
;e3eX&d D%6&TX&10 June 2004 TITLE OF THE INVENTION: ORGANOSILICON
PRECURSORS FOR INTERLAYER DIELECTRIC FILMS WITH LOW DIELECTRIC CONSTANTS 5
BACKGROUND OF THE INVENTION The electronics industry utilizes dielectric
materials as insulating layers between circuits and components of
integrated circuits (IC) and associated electronic devices. Line dimensions
are being reduced in order to increase the speed and storage capability of
microelectronic devices (e.g. computer chips). Microchip dimensions have
undergone 10 a significant decrease in the past decade such that line
widths previously about 1 micron are being decreased to 0.18 micron with
forecasts for as low as 0.10 - 0.05 in the next 5 10 years. As the line
dimensions decrease, the requirements for preventing signal crossover
(crosstalk) between chip components become much more rigorous. These I
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 interlayer. C is 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 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 needed. -1   10 June 2004 Two general
approaches to making a low k ILD are spin-on and chemical vapor deposition
(CVD). Although both methods are capable of generating a low k ILD, CVD
processes have the advantage of being.able to utilize existing toolsets.
Another advantage to CVD is simpler integration due to the silica-like
structure of CVD-produced 5 films compared to organic polymer films
produced by some spin-on processes. CVD is also thought to have better
conformality and gap filling capability than the spin-on method. The
current method of choice for dissociating or activating the reactive gases
in a CVD chamber is by using a RF coupled plasma in a reaction zone above
the substrate, 10 such as that described in W09941423. In plasma enhanced
chemical vapor deposition (PECVD) the temperature required for the
dissociation and deposition is typically between 100 and 400 C, which is
generally lower than temperatures required for thermal CVD. Conventional
silica (Si02) CVD dielectric films produced from SiH, or TEOS 15
(Si(OCHZCH3)4, tetraethylorthosilicate) and OZ have a dielectric constant k
greater than 4.0. There are several ways in which industry has attempted to
produce silica-based CVD films with lower dielectric constants, the most
successful being the doping of the insulating film with carbon atoms,
fluorine atoms, or organic groups containing carbon and fluorine. Carbon
doped silica, having the general formula, SIaObCH, (in which the 



20 atomic % of a+b+c+d = 100 %; a = 10-35 %, b = 1-66 %, c = 1-35 %, d =
0-60 %) will be refereed to herein as organosilicate glass or OSG. Fluorine
and carbon doped silica, having the general formula, SiaOCHdFe (wherein the
atomic % of a+b+c+d+e = 100% and a = 10-35 %, b = 1-66 %, c = 1-35 %, d =
0-60 %) and a = 0.1-25 %) will be referred to as F-OSG. The ratio and
structural arrangement of carbon, silicon, oxygen, fluorine, 25 and
hydrogen atoms in the final ILD is dependent on the precursors chosen, the
oxidant, -2   10 June 2004 and the CVD process conditions, such as RF
power, gas flow, residence time, and temperature. Doping the silica with
carbon atoms or organic groups lowers the k of the resulting dielectric
film for several reasons. Organic groups, such as methyl, are 5
hydrophobic; thus, adding methyl or other organic groups to the composition
can act to protect the resulting CVD deposited film from contamination with
moisture. The incorporation of organic groups such as methyl or phenyl can
also serve to "open up" the structure of the silica, possibly leading to
lower density through space-filling with bulky CH% bonds. Organic groups
are also useful because some functionalities can be 10 incorporated into
the OSG; and then later "burned out" or oxidized to produce a more porous
material which will inherently have a lower k. The incorporation of voids
or pores in a low dielectric constant material will result in reductions in
the dielectric constant proportional to the amount of porosity. While this
is beneficial, the amount of porosity incorporated into the film must be
balanced with the deleterious effects that the 15 introduction of pores
will have on the mechanical properties of the film. Thus the optimum amount
of porosity will be material dependant. Doping the ILD with fluorine
provides low polarizability, thus leading to lower k. Fluorine-containing
organic groups such as CF3 are very hydrophobic, so their presence will
also serve to protect the silica from contamination with moisture. 20 While
fluorinated silica materials have the requisite thermal and mechanical
stability to withstand very high temperatures (up to 500C), 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. Fluorinated 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 involved in the manufacture
of an integrated circuit. -3   



10 June 2004 Organic polymers in general do not possess sufficient
mechanical strength for processing under current conditions. Also,
fluorocarbon polymers can have other drawbacks such as poor adhesion,
potential reaction with metals at high temperature, and poor rigidity at
high temperature in some cases. 5 One way to incorporate carbon into an ILD
is by using an organosilane such as methylsilanes (CH3)XSiHX as a silicon
source in the PECVD reaction. W09941423 and U.S. 6,054,379 describe the
reaction of a silicon compound containing methyl groups and Si-H bonds with
nitrous oxide (N20) oxidant to give an SiOC film with a carbon content of 1
- 50 % by atomic weight and a low dielectric constant. 10 U.S. 6,159,871
disclose methylsilanes (CH3)xSiH~, (x is 1-4) as suitable CVD organosilane
precursors to OSG low k films. Materials with 10-33% carbon content, by
weight, and k less than 3.6 are reported. An article by M.J. Loboda, et
al., entitled "Deposition of Low-K Dielectric films using Trimethylsilane,"
in Electrochemicai Soc. Proc., Vol. 98-6, 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
organosilane precursors in producing dielectric films. For example, U.S.
5,989,998 discloses the preparation of P~CVD low k films from, for example,
(C6H5)xSiH~., or (CHz=CH)xSiH4-x {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. WO 9941423 and EP 0935283 A2 disclose siloxanes such as
H(CH3)zSiOSi(CH3)ZH, (CH3)3SIOS1(CH3)3, and cyclic (-OSiH(CH3)-)4 as
precursors for 25 PECVD produced OSG films. -4   10 June 2004 Silyl ethers
(alkoxysilanes) have also been disclosed as precursors for dielectric
films. EP 0935283 A2 discloses methoxy and ethoxysilanes, such as
(CH3)2Si(OCH3)z and (CH3)(C6H5jSi(OCH3)2. U.S. 6,086,952 discloses a method
of forming thin polymer layers by blending reactive p-xylylene monomers
with one or more comonomers having 5 silicon-oxygen bonds and at least two
pendent carbon-carbon double bonds, such as 



