluorine pro

|’fg' 6z§ses are CF,, CzFs,
thin the scope of the i
ion as nore than one of
fluorine providing gag
oxeannlao it

oac.oc L.

RSP 28 10
aetrao:sawbroasCaneyg.en
20 ( rogen

ydr%geh per oxﬁe\ (HZO2) ,
\Or ganosi | |/§'6-‘r'r*a)z

e fl uoommzpmpvmdr ng -

vention
(Ha@)zﬁ'f

r a single _
ecursor gas, the
That ! i he precursor
i di ng re not

|o nassihlo . tao 5 11so

- n—a post-treatment. .
Thdisnethydl-pita-2gragyciohexane

necessar i
di met hox
silicon,
gas to a
di met hox
oxygen a
fluorinet

N

4
5

ct as a precursor a

£ £
|y I.IIICC U|||\,|\,|n.

met hyl f | uor osi | ane
BA({R0)-Simy gr'n  and

met hyl sil ane, di et
d silicon), and to

nd oxygen-providi ng gas
hoxymnet hyl si |l ane each o

UM\JL/J-

or t~ifluoroethoxydi nmet
k=msine. It is alsop

T 1 CARATTPT ©y Lt 9

D

use a single gas to ac

a)

C

AyA-dimelipxelrameliidigiane
ssi bl egry usecs, single
(e.g:, i |
F%ﬁDchSprovrd is—CaHon,
as a pgrecurs¢r and a
whrcEngovrdE§ car bon,

providing gas (e. g

10 ﬁnrl cu | | r\nn\

, trimethylfluorosilan
t hnllnh t hn term "nas_g_g_

fluorine

herei.-n to describe the reagents
delivered directly as a gas to the reactor,

the termis |ntend
del i ver

us! s sonetines used

r——— .

ed to enconpass reagents
ed as a vaporized

l'iquid, a sublimed solid and/or transported by an inert carrier
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gas into the reactor.

15 In certain enbodi nents,
organosil con precursors are used in conbination. It is alsg thk he
scope of the invention to use conbinations of different fllgﬁﬁﬂﬁrﬁp vi di ng
gases and/or conbi nati ons of different oxygen-providing agents along a with
or separate from conbinations of different organosilicon precursors.
Moreover, it is also within the scope DABLB@ i nvention to use a fluorinated

organosi li con precursor (to 20 provide fluorine andlor carbon) along with a

m xt ur es of plifferent

non- f | uor | napashneEBEstORdcLiRR P

the organpsilicon precursors a

| €CUEX@Mplels Of uBEtitdengar bop) .

d optionally the oxygen-providing gas and

| Spetifitl Exphpled

mat eri al's| 1 ncl'lide
subst ances,

organi c

filmaftgr deposition.
of thermgl treatnent,

5000 sccin,
Li quid chem cal

t he fluor|) ne-providing gas, add

vacuum cha{ﬁ?@) $IRFor. to, duringi andlor after the depositi
n 8 reactive sub#hledces, such as gaseous| or

NH3, HZ, COz, CO

sjubst ances are CH4, CZH
t ol uene énd styrene. Although 4
instanceg it is also within thg

Such podt t,]

pl asma tré%%rqg(ng
one or ngre of the fil m propertji(gs. 1-BprCexFyjiltls (¥ kel-anl
provi de lfower dielectric constants,.

Energy . id applied to the gaseot scy?] g%g{ifeg\t(%gl ﬁgﬁce t he cgsﬂgéﬁ’ty%i’égegc; jamd

10 June 2D04 or fl uoroc

eSSt o

h eri.stigcs.at. the s
Gl ebhgeatisTpr&ier abi
O:ANQFf @=20Q9 sccm per s
ne range of 0.1 to 10 glm

X =dZH4, CZHz, C3H8, benzgne
s1i, ngl e process step i s prlef
Rtapt, bf CHad,inwdrd)i on tq pod

R SRR R2 oA Blel Bnse 58K be ¢ heenjeluaraphenomgtrimethyl

0L)ah action. Such
i quid organic
[Fxanpl es of

r bons.

e.or, ag |east one

*€adl treatiment to inprove

post-treat nent nway

me or ganiicl,netituoreéthoxy

i

to formthe filmon the substraiﬁa__ gc@ae { _\/13§n q§ r g

pl asma, pul sed 10 plasma, heli¢oh plaswad” WiXgh 'c n&? 5" pll TAyEH,084CHL); vel y
coupl ed plasma, and renote pl agp=neShHodds, FA(pedesidary rf
can be uged to nodify the plas
The flowjrate for each of the
nore preferably fr
flows are int

frequency source
bUDSTrat € surtace.

drrfétﬁﬁg/gﬁétﬁmdc?o&i@ne
n mm_waf er .
S G

0.5 to 3fg/mnute.

The 1 ndrvid

igl= { gt es are selected soO

A% A SstfirAEhYsild

desired apoMn Rrtatios of silicon, carbon, oxygen, hydrogen, etc. I
the film @'he}?é@lﬂl ow r at epYTd¥ded may depend tetrafluoroethane
' ' (CH3):SIOCF,CF,08i(CHa)4
. o 1,4-(trifluorosiloxy)
(CeHaxR™:NOSIR 3}, x =0-4 tetrafluorobenzene
_Rs' =F, CF; F, F
FasioQOSia
F F
. 1,1-dimethyl-1-sila-2,6-
(CHzyFy)(CHz,F\0):SIR Y, | _ g dioxahexafluorocyclohexane
y = 0-2 cm_o\
FzC_O
R e 1,2-difluoro-1,2-dimethoxy
R'-((R°0),,-SiR% ) -R x=2-6 dimethyidisilane
y=02 OCH;  OCHs
R®is the same as in Table 1 | l
F-—SII Si—F
CH; CH;
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upon wafer size and chanber configurati on,
mm waf ers or single wafer chanbers.

a depositi

on rate of at | east

and are in no
|t

50 nmMmn. The pressure in

is preferred to dep

way limted to 200

ﬁibbaé film at

t Qﬂchanber

during deposition is preferably 0.01 to 7fi0 15 torn nore preferably 1 to
20 torn The filmis preferably deposited to a thickness of 0.002 to 10

m Crons,

al t houghatiiég pgrééeritheaamsias obergaassiRdnadmipdunts ath rébaivelsigket film
deposited on a non-patterned surface has excellent uniformty,

with a

variation igiogpd.ckness of |ess than 2% over 1 standard deviation across the

substrate mnth a reasonabl e edge excl usion,
2004 a 10 nm out ernost edge of the substrate i's not

statistical calculation of uniformty. The porosity of the filmcan be

wherein e.g.,

2a 10 June
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(H3C)3Si—C=——=C—H

R73SI0(CH2)C=CR’
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R73S10({CxHzx3)
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(H3C)3Sio—\—/
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20 result of an Si-F bond in the organosilane precursor,

formed fromthe reaction of a GF bond in the plasnma durin
Certain enbodi nents of the filnms are nanoporous relative t

but may in fact be -
%bthe deposition
dung ¢804 si | i ca

produced by PECVD TECS has an inherent free volume pore size determ ned by
positron annihilation lifetime spectroscopy (PALS) analysis to be about 0.6

nmin 25 equival ent spherical

films as
(SANS) or
nore pref

alternati
addi ng a
deposi ted
relative
trinethyl

film has |a

nmodul us '@

10 0.5 GPa. Filnms of the invs 0

resi stange. The filnms are suiltygbhes for a variety of useq. The filnms are
particul grly suitable for degosition on a sem conductor subsfﬁafennaﬁd"a%e—
particulgrly suitable for usd as, e.g., an insulation |3y, an |nt er
di el ectrijc layer, an internetlal dielectric |ayer, a capgi n%(q ene
cheni cal {nechani cal planarization (CMP) or etch stop |ayer, a barr' | ayer
(e.g., against diffusion of fgetals, water or other nateruﬂLpCE }e
undesirable in insulating | ayers) andlor an adhesion | aye Pncan | Y at ed
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exhi bite
subtracti
conpatib
and are

Si Oz, Sl
phot or es
nmetals s
the inve
t he i nve
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mul til an
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The organosilicon precursors of this invention are either commercially available or

- can be prepared by well known methods.

