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(57) ABSTRACT 

A method for depositing a low dielectric constant film 
having a dielectric constant of about 3.5 or leSS is provided 
by blending one or more cyclic organosilicon compounds, 
one or more aliphatic organosilicon compounds, and one or 
more low molecular weight aliphatic hydrocarbon com 
pounds. In one aspect, a gas mixture comprising one or more 
cyclic organosilicon compounds, one or more aliphatic 
organosilicon compounds, one or more aliphatic hydrocar 
bon compounds, one or more oxidizing gases, and a carrier 
gas is reacted at conditions Sufficient to deposit a low 
dielectric constant film on a Substrate Surface. 
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USE OF CYCLIC SILOXANES FOR HARDNESS 
IMPROVEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of co 
pending U.S. patent application Ser. No. 10/124,655, filed 
Apr. 16, 2002. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0.003 Embodiments of the present invention relate to the 
fabrication of integrated circuits. More particularly, embodi 
ments of the present invention relate to a process for 
depositing dielectric layers on a Substrate. 
0004 2. Description of the Related Art 
0005 Integrated circuit geometries have dramatically 
decreased in size Since Such devices were first introduced 
Several decades ago. Since then, integrated circuits have 
generally followed the two year/half-size rule (often called 
Moore's Law), which means that the number of devices on 
a chip doubles every two years. Today's fabrication facilities 
are routinely producing devices having 0.13 um and even 
0.1 um feature sizes, and tomorrow's facilities. Soon will be 
producing devices having even Smaller feature sizes. 
0006 The continued reduction in device geometries has 
generated a demand for films having lower dielectric con 
Stant Values because the capacitive coupling between adja 
cent metal lines must be reduced to further reduce the size 
of devices on integrated circuits. In particular, insulators 
having low dielectric constants (k), Such as less than about 
4.0, are desirable. Examples of insulators having low dielec 
tric constants include spin-on glass, Such as un-doped Silicon 
glass (USG) or fluorine-doped silicon glass (FSG), carbon 
doped silicon oxide (e.g., Black Diamond TM film, available 
from Applied Materials, Inc. of Santa Clara, Calif.), and 
polytetrafluoroethylene (PTFE), which are all commercially 
available. 

0007 More recently, organosilicon films having k values 
less than about 3.5 have been developed. In an attempt to 
further lower k values, Rose et al. (U.S. Pat. No. 6,068,884) 
disclosed a method for depositing an insulator by partially 
fragmenting a cyclic organoSilicon compound to form both 
cyclic and linear Structures in the deposited film. However, 
this method of partially fragmenting cyclic precursors is 
difficult to control and thus, product consistency is difficult 
to achieve. 

0008 Many of the currently used organosilicon films 
having low k values are not hard enough to withstand 
chemical mechanical polishing used in the fabrication of 
integrated circuits. Although the organosilicon films can be 
capped with conventional Silicon oxides to improve hard 
neSS, Such cap layers will increase the effective dielectric 
COnStant. 

0009. There is a need, therefore, for a controllable pro 
ceSS for making harder low dielectric constant materials to 
improve the Speed, efficiency, and durability of devices on 
integrated circuits. 

SUMMARY OF THE INVENTION 

0.010 Embodiments of the invention include a method for 
depositing a low dielectric constant film having a dielectric 
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constant of about 3.5 or less, preferably about 3 or less, by 
blending one or more cyclic organosilicon compounds, one 
or more aliphatic organosilicon compounds, and one or more 
low molecular weight aliphatic hydrocarbon compounds. In 
one aspect, a gas mixture comprising one or more cyclic 
organosilicon compounds, one or more aliphatic organosili 
con compounds, and one or more aliphatic hydrocarbon 
compounds are reacted at conditions Sufficient to deposit a 
low dielectric constant film on a Substrate Surface. In one 
embodiment, a method for depositing a low dielectric con 
Stant film having a dielectric constant of about 3.5 or leSS 
includes reacting a gas mixture including octamethylcy 
clotetrasiloxane, trimethylsilane, and ethylene at conditions 
Sufficient to deposit the low dielectric constant film on a 
Substrate Surface. The gas mixture may further include 
oxygen and helium. 

