FLUORI NE Sl LI CON OXI DE PROCESS FI ELD OF THE | NVENTI ON The pr.esent

I Avention is directed to a process for form ng fluorine-containing silicon
oxide filnms on el-ectronic material substrates to achieve |ower dielectric
constants than in pure silicon dioxide using a class of fluorinated al kyl
silanes to appropriately control the fluorine content of such filns and
thus the dielectric constant of sucH filns. BACKGROUND OF THE | NVENTI ON The
sem conductor industry is rapidly decreasing the dinmensions and increasing
the density of circuitry and el ectronic conponents in silicon chips and
integrated circuits. In addition, integrated circuits are being |ayered or
stacked with ever decr EXHIRFNE\DOPER AELEGYH OXIRE IERAES%t ween each
circuitry layer. Wth these decreasing geonetries and devi ce sizes, the
sem conductor industry has sought to avoid parasitic capacitance and
crosstal k noi se caused by inadequate insulating layers in the integrated
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ACRGROUND OF THE I TION
The semiconductor industry is rapidly decreasing the

dimensions and increasing the density of circuitry and
electronic components in silicon chips and integrated circuits.
In addition, integrated circuits are being layered or stacked
with ever decreasing insulating layer thickness between each
circuitry layer.

With these decreasing geometries and device sizes, the
semiconductor industry has sought to avoid parasitic
capacitance and crosstalk noise caused by inadequate insuléting
layers in the integrated circuits. As operation frequencies
approach the GHz regime, low RC (resistance x capacitance)
delay constants become essential. One way to achieve the
desired low RC delay constants involves use of dielectric
material in insulating layers that have a low dielectric
constant.

T. Homma, et al., J. Electrochem. Soc., 3/93, vol. 140,
No. 3, pp.687-92, discloses the room temperature chemical vapor
deposition of SiOF films for interlayers in submicron
multilevel interconnections. The technique uses
fluorotriethoxysilane and water vapor as source materials.

T. Homma, et al., J. Electrochem. Soc., 1993, Vol. 140,
No. 12, pp. 3599-603, discloses the characteristics of SiOF



T. Homma, et al., J. Electrochem Soc., 1993, Vol. 140, No. 12, pp.

3599- 603, discloses the characteristics of SiOF -2- filnms fromvarious
al koxysi | ane precursors for interlayer dielectrics in nmultilevel

i nterconnections. The articles by T. Homma, et al. have attenpted to
deposit Si OF from various al koxyfl uorosilanes under an atnospheric pressure
chemi cal -vapor deposition process with™wdt&r as a catalyst. The atomic
fluorine percentage is limted in these precursors and volatility of the
sources is very low. Filns obtained by this process have poor uniformty
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T. Usami, et al., Jpn. J. Appl. Phys., Part 1, 1993, vol.
33, No. 1B, pp 408-12, report an interlayer dielectric film
using fluorine-doped silicon oxide for multilevel
interconnection of very large scale integration (VLSI). The
film is deposited from hexafluoroethane and tetraethoxysilane
using plasma-enhanced chemical vapor depdsition. Low
dielectric constants are reported to be caused by the Si~F bond
formation and SiOF films are reported to have very high
applicability as an interlayer dielectric film for advanced
VLSI devices. Usami, et al. have deposited SiOF using
tetraethoxysilane and hexafluorcethane. Here, more than one
source is required to obtain the desired SiOF films, and the
vapor pressure of tetraethoxysilane is low. '
C. Falcony, et al., Thin Solid Films, 4/91, vol. 199, No.
2, pp269-78, describes the deposition of silicon dioxide films
by plasma-enhanced chemical vapor deposition using SiCl, and
SiF,.
C. Falcony, et al., J. Vac. Sci. Technol. A, Vac. Surf.
Films, 11/93, vol. 11, no. 6, pp. 2945-9, discloses high
quality silicon dioxide films deposited by plasma-enhanced
chemical vapor deposition using.SiF4 and N,0. Hydrogen is used
to decrease the amount of residual F in the oxide.
Falcony, et al. have used silicon tetrafluoride as a
precursor. Silicon tetrafluoride is a highly toxic compressed
gas and is hazardous to handle.




2, pp269-78, describes the deposition of silicon dioxide filns by

pl asma- enhanced chem cal vapor deposition using [err] and [err] C. Fal cony,
et al., J. Vac. Sci. Technol. A Vac. Surf. Filns, 11/93, vol. 11, no. 6,
pp. 2945-9, discloses high quality silicon dioxide filns deposited by

pl asma- enhanced chem cal vapor depositiqg using [err] and N20. Hydrogen is
used to decrease the anount of residual Tn the oxide. Falcony, et al. )
have used silicon tetrafluoride as a precursor. Silicon tetrafluoride is a
hi ghly toxic conpressed gas and is hazardous to handl e. -3- US Pat ent
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The prior art has attempted to provide insulating layers
of silicon dioxide and fluorinated silicon dioxide from various
precursors or sources which under appropriate conditions
decompose to provide such layers. However, the prior art
processes suffer from difficult handling of precursors, lack of
volatility of sources or precursors, safety, as well as an
inability to adjust the fluorine level in silicon oxide layers
to provide the appropriate fluorine content in such fluorinated
silicon oxide layers. These and other problems in the prior
art are overcome by the present invention, as will be set forth
in greater detail below.