Examples of commercially available precursors are phenoxytrimethylsilane,

dimethoxymethylsilane, 3-glycidoxypropyltrimethoxysilane, bis(trimethylsilyl)acetylene, 1-
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undoped TECS process kit. The recipe involved the foll ow ng basic steps:
initial set-up and stabilization of gas flows, applying RF energé é&b
generate a plasma and cause deposition, and purgelevacuatlﬂﬁ whe ¢f er
prior to wafer renoval. Subsequently, a chanber clean was performed after
each deposition using an in situ CZF6 + OZ clean 15 followed by a chamber
seasoni ng ghfRthyRilekPct, Bibttadidrd, mhéth\penﬁc,@@p%hmdm HAH Agtdrig probe

t echni que on Iom/re5|st|V|ty p-type wafers (< 0 ohmcm) . Transnission
infrared spgekjdiacsxysnass. perfornmed on high reS|st|V|ty wafers and all data
wer e nornallzed based on filmthickness. Thickness and refractive index

ver e neasured Of, é@ﬁérﬁpk%géﬁﬁdyﬁﬂgnﬁggsllm BBnd’é’@tfrﬁﬂ% th’éggﬁ?étﬂfbtm@%&sl Us

measured by a tape pu arti propertie Young''s

and nanoi ndgftas h@aﬂﬁi}@ﬁj&ﬁ? Waﬁgg‘éoftft!% REd;Y @ugaarl\ggom%m&gﬁ@ 2‘[ the

st andar di zed w € nenu ur er ositrona Wer e obtal ne

atom o @“3“?%%9?% RpHREb AR Bt .C%gfp%“a@ﬁ%a?%@ﬁ@? L
vonti ve R8aRbl SO e FICTER R A PR hER At G e

precurso

di e'él hoxgr‘ré%ﬂ?‘l?tlr urél:ngrS%fé as Fs'\i ’ gﬁéygﬁﬂﬁ E{:ﬂﬁf;&g ‘%S%KB? peergredig 2 were
gr 852C379l nﬁ%&c %ﬁi&ﬁoé%mﬁﬁ g&&‘é’ﬁﬁz"'fgm]’ig‘ é?'BQ/th%Fhﬂar at ive

exarrples in Table 6 for dinmeth i met-hox | ane ( DMVt
mtori o YRR 0] R iRt 8 orghk GheBREY: T ver 3?'6@@%54\%4;@@ 5
aspec of the structure I'l precursors, such as for exanp

funct | @nal*ﬁ“’i1 arlyy i eychc gampored (Gt $idaQri(Ghyy) %ﬁrh%P(EIBERﬂS} fr ‘ﬁ’ﬁttﬁ? T%’#Ct'@(am
l e No.123RF ower_WL00300500chanmber ressure torn6.06.06.0substrate tem
erature CS6(EdaaYiree ithd.3-perpanedios wihthe Ryrrodudtdeinierroved @siragthanol
sccnb001501500Z scenb000COZ sccnD0250t hi ckness nnb15640565ref racti ve

i ndex1. 40§73 Asrebie gt ak.otGhea. cxes | Bhf, ieb 690pagrRyRaPIRABS) ot he bridged

ual itativel009400%400%roun 's nodul us GPal8.516.517. 3nanoi ndent ati on

- har dness CPaplexes gre alep prepsreqd Famxbs digls, such as in the reaction of hydroguinone with
Cl4.417.517. 3Si 35. 534. 835. 3060. 147. 747. 4%000RBS- HFS data ratio

Si : HO. 730{@d9): 3Gt i ganerateIM-NEH):BI0)00H,) a®! HGhe 2004 Tabl e 5 Conparati ve
Data for trinethylsilane (3M5) material Com arative Exam | e No.1RF ower
W600ctanber r edsarusetadsiyl ethand of stanciutedypes la¥ il mayGEastoivi Bdyarddgedels ovien
3MBsccnb400 sccnBOhi ckness nnb76refracti ve i ndexl. 445di el ectric constant
k2. 85adheformingpywes fimssbenadat the GRagicrentonodithe Si-&-Rdm the deposited film

har dnessGPal. 44El enental XPS " %23- 26Si 35039- 41NORBS- HFS data™ ratio '
Si : HO. 63- CnLgs batremovediafltd-depostion dyordgesitheshalas plasoma swthddssresultidgoeal at
i dentical process conditions Table 6. 10 Conparative Data for

Di net hyl dilmewvittoxgigs.| ane (DM DMOS) Com arative Exam | e No. 234RF ower
W600450450chanber ressure torr8.08.012. Osubstrate tem erature
C325325325Mat eWithlouFntassiingMvioRdOsund by thé&Q it Bolie0edhat tre wser of bidentate
sccnb00500500QZ sccnD5050NZ0 scenb000t hi ckness ~nn) 10051126707refracti ve
i ndeRQ. 440yl &Bak. (400ctued B tasipreaosstsandy lledd 1d Sie(ifad Bliad f spedies in the

ual i tativel00%400%d400%/oun 's nodul us GPal3. 610. 66. 68nanoi ndent ati on

har dness ré&tin?ptRikedb4t facilitates deposition of species that ultimately leads to the

incorporation of pores in the deposited film, resulting in lower density and thus a lower
dielectric constant. The reaction of the bidentate silyl ethers can occur through the

formation of larger ring sizes, such as the dimer shown below:
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-25 10 June 2004 The data presented in Tables 4, 5, and 6 show t hat

di et hoxynet hyl si | ane (an organosilicon precursor of structﬂig Ilé
unexpect edl y showed superior mechanical 5 properties as intd ¢4t® OB@
Young' s nodul us and nanoi ndent ati on hardness, conpared to the precursors
(trimethyl silane and di net hyl di net hoxysilane) in the conparative exanpl es.
For exanple, conparing inventive exanple #2 (k of 2.9H) to conparative
exampl es #1 (k=2.85) and #4 (k=2.88), inventive gyawple #2 has a Young's
nmodul us of 16.5 and a nanoi ndentation har dgegs~of 2.8 Ebﬂ@ red to a Young's
nodul-us of 8.76 and 10 hargpess of 1.44 foriponparative exafpl e #1 and a -
Young' s nodul us of 6.68 and\hardness of 1.24for conparativ xample #4. It
is noteworthy that fof invenkjye eXempre #2 there was no o 'ﬁ&nt type gases
incorporated in the ra&cipe, Such that all in the final fi] mnecessarily
cane fromthe al koxy f ponality of thdlg ganosil ane preddrsor. Al so;
conparing inventive exanples #1-3 to conpar&ive exanples/#Z, 3, and 4, the
inventive 15 exanpl es unexpectedly showed ﬂﬁg:superior/gﬁnmgnical
properties to the conparative exanpl es producéa\bumno

di met hyl di met hoxysil ane. In conparing each of thgj,best cases with respect
to k, e.g., inventive exanple #2 conpared to conparative exanples #1 and