tetraallyloxysilane. U.S. 6,171,945 discloses a process in which
organosilanes with "labile" ligands, such as formyl or glyoxyl groups, are
reacted with a peroxide compound at the surface of the substrate, and are
subsequently removed by annealing to provide a porous II.D. 10 U.S.
6,054,206 discloses deposition of a film using an organosilane and an
oxidant, followed by removal of the organic component in the film with an
Oz plasma to generate a porous silica material. 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 spa-hybridized C-F bonds such as (CF3)SiH3.
JP11-111712 describes the preparation of films from the deposition of
(CF3)Si(CH3)3, followed by thermal treatment with OZ to generate an
insulating film with a kof2.5to2.6. U.S. 6,020,458 teaches that the use of
sp2-hybridized C-F bonds, such as those 20 in (C6F5)SiH3, is preferable due
to the stronger C-F bond strength, leading to greater thermal stability of
the resultant ILD films. JP10-088352 discloses the possible use of
(R'O)"Si(ORZ)4~, (R' is a fluorinated alkyl chain and RZ 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. 5,948,928 are directed to the
preparation of fluorosilicate glass (FSG), not F-OSG films. -5   10 June
2004 Inadequacies exist in currently known CVD precursors and the
corresponding !LD films. One problem is that it can be difficult to include
all atoms or functionalities desired in the film in the same precursor
molecule, in the desired ratio to produce a SIaObCHd or SieObCHFe film, in
which the total atomic % of a+b+c+d+e = 100%, and a = 10-35 %, b 5 = 1-66
%, c = 1-35 %, d = 0-60 %, and a = 0-25 %. Heterogenous mixtures of
precursors can be used, but this is less desirable to a single-source
precursor for process reasons. 



The deposited ILD films should be able to withstand temperatures up to 450
C, since some Si-H, Si-C, C-H, or C-F bonds can be broken at high
temperatures. Release 10 of F ions or radicals can etch the film or other
components. The low k ILD must also have suitable mechanical strength. When
new low k films are substituted for traditional SiOZ, subsequent
integration process steps are impacted. The deposited films need to stand
up to subsequent processes including chemical mechanical planarization
(CMP), cap and barrier layers, and photoresist 15 adhesion, stripping,
etching and ashing. Studies have indicated that current OSG candidates
produced from trimethylsilane (3MS) or tetramethylsilane (4MS) limit the
dielectric constant to the range of 2.6-2.9 With modulus/hardness values in
the range of 4-11/0.25-1.4 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 (SiH4) is a pyrophoric gas, and
methyl, dimethyl, or trimethylsilane are all highly flammable gases.
Finally, the CVD organosilicon precursors need to be readily available and
affordable. s   10 June 2004 Despite the foregoing developments, there have
not been any examples in the prior art that successfully combine the
desired mechanical and electrical properties that are paramount for
integrating low k dielectric materials in integrated circuits. The need
therefore remains for precursors of low k ILD films that solve the 5
problems associated with known precursors, such as those described above.
BRIEF SUMMARY OF THE INVENTION This invention is directed to a method of
making !LD films having a k of 3.5 or less, preferably 3 or less, by
chemical vapor deposition (CVD), such as plasma 10 enhanced CVD (PECVD) or
thermal CVD, using specific organosilicon precursors. This invention is
also directed to the films produced therefrom, and to methods of using the
films. The low k ILD films can be deposited as either OSG (SiaOeCHd) or
F-OSG 



(SiaOCHdFe) films (wherein the atomic % of a+b+c+d+e = 100% and a = 10-35
%, b = 15 1-66 %, c = 1-35 %, d = 0-60 %, and a = 0-25 %). An oxidant such
as NzO, O2, 03, or HZOZ may be used in the CVD reactor, but may not be
required in all cases since many of the precursors already incorporate Si-O
bonds. Novel porous ILD films may also be produced using these specific
organosilicon precursors. The specific organosilicon precursors of this
invention are silyl ethers, silyl ether 20 oligomers, and organosilicon
compounds containing reactive groups. The silyl ethers of this invention
can have a structure as shown in structures I  VI I, below, where x is an
integer of 1 to 3, y is 1 or 2, and z is an integer of 2 to 6.    10 June
2004 R4~ ~SiR'2 O O R \ ~SiR'2 O IV VI VII R' can be one or more of H,
fluorine, a bunched or straight chain C1 to C6 alkyl, 5 (R20)xSiR'14_X~
(R30)ySiHR~~3_y) R~3Si-O-R4 O-SiR~3 V a C3 to CS substituted or
unsubstituted cycloalkyl, a C6 to C12 substituted or unsubstituted
aromatic, a partially or fully fluorinated Ci to C6 alkyl, a partially or
fully fluorinated C3 to C8 cycloalkyl, or a partially or fully fluorinated
C6 to C12 aromatic. Examples of R' are unfluorinated, partially
fluorinated, or fully fluorinated methyl, ethyl, propyl, isopropyl,
cyclopentyl, cyclohexyl, methylcyclohexyl, phenyl, and tolyl. RZ can be one
or more of a C6 to C12 substituted or unsubstituted aromatic such s 10 as
phenyl, tolyl, or pentamethylphenyl, a fluorinated straight chain, branched
chain or cycloalkyl up to CBF,S, such as trifluoromethyl and
pentafluoroethyl, or partially or fully fluorinated aromatic group, such as
C6H3FZOr C6F5. R' can be one or more of R2, a C1 to 6 linear or branched
alkyl, or a C3 to C8 15 