BRIEF SUMMARY OF THE INVENTION
The present invention is a process for forming a fluorine-
containing silicon oxide f£ilm on a substrate by plasma-enhanced
chemical vapor deposition using a fluorinated silicon source of
the formula:

R? R?

l I
RE-Si-[C(R"),],-M-R®

S L

wherein at least one of R! - R% is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C.H,, when one or more of R‘, Rr? or



inability to adjust the fluorine level in silicon oxide |ayers to provide
the:appropriate fluorine content in such fluorinated silicon oxide |ayers.
These and other problenms in the prior art are overcone by the present '
invention, as will be set forth in greater detail below. BRI EF SUMVARY OF
THE | NVENTI ON The present invention is a process for formng a fluorine-
containing silicon oxide filmon a substt at e by pl asna- enhanced chem cal
vapor deposition using a fluorinated silicon source of the forrmula: [err]
wherein at | east one of [err] is fluorine and the remai ning R groups are
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is 1-6, s is (2r+1-t); t is 1 to (2r+l) and y is 0-6.
Preferably, the fluorinated silicon source is a

composition of the formula:

ror
Rl-Si-CZHrSIi-RS
R RS

wherein at least one of R!' - RS is fluorine and the remaining R
groups are independently H, F, C,H, .y, C.HgF;, where x is 1-6,
r is 1-6, s is (2r+l-t), and t is 1 to (2r+l1).

More preferably, the fluorinated silicon source is
selected from the group consisting of: FSi(CyHg),7
FoSi(CoHg)pi FpSi(CHg) CHyCH,Si(CH)Fp; FeSiCH,CH,CH(SiFg)CoHg?
FgSi-(CH,) ,~SiF; where u is 1~6; and FSiR,H where R is C,-Cg
hydrocarbons or mixtures thereof.

The fluorine-containing silicon oxide film formed
comprises Sio pFqr wherein p = 2-q and @ = 0.03-0.6.

An oxygen contalnlng compound selected from the group
consisting of N,0, 04 and 0, is utilized as a reactant in the
plasma-enhanced chemical vapor deposition. Preferably, oxygen
is present in a ratio of 0.5:1 or greater of said fluorinated
silicon source. '

Preferably, the plasma-enhanced chemical vapor deposition
is conducted at a temperature in the range of approximately 50



conposition of -the formula: [err] wherein at | east one of [err] - [err] is
fluorine and the remaining R groups are independently H F, [err] where x
is 1-6, r is 1-6, s is (2r+1-t), andt is 1 to (2r+1l). Mre preferably, the
fluorinated silicon source is selected fromthe group consisting of:

FSi (C2H5) 3; [err] [err]. where u is 1-6; sadl FSIR2ZH where Ris [err]

hydr ocarbons or m xtures thereof. The fluorine-containing silicon oxide
filmforned conprises [err] wherein p = 2-q and g = 0.03-0.6. An oxygen
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in combination with other silicon dioxide sources.
More specifically, the present invention is a process for
forming a fluorine-containing silicon oxide film on a substrate
by plasma-enhanced chemical vapor deposition using a
fluorinated silicon source, comprising the steps of:
(a) establishing a plasma by appropriate conditions in a
chemical vapor deposition reactor charged with a substrate to
be coated:;
(b) introducing a fluorinated silicon source and an oxygen
containing compound into the reactor;
(c) reacting the fluorinated silicon source with the
oxygen containing compound to produce a chemical wvapor
deposited fluorinated silicon oxide film on the substrate,
wherein the fluorinated silicon source has the formula:s

R? Rt

I |
RE-Si-[C(R"),] ,-M-R®

R R®

wherein at least one of R! - R® is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C,Hyy wf),en one or more of R‘, R? or
R® is connected to R‘, RS or RS through a bridging group CyHey:
where x is 1-6, and y is 0-6; where M is Si or-C and n is 0-6;
and R’ is independently H, F, C,H,,,, where z is 1-6 or CH.F,
where r is 1-6, s is (2xkl-t); t is 1 to (2r+1).



Optionally, the fluorinated silicon source can be utilized in conbination
with*other silicon dioxide sources. Mdire specifically, the present
invention is a process for formng a fluorine-containing silicon oxide film -
on a substrate by plasma-enhanced chem cal vapor depositi'on using a
fluorinated silicon source, conprising the steps of: -(a) establishing a

pl asma by appropriate conditions in a chénical vapor deposition reactor
charged with a substrate to be coated; (b) introducing a fluorinated
silicon source and an oxygen containi ng conmpound into the reactor; (c)
reacting the flmheiprésenti ineartiniriee alisidh at Feuexryfanrcenta dhihgg conmpound
to produce ' 0S| fluQri Ll Lde TLI n the
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i ndependenthemital, vapsr f dewss Neicilusipgy &l F1uprihdeednsi EflcoR! source of
perfluorine%gdf , ﬁ%kyl, al kenyl , al kynyl, aryl or benzylic groups, or

[err] when e bPE of [err] or [érr] is connected to [err] through a
bridging group [err]; where x is 1-6, and y is 0-6; where Mis Si or C and
nis 0-6; and [err] is independegly H, F, gderr] where z is 1-6 or [err]
where r is 1-6, s is [err] t is [ to [err]1 -6- The present invention is
al so a fluorine-containing  R-Si-[C(R"),],-M-R® -

R RS

wherein at least one of R! - R® is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or CiHyx when one or more of R’, R? or
R® is connected to Rﬁ, R® or RS through a bridging group cyHZy;
where x is 1-6, and y is 0-6; where M is Si or C and n is 0-6;
and R’ is independently H, F, C,Hy,,  Where z is 1-6 or CH/F,
where r is 1-6, s is (2r+1-t); t is 1 to (2r+l1).

Typically, the film has an index of refraction less than
approximately 1.41 at 632 nm. '

The present invention is also a composition of matter
comprising F,S1 (CHg) CHyCH,S1 (CHy) Fy.

The present invention is further a compositidn of matter
comprising FssiCHZCHZCHZCH(Sin)02H5.

BRIEF DESCRIPTION OF THE_ DRAWINGS
FIG 1 is a graph of the Fourier Transform Infra-Red

spectrum of the SiO F, layer of Example 2.