#4, 1 nvent TE teadTRIng ekBansin RRGERMInth8 THEMRsbraiieH ofﬁdroﬁk}ﬁﬁf%é%%nﬂ?l@ham cal
0 diel ectri

properties can be obfained at eSsentially equivalent 2 const ant

oper ! _be _ y eq _ Ce 1 SO
val ues. CogRpidtig thé‘¥ﬂ’#€5d.ﬁggb?rﬁ?gﬂli& ﬁgy;@%qutamswgﬁggeﬁ L¥Gcthra P! € 1S

shown that the inventive ower ntent and hi gher O

P et er et wemGfaCSkrEbna YRR orhfl LYME Bidehfarl SR Br sirilie Q04 fif 1)

to better network structure rmati on an us ne e responsi or the

i mproved neGhak ﬁﬁ{;/s%%?fe%ﬂigf¥ Shtainthg dthn R4 rlregfaemgrfingga&eﬂi fhe HC

rati os for inventive exanp 0 conparative exa cariges t hat

e | v o POpRAf, HushBRkGASY, 4t nidher Wb pbs.H Tet ative to C i

i nventive ‘e

0 ‘

\ | §

/SiRz —_— /O\Si/o_\/\/o\Si/o\
i 1

0 R, R,

The ring opening may facilitate crosslinking during the deposition process and thus form
films with high mechanical strength and thermal s"cab.ill;'ty. Ring opening can be controlled
10 by the energy of the RF plasma or the reaction temperature during film deposition.

The use Qf bridged silyl ethers of structure types V and VI may also be
advantageous when forming porous films because the organic portion of the Si-O-R-0-Si
in the deposited film could be removed after deposition by various thermal or plasma

| fnéthods, resulting in a film with voids. | |
15 The use of silyl ether oligomers of structure type VIl may be advantageous as ILD
film precursors because Si-Si bonds in the precursor have the potential to form highly
reactive species such as silylenes or silyl radicals during deposition. These highly

reactive species can aid in peolymerization and crosslinking in the final film
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Transm ssion infrared spectra are showm in Fig. 1 for inventive exanples
#1-3 5 and conparative exanple #1. Data collected fromthese spectra are
shown in Table 7. The data indicates that residual Si-H (' P2done@00% and
O H functionality (at 37D0O cm') in the invention, exanples was equal to or
| ess than residual Si-H or OHfunctionality in the conparative exanple.

W t hout i nt endi Nthel @sedsr dp@ansdilieyn bRaRfsors BenthiRiRl rebbie drolips, kRich¥ent i ve
exanpl es 10 the carbon nust be essentially all in the formof nethyl

functi onal igbbgiges, idiéhes hgﬂ(:g?é:scbﬁd %ﬁ%‘a&?lgt)efspmay R R8BS pblynerdkiich oMée 8lns8n

I nfer that, based on t rati o ( , approximtely every other Si has

a - CH3 boumh &bstrate, Fosr éxaﬁpvé?][mﬁt lﬂFété!@cé‘rbBHRb&ﬁmt%@s%ﬁ@rd&gﬁnk?ﬁpéEre as

there can be various anmounts o e entire range of populations o

substi tut e@g@(idéé‘&érp%rﬂaggé:’m S@?Z%%H‘ﬁﬁ%ns' 'ﬂ% filh @428 sfont ?’Leggﬁr@?%otrls o

havi ng any direct connecte 'S m ght account for

a1 o T he e O Wit FroRRil B By FolyrichbFaatentl P nfdd BF SRR S 1Y
I nf or mat i OQtré th iopfﬁ%r}hljnve exanpl es #1-3 versus conparative exanple #1
(absorbencies ™ ormali zed to filmthickness) Band (cm1) |

absor banceCompa, gy XA & SHOBKR LR Haliabio itk BY PRAVS uSHEd ©

#2l nventive exa _ _
#33738NDNDNDND29710. 0210, 0190. 0140, Q1122350. 0049ND0. 00650. 05321580. 0045NDO.
00330, 0007 IS BB STEOBSFECIRASB: B9 SHTTIPRYCI BOMBSYRL AP BIEHED 3 ~Band
Areas3033- 2769 CH31.180: 420, 690. 472370-2073 Si HO. 55ND0. 550. 291325- 1240
Si cHa1. 401/lasbororrgaswith 2d0ding Pointdielny 20014 28818 af @iposphesicressUfyt The
det ect abl e PROSPECTI VE EXAMPLES Exanple 7 A prospective exanple of .the
i nvent!Pon ¥aseesilisan gompguad irdniedyanstinfhesyargnehasaviovsyeassion kbarobefdnasi | ane
precursor is shown in Table 8 below for a 200 nmsilicon 10 wafer
subst r at e.SySigm singlar to that typically used for introducing tetraethyforthosilicate (TEOS) (U.S.
Re36,623). The ratio of Si,0,CcH4F, components in the ILD can be adjusted by
choosing a silyl ether precursor with a specific ratio of silicon, oxygen, hydrogen, carbon,
and fluorine. In precurscrs such as (CsHso)SiH3 and CF3;CH;OS8i{CHz),, all of the atoms
15  necessary for an OSG or an F-OSG film are present in one molecule. The composition
of the film is also dictated by the deposition rate of the organosilane material.
An inert carrier gas is optionally used for introduction of the organosilicon
! precursor. Examples of a carrier gas are helium, argon,' krypton, neon, and hitrogen.
An oxidant, such as oxygen {O2), ozone (Q3), nitrous oxide (N;O), nitric oxide
20  (NQOj), nitrcgen dioxide (NQ,), dinitrogen tetroxide (N-O,4) and/or hydrogen peroxide
(HZO'Q), can optionally be added, but may not be n'ecessary if the organosilicon precursor
contains oxygen and SiO bonds.
One or more fiuorine-providing gases may be used as an additive in the reaction

or in a post-treatment. Examples of fluorine-providing gases are CF,, C;Fg, C4Fs, and

25  GCg4F.
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Chanber Pressure torr6.0Substrate tem erature CA00RF ower Watts300DMOVES
| mnl. 0CQZ carrier sccnk200 _za 10 June 2004 The expected k value will be
inthe range of 2.7 to 3.0, with a Young's nodul us of abodQ June04nd a
nanoi ndent ati on hardness of about 2 GPa. A prospective exanple of the

I nventi on based on using phenoxydi net hyl sil ane (PODVS) as the organosil ane
precursor is shipvgwitiiin Tiebsepe dighoinvéntiondfoRQingle spddiesosf rholeaiieto fundssn at e.
Tabl e 9 Chanber Pressure torr6.0Substrate temerature ~i'400RF ower

Wt t s 300PQAMhofenihah oAEOF tispreteisof § 831 2 oytrRnarbdeingds aral the fbfihe-be in
the range of 2.7 to 3.0, with a Young's nodul us of 10 about 15 GPa and a

nanoi ndent@bliging ik d®asisOtheatottirsar ddiathe’s @ﬁ-@%‘*&iéiﬁ%‘?ﬁé 308 t8e Aliorinee

i nventi on based on using di-tert-butoxynethylsilane (DIBMS) as the

Or ganosi | a3&viding Gak e n{;zsnéégem@ ﬂxré_@Qi'ﬁEréﬁ’IgQ%sQV‘F&%xa% Gt 8THo84ibleGoN

waf er substrate. 715 Table 10 Chamber Pressuie torr6.0Substrate temerature
CA00RF ' ' I
R e L e e S T S B
and a nan%%%ntgg#dgﬂgﬁﬁﬁ 1N ItC?% aEB%BEsigﬁqgﬁlsSé?sri]nﬁggas tdt el E prtlib ol

prospective exa € 1 nventilon base

di hyl di ' ] i i

mh“mn}g n 'ﬁéf&%&éé['*-éé%!?‘vﬂﬁéié‘@-éW&wﬁ?ﬂ@%&%@ﬁ%ﬁ%?@?'sﬁ’ér%c%c@f’cfé 11
P , 8.0S , C350RF Wt t s300DVi DOSH

1. Ove PR Ero8E Eapet el et ofB Tk A BRaeR s S A e . 7

1 oranass B8 arE RS AR 8¢ e 8 (RO IdGIoSTER AR HBNGLIESBLA A e

10  and silicon).