substituted or unsubstituted cycloalkyl, such as methyl, cyclohexyl,
phenyl, or tert-butyl. R4 can be one or more of a C1 to C6 linear or
branched alkyl, C3 to 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. O-R4 O R~ZSi\ . SiRt2
O-R4 O R'-((R30)-Si-(R~))Z R' s_   10 June 2004 Examples of compounds
having structure V!l are disilane or trisilane containing alkoxy ligands,
such as H(CH30)(CH3)Si-Si(CH3)(OCH3)H. Structures I and II contain
monodentate alkoxy groups, with one Si-O bond per ORZ or OR' group. In
structure I II, the R4 alkoxy group can be bidentate with one Si-O 5 bond
and one Si-C bond per R" group. In structure IV, R" is a bidentate alkoxy
structure with two Si-O bonds per R' group. In structures V end VI, the R'
alkoxy group forms bridged structures with two Si-O bonds. A major
advantage in using silyl ethers of this invention, having Si-O-C bonds, to
dope organic 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 more
convenient to form than Si-C bonds. In addition, starting materials for
silyl ethers are readily available and inexpensive, and silyl ethers are
safer to handle than silanes. Most of the silyl ethers described in this
invention are flammable liquids, while silane (SiH4) 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'~.xSiRsX in which x is an integer of 1 to 3, R' is as described
above for structures I-VI I, and R5 is a reactive group. A reactive group
is typically defined as chemical bonds) between two (or more) atoms which
can be broken using a minimal amount of energy, is strained, or is not in a
thermodynamically preferred configuration, 20 and has a propensity to form
new chemical bonds or crosslinked structures 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 epoxides such as
ethylene oxide or 2ethyloxirane, C2 to CS carboxylates such as methyl
acetate or ethyl acetate, C2 to C8 25 alkynes such as propyne, ethyne, and
phenylethyne, C4 to C8 dienes such as 1,3butadiene, 1,4 octadiene or 1,3
cyclopentadiene, C3 to C5 strained rings such as _g_   10 June 2004
cyclopropane or 2-cyclobutene, and C4 to C10 organic groups, such as
tert-butyl, tertbutyloxide, or adamantane, that can sterically hinder or
strain the organosilicon precursor. Examples of organosilicon compounds
containing reactive groups are trimethylsilylacetylene,
1-(trimethylsilyl)-1,3-butadiene, trimethylsilylcyclopentadiene, 5
trimethylsilylacetate, and di-tert-butyoxydiacetoxysilane. BRIEF
DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS Fig. 1 shows IR spectra for
comparative example 2 and inventive examples 1,2, and 3. Absorbencies were
normalized to film thickness and baseline offset for clarity. 



10 DETAILED DESCRIPTION OF THE INVENTION This invention is directed to a
method of making ILD films having a k of 3.5 or less, preferably 3 or less,
by chemical vapor deposition (CVD), using specific organosilicon
precursors. The specific organosilicon precursors of this invention are
silyl i5 ethers, silyl ether oligomers, and organosilicon compounds
containing reactive groups. Table 1 and 2 present examples of silyl ethers
of this invention having structures I-VII, including those in which the
silyl ether may be an oligomer. ~o   10 June 2004 TABLE 1 Organosilicon
PrecursorExamples of SubstituentsSpecific
Examplesphenoxytrimethylsilane(Rz0)xSiR'h.X~x 13 R' = H, CHs, CzHs,
CsHs,O-Si(CH3)3(CH3)~YCsHY (Y = 1-5),
(tert-____________~____________________Bu)C6H4, cyclic
C6H"2-tert-butylpfienoxy- Rz = CsHs, (CHs)CsHatrimethylsilane. (OCH3)C6Ha,
(CH3)5C6, (tent-(H3CI3eBu)CgHy,
CYCIIC-CgH7~O-SI(CH3)3dimethylethoxysilane(R30)xSiHR'~~x~x =
1-2(CH3CHz0)SiH(CH3)zR3 = CH3, CzHs,
Rz___________w________~____________dimethoxymethylsilane(CH30)zSiH(CH3)1,2-
bis(trimethylsiloxy)ethane(CHz)x(OSiR'3)Zx =
1-6(CH3)3SiOCH2CH20Si(CH3)s1,4-bis(trimethylsiloxy)benzene(CHs)x(CsHa-x)(OS
iR's)zx = 0-4(H3C)3Si0 ~ ~
OSI(CH3)31,2-bis(trimethylsiloxy)cyclobutene(CxHY)(OSiR'3)zCXNY is
unsaturated orOSi(CH3)3 ,saturated cyclic, branched, orlinear hydrocarbon
groups OSi(CH3)3x = 2-10 ; Y =
4-20(1,2-phenylenedioxy)dimethylsilanecyclicx =
0-4(CH3)X(CsHa-.Oz)(SiR'z)~Si(CH3)z Io -11   10 June 2004 cyclic
1,1-dimethyl-1-sila-2,6(CHZ)x(CH20)ZSiR'Z, x = 0-6 dioxacyclohexane CO
Si(CH3)2 O 1,6-bis(dimethylsila)-2,5,7,10cyclic x = 0-6 tetraoxacyclodecane
(Ci"(z)X(CHz~z)z(SiR'z)z % -CHZCHp-- \ (HaC)2Si\ /Si(CH3)2 0-CHzCHT-0
cyclic x = 1-6 1,1-dimethyl-1-sila-2-oxacyclohexane (CHZ)x(CHzO)(SiR'2)
~H3C)ZS' 0 1,2-dimethoxytetramethyld isilane R'-((R'O)-SiRz): R' x = 2-6 I
H3 i H3 H3C0- li li-OCH3 CH3 CH3 _12_ 