FIG 2 is a graph of depth X-ray photoelectron spectroscopy
of the siopFq layer of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

The invention involves deposition of sioqu films, where

p = 2~q and q = 0.03-0.6, using a siane source or precursor



silicon oxide filmsupported on a substrate conprising [err] wherein p =
2-d and q = 0.03-0.6, produced by plasma-enhanced chem cal vapor deposition
using a fluorinated silicon source of the formula: [err] wherein at |east
one of [err] is fluorine and the remaining R groups are independently H,

F, non-fluorinated-, partially fluorinated- or perfluorinated- : alkyl,

al kenyl , al kynyl, aryl or benzylic grodbé{'br [err] when one or nore of
[err]or is connected to [err]or [err] through a bridging group [err]; where
X is 1-6, and y is 0-6; where Mis Si or Cand nis 0-6; and R7 is
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| a sin rce Oor_precursaor,
and q = 0. %%ectrhm af@gr anne 1ng a 350° cr%f the film of Example 2,

indicating the presence of Si-F bonds at 930 cm'! and the
absence of any C-H bonds in the area of 3000 cm~'. FIG 2 shows
a depth X-ray photoelectron spectroscopy of the siopFq layer of
Example 2 indicating a consistent silicon, fluorine and oxygen
content as the layer is etched, until the layer is consumed at
the point of inflection which indicates the silicon substrate
under the layer. FIG 2 also shows no detectable carbon
content. In order to obtain a desirable fluorine
concentration, a variety of fluorinated silicon sources are
contemplated with a range of fluorine concentrations built into
the source molecule or multiple fluorinated silicon sources can
be used simultaneously or codeposited.

The process of the present invention uses a fluorinated
silicon source of the formula:

R? R*

l l
RI-Si-[C(R7),],-M-R®

R® R®

wherein at least one of R! - R® is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated— : 'alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C, «Hox When one or more of Rﬂ RZ or
R? is connected to Rﬁ R® or R® through a brldglng group C Héy.
where x is 1-6, and y is 0~-6; where M is Si or ¢ and n is 0-6;



-7- having fluorine and-carbon functionality bonded directly to the silicon
of* the source, optionally with the codeposition of other silicon oxide
sources or precursors. In the codeposition option, the multiple sources can
be m xed in the bubbler container, the conduit supplying the reactor or in
the reactor itself. The deposited fil g have silicon, oxygen and fluorine
content. FIG 1 shows a Fourier Transformlinfra-Red (FT-IR) spectrumafter °
~annealing at [err] of the filmof Exanple 2, indicating the presence of
Si-F bonds at 930 [err] and the absence of any C-H bonds in the area of
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Lerr] Preferably, at least one of R! - R® is fluorine and the
remaining R groups are independently H, F, C,H,, 4y, CHgFy,
CgHg, or C,H,, when one or more of R1,_R? or R® is connected to
Rﬁ, R® or RO through a bridging group cyﬂay: where x is 1-6, r
is 1-6, s is (2r+l-t); t is 1 to (2r+l) and y is 0-6.
More preferably, the fluorinated silicon source is a
composition of the formula:

For
RY-Si-C,H,-S1-R
R® RS

wherein at least one of R! - R® is fluorine and the remaining R
groups are independently H, F, C,H,. .y, C.HF;, Wwhere x is 1-6,
r is 1-6, s is (2r+1-t), and t is 1 to (2r+1).

Particular examples of the fluorinated silicon source are:
FSi(CoHg)g: F,Si(CoHg)pi F,Si(CHy)CHyCH,Si(CHy) Fyf
F3SiCH,CH,CH(SiFg)C,Hg; FgSi-(CH,) ~SiF; where u is 1-6; and
FSiR,H where R is C,-Cg hydrocarbons or mixtures thereof.

The above-identified sources of the present invention
typically exhibit the following four advantages:

i) They are fluorinated-alkylsilanes which have very

high vapor pressures and have direct silicon-fluorine
and silicon~carbon bonds. The high vapor pressures



R3 is connected to [err] through a bridging group C where x is 1-6, and y
1s’0:6; where Mis Si or Cand nis 0-6; -8- and [err] is independently
[err] where z is 1-6 or [err] wherer is 1-6, s is (2r+1-t); t is 1 to
(2r+1). Particular organic R groups can incl ude; met hyl, ethyl, vinyl,
propyl, butyl, pentane, hexyl, cyclohexyl, phenyl and m xtures ihereof,.
whi ch can individually be non-fluorinated; paitially fluorinated or
perfluorinated, ie., fluorine saturated. The organic R groups can be nor nal
or branched such as in an iso or tertiary structure and nmay have
substituents such ascdfl kthlese ablpoyhds owibl Kiyelp -irs Wy tdsiveary | o®rerpd V!
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fluorine concentration in the deposited film, b) the
quality of oxide (low impurities) and c) deposition
rates and temperatures.

iv) These liquid sources are less hazardous than silicon

tetrafluoride, which is a compressed gas. _

Oxygen or an oxygen containing compound can be utilized as
a reactant in the plasma-enhanced chemical vapor deposition.
Oxygen containing compounds include N,0, 05 and O0,. The oxygen
is present in a molecular ratio of 0.5:1 or greater of the _
fluorinated silicon source. The oxygen is present to provide
oxygen for the oxygen content of the resulting SiOpFq film,
where p = 2-q and q = 0.03-0.6.

The plasma-enhanced chemical vapor deposition is conducted
at a temperature in the range of approximately 50 to 500°C, a
pressure of approximately 200 mTorr to 2 Torr, and a plasma
power of approximately 0.25 to 2 watts/cmz.