Although the term “géseous” is sometimes used herein to describe the reagents,
the term is intended to encompass reégents delivered directly as a gas to the reactor,
delivered as a vaporized liquid, a sublimed solid and/or transported by an inert carrier
gas into the reactor.

15 In certain embodiments, mixtures of different organosilcon precursors are used in
combination. It is also within the scope of the invention to use combinations of different
flucrine-providing gases and/or combinations of different oxygen-providing agehts along

} with or separate from combinations of different organosilicon precursors. Moreover, it is
" also within the scope of the invention to use a fluorinated organosilicon precursor (to

20 provide fluorine andfor carbon) along with a non-fluorinated organosilicon precursor (to
provide carbon).

In addition to the arganosilicon precursors, and optionally the oxygen-providing
-~ gas and the fluorine-providing gas, additional materials can be charged into the vacuum
chamber prior to, during and/or after the deposition reaction. Such materials include

25 reactive substances, such as gaseous or liquid organic substances, NH;, Hz, CO,, CO,
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VWil e the invention has been described in detail and with reference to
specific 10 exanples thereof, it will be apparent to one skilled in the art
t hat various changes and modi fi cations can be made t her ei rlGWyne2904
departing fromthe spirit and scope thereof. 15 -30 10 June 2004 CLAfMS
What is clainmed is: 1. A method of formng a |ow dielectric constant

| nterl ayerolresdrbdris. TEAIMAesr b r?laﬁnﬁ sDSét‘éhéék@hrelGHiﬁ'CZHQQ%-WCZP@EQHB,
deposition conditions sufficient to deposit a filmon a substrate, an

or ganosi | i 0P oRE Sdphiief ek A8 %r{éf nmore silyl ether, represented by
one or nore o? structures I through or a silyl ether ollgorrer

represented by L@ﬁ%@lﬁﬂe%%sé stéﬁﬁgméhsﬁe il BRbes t R o wighrd

R -((R30)-Si-( wherein x I.s an integer fr oml is
ér3;0h;dzés%g%@gw%hﬁ%ww@%zhe iy ool
ar ot P, EUSIE Q) Ryt Qﬂ%ﬂ?&#fﬁﬁ%@mtd@s&‘*f“&%@é*{f%**ﬁ%é%ar Framey or
(01 LR 3 LA b Pl AR, el Pkt o =

unsubsti t ut ed, ay omat,j or ful fluorinat 1 to C6 straight
o br anch@aov(&%(oweafﬂmctﬂ%gqs&ﬁqrﬁaw JBeviTe e TR H@?%fzf?cs Lo s
cycl oal kyl, or par Ei al l or ful fluorinated C6 Cl12 rorratl C;
one or nore of GREMOKISEPPY %dfﬁ”lhrerﬂﬁ‘é Ot reBASHE R HrayeR eg%§e CERe¢ @”ééo
substituted or unsubstituted cycl oal kyl ; R is one or npre
branched &rmsthedigon the substrate; Suel eagrls,vwan&ecagowee%ﬁvs%sstpiaﬁmae@%ﬁd
unsubstituted cycloalkyl, a C6 to .Cl2 substituted or unsubstituted :
ar onai® c, PSR %p%ﬁqnwl@ﬁma (highy densitymiasma dndsicvrly, sauried §15\5magﬁf’d EPEPte C1 to
- C6 alkyl, a partially or fully fluorinated C3 to C8 cycloal kyl, or a
parti al | yP@smRUNEtofs udrserandary dbreqenty sawsasan oe '-69@’ t® mﬂfﬂ'f; theyplasmar with
one or nore additional reactive substance; to forman interlayer dielectric
fil m havi atpracigrisiicsatihe sesitepyrfage. about 3.5 or less. -31 10 June 2004
2. A nethod of formng a |low dielectric constant inter|ayer dielectric film
10 conprising fbadiowrrgle fongach @Hémg@aeouﬁerpegerﬁepcﬁemabbhrwgwfrwb‘r%to 5000
sufficient to deposit a filmon a substrate, an organosilicon precursor
conpri si ngcaomerrore pmfe'abiygmgﬂﬂit@aa%ammm singlet 20Ghimng wafes. biquithr e
reactive side group selected fromthe group consisting of a C2 to C10
epoxi de, chef@icaldloBB araimbtheyiaage of 6.102 1@/ G, kyekerably B4 oS @gintitendhea C3
to C5 strained cyclic group, and a C4 to Cl10 group that can sterically
individual rates are selected so as to provide the desired amounts and ratios of silicon,

carbon, oxygen, hydrogen, etc. _in the film. The actual flow rates needed may depend
upon wafer size and chamber configuration, and are in no way limited to 200 mm wafers
or single wafer chambers.

" ié preferred to deposit the film at a deposition rate of at least 50 nm/min.

The pressure in the vacuum chamber 'during depoéition'is preferably 0.01 to 760

15  torr, more preferably 1 to 20 torr.,
| The film is preferably deposited to a thickness of 0.002 to 10 microns, although

the thickness cah be varied as required. The blanket film deposited on a non-patterned
surface has excellent uniformity, with a variation in thickness of less than 2% over 1

standard deviation across the substrate with a reasonable edge exclusion, wherein e.g.,
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15 hinder or strain the organosilicon precursor; optionally together with
one or nore additional reactive substance; to forman inter| % l ectric
~Imhaving a dielectric constant of 3.5 or less. 3. The neingH“%fz Qﬁal m 1
where the organosilicon conpound is selected fromthe group consisting of
phenoxytrinmet hyl sil ane, 2-tert-butyl-phenoxytrinethylsilane,

di met hyl et oKy sinh antermeksteite ok Heesubytratel ienet included in the statistical calculation of

1, 2-bis(trinethylsiloxy)ethane, 1, 4- bis(trinethylsiloxy)benzene,

1, 2- bi s(triumEdMmyitysi | oxy) cycl obut ene, 2- di met hoxyt et ranet hyl di si | ane,

pent af | uor ophenoxytri net hyl sil ane, 1, 1) 1-trifluoroethoxytrinethylsilane,

1, 1, 1- t ri f uor oetipobsmSloneStirAt, belnBRiBy@ witieh S LA depsRp bbiRge.

1,2-bi s(trinethylsiloxy)tetrafluoroethane,

1,4-(trifl HBFrQ@dne?ﬁéy@écF@Jst% e BRRer reductzon in the dielectric constant of the

1, 1-dinmethyl-1-sila-2, 6-di oxahexaf | uorocycl ohexane,

1, 2-di fd uo %Qﬂja 10

June 20‘%4 ﬁ%T%aiaﬂ%@’ﬁt‘eﬂB%w méégiv\ﬁedrfgﬂ%m é?%g}ggél |%E%°§rgée@r gk(Z)IF’SS

sel ected fy I-f?a @e group consi stl ng of 3-glycidoxypropyltrinethyoxysilane,
yla

trimet hyl si etylene, 5 bls(trlrrethyIsHyI)acetyI ene,

trlmethylsHoxyc l e tr th X butad .
(trimethylsilyl %%'%E&%‘Eﬂsgé? fge‘ Wétfﬁvl E" f%?’é‘i?% FHBQH‘E \pplied