0011. In another aspect, embodiments of the invention 
provide a method of depositing a dielectric film having a 
dielectric constant of about 3 or less and a hardness of 
between about 1.0 gigaPascal and about 2.9 gigaPascal. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0012 Embodiments of the invention provide an 
improved hardneSS in low dielectric constant films contain 
ing Silicon, oxygen, and carbon by blending one or more 
cyclic organosilicon compounds, one or more aliphatic 
organosilicon compounds, and one or more low molecular 
weight aliphatic hydrocarbon compounds at conditions Suf 
ficient to form a low dielectric constant film (kless than 3.5). 
The films contain a network of -Si-O-Si- ring struc 
tures that are crosslinked with linear Segments of one or 
more linear organic compounds. Because of the crosslink 
age, a network is produced having a Significant Separation 
between ring structures and thus, the deposited films possess 
a significant degree of porosity. 
0013 The cyclic organosilicon compounds include a ring 
Structure comprising three or more Silicon atoms and the 
ring Structure may further comprise one or more oxygen 
and/or carbon atoms. For example, the cyclic organosilicon 
compounds include the following compounds: 

1,3,5-trisilano-2,4,6- - SiHCH)-(cyclic) 
trimethylene, 
1,3,5,7-tetramethylcyclotetra- - SiHCH-O-)-(cyclic) 
siloxane (TMCTS) 
octamethylcyclotetrasiloxane - Si(CH)-O-(cyclic) 
(OMCTS), 
1,3,5,7,9-pentamethylcyclo 
pentasiloxane, 
1,3,5,7-tetrasilano-2,6-dioxy 
4,8-dimethylene, 
hexamethylcyclotrisiloxane 

- SiHCH-Os-(cyclic) 

- SiH-CH-SiH-O-(cyclic) 

- Si(CH3)2-O-(cyclic). 

0014. The aliphatic organosilicon compounds include 
linear or branched (i.e. acyclic) organosilicon compounds 
having one or more Silicon atoms and one or more carbon 
atoms. The Structures may further comprise oxygen. Com 
mercially available aliphatic organosilicon compounds 
include organosilanes that do not contain oxygen between 
Silicon atoms and organosiloxanes that contain oxygen 
between two or more Silicon atoms. For example, the 
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aliphatic organosilicon compounds may include one or more 
of the following compounds: 

methylsilane, 
dimethylsilane, 
trimethylsilane, 
dimethyldimethoxysilane, 
ethylsilane, 
disilanomethane, 
bis(methylsilano)methane, 
1,2-disilanoethane, 
1,2-bis(methylsilano)ethane, 
2,2-disilanopropane, 
1,3-dimethyldisiloxane, 
1,1,3,3-tetramethyldisiloxane 
(TMDSO), 
hexamethyldisiloxane (HMDS), 
1,3-bis(silanomethylene)di 
siloxane, 
bis(1-methyldisiloxanyl)- 
methane, 
2,2-bis(1-methyldisiloxanyl)- 
propane, 
hexamethoxydisiloxane 
(HMDOS), 
diethylsilane, 
propylsilane, 
vinylmethylsilane, 
1,1,2,2-tetramethyldisilane, 
hexamethyldisilane, 
1,1,2,2,3,3-hexamethyltrisilane, 
1,1,2,3,3-pentamethyltrisilane, 
dimethyldisilanoethane, 
dimethyldisilanopropane, 
tetramethyldisilanoethane, 
tetramethyldisilanopropane 

CH-SiH, 
(CH)-SiH, 
(CH)-SiH 
(CH)-Si-(OCH), 
CH-CH-SiH, 
SiH-CH-SiH, 
CH-SiH-CH-SiH-CH 
SiH-CH-CH-SiH, 
CH-SiH-CH-CH-SiH-CH 
SiH-C(CH)-SiH, 
CH-SiH-O-SiH-CH 
(CH)-SiH-O-SiH-(CH), 

(CH)-Si-O-Si-(CH), 
(SiH-CH-SiH-)-O 

(CH-SiH-O-SiH-)-CH 

(CH-SiH-O-SiH-)-C(CH), 

(CHO)-Si-O-Si-(OCH) 

0.015 The low molecular weight aliphatic hydrocarbon 
compounds include linear or branched (i.e., acyclic) hydro 
carbon compounds having between about one and about 20 
adjacent carbon atoms. The hydrocarbon compounds can 
include adjacent carbon atoms that are bonded by any 
combination of Single, double, and triple bonds. For 
example, the hydrocarbon compounds include alkenes and 
alkylenes having two to about 20 carbon atoms, Such as 
ethylene, propylene, acetylene, and butadiene. 