In one method of delivery, the fluorinated silicon source
is introduced into the plasma-enhanced chemical wvapor
deposition reactor in an inert carrier gas, such as; nitrogen,
argon or helium. Inert gas is meant to be a carrier gas that
does not adversely effect the reactions or formation of the
fluorinated silicon oxide film. The inert carrier gas can be
bubbled into a container or bubbler of the fluorinated silicon
source material wherein the carrief.gas entrains vapor of the
source material and carries it to the reactor where the
chemical vapor deposition takes place. Alternatively, a
container of the source material can be connected to the



[err] where u is 1-6; and [err] where Ris [err] hydrocarbons or m xtures
t her-eof . The above-identified sources of the present invention typically
exhibit the follow ng four advantages: i) They are

fl uori ndt ed- al kyl si | anes whi ch have very high vapor pressures and have
direct silicon-fluorine and silicon-catbgn bonds. The high vapor pressures,
-9- of these conpounds will help in easy delivery of the precursors into a
chem cal vapor deposition reactor; ii) The atom'c percent of fluorine in

the filnms can be aaaﬁélsted‘%/ an approprlate choi ce of the precursor within
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bubbler, the distribution or delivery system or in the reactor
itself.

Optionally, the fluorinated silicon source is utilized in
combination with other silicon sources. For the purpose of the
present invention, a silicon source or precursor is a compound
which individually or in combination with other reactants can
produce a silicon oxide film with the desired content of
fluorine, ie., sioqu, where p = 2-q, ¢ = 0.03-0.6, under the
conditions of the reaction or decomposition set forth herein,
which is preferably a plasma-enhanced chemical vapor
deposition. The fluorinated silicon source has fluorine
incorporated into the source molecule. Different fluorinated
silicon sources can be used in combination (codeposition) to
provide the desired film. In addition, fluorinated silicon
sources may be codeposited with unfluorinated silicon source
materials to provide the appropriate fluorine content or to
adjust other properties of the produced films.

The designation sioqu, as defined above, is an average
value for the fluorine content found in the films which would
otherwise be a silicon dioxide film without the fluorine
doping. It is possible that isolated positions of the film may
have a value of sioz, but by overall analysis of the £film by
infra-red spectrometry, the average fluorine content spans the
range of one to twenty atomic percént of the SlOqu f£film.

For the purposes Qf the present invention using
fluorinated silicon sources of the class of fluoroakylsilanes
and disilanes, the preferred silanes are the primary silanes



oxygen for the oxygen content of the resulting [err] film whéere p = 2-q
and g = 0.03-0.6. The pl asma-enhanced chem cal vapor deposition is
conducted at  a tenperature in the range of approximately 50 to [err], a
pressure of approximtely 200 mforr to 2 Torr, and a plasma power of
approximately 0.25 to 2 watts/cnR2. In ope et hod of delivery, the
fluorinated silicon source is introduced I1nto the plasm-enhanced chem cal
vapor deposition reactor in an inert carrier gas, such as; nitrogen, argon
or helium Inert gas is neant to be a carrier gas that does not adversely
ef fect the wbichi ane merecreastivie ahd Noletidei ahtbewer |tarpenptivied, | m
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codeposi ti onst hatyeaneed &8N1G<200 REn AnkdN®, is introduced at between 10
and 200 sccm into the reactor. A heating element was
maintained between 100 and 600°C, and the total pressure of
the reactor was between 100mT and 2Torr. Plasma power was
maintained between 50 to 100 watts of power by a plasma
generating system. The SiopFq deposition rates obtained using
these conditions are between 50 and 250 angstroms per minute
and exhibit an index of refraction of between 1.377 and 1.406.
These indices of refraction increase with time (several hours)
when exposed to air. No deposition of SiopFq films was
observed using 18 sccm of 1,2 bis(methyldifluorosilyl) ethane
and 100 sccm O, at a total pressure of 750 mTorr and 550°C
without plasma assistance. ]

The substrate on which the fluorine-containing silicon
oxide film can be any of a number of electronic materials which
require a barrier layer. Such substrates can include silicon
oxides, silicon dioxide, intermetallic layers, titanium nitride
and silicon nitride. A preferred substrate would be one with
metal patterns and the deposited 510p q film of the present
invention would be an intermetallic dielectric layer.

The process of the present invention for forming a
fluorine-containing silicon oxide film on a substrate by
plasma-enhanced chemical vapor depesition using a fluorinated
silicon source, comprises the following steps:



bubbl er, the distribution or delivery systemor in the reactor itself.
Optionally, the fluorinated silicon source is utilized in conbination with
other silicon sources. For the purpose of the present invention, a silicon
source or precursor is a conpound which individually or in conbination with
other reactants can produce a silicon.oygde filmw th the desired content
of fluorine, ie., [err] where p = 2-gq, g = 0.03-0.6, under the conditions
of the reaction or deconposition set forth herein, which is preferably a

pl asma- enhanced chem cal vapor deposition. The fluorinated silicon source
has fluorine i(@orgsdhekldshimgo at pdaswar by apbrobpriatei eepdihionsudni aat ed
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fl uor oakytsrtimnasowd\d di silanes, the preferred silanes are the primary.

si | anes In PECVD, a plasma, or glow discharge, is generated
between two electrodes. There are two main types of plasmas
used in the microelectronics industry:; DC and rf. In the DC
plasma a fixed voltage differential between the two electrodes
is used to generate the plasma, this type of plasma is
generally used for the sputtering of films from the target
electrode onto the grounded electrode. In the rf-plasma the
voltage on the two electrodes is switched at a specified
frequency. This frequency is generally 13.56 mega-hertz, as
assigned by the Federal Communications Commission. The rf-
plasma is generally used for plasma enhanced chemical vapor
deposition (PECVD) as well as for plasma etching. The use of
PECVD generally allows for lower processing temperatures by
activation of the reactive species. A PECVD process involves
four basic steps:

(1) The primary reactions occur between the electrons,
which are abundant in a glow discharge, and the
reactants to form both ions and free radicals.

(2) The reactive species are transported to the substrate
surface in parallel due to the oscillating electric
field. There are also elastic and inelastic
collisions with neutral radicals and molecules in the
gas phase. .