4-(tert- b I di met h b

e et hyl 3 A W@@QM Sharenafy mﬁh BoyR ey Hﬁe@%oéffenmfmmor
“thereof. . The rrethod of clalml V\herelnthelnterlayer dielectric film

isirepr eseW?%‘Ef Wyeasiriatel OriP a0 sesim exdizer Reo00f#cet InertdRsaaivelifncofs basi s,
a=10-35% b =1-66 % c = 1-35 % d = 0-60 % and a = 0-25 % such t hat
a+b+c1@+e reaqlimmin the Charpeerie oRRRralY PERvider by RRdowien typisalbntia-aago valtoor
deposition conditions are plasnma enhanced chem cal vapor deposition
condi t i onsthermial epetaye d hefPressarefaringhidredepasitionds bipically froapbio AR pwsi Then
conditions are thermal chem cal vapor deposition conditions. 8 The nethod
of cl ai m flowétes of materialaignd pawer leyels used g diciaied by thengdesieditisposition raie m 1
wherein the interlayer dielectric filmhas one or nore of the bond types
sel ect ed fangwibalsoaffecidhe cosiposition of theifingl filg) materigl.O, C-H) and C-F. 10 The
met hod of claim 1 wherein the dielectric constant is 3 or |ess. The nethod
of claimt wherldiaresiiting interiayeseielegirisl fbotoandiaveladiglectiorconstantl&f. 3.5 loeleset hod
of claim1l wherein the chem cal vapor deposition conditions include the use
of anl1dxi geeferablyl 3ot leds.f Thefindeagrapupndentdn e g dfould-he BSwekA @Ao 392D, and
m xtures thereof. 25 t 3 ~ The nethod of claim1 wherein the chem cal
vapor depdatomio) dor@dsGiandF-OSG, and the final fluorine content should be 0.1 to 25%

(atomic %) in the F-OSG. These films can contain one or more of the following types of
bonds: Si-O-C, Si-O-8i, Si-C, Si-F, Si-H, C-O, C-H, and C-F.
Itis importanf to note that an Si-F bond in the deposited film is not necessarily the
20  result of an Si-F bond in the organosilane precursor, but may in fact be formed from the
" reaction of a C-F bond in the plasrﬁa during the déposition.
Certain embodiments of the films are nanoporous relative to silica. Silica
produced by PECVD TEOS has an inherent free volume pore size determined by
positron annihilation lifetime spectroscopy (PALS) analysis to be about 0.6 nm in

25 equivalent spherical diameter. The pore size of the inventive films as determined by
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excl ude the use of an oxidant. -33 10 June 2004 4 The nethod of claim1
wherein the chem cal vapor deposition conditions include t use _of one or
nore inert gases selected fromthe group consisting of heI?@§P"ﬁ3§94 ar gon,
krypton, xenon, nitrogen. ~ 5- The nethod of claim1 wherein the one or
more reactive substances is 5 selected from the group consisting of a
gaseous or dmajlarihi®hg@rdrcscttesha (BANS ponRALS s grgfarstde 6.nnt oF R8s irdéquivaiient
car bon nmonoxi de, a fluorocarbon, and m xtures thereof. |6~The nethod of

clai m 15 whpherital dRenates peure peéfe&abq,wz § nfif @aBsLinBHUMAM @phsricEtiRficté. f rom

t he -.group consi sting of nethane, ethane, ethene, ethyne, propane, propene,

but ene, benzene,FipapbrtthaiRegsior @h@@ﬁ%x h&e/ & @BBsity26Ih Hick for Ieas, émfe@mwe@nd

the 1~ fluorocarbon is selected fromthe group consiSting of

OCQF6, C5F6.,1 Rpfder idsdr %cﬁh@w 88hsitids can BQ%H%BCE@ ébfdrrﬂ @Fmoéew@@'ﬂf‘é n t he

filmis dep05|ted on the substrate as an insulati'on | aye n interlayer

di el ectgic % s re eﬁtEtaﬁB}Ingéét-tPéa?hS%é glébdsﬁ&?rnat@né?app' ng layer, a

cheni ca ni ca pl anar tron or-etch 'stop layer, a barrier |ayer, or

an adhesi on layqﬁliﬁsrbf@ﬁe fnojgﬁ%rnq{a%g#rﬁplrowbbr é)teghe-g}%m&?@@% fil sa}ﬁrH%:h?ced

V\,herelnthe I nterlayer dielectr misr resen ormu
%' = o o4Ok Tea b oB s suc&ﬁb%ﬁh&eth%ma&é’aﬁé iy %%%%@0%{%%"%5% 5>
enhanced e B amEoaeFdRs o Reha e sty rgﬁﬁ% PR 78453 i m 2

wh h h I d | ch
depost 3 Zne 3H§$“ffﬁi‘% e SRR SO e P

a sili a\gfc%g . The nmethod of claim2 wherein the interlayer
di el ec1t |c n"?'has one or nore 25 of the bond types selected fromSi-OC,
Si =0 Si, e nethod of claim2

:
Sherein’ the o eF it Pf Bedbyantianars boanglh sihls, witsgood Shamicalresisiance.

The films are suitabie for a variety of uses. The films are particularly suitable for

deposition on a semiconductor substrate, and are particularly suitable for uée'as, e.g., an
insulation IaS/er, an interlayer dielectric layer, an intermetal dielectric layer, a capping
15 layer, a c‘hemical-mechanic.al planarization (CMP) or etch stop layer, a barrier layer (e.g.,

against diffusion of metals, water or othef materials that can be undesirable in insUIaiing
layers) and/or an adhesion layer in an fntegrated circuit. The films can form a conformal
coating. The mechanical properties éxhibited by these films make them pa'rticularly
suitable for use in Al subtractive technology and Cu damascene technology.

20 Thé filrﬁs are compatible with chemical mechanical planarization and anisotropic
etching, and are capable of adhering to a variety of materials, such as silicon, SiOz,
SigNg, OSG, FSG, siticon carbide, antireflective coatings, photoresists, organic polymers,
porous organic and inorganic materials, metals such as copper and aluminum, and metal
barrier layers. |

25 Although the invention is particularly suitable for providing films and products of

the invention are largely described herein as films, the invention is not limited thereto.
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10 June 2004 24. The method of claim2 wherein the interlayer dielectric

filmis porous. 25. The nethod of claim2 wherein the chemcal v r
deposition conditions include the use of an oxidant sel ect éé%ﬂﬁ%ﬂe group
consisting of @) 03, H-O-, N=0, and m xtures thereof. 5 26' The net hod of
claim2 wherein the chem cal vapor deposition conditions exclude the use of
an oxi dant .Preguctsieéthesnverdicofcan lbai providedhisrasiyrfotrh eapaimeiof heing aiepositeeiinsi t i on
conditions include the use of one or nore inert gases selected fromthe
group consiSth neyuchfashoslatings, métiaminar gesemiiegpanc othee hpes ofiobjeatscthat 48 nd8 ~
The met hod of claim2 wherein the one or nore reactive substances sel ected
from t he gmeuessaviysplatarmy thif, andasediisdeof dbjerts dobnemeaksarils ubsd aniptagrated
anmoni a, hydrogen, carbon di oxi de, carbon nonoxide, a fluorocarbon, and

m xtures thecgtt. ' 29 ~ The nmethod of claim2g wherein the gaseous or

|l iquid organic substance is selected fromthe group consisting of nethane,

et hane,s5 et hene, TlehiEtioR WIPEERirth&P CIBFMREREa cBi@sation 8NFRTBIoWIAP BkdAbBEe.
t ol uene, styrene, and m xtures thereof, and the fluorocarbon is Selected

fromthe gumih &@ﬂﬁéﬁdé&ﬁb&fp@?ex%ﬁaw 6fthe.useF the AVENHBRL Ur es ther eof .
30. The nethod claim2 wherein the filmis deposited on the substrate as an