0016 One or more oxidizing gases may be combined 
with the one or more cyclic organosilicon compounds, the 
one or more aliphatic organosilicon compounds, and the one 
or more low molecular weight aliphatic hydrocarbon com 
pounds. The one or more oxidizing gases may include 
oxygen (O2), OZone (O), nitrous oxide (N2O), carbon 
monoxide (CO), carbon dioxide (CO), water (H2O), per 
oxide (H2O), or combinations thereof. In one aspect, the 
Oxidizing gas is Oxygen gas. In another aspect, the oxidizing 
gas is OZone. When OZone is used as an oxidizing gas, an 
ozone generator converts from 6% to 20%, typically about 
15%, by weight of the oxygen in a Source gas to OZone, with 
the remainder typically being oxygen. The OZone concen 
tration may be increased or decreased based upon the 
amount of OZone desired and the type of OZone generating 
equipment used. The one or more oxidizing gases are added 
to the reactive gas mixture to increase reactivity and achieve 
the desired carbon content in the deposited film. 

0.017. A carrier gas Such as helium, argon, nitrogen, or 
hydrogen may also be blended with the compounds and 
gases described above. 
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0018. The films contain a carbon content between about 
10 and about 17 atomic percent (excluding hydrogen atoms). 
The carbon content of the deposited films refers to atomic 
analysis of the film Structure which typically does not 
contain significant amounts of non-bonded residual hydro 
carbons. The carbon contents are represented by the percent 
of carbon atoms in the deposited film, excluding hydrogen 
atoms which are difficult to quantify. For example, a film 
having an average of one Silicon atom, one oxygen atom, 
one carbon atom, and two hydrogen atoms has a carbon 
content of 20 atomic percent (one carbon atom per five total 
atoms), or a carbon content of 33 atomic percent excluding 
hydrogen atoms (one carbon atom per three total atoms). 
0019 Typically, the films may have an oxygen to silicon 
ratio of about 2:1, a Silicon to carbon ratio of about 1:1, and 
a carbon to hydrogen ratio of about 1:3. In one aspect, a 
deposited film has about 39% hydrogen, about 13.5% car 
bon, about 28.5% oxygen, and about 19% silicon. 
0020. The film may be deposited using any processing 
chamber capable of chemical vapor deposition (CVD). For 
example, the film may be deposited using the chamber 
described in U.S. Pat. No. 6,176,198 B1, filed Nov. 2, 1998, 
entitled, “ Apparatus and Method for Depositing Low K 
Dielectric Materials,” which is herein incorporated by ref 
erence. Alternatively, the film may be deposited using the 
chamber described in U.S. Pat. No. 5,855,681, filed Nov. 18, 
1996, entitled, “Ultra High Throughput Wafer Vacuum Pro 
cessing System,” which is herein incorporated by reference. 

0021. During deposition, a blend/mixture of one or more 
cyclic organosilicon compounds, one or more aliphatic 
organosilicon compounds, and one or more low molecular 
weight aliphatic hydrocarbon compounds are reacted to 
form a low k film on the substrate. The mixture may also 
contain one or more oxidizing gases and a carrier gas. For 
example, the mixture may contain about 4 percent by 
volume to about 8 percent by volume of the one or more 
cyclic organosilicon compounds, about 13 percent by Vol 
ume to about 17 percent by volume of the one or more 
aliphatic organoSilicon compounds, about 22 percent by 
volume to about 28 percent by volume of the one or more 
aliphatic hydrocarbon compounds, about 13 percent by 
volume to about 28 percent by volume of the one or more 
oxidizing gases, and about 28 percent by Volume to about 44 
percent by Volume of the carrier gas. 