(3) The reactive species are adsorbed (radical
adsorption) on the substrate.



which are nore reactive and volatile at |lower tenperatures, followed by the
secohdary silanes and then the tertiary silanes. Wth regard to the
disilanes, it is preferred to have a structure in which the two silicon
atons are bridged by an ethylene group, ie., [err] The plasma enhanced
chem cal vapor deposition (PECVD) of ;s_iig’,cgn oxyfluoride [err] filnms was '
carried out using a |liquid source and oxygen as a reactive gas. Oxygen and
vapors of the source are introduced into the reactor. Source material is

i ntroduced at 10-200 sccmand [err] is introduced at between 10 and 200
sccminto the (factdrregxrrangenant: paromess \ascuerisnarongs th dhee adskibeand

[err] and the totalrdd@ssil sptcildie dredhleqr %ﬁc@?kﬁeﬁﬁoh@féﬂs % 2Torr.
Pl asma power was maj nt al ned bet en 50 to, 100f\é\/§ ts_of power pl asma
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of refraction of beiderR) He Iibrdithick«406. These indices of refraction
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wafer LPCVD reactor w1th a load-lock system to reduce exposure
of the process chamber to the air. The system can be used to
deposit films with and without plasma assistance at .
temperatures up to 600°C. The system is capable of handling
wafers up to 150 mm in diameter. Gas and vapor supplies are
fed from an exhausted source cabinet outside of the cleanroom.
Wafers are sent from the load-lock through a slit-valve to the
process chamber.

The source reactants, particularly the novel coﬁpositions
1,2 bis(methyldifluorosilyl) ethane, FZSL(CHQ)CH2CH281(CH3)F2,
and 1,4 bis(trifluorosilyl)hexane, FbSlCH2CH2CHZCH(SlF3)C2H5,
are synthesized as described below. These compounds, as well as
other fluoroalkyl-silanes or disilanes, were syﬁthesized by the
reaction of the corresponding chloroalkyl-silane or disilane
with 70% hydrogen-fluoride pyridine adduct. The reagent 70%
hydrogen~fluoride pyridine was purchased commercially. There is
no solvent required in this synthesis and the reaction is
carried out at room temperature under an atmosphere of
nitrogen.

The chloroalkyl-silane or disilane is placed in a two neck
round bottom flask equipped with a cooling water condenser and
a rubber septum. The round bottom flask is placed in a
constant temperature bath at 27-30°C. Seventy percent

hydrogen-fluoride pyridine is added slowly (approximately



I nvention would be an internetallic dielectric |layer. The process of the
present invention for formng a fluorine-containing silicon oxide filmon a-
substrate by pl asma-enhanced chemical vapor deposition using a fluorinated
silicon source, conprises the foll ow ng steps: - 12 - (a) establishing a
pl asma by appropriate conditions in a_chgm_cal vapor deposition reactor
charged with a substrate to be coated; (b) introducing a fluorinated
silicon source and an oxygen contai ni ng conmpound into the reactor; (c)
reacting the fluorinated silicon source with the oxygen contai ni ng conpound
t o produc@md/Snim) casingpsr syrpoget bhronghrthetxubkey 3kptwhi ddfhe |rear—-t he

sgbst ra} en;i%egamu&lee ikl wgbaafxsﬂygjgtiﬁfédw, iy P&setétuni%ﬁfml a &tet forth
above. n e a m or .gl,ow, dl $C rge |1 S ner at e et ween
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i s generaldgy h3-9@smega-hertz, as assigned by the Federal Communications

Comm ssion. The rf- . .
The plasma enhanced chemical vapor deposition (PECVD) of

silicon oxyfluoride (sioqu) films using either difluorodiethyl
silane or 1,2-bis(methyldifluorosilyl)ethane as liquid sources
and oxygen as a reactive gas was carried out as set forth in
the following examples.

Example 1

The deposition of SiopFq films from difluorodiethyl silane
and 0, was carried out by flowing vapors of difluorodiethyl
silane into the reactor at between 11 and 18 sccm, flowing O,
into the chamber at between 5 and 8 sccm, while maintaining the
heating element at between 345 and 400°C, the total pressure
between 780 and 1000 mTorr and supplying between 73 to 100
watts of power to the plasma generating system. The deposition
rate of the siopFq film deposited using 18 sccm difluorodiethyl
silane, 8 sccm O,, heater temperature 400°C, total pressure 800
nTorr, and plasma power of 100 W was 33 angstroms per minute,
and the resulting film had an index of refraction of 1.410.

Example 2

' When depésiting sioqu films from 1,2 bis(methyldifluoro-

silyl)ethane, the source bubbler was maintained at 35°C in
order to increase the vapor pressure of the source material.
The deposition of SiO F, films from 1,2 bis(methyldifluoro-

Pq
silyl)ethane apd 0, was carried out by flowing vapors of 1,2



plasma i s generally used for plasma enhanced chem cal vapor deposition
(PECVD) as well as for plasma etching. The use of PECVD general ly allows
for |ower processing tenperatures by activation of the reactive species. A
PECVD process involves four basic steps: (1) The primary reactions occur
between the el ectrons, which are abunda®y in a glow discharge, and the .
reactants to formboth ions and free radicals. (2) The reactive species are
transported to the substrate surface in parallel due to the oscillating
electric field. There are also elastic and inelastic-collisions with
neutral rRif @athyddd fidiaxanidyl) gthanegintphthe remytahat cttsamn speci es
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Model PERIE 20030-avigstramsepemminate and have an index of refraction of
between 1.377 and 1.406 (these indices of refraction increase
with time when exposed to air). Films were analyzed by infra-
red spectroscopy and depth X-ray photoelectfon spectroscopy
(ESCA), as reported in FIGs 1 and 2.