I nsul ation layer, an interlayer dielectric layer, an internetal dielectric

| ayer) a capping 20 layer, a chem calggrgppgical planarization or etch stop
| ayer, a barrier layer, or an adhesion layer in an integrated circuit. 31:

The nmethod of clafieRpdrintéiRs Aefe bERORRRABICAH AKBRSY MARPAR brleRRichotilioldyarsy ar e

pl asma enhanced chem cal vapor deposition conditions and the one or nore

fs: II ?/r: f1g§ Rgig a'b%oc{ ﬁg{ %2.% ﬁggﬁggvitfég%mlgﬁ AdldnceZnergy 2004 & giiReatEPAdindan A
- undoped TEOS process kit. The recipe involved the following basic steps: initial set-up
- and stabilization of gas flows, applying RF energy to generate a plasma and cause
deposition, and purge/evacuation of chamber prior to wafer removal. Subsequently, a
chamber clean was perfon_'med after each deposition using an in situ C,Fg + O, clean |
15 foilowed by a chamber se.asoning step. |
Dielectric constants were determined using Hg probe techniqzje on low resistivity
p-type wafers (< 0.02 ohm-cm). Transmission inrfrared spectroscopy was performed on
high resistivity wafers and all data were normalized based on film thickness. Thickness
and refractive index were measured on reflectometer using a5 point average. Adhesion
was measured by a tape pull test. Mechartical properties (e.g. Young's modulus and
nanoindentation hardness) were determined using MTS Nano Indenter standardized with
the manufacturer. Compositional data were obtained by x-ray photoelectron
spectroscopy (XPS) after a 30 second Ar sputter. The atomic% values reported in the
tables include hydrogen ratios as determined by Rutherford Backscattering-Hydrogen
Forward Scattering (RBS-HFS).

The inventive examples shown below in Table 4 are based on an organosilicon

precursor of structure I, (R*0),SiHR" ., specifically diethoxymethylsilane.
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5 33~ Afilmfornmed by the nethod of claim2. 34. Afilmformed by the

met hod of claim31. 35. The filmof claim32, wherein sald film
36. The filmof claim35 having a pore size of 5 nm or Ies@‘é‘!ﬂﬁ
as determ ned by snall
positron anni hilation 10 lifetine spectroscopy. 3
having a pore size of 2.5 nmor

spherical dianete

r,

2@ OI’ ous.

angl e neutron scattering or

| ess equi val ent spheri cal

v T"he filmof claim35
di anmet er,

as

det ermi ned by s@@mpaaaig'ﬁ&mmnkaa)hagdatwmm@tmedprmscttcrrdancmwntmm@teadmngs

lifetime spect roscopg/
density ofofU.§ 8c15§87%e

has a density of 1.5 gicc or

claim4l havin o]
as det &r m%@ﬁcgﬁ’é’?%

lifetime spectros
nm or

| ess equi val ent spherl cal

| ess.

copy. 43.
di

re size of 5 nmor
plruclig IEPTREUESOEH SYERBE Evigxgmpie fbsi
- The filmof claim4l having a pore size of 2.5
as determ ned by small

38. The filmof claim32 wherein said filmhas a

5sS. 6,854879. @ng WiQ 99/61 123, ainchage tatndated in Tabled 5fi | m

40. The film of claim 32 wherein said

filmhas PP ESMRaativerramesarealso shovg ig Table 6forcmrrmgﬂyl¢mamoassdgneat er
than 3 GPa_and! or a nanoi ndentati on hardness greater than O
The fil m dPMPMGPE3 malespksimiianiostmuciug || Prepirerss. however Jackingivasions | m of

di anmet er,

aneter,

| ess equi val ent

L 5P

5 GPa.

heri cal
fonctignalityi | at i on

an

' 41,

gle

neutron scattering or positron annihi IE{@‘P'@ﬁ 25 lifetime spectroscopy. 44,

The filmof claim 33 whe ﬁ@sﬁ |l cc or less. -36°
10 June 2004 45. The film b%‘ i?ﬁﬁ*ﬁm lgﬁ%@ggﬁ?) @En ag a densi ty of
1.5 gl cc.or | ess. A6 —FThefrtrnrof—ctarm—S3wherern—satc—fi-m
di el gctri c const (a)mpie,ﬁ‘. +-—3—b—afre—a—Yother il FregeH 5,2 gr\ase'éa* han 3 GPa
andl or a nanoi ndefht W'ﬁ{( rdness gr eater h:.n:ujpi 5 00, d of
forming a | ow di pphamberpprsmeitw). nterlayer &% edt ri®0fi m BBprilsi ng
reacting, under che condP@i ons_S8Df i ¢i eSOt o [deposi t
a filmon a subst Maltmalsaﬂnm ganBEMS (mg/rmmpcurf@@r conpR0Csi ng OBRD or| nore
silyl ether seledted fromthe peaapierdssingl i ngo®f di ettBoxynet hgbsi ljane)
di et hyl et hoxysi ljane, di net hoxynet hyj,gsdcai)e,  @oet iyl mpt hoxysi pane,
phenexydi net hyl siflane, di pnenoxymegdylisddnNe, @ meynoxypnet y| SITEW
di et hoxycycl ohexytsrtame;—tert= DUTOXyUr et Ty ST tarmg,—ard
di (tert-butox 17 re—t-o formar—tertayerrdet-ect -~ havi n a
di (el ectric cox?stc..dkﬂ? ‘1@ j* 3—5—e+—es5—48 sf'g.ﬂc et 40 ", '55 47 theg
chemi cal vapor dd§ : j 5 1451 | 147
: dielectric constant (k) 2.99 2.90 3.06
Adhesion (qualitative) 100% 100% 100%
Young's modulus (GPa) 18.5 16.5 17.3
nanaindentation hardness {GPa) 3.0 2.8 2.9
Composition (XPS) %C| 144 17.5 17.3
% Si| 355 34.8 35.3
% Ol 50.1 47.7 47.4
% N 0 0 0
RBS-HFS data ratio Si:H| 0.73 0.69 0.69
| ratio H:C 3 3.2 3.2

10
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109%&' ()-dj aVK@2 10 10 10; ULO% () - +910%& () -

717109 () -! W . #H38%atntekefted 19 Y&bles 4 Badnd @R rowkhat dietho meth Isnlane an
109%Q8 () -q! 1098 () -! $T0%XE () - #10%K () - q! 10%K ()-)]" B+UaBVK@ 2

1 7 10%x% Beﬁ‘anosmcon precursor of structure llg unex ected showed uperior Evﬁ]@nécal
+10%6Q8: () -] TOAE () -1+ 109K () - ~#1 ) -ni W
, TYLO% (Qarogae]'tleé%mlééte& %y%é%’s(r%odullﬁ]%@éﬁno%%%gﬁ%réﬁe $&Qr(§§‘e& I R

aB7@ 10k

et §Lﬁ%&‘%&é}*f@%%ﬁ%@%“Qﬂfé%%@m%%ﬁ?@ﬁw%%é?*%‘ﬁ%w&- 0- "
Jrovre ) SEREE TS SENE Fobthihainvenhik g b 1R oY 2.0} td edrifarltie
oo () %ﬁ%ﬁ%ﬁﬁfﬁ&@ﬁoﬁﬁ I8 nlyls Sxagmote #2 hag @ Youna's megyisest () -

* L10°/¢7&' 016 8 404% &nbinae&ion hardrsdDSH %%%%\/'lp%?eg &4 ){oung s modulus of 8.76 and

10  hardness o.f 1.44 for comparaﬁve example #1 and a Young's rﬁbdulus of 6.68 and
hardness of 1.2 for comparative example #4. [t is note_worthy that for inventive example
#2 there was no oxidant type gases incorporated in the recipe, sucﬁ that all O in the final
film necessarily came from thé alkoxy functionality of the organosilane precursor. Also,
comparing inyentive eﬁamples #1-3 to comparative examples #2, 3, and 4, the inventive
15 examples unexpectedly showed far superior mechanical properties to the comparative
examples produced from dimethyldimethoxysilane.