10 June 2004 TABLE 2 Organosilicon PrecursorExamples of
SubstituentsSpecific ExamplesR' and Rz are the same as
inPentafluorophenoxytrimethyl(Rz~O)XSIR'~~x~Table 1silaneF Fx = 1-3 ~ ~ R'~
= R', F, CH~.rFr (y = 1-3),F O-Si(CH3)3CzHs-rFr (Y = 1-5), CsHs-rFrF F(y =
1-5), (CH~.rFr)CsHs (y = 1 _3)_____________-_____.-___________cyclic
C6H,~-rFr (y = 1-11)1.1.1-trifluoroethoxytrimethylsilaneRz~ = Rz CHI-rFr (Y
= 1-3). CzHs-rFrCF3CHZOSi(CH3)s(Y= 1-5)~ `'BHS'rFr (y=
1-')~_________~___~__________(CH~rFr)CsHs (y = 1-3),
cyclicdimethoxymethylfluorosilaneCsH-rFr (Y=1-11)(CH3)(CH30)zSiF ~x=
1-61,2-bis(trimethylsiloxy)(CHz-rFr)x(OSiR' a)zy =
0-2tetrafluoroethane(CH3)3SiOCFZCFZOSi(CH3)s
~1,4-(trifluorosiloxy)(C6H4-XRs X)(OSiR'~3)zx = 0-4tetrafluorobenzeneRs~ =
F, CF3F FF3Si0 ~ ~ OSiF3 iF
F1,1-dimethyl-1-sila-2,6-(CHz_rFr),(CHz-rFYO)zSiR'~z,x =
0-6dioxahexafluorocyclohexaneY 0 2FzCFz ;
Si(CH3)zFzC-O1,2-difluoro-1,2-dimethoxyR'~-((R'O)Z~ SiRZ~r)x R'~x =
2-6dimethyldisilaney ~ 2 'OCH3 OCH3 I IR is the same as in Table 1F-Si
Si-FCH3 CH3 -13   10 June 2004 Table 3 presents examples of organosilicon
compounds with reactive side groups. TABLE 3 Organosilicon Precursor
Examples of Substituents Specific Examples 3-glycidoxypropyl
R'3Si(RB)CH(O)CHz R' is the same as in Table 1. trimethyoxysilane R' = R',
OCH3, OCHZCH3 /-~ RB = (CHz)X, (CHz)x0(CHz)r (HsCO)3Si' O(CHz)X~ x= 0-4, y
= 0-4 O x = 0-4 bis(trimethylsilyl)acetylene R'3Si(CHz)XC-_CSiR'3
(Ii3C)3Si-C-C-Si(CH3)3 x = 0-4 trimethylsilylacetylene R'3Si(CHz)xC-CR'
(H3C)3Si-C-C-H x = 0-4 trimethylsiloxyacetylene R'3Si0(CHz)xC=_CR'
(H3C)3Si0-C-C-H CXHzX-a is straight chain diene,
2-(trimethylsilyl)-1,3R'3SI(C,Hz%.3) x = 4-6 butadiene Me3Si CxH~.3 is
straight chain diene, 1-(trimethylsiloxy)-1,3R'3Si0(C,Hz,.3) x = 4-6
butadiene (i.j3C)3SIO 5 



-14   10 June 2004 C%Hzx.s is cyclic diene, trimethylsilyl
R'3Si(cyclic-CXHzx.s) x = 4-8 cyclopentadiene (HsC)2Si~ i x = 1-5
4-(tert-butylphenyl)silane R'3Si(C6H5_x)(R9)X R9 = sterically demanding
group, (CH3)sC, (CHs)zCH. Si(CH3)a-rHr H S y = 1-3
t,2-(dimethylsilyl)benzene H(HsC)zS~ H(H3C)zSi x = 1-3
Trimethylsilylacetate R'~-xSi(COZR3)x ~ (H3~)3S~"o CH3
Di-tert-butoxydiacetoxy silane OII (H3C)3CO~ O~CH3 Si (H3C)3C~/ \~~CHg O
The organosilicon precursors of this invention are either commercially
available or can be prepared by well known methods. 5 Examples of
commercially available precursors are phenoxytrimethylsilane,
dimethoxymethylsilane, 3-glycidoxypropyltrimethoxysilane,
bis(trimethylsilyl)acetylene, 1 -15   10 June 2004
(trimethylsiloxy)-1,3-butadiene, trimethylsilylcyclopentadiene, and
di-tertbutoxydiacetoxysilane. In general, compounds containing Si-OR bonds
such as those in structure types I-VII are available from the exchange
reaction of Si-X with an alcohol ROH containing the 5 desired R group
(Eaborn, Organosiiicon Compounds, Academic Press Inc., 1960, p.288). Group
X is usually a halide such as CI-, an alkoxide, such as CH30', or another
transfer group, such as RNH. For example, CF3CHZOSi(CH3)3 can be prepared
in greater than 90% yield from CF3CHZOH and ((CH3)3Si)ZNH, with NH3 being
the only byproduct (N. R. Patel et. al. Inorganic Chemistry, 1994, vol. 33,
pages 5465-54T0). 10 Similarly, the cyclic compound (CH2)(CH20)2Si(CH3)Z
can be prepared from the reaction of (CH3)ZSi(OCH3)z with 1,3-propanediol,
with the byproduct being removed as methanol (R. H. Krieble et al., J.
Chem. Soc, 1947, vol. 69, pages 2689-2692). The bridged complexes are also
prepared from the diols, such as in the reaction of hydroquinone with
(CH3)3SiCl to generate 1,4-((CH3)3Si0)2(C6H4) and HCI. 15 The use of silyl
ethers of structure types I-VII may also be advantageous when forming
porous films because the organic portion of the Si-O-R in the deposited
film could be removed after deposition by various thermal or plasma
methods, resulting in a film with voids. Without intending to be bound by
theory, it is believed that the use of bidentate 20 silyl ethers (structure
IV) as precursors may lead to the production of species in the reacting
phase that 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: -~s   



10 June 2004 H2 O-C RZSi~ ~CHZ \ O CH2 /SiR2 O HZC O HZC~ / SiR2 C-O HZ
This type of ring expansion may aid in the incorporation of porosity by
essentially templating the silicon, carbon, and oxygen atoms in an open
structure. Another attractive aspect of the cyclic bidentate silyl ethers
of structure type III or 5 IV is that ring sites of less than 7 contain
ring strain which leads to ring opening polymerization, illustrated below,
at higher temperatures. O iR2 ----~ /O~gi~~ O~Si~O~ O R2 RZ 10 The ring
opening may facilitate crosslinking during the deposition process and thus
form films with high mechanical strength and thermal stability. Ring
opening can be controlled by the energy of the RF plasma or the reaction
temperature during film deposition. The use of bridged silyl ethers of
structure types V and VI may also be 15 advantageous when forming porous
films because the organic portion of the Si-O-R-O-Si in the deposited film
could be removed after deposition by various thermal or plasma methods,
resulting in a film with voids. The use of silyl ether oligomers of
structure type VII 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 polymerization and crosslinking in the final
film __   10 June 2004 The use of organosilicon precursors containing
reactive groups, such as epoxides, dienes, alkynes, and carboxylates, may
aid in the polymerization of the film on the substrate. For example,
unsaturated carbon-carbon bonds will crosslink, and the epoxides can
participate in Si-O bond formation. The film derived from these precursors 