The growth of acceptable 810qu films with dielectric
constants lower than Sioz can be determined by measuring the
film's index of refraction, which is known to provide an
approximate direct relationship to dielectric constant. The
index of refraction is also inversely proportional to the
fluorine content of the films. The index of refraction test is
a simple way to determine the higher fluorine content of the
films. The fluorine content has been reported to lower the
dielectric constant of the film, see M. B. Anand, et al. VMIC
Conference Proceedings, June 1994, pp. 15-21. The refractive
index measurements were made at 632 nanometers. '

The process of the present invention using the described

sources has three advantages:

i) These are fluorinated-alkylsilanes which have very
high vapor pressures and have direct silicon-fluorine
and silicon-carbon bonds. The high vapor pressures
of these compounds will help in easy delivery of the
sources into a chemical vapor deposition reactor.

ii) The percent fluorine in the films can be adjusted by
an appropriate choice of the source within the
context of the general formula set forth above.

iii) These sources can be easily codeposited with other
silicon sources in the reactor to optimize



experinments of the present invention and constitutes a single wafer LPCVD
reactor with a load-1ock systemto reduce exposure of the process chanber
to the air. The system can be used to deposit filnms with and without plasma
assi stance at tenperatures up to [err]. The systemis capable of handling
wafers up to 150 mmin dianeter. Gas andeévapor supplies are fed from an ,
exhaust ed source cabi net outside of the-cleanroom Wifers are sent fromthe
| oad-1ock through a slit-valve to the process chanber. The source
reactants, particula t he novel osifions 1,2 bis(nmeth i fluorosilyl)
ethane, [err] and 12 El %P?(?’P?‘F?ﬁo?g nf Y5 HRE FRNCEETA %(" "gﬂlcﬁj‘f‘ﬁem zed as
descri bed bel ow. Thésposmnpduﬁdkmsas wel | as other quoroaIkyI si l anes or

di sil anes, were synihe e ts I o] ng
chloroalkyl si |l ane %? é ﬁgQ¥1§ftﬁf7 ,i %gﬁﬂ% %ﬁ%ﬁ %%Qpenglne adduct .
The reagent 7096hdebg@ﬁPPFﬁB%PGer$§$$d$ WQEP FRtMERFed comrercial ly.
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bottonlflggkthg Bhassd WRidnCeasisp! tenperature bath at [err] Seventy
percent hydrogen-fluoride pyridine Is added slowy (approximately - 14 -



2m /5m n) using a syringe through the rubber septum The reac- tion m xture
I s'vigorously stirred during the addition. A white insoluble precipitate is
fornmed as the reaction proceeds to conpletion. After the conpletion of
addition, the reaction mxture is stirred for an additional period of two

hours. The desired fl uoroal kyl -si | ane.opydi.si |l ane i S then—purified by
distillation under vacuum Yields were typically i n-t?ﬁ

Th I h d chem cal d iti (PECVD)I g% Ty
e plasnma enhanced chem cal vapor epositl on :
T

oxyfluoride [err] filnms using either difluorodiethyl si
1, 2- bi s(met hyl di fl uor osi | yl ) et hane asSLAdMEd sources and oxygen as a
reactive gas was carried out as set forth in the foll ow ng exanpl es.

Ex | 1,Th Ll [ i Qdi AP d
Forr] vas onrr RofeockeR ek ESkhlng & RddAHel contliiatt Vi OB SRS, |
react or aflp®: fBef §¥b§¥rHaE8 b¥criasnavenpnesd |chemicalhdapamber at

bet ween Sdapdsitieamusihyl @ FRuGEEnated $1iEidnatddircd R dhatrdaghveen 345
and [err] C, the total pressure between 780 and 1000 mflorr and supplying

between 73 to 100 watts of power_to the plasma generating system The
deposition rate of the SIOF fi IRfn deposi teRi‘Susi ng 18 sccm di fl uor odi et hyl
silane, 8 sccm[err] heater temier tuge [e|’r_,] total pressure 800 niforr, and
pl asma power of 100 Wwas 33 Bim %t&dﬂs’z -Ri nute, and the resulting film
had an index of refraction of 1.410. Exanple 2 When depositing SiOF filns
from?1,2 bis(nmethyldifluoro- si I&/I ) et hane, "t he source bubbl er was

mai ntained at [err] in order to increase the vapor pressure of the source
mat eri al .

wherein at least one of R! - R6 is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C.H,, when one or more of R! ’ R? or
R® is connected to R*, R’ or RS through a bridging group cyH2y7
where x is 1-6, and y is 0-6; where M is Si or C and n is 0-6;
and R’ is independently H, F, C,Hy,,q4 Where z is 1-6 or C.HSF,
where r is 1-6, s is (2r+1-t); t is 1 to (2r+l).

2. The process of Claim 1 wherein at least one of R! - R® is
fluorine and the remaining R groups are independentiy H, F,
CyHoxs1r CoHgFy, CgHg, or C,H,, when one or more of R', R? or R
is connected to R*, R’ or RS through a bridging group CyH2y7
where x is 1-6, r is 1-6, s is (2r+1-t); t is 1 to (2r+l) and y
is 0-6.

3. The process of Claim 1 wherein said fluorinated silicon
source is a composition of the formula:

R2 R

I |
RI-S1-C,H,-Si-R®



The deposition of [err] films from1,2 bis(nmethyldifluoro- silyl) ethane
and [err] was carried out by flow ng vapors of 1,2 - 15 -

bi s(met hyl difl uorosilyl)ethane into the reactor é-*‘g"sétnr-++ﬂﬂkng_[err]
into the chanber at between 8 and 100 sccm mhlle he heat er
el ement at between 550 and [err] C, theigotal pre w!mqm 00 and
750 niforr whil e supplying between 40 and 100 WAtts *of cpo plasna
apparatus. The deposition-rates obtalned usi ng these condltlons are between
89 and 248 angsiro m nute ang have an index of refraction of between
1.377 and %Qﬁﬁ%l"e@s'agfkr eT rRactﬁsoﬁlPﬁé'i‘-Bﬁsén‘?m tretFemaining R
exposed t ogedups aﬁ:et rgidepeadenslyzBd By ¢y L as, rc;et BpﬁQ&H&S@prlg;iriLglept h