In comparing each of the best cases with respect to k, e.g., inventive example #2
corﬁpared to comparative examples #1 and #4, inventive example #2 unexpectedly
showed that far superior mechanical properties can be obtained at essentially equivalent

20  dielectric constant values. |

Comparing inventive example #2 with comparative example #1, it is shown that

the inventive material has a lower C content and higher O content. The increased O
“content in inventive example #2 iikely attributes to better network structuré formation and”

thus may be responsibie for the improved mechanical properties.
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107 107 107; T10%& ()-9C'109%7&" ()
7$109%78& ()-5C"109%7& ()-' (s(($)q))dETDC}#10%40% & ()- 10% & () - zxég
"109% & ()-}"10% & ()- q 10% & ()-)) % *+Y++aBnbC} #1094 109 & ¢y08
109% & ()-!'go40%f& ()-n 109% & ()-10% & ()-++ ,h,, -t- dEnbC} #10% * " 10%
(1109% & ()-(&x"10% & ()- $c10% & ()-"10% & ()-B 10% & ()-t--.N...... dE:
10f 10fk; 10% & Qomddedizbs of )he D adib$ Jor rbveddive éamale B v&m{parative example
L, $109% & ()-.../ [/ Q0xY:/ 10f 109& ()- @O%& ()- 109& ()-}C' 10%& ()-
ql0%&' () - ] #1LGudBiates theOfHepé B §ubkiaHtial intaBd Hike(@mddnt}F# felative to C in
$109& ()-wL0%&' ()-T " 109%& ()- 109& () - 12U223V33dE: /

10f (10%&' (invéhth@&atpid $2.10%& ()-"$109%& ()-B ! 109%& ()- @O%& ()-

33*4} 444444aVK@ 10f 10 10 10QQ t 10%& ()-0109%& ()-!.! 10%wW&' () -

, Z109%&’ () - * 10%& Ttansmikkidrbinkraiclia@e@ra are shown in Fl% 1 for mventlve examp

10f } #: 1098 () -"10%&' () - N$109%& ()-! " q=10%& () - 1!

L7dEVK& 104{d & rﬁﬁlvezé%f/ﬁplé)#‘l &Yﬁc&ﬁec@m‘?@m tHede %éﬁ‘a(a}e Shown in Table 7.
109%& ()-nL77777

éﬁg%’;@é?‘yﬁfgg%gé%&&%%}“ o T T Sy o)

the comparat[ve example. 7
Without intending to be bo_uhd by theory, we infer that for the inventive examples
10  the carbon must be essentially all in the form of methyl functionalities (i.e:. —CH;) to
- account for the high H:C ratio. We also infer that, based on the Si'C ratio (~2),
approximately every other Sihas a -CH3 bound to it. For the comparatwe examples this
need not be so, as there can be vanous amounts of the entire range of populations of H |
substituted C, mcludmg CH,, CHa, CH, and Si-C (morgan:c carbon, not having any
15  directly connected H). This might account for the H:C ratic being far.less than the

optimum H:C ratio of 3 for the C to be esAsentialiy all in the form of —CHs.
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EEEBE

Geriatie 1k

10%
|an

VA0 () - &SNSLO%&' () - ! SNSL0%H#&' () - YL0Y& () - ! ZYAOYE (

10 10 10;

gﬁfff B PTREAETIRRE SoerrusamaRspive

10fk; 10% & ()-&) 10% & () - $ké¢ﬁ%&$1( YabstEP¥ed rokmalized to film thickness)
10%&() dE_CLE 100/.{,9,(\__ '
frUF 104 & () - - UfB@JU‘/g&“' fCarppgratiys | - kiveotyes (|) - nengize () | cdrkemtiveo U7 C
Uf' 10' f' Uf" 1ooi{g,a(b$c> chO/ &e;qmpleﬁﬂl oerample #1 example # example #3
frUF' 1094 & ()--Uf' 109438 ()--H___ND ND ND ND
H H HEHFHGHe Ho W6 CUf ' 2941 10% & () 002" 1094 & 019" 0.014 0.011
fr-Uf' 1094 & (){-Uf' 1298B6& () -1 Uf 'OLOBAR: () - - Ut NDO% & () - 0OBBEIHHHHRK NBEBAY ~ 0%
{& ()--" f"U" 10% & A1)58- UF " 10% &.4045 UF | 10%IRD() - -']  0.0033 0.0007
f' U 10% & () - {HHHHHEAgoPICU) " 108@&5() -  Ur " 8080 & ()]- - UD.d87PA & () - 0.043
fr-U" 1094 & () -UT 11@&3& ()-1Ugbyed ()--FhRbi (1) T TKgBigd ™~ TUR &g 437
f"Uf'lO%{&'()-- aHaem-1)/ - PI IO & ()}~
frU' 104 & () - Igh@mgvli m oP2C
£ U 10%4 & () - rhsat o 19 (T ; ATl
1‘& EJ; 1094 & () - P37t §((s M higettto '“&PNgzogwﬁ%%ire% & ()G'-zg)f 14
U 10%{& ()- J?é%,_%“?)-- Ut 109 (O F- 11 M8 11 qrecu®9bo &1 () - -84 1004 &
(0)- 1240-044 (SiOS) | 40.21 4488 28.86 56.50
ND = not dstectable
5
PROSPECTIVE EXAMPLES
Example 7

A prospective example of the invention based on using dimethoxymethylsilane
(DMOMS) as the organosilane precursor is shown in Table 8 below for a 200 mm sificon

10  wafer substrate.

Table 8
Chamber Pressure (torr) 6.0
Substrate temperature (°C) 400
RF power (Watts) - 300
DMOMS (g/min) 1.0
CQO; carrier (sccm) 200
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CLAIMS

What is claimed is:

1. A method of forming a low dielectric constant interlayer dielectric film
comprising reacting, under chemical vapor deposition conditions sufficient to deposit a film on a
substrate, an organacsilicon precursor comprising one or more silyl ether, represented by one or

maore of structures | through Il or a silyl ether oligomer, represented by IV;

(R°0),SiR" 4,y (R°O)SIHR'3,, RYusi-0-R-0-SiR';  R'-((R%0)-Si-(R"),-R'

| i ' M v

wherein x is an integer from 11tc 3; yis 1 or 2; z is an integer from 2 to 6;

. R'is one or more of H, flucrine, a branched or straight chain C1tc C6 alkyl, aC3to C8

_ Substituted or unsubstituted cycloalkyl, a C6 to C12 substituted or unsubstituted aromatic, a
partially or fully fluorinated C1 to C6 alkyl, a partially or fully fluorinated C3 to C8 cycloalkyl, or a
-partiaily or fully fluorinated C6 to C12 aromatic;
R? is one or more of a C6 to C12 substituted or unsubstituted aromatic, a partially or fully
fluorinated C1 to C6 straight or branched chain alkyl, a partially or fully fluorinated C3 to C8
cycloalkyl, or a partially or fully fluorinated C6 to C12 aromatic; |

R is one or more of R%, a C1 to 6 linear or branched alkyl, or a C3 to C8 substituted or
unsubstituted cycloatkyl; and '

R*is one or more of a branched or straight chain C1 to C6 alkyl, a C3 to C8 substituted or
unsubstituted cycloatkyl, a C8 to C12 substituted or unsubstituted aromatic, a partially or fully
fluorinated branched or straight chain C1 to C6 alkyl, a partially or fully fluorinated C3 to C8
cycloalkyl, or a partially or fully flucrinated C6 to C12 aromatic; optionally together with one or
more additionai reactive substance;

to form an interlayer dielectric film having a dielectric constant of about 3.5 or less.
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2. A method of forming a low dielectric constant interlayer dielectric film
10 comprising reacting, under chemical vapor deposition conditions sufficient to deposit a
film on a substrate, an organosilicon precursor comprising one or more organosilicon
compound containing one ar more reactive side group selected from the group
consisting of a C2 to C10 époxide, a C2 to C8 carboxylate, a C2 to C8 alkyne, a C4 to
- €8 diene, a C3 to CS5 strained bydic group, and a C4 to C10 group that can sterically
15  hinder or strain the organosilicon precursor; optionally together with one or more
additional reactive substance; to form an interlayer dielectric film having a dielectric
constant of 3.5 or less.