5 will be OSG with crosslinked or polymerized substituents that enhance the
stability and strength of the film In the preparation of an OSG or F-OSG
insulating film by PECVD using the organosilicon precursors described
above, the organosilicon compound is preferably a liquid or a gas with a
boiling point below about 250 C at atmospheric pressure. The 10
organosilicon compound is introduced in the vapor phase to a reaction
chamber in a system similar to that typically used for introducing
tetraethylorthosilicate (TEOS) (U.S. Re36,623). The ratio of SiaObC~HdFe
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 precursors such as (C6H50)SiH3and CF3CHZOSi(CH3)3, 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 nitrogen. An oxidant, such as oxygen
(Oz), ozone (03), nitrous oxide (N20)) nitric oxide 20 (NO), nitrogen
dioxide (NOZ), dinitrogen tetroxide (Nz04) and/or hydrogen peroxide (HZOz),
can optionally be added, but may not be necessary if the organosilicon
precursor contains oxygen and 5i0 bonds. One or more fluorine-providing
gases may be used as an additive in the reaction or in a post-treatment.
Examples of fluorine-providing gases are CF,, CzFs, C4F6, and 25 C6Fo. _
~s_   10 June 2004 It is within the scope of the invention for a single
species of molecule to function as more than one of the precursor gas, the
oxygen-providing gas and the fluorine providing gas. That is, the precursor
gas, the oxygen-providing gas and the fluorine providing gas are not
necessarily three different gases. For example, it is possible to 5 use
dimethoxymethylfluorosilane or t~ifluoroethoxydimethylsilane to provide
silicon, carbon, oxygen and fluorine. It is also possible to use a single
gas to act as a precursor and oxygen-providing gas (e.g.,
dimethoxymethylsilane, diethoxymethylsilane each of which provides carbon,
oxygen and silicon), and to use a single gas to act as a precursor and a
fluorine-providing gas (e.g., trimethylfluorosilane, which provides carbon,
fluorine 10 and silicon). Although the term "gaseous" is sometimes used
herein to describe the reagents, the term is intended to encompass reagents
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 fluorine-providing
gases and/or combinations of different oxygen-providing agents along a 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 andlor carbon) along with a
non-fluorinated organosilicon precursor (to provide carbon). In addition to
the organosilicon precursors, and optionally the oxygen-providing gas and
the fluorine-providing gas, additional materials can be charged into the
vacuum chamber prior to, during andlor after the deposition reaction. Such
materials include 25 reactive substances, such as gaseous or liquid organic
substances, NH3, HZ, COz, CO,    10 June 2D04 or fluorocarbons. Examples of
organic substances are CH4, CZH6, CZH4, CZHz, C3H8, benzene, naphthalene,
toluene and styrene. Although a single process step is preferred, in many
instances it is also within the scope of the invention to post-treat the
film after deposition. Such post-treating can 5 include, e.g., at least one
of thermal treatment, plasma treatment and chemical treatment to improve
one or more of the film properties. For example, thermal post-treatment may
provide lower dielectric constants by removing some organic material.
Energy is applied to the gaseous reagents to induce the gases to react and
to form the film on the substrate. Such energy can be provided by, e.g.,
plasma, pulsed 10 plasma, helicon plasma, high density plasma, inductively
coupled plasma, and remote plasma methods. A secondary rf frequency source
can be used to modify the plasma characteristics at the substrate surface.
The flow rate for each of the gaseous reagents preferably ranges from 10 to
5000 sccm , more preferably from 200 to 2000 sccm, per single 200 mm wafer.
Liquid chemical flows are in the range of 0.1 to 10 glminute, preferably
0.5 to 3 g/minute. The 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. It is preferred to deposit the film at
a deposition rate of at least 50 nmlmin. The pressure in the vacuum chamber
during deposition is preferably 0.01 to 7fi0 15 torn more preferably 1 to
20 torn The film is preferably deposited to a thickness of 0.002 to 10
microns, although the thickness can 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., 2a    10 June
2004 a 10 mm outermost edge of the substrate is not included in the
statistical calculation of uniformity. The porosity of the film can be
increased with the bulk density being correspondingly decreased to cause
further reduction in the dielectric constant of the 5 material and
extending the applicability of this material to future generations (e.g., k
less `than 2.5). In a typical deposition of a low k film, for example
produced in an Applied Materials DxZ chamber (200 mm), flows can range from
10-1000 sccm of precursor (vapor or gas state), 0-6000 sccm oxidizer)
0-5000 sccm inert gas. Activation of 10 reaction in the chamber is
generally provided by f2F power, typically 100-2000 watts, or thermal
energy. The pressure during film deposition is typically from 1 to 20 torr.
The flow rates of materials and power levels used are dictated by the
desired deposition rate and will also affect the composition of the final
film material. The resulting interlayer dielectric film can have a
dielectric constant of 3.5 or less, 15 preferably 3 or less. The final
carbon content in the film should be between 0 to 35% (atomic %) for OSG
and F-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-Si, Si-C, Si-F, Si-H, C-O, C-H, and C-F. It is
important 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 plasma during the deposition.
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 - z~    10 June 2004 small angle neutron scattering
(SANS) or PALS is preferably 5 nm or less in equivalent spherical diameter,
more preferably 2.5 nm or less in equivalent spherical diameter. Films of
the invention preferably have a density of 2 glcc or less, or
alternatively, 1.5 g/cc or less. Such low densities can be achieved by
adding a porogen to the 5 gaseous reagents andlor post-treating the
deposited material. Filrhs of the invention have improved properties
relative to OSG films produced from other candidate materials such as
trimethylsilane and dimethyldimethoxysilane. In certain embodiments, the
film has a dielectric constant in the range from 2.5 to 3.5, with a Young's
modulus greater than 3 GPa and/or a nanoindentation hardness greater than
10 0.5 GPa. Films of the invention are thermally stable, with good chemical
resistance. The films are suitable for a variety of uses. The films are
particularly suitable for deposition on a semiconductor substrate, and are
particularly suitable for use as, e.g., an insulation layer, an interlayer
dielectric layer, an intermetal dielectric layer, a capping 15 layer, a
chemical-mechanical planarization (CMP) or etch stop layer, a barrier layer
(e.g., against diffusion of metals, water or other materials that can be
undesirable in insulating layers) andlor an adhesion layer in an integrated
circuit. The films can form a conformal coating. The mechanical properties
exhibited by these films make them particularly suitable for use in AI
subtractive technology and Cu damascene technology. 20 The films are
compatible with chemical mechanical planarization and anisotropic etching,
and are capable of adhering to a variety of materials, such as silicon,
SiOz, SI3N,, OSG, FSG, silicon 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. -22   10 June 2004 Products of the invention can be
provided in any form capable of being deposited by CVD, such as coatings,
multilaminar assemblies, and other types of objects that are not
necessarily planar or thin, and a multitude of objects not necessarily used
in integrated circuits. 5 The invention will be further clarified by a
consideration of the following examples, which are intended to be purely
exemplary of the use of the invention. EXAMPLES All experiments were
performed on an Applied Materials Precision-5000 system 10 in a 200 mm Dx2
chamber f>tted with an Advance Energy 2000 rf generator, using an 