X-ray photpej£ciidn $SRECtHYIG5QR (E%A%, in FIGs 1 and 2. The
growt h of acceptable [err] r( |§'I rrz e?ectrl congt ants | ower than [err]

can be determined by neasuring the films index of refraction, which is
known to psovi dmammwﬂxbmteadmrﬁcﬁhéﬁéfﬁlé&l&i’“ﬂlddhﬂh%b@ﬁ%’iﬂ@.c‘é?ﬁs'[ant

The i ndex t a rsel arti.onal yorine
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has been e e_qlr I)O-é wHeie @ ekeglgi Caﬁ@nsfﬁ%grpf th?:e ?‘ e e
Anand, n@%g Pr ocgﬁ%%‘ggs June 1
refractlvehxqﬂ’e%?‘ é&r"@ &Lt 632 nanonet ers The process of
t he present invention using the described
5. The process of Claim 1 wherein said fluorine-containing
silicon oxide film formed comprises Sio
q = 0.03-0.6.

qu, wherein p = 2-gq and

6. The process of Claim 1 wherein an oxygen containing
compound selected from the group consisting of N,O, O3 and O,
is utilized as a reactant in said plasma—enhanced chemical
vapor deposition.

7. The process of Claim 6 wherein oxygen is present in a
ratio of 0.5:1 or greater of said fluorinated silicon source.

8. The process of Claim 1 wherein said plasma-enhanced
chemical vapor deposition is conducted at a temperature in the
range of approximately 50 to 500°C, a pressure of approximately
200 mTorr to 2 Torr, and a plasma power of approximately 0.25
to 2 watts/cmz.

9. The process of Claim 1 wherein said fluorinated silicon
source is introduced into said plasma-enhanced chemical vapor
deposition by a process selected from the group consisting of
entrainment in an inert carrier gas, vaporization and direct
liquid injection.



sources has three advantages: i) These are fluorinated-al kyl silanes which
haves very hi gh vapor pressures and have direct silicon-fluorine and
silicon-carbon bonds. The high vapor pressures of the§E‘Eﬁﬁﬁ6UHd§ﬂm- hel p
in easy delivery of the sources into a chenlcal_vtuﬂ eact or
i1) The percent fluorine in the filng ggn_be adj mim Mﬂg!l’prlate
choice of the source within the context of the genéral flormu forth
above. iii) These sources can be easily codeposited with other silicon
sources in the reactor to optimze - 16 - a) the amount of fluorine
concent r atliton Thet perapesssiafelaimng. wherete spidifluerinagett gikigon

| mpuri ti eQoitd Qs RAATIAO N BbABIARELORTREERT SIS F1I SUrP S Urdayent i on
as been set forth with regard to several preferred enbodi nents to

illustrate the invention, but the full scope of the present invention
shoul d be Hsce dilnvaxtrine-tdontalining shlitohobkide film suppoxdiedl v la A

process f Qi cordri¥inge- 28 A1 Nivtb:did @R @Xfland q = 0.03-0.56,
nroduced by plasma-enhanced chemical vapor deposition using a
fluorinated silicon source of the formula:

R? R?

| I
RE-S1-[C(R7),],-M-R®

R RS

wherein at least one of R! - R® is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C,H,, when one or more of RJ, R? or
R® is connected to R*, R’ or RS through a bridging group Cyﬂzy;
where x is 1-6, and y is 0-6; where M is Si or C and n is 0-6;
and R’ is independently H, F, C,H,,,, where z is 1-6 or C.HgF,
where r is 1-6, s is (2r+l-t):; t is 1 to (2r+l).

12. The film of Claim 11 having a index of refraction less
than or equal to approximately 1.41 at 632 nm.

13. The composition of matter comprising
F,Si(CHg) CH,CH,S1i (CHg) Fp.

14. The composition of matter comprising
F4SiCH,CH,CH,CH (SiFg) CoHg.

15. A process for forming a'fluorihe-containing silicon oxide
film on a substrate by plasma-enhanced chemical vapor
deposition using a fluorinated silicon source, comprising the
steps of:



filmon a substrate by pl asma-enhanced chem cal vapor deposition using a
fluorinated silicon source of the fornmula: [err] wherein at |east one of
[err] is fluorine and the remai ning R groups are irTcIé‘;Trrdmt—Fy%gE,_\
non-fluorinated-, partially fluorinated- or perfluor al kyl

al kenyl, al kynyl; aryl or benzylic grqugpg or C [err’!}'{'ﬂﬂ%ﬁ lﬂl mLe of
R1, [err] or [err] is connected to q[err through a rr];

where x is 1-6, and y is 0-6; where Mis Si or Cand nis 0-6 ; and[err] S
i ndependently H, F, [err] where z is 1-6 or [err] wherer is 1-6, s is

(2r+1-t); t is (@)t @s@abli)shiﬁg a ﬁhesmadqesapm‘opﬁ:aiﬂu i:dtdﬂﬂltﬁ.idihsatlﬂ Qast
one of [ erdHeni%alll WalpoRe e tl H F,
[err] V\herL(F(r)ne re odé 1s&%§of5r£‘%”f&9| S C ecte %F:e(r%p ty
t hrough a i Q"r?&’rgroup[err] where x is 1-6, r |316 S|s[err] t |sl
to [err] and y (xy Gn8ro8ncingha fluceisatdd Gilivch Wotireen and &rf loig/daiat ed
silicon sQuyti ;! n@ %E?g‘ih&l Q? thﬁgeréé’di% [err] 18 wher ei n at