3. The method of claim 1 where the organosiliéon compound is selected
from the group consisting of phenoxytrimethyisilane, 2-tert-butyl-phenoxytrimethyisilane,
dimethylethoxysilane, dimethoxymethylsilane, 1,2-bis{trimethylsiloxy)ethane,
1.4-bis(trimethylsiloxy)benzene, 1,2-bis(trimethylsiloxy)cyclobutene,
1,2-dimethoxytetramethyldisitane, pentaflucrophenoxytrimethylsilane,

1,1, 1-trifluoroethoxytrimethylsilane, 1,1, 1-trifuoroethoxydimethylsilane,

dimethyoxymethylifluorosilane, 1,2-bis(trimethylsiloxy)tetrafluoroethane,
1,4-(trifluorosiloxy)tetrafluorobenzene, 1,1-dimethyi-1-sila-2,6-dioxahexafluorocyclohexane,

1,2-difluoro-1,2-dimethoxydimethyldisilane, and mixtures thereof.
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4. The method of claim 2 wherein the organosilicon precursor is selected from
the group consisting of 3-glycidoxypropyltrimethyoxysilane, trimethylsilylacetylene,
5  bis{trimethylsilyl)acetylene, inmethyisiloxyacetylene, 1-(trimethylsiloxy)-1,3-butadiene, 2-
(trimethylsilyl)-1,3-butadiene, trimethylsifylcyclopentadiene, 4-({tert-butylphenyi)silane,
1,2-(dimethylsilyl)benzene, trimethylsilylacetate, di-tert-butoxydiacetoxy silane, and

mixtures thereof.

10 . 5. The method of claim 1 wherein the interfayer dielectric film is represented by
the formula, SigO0sCcHgFa, wherein, on an atomic % basis, a=10-35%, b =1-66 %, c=
1 35 %. d 0-60 %, and e = 0-25 %, such that a+b+ct+d+e = 100%.

5 The method of claim 1 wherefn the chemlcal vapor deposition conditions are

plasma enhanced chemical vapor depcsmon conditions.

7. _ The method of claim 1 wherein the chemical vapor deposition conditions
are thermal cher_nical.vapor deposition conditions.
8. "The method of claim 1 wherein the substrate is a silicon wafer.
! o 9. The method of claim 1 wherein the interlayer dielectric film has one or
more of the bond types selected from Si-0-C, Si-O-Si, Si-C, Si-F, Si-H, C-0O, C-H, and
C-F.
. 10. The methed of claim 1 wherein the dielectric constant is 3 or less.

1. The method of claim 1 wherein the interiayer dielectric film is porous.
12. The method of claim 1 wherein the chemical vapor deposition conditions

include the use of an oxidant selected from the group consisting of O,, O3, H,0,, N,O,

and mixtures thereof.

25- 13.. The method of claim 1 wherein the chemical vapor deposition conditions
exclude the use of an oxidant.
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18. The method of clairﬁ 2 wherein_ the interlayer'dieleciric film is represented by
the formula, Si,0,C.HgFe, wﬁerein, on an atomic % basis,a=10-35%,b=1-66 %,c=
; 1-35 %, d = 0-60 %, and e = 0-25 %, such that a+b+c+d+e = 100%.
19. The method of claim 2 wherein the chemical vapor deposition conditions are
20 plasma enhanced chemical vapor deposition conditions.
20?_ The method of claim 2 wherein the chemical vapor deposition conditions are
thermal chemicalr vapor depoesition conditions.

21. The method of claim 2 wherein the substrate is a silicon wafer.

22. The method of claim 2 wherein the interlayer dielectric film has one or more
25  of the bond types selected from Si-0-C, Si-0-8i, Si-C, Si-F, Si-H, C-0, C-H, and C-F.

23. The method of claim 2 wherein the dislectric constantis 3 or less.
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5 26. The method of claim 2 wheréin the chemical vepor depcsition conditions
exclude the use of an cxidant.
¢7. The method of claim 2 wherein the chemical vapor deposition conditions

include the use of one or more inert gases selected from the group consisting of helium,

neon argon, krypton, xenon, nitrogen,

| _ '10 28 The method of claim 2 wherein the one or more reactwe sﬁbstances selected
from the group consisting of 2 gaseous or liguid orggnic substance, ammonia, hydrogen,
carbon dicxide, carbon monoxide, a fluoracarbon, and mixtures thereof.
29- The method of claim g wherein the gaseous or Iicjuid crganic substénce is
- selected from the group consisting of methane, ethane, ethene, ethyne, propane,
15 propens, bu{ene, benzene, naphthalene, toluene, styréne; and mixtures thereof, and the
fluorocarbon is selected from the group.consisting éf CFs, CoFg, CsFe, CsFs, and mixtures
- thereof. |
30. The method claim 2 wherein the film is deposited on the substrate as an
insulation layer, an interlayer dielectric layer, an intermetal dielectric layer, a capping
20 layer, a chemical-mechanical planarization or etch stop layer, a barrier layer, or an

“adhesion layer in an integrated circuit.

31.  The method of claim 1 whereain the chemical vapor deposition conditions are
plasma enhanced chemical vapor deposition conditions and the one or more silyl ether is
represented by structure 11

25
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5 33. A film formed by the method of claim 2.
34. A film formed by the method of ¢laim 31.
35. The film of claim 32, whersin said film is pcrous.
36. The film of claim 35having a pore size of 5 nm or iess equivalent spherical
diameter, as determined by small angle neutron scattering or positron annihilation
10 ﬁfetimesbectroscopy.
37+ I'e film of ciaim 35 ‘having a pore size of 2.5 nm or less equivalent spherical
diameter, as determined by small angle neutron scattering or positron annihilation
lifetime spectroscopy.
38." The film of claim 32wherein said film has a density of 2 gice or less.
15 39. The film of claim 32 wherein said film has a density of 1.5 g/cc or less.
20.  The film of claim 32 wherein said film has a dielectric constant of 2.5 t0 3.5
and a Young's modulus greaier than. 3 GPa and/or a nanoindentation'hardness greater
g than 0.5 GPa. |

41. The film of claim 33, wherein said film is porous.

20 42. The film of claim 41 having a pore size of 5 nm or less eguivalent spherical

~ diameter, as determinad by small angle neutron scattering or positron annihilation

lifetime spectroscopy.

43.  The film of claim 41 having a pore size of 2.5 nm or less equivalent spherical

diameter, as determined by small angle neutron scattering or positron annihilation

25 lifetime spectroscopy.

44, The film of claim 33 wherein said film has a density of 2 g/cc or less.
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53. A film formed by the method of claim 47.
54. Afilm formed by the method of claim 48.
55. A film formed by the method of claim 50.

56. A film formed by the method of claim 52.
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