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 purgelevacuation of chamber
prior to wafer removal. Subsequently, a chamber clean was performed after
each deposition using an in situ CZF6 + OZ clean 15 followed by a chamber
seasoning step. Dielectric constants were determined using Hg probe
technique on low resistivity p-type wafers (< 0.02 ohm-cm). Transmission
infrared 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 a 5 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 II, (R30)YSiHR'~~,,~, specifically
diethoxymethylsilane. 23    10 June 2004 Comparative Examples 1 and 2 were
produced in accordance with the teachings of U.S. 6,159,871, U.S.
6,054,379, and WO 99I41123, and are tabulated in Table 5 below. Comparative
examples are also shown in Table 6 for dimethyldimethoxysilane (DM-DMOS), a
material similar to structure 11 precursors, however lacking various 5
aspects of the structure II precursors, such as for example an Si-H
functionality. Table 4 Data for diethoxymethylsilane (DEMS) material Exam
Ie No.123RF ower W100300500chamber ressure torn6.06.06.0substrate tem
erature C390390390Materials flaws DEMS m Imin150010001500He carrier
sccm500150150OZ sccm5000COZ sccm00250thickness nm515640565refractive
index1.4051.4511.47dielectric constant k2.992.903.06dhesion
ualitative100%100%100%Youn 's modulus GPa18.516.517.3nanoindentation
hardness GPa3.02.82.9Com osition XPS %
C14.417.517.3Si35.534.835.3O50.147.747.4%N000RBS-HFS data ratio
Si:H0.730.690.69ratio H:C33.23.2 10 -24   10 June 2004 Table 5 Comparative
Data for trimethylsilane (3MS) material Com arative Exam le No.1RF ower
W600chamber ressure torr4.0substrate tem erature C325Materials Flows
3MSsccm540O'sccm90hickness nm676refractive index1.445dielectric constant
k2.85adhesion100%Youn 's modulus GPa8.76nanoindentation
hardnessGPa1.44Elemental XPS `%23-26Si35O39-41N0RBS-HFS data` ratio
Si:H0.63-0.85ratio H:C1.6-2.4 5 `averaged values from samples produced at
identical process conditions Table 6. 10 Comparative Data for
Dimethyldimethoxysilane (DM-DMOS) Com arative Exam le No.234RF ower
W600450450chamber ressure torr8.08.012.0substrate tem erature
C325325325Material Flows DM-DMOS m Imin150015001500He carrier
sccm500500500OZ sccm05050NZO sccm5000thickness ~nm)10051126707refractive
index1.4471.4321.409dielectric constant k3.113.072.88adhesion
ualitative100%100%100%Youn 's modulus GPa13.610.66.68nanoindentation
hardness (GPa)2.31.861.2 



-25   10 June 2004 The data presented in Tables 4, 5, and 6 show that
diethoxymethylsilane (an organosilicon precursor of structure II)
unexpectedly showed superior mechanical 5 properties as indicated by
Young's modulus and nanoindentation hardness, compared to the precursors
(trimethylsilane and dimethyldimethoxysilane) in the comparative examples.
For example, comparing inventive example #2 (k of 2.90) to comparative
examples #1 (k=2.85) and #4 (k=2.88), inventive example #2 has a Young's
modulus of 16.5 and a nanoindentation hardness of 2.8 compared to a Young's
modulus of 8.76 and 10 hardness of 1.44 for comparative example #1 and a
Young's modulus of 6.68 and hardness of 1.2 for comparative example #4. It
is noteworthy that for inventive example #2 there was no oxidant type gases
incorporated in the recipe, such that all O in the final film necessarily
came from the alkoxy functionality of the organosilane precursor. Also;
comparing inventive examples #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 compared 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 -oontent in inventive example #2 likely attributes
to better network structure formation and` thus may be responsible for the
improved mechanical properties. -26   10 June 2004 Comparison of the H:C
ratios for inventive example #2 to comparative example #1 indicates that
there is a substantial increase in the amount of H relative to C in
inventive example #2. 



Transmission infrared spectra are shown in Fig. 1 for inventive examples
#1-3 5 and comparative example #1. Data collected from these spectra are
shown in Table 7. The data indicates that residual Si-H ('2200 cm-') and
O-H functionality (at 37D0 cm-') in the invention,examples was equal to or
less than residual Si-H or O-H functionality in the comparative example.
Without intending to be bound by theory, we infer that for the inventive
examples 10 the carbon must be essentially all in the form of methyl
functionalities (i.e., -CH3) to account for the high H:C ratio. We also
infer that, based on the Si:C ratio ('2), approximately every other Si has
a -CH3 bound to it. For the comparative examples this need not be so, as
there can be various amounts of the entire range of populations of H
substituted C, including CH3, CHZ, CH, and Si-C (inorganic carbon, not
having any 15 directly connected H). This might account for the H:C ratio
being far less than the optimum H:C ratio of 3 for the C to be essentially
all in the form of -CH3. -27   10 June 2004 Table 7 Quantitative IR
information for inventive examples #1-3 versus comparative example #1
(absorbencies normalized to film thickness) Band (cm-1) I
absorbanceComparative exam le #1Inventive exam le #1Inventive exam le
#2Inventive exam le
#33738NDNDNDND29710.0210.0190.0140.01122350.0049ND0.00650.05321580.0045ND0.
00330.000712780.0650.0800.0570.04310330.2720.3910.3580.437Band (cm-1 ) Band
Areas3033-2769 CH31.180:420.690.472370-2073 SiH0.55ND0.550.291325-1240
SiCH31.401.190.970.441240-944 SiOSi40.2144.8848.8656.50 5 ND = not
detectable 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 silicon 10 wafer
substrate. Table 8 