FT Srerrrrs

| east one of [err uorine an e remaining R groups are

i ndependent | y mchreﬁéﬁﬁplﬁﬁ#? fheerinated 1sidicon sourge with E2ddl-t),
and t is biygef2icohtaifing Ebmppundess pfocﬁi@é A thedcannvagog f | uorinated
silicon S(Hérp%%ft%ds %&ﬁ%&&ﬁafcéanéiffcgﬁ"”&& 1'1%[ 'on’ sg.fn.d LuLs]trate,

wherein said fluorinated silicon source has the formula:

R? R

l I
Rl-Sli-[C(R7)z] ,,-Ml-as

R3 ' RG

wherein at least one of R! - RS is fluorine and the remaining R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or CyH,, when one or more of R', R? or
R? is connected to R4-, R® or R® through a bridging group cszy:
where x is 1-6, and y is 0-6; where M is Si or C and n is 0-6;
and R’ is independently H, F, C,Hy,4q Where z is 1-6 or C.H.F,
where r is 1-6, s is (2r+1-t); t is 1 to (2r+1).



[err] [err] where u is 1-6; and [err] where Ris [err] hydrocarbons or
m-xtures thereof. 5. The process of Claim 1 wheréin said

fl uorine-containing silicon oxide filmforned conprises [err] wherein p =
2-q and'gq = 0.03-0.6. 6. The process of Claim1l wherein an oxygen
cont ai ni ng conpound sel ected fromthe group consisting of [err] and 02 is
utiIized as a reactant in said pIasqgQQQQﬁgﬁﬁ’ ggm cal vapor deposition.
7. " The process of Claim6 wherein oxygen Is present inaratio of 0.5:1
or greater of said fluorinahed silicon source. 8. o The process of aim1l
wherein saidéplasna enhancéa chem cal vapor deposi©on is conducted at a-

tenperature @nfihe range ofr —approximatery—-So—to—ferr—= pr-esst-e—ed
approxirratel§> 00 niforr to 2 Torr, and a plasma power of approxinmafely 0O 25
to 2 [err]. 9. The process of Clarnrl wherein said fluorinated gilicon
source is intrqduced into said plasma-enhanced chem cal vapor depgsition by
a process seleﬁted fromthe group consisting of entrainnment in ary inert
carrier gas, Vﬂporhzation and direct liquid injection. - 19 - /10. The
process of Clailm 1 wherein said fluorinated silicon source is utflized i|n
conbi nati on w tfth other silicon sources. 11. A fluorine-containing silicgn
oxide filmsupported on a
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substrate conprising [err] wherein p = 2-q and g = 0.03-0.6, pro duced by
pl asma- enhanced chem cal vapor deposition using a fluorinated silicon
source of the formula: [err[ wherein at |east one of [err] is fluorine and
the remai ning R groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl, aryl or benzylic.
groups, or [err] when one or nore of2[err] or R3 is connected to [err] °
through a bridging group [err]; where x is 1- 6 and y is 0-6; where Mis S
or Cand nis 0-6; and R7 is jndependently §;. rezis 1-6 or
[err] where r is 1-6, s is (2r+1-t);" |s 1 7o ( r+1 The fil m of
Claim 1l having a index of refraction |ess than or equal to appr oxi metel y
1.41 at 632 nm 13. The cofppsition d&k matter &@hpri sing rr] 14. Ta2
conposi ti on of r@ter conpﬁtslng [erﬁF>15 A pﬂabess for mng a

fl[-uori ne- cont@ nigps at-e—by—asmerentamced
chem cal vapor deoSltlon u3|ng a f uorlnated s'Ilcon source, conpri $ing
the steps of: -20- [err] (a) estfablishing a gl asna by appropriate
conditions in.@ gheni.cal vapor dep§sition reactgr charged with a subgtrate
to O L i
O
O
"oy
no \ H
Stk ° S
m
r‘f‘o
- O
&8
- O L -
__._{_O
FJ-.C:D
= .
o D
O L -
—
o O
D
RN e]!
o O ) ) ]
0 O o
Qo o .
w
\.—JO_’
O a
O N
O
]
\]
O | -
O |
-
GON |
<O { | [ [ { L { L
O
O



be coated; (b) introducing a fluorinated silicon source and an oxygen
contai ning conpound into the reactor; (c) reacting said fluorinated silicon
source wWith said oxygen containing conpound to produce a chemnical vapor
deposited fluorinated silicon oxide filmon said substrate, wherein said
fluorinated silicon source has the formula: [err] wherein at | east one of
[err] is fluorine and the renalnldﬁ§ﬁﬂﬂﬂbups are independently H, F, '
non-fl uorinated-, partially”fluorinated- or perfluorinated- : alkyl,

oL enyl - agbiul eebing” RER L FoR o BRBEESST or oup [orr) AR
1-6., and y is 0-6; where Mis Si or Cand nis 0-6; and R7 is

i ndependently H, F, [err] where z is 1-6 or [err] wherer is 1-6, s is
(2r+1-t); t is 1 to (2r+1). - :

The present invention is a process for forming a fluorine-
cantaining silicon oxide f£film on a substrate by plasma-enhanced
~chemical vapor deposition using a fluorinated silicon source of
the formula: '

R? R

I l
RI-Si-[C(R7),],-M-RS

R® RS

wherein at least one of R! - R® is fluorine and the remaihing R
groups are independently H, F, non-fluorinated-, partially
fluorinated- or perfluorinated- : alkyl, alkenyl, alkynyl,
aryl or benzylic groups, or C,H,, when one or more of r! ¢ R? or
R® is connected to R*, RS or RS through a bridging group CyHoy i
where x is 1~6, and y is 0-6; where M is Si or C and n is 0-6;
and R’ is independently H, F, C,H,,,, where z is 1-6 or C.HJF,
where r is 1-6, s is (2r+1-t); t is 1 to (2r+l). The present
invention is also the film formed by that process and several
novel source materials used in the process.

Figure 1 of the drawings should accompany the abstract when published.