Chamber Pressure torr6.0Substrate tem erature C400RF ower Watts300DMOMS
Imin1.0COZ carrier sccm200 _za_   10 June 2004 The expected k value will be
in the range of 2.7 to 3.0, with a Young's modulus of about 15 GPa and a
nanoindentation hardness of about 2 GPa. A prospective example of the
invention based on using phenoxydimethylsilane (PODMS) as the organosilane
precursor is shown in Table 9 below for a 200 mm silicon 5 wafer substrate.
Table 9 Chamber Pressure torr6.0Substrate tem erature ~i'400RF ower
Watts300PODMS /min1.0COZ carrier sccm200 The expected k value will be in
the range of 2.7 to 3.0, with a Young's modulus of 10 about 15 GPa and a
nanoindentation hardness of about 2 GPa. A prospective example of the
invention based on using di-tert-butoxymethylsilane (DTBMS) as the
organosilane precursor is shown in Table 10 below for a 200 mm silicon
wafer substrate. 15 Table 10 Chamber Pressure torr6.0Substrate tem erature
C400RF ower Watts300DTBMS /min1.0COZ carrier sccm200 The expected k value
will be in the range of 2.7 to 3.0, with a Young's modulus of about 15 GPa
and a nanoindentation hardness of about 2 GPa. 20 _29_   10 June 2004 A
prospective example of the invention based on using
dimethyldioxosilylcyclohexane (DM-DOSH) as the organosilane precursor is
shown in Table 11 below for a 200 mm silicon wafer substrate. 5 Table 11
Chamber Pressure torr8.0Substrate tem erature C350RF ower Watts300DM-DOSH
Imin1.0He carrier sccm200 The expected k value will be in the range of 2.7
to 3.0, with a Young's modulus of about 15 GPa and a nanoindentation
hardness of about 2 GPa. 



While the invention has been described in detail and with reference to
specific 10 examples thereof, it will be apparent to one skilled in the art
that various changes and modifications can be made therein without
departing from the spirit and scope thereof. 15 -30   10 June 2004 CLAfMS
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
organosilicon precursor comprising one or more silyl ether, represented by
one or more of structures I through III or a silyl ether oligomer,
represented by IV: (RZO)xSiR't4_X~ (R30)ySiHR~l3_yl Rl3Si - p_~_~._giR~3
R'-((R30)-Si-(R~))rR~ 11 III IV wherein x is an integer fr om 1 to 3; y is
1 or 2; z is an integer from 2 to 6; R' is one or more of H, fluorine, a
branched or straight chain C1 to C6 alkyl, a C3 to C8 substituted or
unsubstituted cycloalkyl, a C6 to C12 substituted or unsubstituted
aromatic, a partially or fully fluorinated C 1 to C6 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 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 parEially or fully fluorinated C6 to C12 aromatic; R' is
one or more of Rz, a C1 to 6 linear or branched alkyl, or a C3 to C8
substituted or unsubstituted cycloalkyl; and R` is one or more of a
branched or straight chain C1 to C6 alkyl, a C3 to C8 substituted or
unsubstituted cycloalkyl, a C6 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 fluorinated C6 to G12 aromatic; optionally together with
one or more additional reactive substance; to form an interlayer dielectric
film having a dielectric constant of about 3.5 or less. -31   10 June 2004
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 or more
reactive side group selected from the group consisting of a C2 to C10
epoxide, a C2 to CB carboxylate, a C2 to C8 alkyne, a C4 to G8 diene, a C3
to C5 strained cyclic 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
~Im having a dielectric constant of 3.5 or less. 3. The method of claim 1
where the organosilicon compound is selected from the group consisting of
phenoxytrimethylsilane, 2-tert-butyl-phenoxytrimethylsilane,
dimethylethoxysilane, dimethoxymethylsilane,
1,2-bis(trimethylsiloxy)ethane, 1,4-bis(trimethylsiloxy)benzene,
1,2-bis(trimethylsiloxy)cyclobutene, 1,2-dimethoxytetramethyldisilane,
pentafluorophenoxytrimethylsilane, 1,1) 1-trifluoroethoxytrimethylsilane,
1,1,1-trifuoroethoxydimethylsilane, dimethyoxymethylfluorosilane,
1,2-bis(trimethylsiloxy)tetrafluoroethane,
1,4-(trifluorosiloxy)tetrafluorobenzene,
1,1-dimethyl-1-sila-2,6-dioxahexafluorocyclohexane,
1,2-difluoro-1,2-dimethoxydimethyldisilane, and mixtures thereof. -32   10
June 2004 4. The method of claim 2 wherein the organosilicon precursor is
selected from the group consisting of 3-glycidoxypropyltrimethyoxysilane,
trimethylsilylacetylene, 5 bis(trimethylsilyl)acetylene,
trimethylsiloxyacetylene, 1-(trimethylsiloxy)-1,3-butadiene, 2
(trimethylsilyl)-1,3-butadiene, trimethylsilylcyclopentadiene,
4-(tert-butylphenyl)silane, 1,2-(dimethylsilyl)benzene,
trimethylsilylacetate, di-tert-butoxydiacetoxy silane, and mixtures
thereof. 10 5. The method of claim 1 wherein the interlayer dielectric film
is represented by the formula, Sia05C~HdFe, wherein, on an atomic % basis,
a = 10-35 %, b = 1-66 %, c = 1-35 %, d = 0-60 %, and a = 0-25 %, such that
a+b+c+d+e = 100%. 6 ~ The method of claim 1 wherein the chemical vapor
deposition conditions are plasma enhanced chemical vapor deposition
conditions. The method of claim 1 wherein the chemical vapor deposition
conditions are thermal chemical vapor deposition conditions. 8. The method
of claim 1 wherein the substrate is a silicon wafer. The method of claim 1
wherein the interlayer dielectric film has one or more of the bond types
selected from Si-O-C, Si-O-Si, St-C, Si-F, Si-H, C-O, C-H) and C-F. 10 The
method of claim 1 wherein the dielectric constant is 3 or less. The method
of claim t wherein the interlayer 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~, 03, H202, N20, and
mixtures thereof. 25 t 3' ~ The method of claim 1 wherein the chemical
vapor deposition conditions 



exclude the use of an oxidant. -33   10 June 2004 4  The method of claim 1
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. ~ 5- The method of claim 1 wherein the one or
more reactive substances is 5 selected from the group consisting of a
gaseous or liquid organic substance, ammonia, hydrogen, carbon dioxide,
carbon monoxide, a fluorocarbon, and mixtures thereof. l6~The method of
claim.l5 wherein the gaseous or liquid organic substance is selected from
the group consisting of methane, ethane, ethene, ethyne, propane, propene,
butene, benzene, naphthalene, toluene, styrene, and mixtures thereof, and
the 1~ fluorocarbon is selected from the group consisting of CF4, CZFs,
CQF6, C5F6, and mixtures thereof. t 7. The method of claim 1 wherein the
film is deposited on the substrate as an insulation layer, an interlayer
dielectric layer, an intermetal dielectric layer, a capping layer, a
chemical-mechanical planari2ation or etch stop layer, a barrier layer, or
an adhesion layer in an integrated circuit. t8 The method of claim 2
wherein the interlayer dielectric film is represented by the formula,
Si,OCHdFe, wherein, on an atomic % basis, a = 10-35 %; b =1-66 %, c = 1-35
%, d = 0-60 %, and a = 0-25 %, such that a+b+c+d+e = 100%. The method of
claim 2 wherein the chemical vapor deposition conditions are 20 plasma
enhanced chemical vapor deposition conditions. 2~ ~ . The method of claim 2
wherein the chemical vapor deposition conditions are thermal chemical vapor
deposition conditions. 2t - 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-O-C,
Si=O-Si, Si-C, Si-F, Si-H, C-O, C-H, and C-F. 23_ The method of claim 2
wherein the dielectric constant is 3 or less. -34  



10 June 2004 24. The method of claim 2 wherein the interlayer dielectric
film is porous. 25. The method of claim 2 wherein the chemical vapor
deposition conditions include the use of an oxidant selected from the group
consisting of O2) 03, H~O~, N=0, and mixtures thereof. 5 26' The method of
claim 2 wherein the chemical vapor deposition conditions exclude the use of
an oxidant. 27' 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 Z8 ~
The method of claim 2 wherein the one or more reactive substances selected
from the group consisting of a gaseous or liquid organic substance,
ammonia, hydrogen, carbon dioxide, carbon monoxide, a fluorocarbon, and
mixtures thereof. ' 29 ~ The method of claim 2g wherein the gaseous or
liquid organic substance is selected from the group consisting of methane,
ethane, ethene, ethyne, propane, 15 propene, butene, benzene, naphthalene,
toluene, styrene, and mixtures thereof, and the fluorocarbon is selected
from the group consisting of CF4, CzFs, C~F6, 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 wherein the chemical vapor deposition conditions are
plasma enhanced chemical vapor deposition conditions and the one or more
silyl ether is represented by structure II. 25 -35   10 June Q004 32. A
film formed by the method of claim 1. 



5 33~ A film formed by the method of claim 2. 34. A film formed by the
method of claim 31. 35. The film of claim 32, wherein said film is porous.
36. The film of claim 35 having a pore size of 5 nm or less equivalent
spherical diameter, as determined by small angle neutron scattering or
positron annihilation 10 lifetime spectroscopy. 3' v T'he film of claim 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 32 wherein said film has a
density of 2 gicc or less. 15 39- The film of claim 32 wherein said film
has a density of 1.5 gicc or less. 40. The film of claim 32 wherein said
film has a dielectric constant of 2.5 to 3.5 and a Young's modulus greater
than 3 GPa and!or a nanoindentation hardness greater 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 equivalent spherical diameter,
as determined 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 glcc or less. -36
10 June 2004 45. The film of claim 33 wherein said film has a density of
1.5 glcc or less. 46. The film of claim .33;wherein said film has a
dielectric constant of 2.5 to 3.5 and a Young's modulus greaser than 3 GPa
andlor a nanoindentation hardness greater than 0.5 GPa. 4~' 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 organosilicon precursor comprising one or more
silyl ether selected from the group consisting of diethoxymethylsilane)
dimethylethoxysilane, dimethoxymethylsilane, dimethylmethoxysilane,
phenexydimethylsilane, diphenoxymethylsilane, dimethoxyphenylsilane
diethoxycyclohexylsilane, tert-butoxydimethylsilane, and
di(tert-butoxy)methylsilane; to form an interlayer dielectric film having a
dielectric constant of about 3.5 or less. 48- The method of claim 47 the
chemical vapor deposition conditions are plasma 



enhanced chemical vapor deposition conditions. 49' The method of claim 48
wherein the plasma enhanced chemical vapor deposition conditions include
the use of one or more gases selected from the group consisting of carbon
dioxide, argon, helium, nitrogen, oxygen, nitrous oxide, hydrogen peroxide
and ozone. 50. The method of claim 48 wherein the organosilicon precursor
is diethoxymethylsilane. 5t' The method of claim 50 wherein the plasma
enhanced chemical vapor deposition conditions include the use of carbon
dioxide or helium. 52. . A method of forming a low dielectric constant
interlayer dielectric film which comprises reacting diethyoxymethylsilane,
under plasma vapor deposition conditions sufficient -37   10 June 2004 to
deposit a film on a substrate, in the presence of carbon dioxide or helium,
to form an interlayer dielectric film having a dielectric constant of about
2.5 to 3.5. 53. A film formed by the method of claim 47. 54.. A film 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. -38
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