0022. In another aspect, the components of the mixtures 
described above are introduced into a chamber at certain 
flowrates. The flowrates described below are the flowrates 
per one 300 mm Substrate. In one aspect, the one or more 
cyclic organosilicon compounds are introduced into a pro 
cessing region of a chamber at a flowrate of about 75 to 
about 151 Standard cubic centimeters per minute (Scem). 
The one or more aliphatic organosilicon compounds are 
introduced into the processing region of the chamber at a 
flowrate of about 150 to about 300 Sccm. The one or more 
aliphatic hydrocarbon compounds are introduced into the 
processing region of the chamber at a flowrate of about 250 
to about 500 ScCm. An oxygen containing gas may be 
introduced into the processing region of the chamber at a 
flowrate of about 100 Sccm to about 600 Sccm, Such as about 
300 Scem. A carrier gas may be introduced into the proceSS 
ing region of the chamber at a flowrate of about 300 sccm 
to about 1,000 Sccm, Such as about 600 Sccm. In another 
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aspect, the cyclic organoSilicon compound is octamethylcy 
clotetrasiloxane, the aliphatic organosilicon compound is 
trimethylsilane, and the aliphatic hydrocarbon compound is 
ethylene. 

0023 The deposition process can be either a thermal 
proceSS or a plasma enhanced process. The RF power to the 
deposition chamber may be cycled or pulsed to reduce 
heating of the Substrate and promote greater porosity in the 
deposited film. The power density of the plasma for a 300 
mm substrate may be between about 0.03 Watts/cm 
(W/cm) and about 4.8 W/cm’, which corresponds to a RF 
power level of about 20 Watts (W) to about 3400 W. 
0024. The RF power Supply 25 can supply a single 
frequency RF power between about 0.01 MHz and 300 
MHz. Alternatively, the RF power may be delivered using 
mixed, Simultaneous frequencies to enhance the decompo 
Sition of reactive Species introduced into the high vacuum 
region 15. In one aspect, the mixed frequency is a lower 
frequency of about 356 kHz and a higher frequency of about 
13.56 mHz. In another aspect, the higher frequency may 
range between about 13.56 mHz and about 65 mHz. 
0.025. During deposition, the Substrate is maintained at a 
temperature between about -20° C. and about 500 C., such 
as between about 100° C. and about 400° C. The deposition 
pressure is typically between about 1 Torr and about 20 Torr, 
such as between about 3 Torr and about 7 Torr. The depo 
sition rate is typically between about 4,000 A/min and about 
20,000 A/min. 

EXAMPLES 

0026. The following examples illustrate low dielectric 
films of other processes and of embodiments of the present 
invention. The films were deposited using a chemical vapor 
deposition chamber that is part of an integrated processing 
platform. In particular, the films were deposited using a 300 
mm Producer(R) system, available from Applied Materials, 
Inc. of Santa Clara, Calif. The flowrates in the examples are 
given with respect to the total flow to the Producer(R) system, 
i.e., the total flow to both of the processing regions, which 
may each contain one 300 mm substrate. The flowrates per 
Substrate or processing region (not listed) are approximately 
half of the flowrates of the examples. 

Comparative Example 1 

0027. A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 3 Torr and Substrate temperature 
of about 400° C. with the following flowrates: 

0028 Octamethylcyclotetrasiloxane (OMCTS), at 
about 302 Sccm; 

0029 Trimethylsilane, at about 600 sccm; 

0030 Oxygen, at about 600 sccm; and 

0031 Helium, at about 1200 sccm. 
0.032 The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,100 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 5,600 A/min, and had 
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a dielectric constant (k) of about 2.86 measured at 1 MHz, 
and a hardness of about 2.09 gigaPascal (gPa). 

Comparative Example 2 

0033) A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 3 Torr and Substrate temperature 
of about 400° C. with the following flowrates: 

0034 Octamethylcyclotetrasiloxane (OMCTS), at 
about 302 Sccm; 

0035 Trimethylsilane (TMS), at about 600 sccm; 
0036. Oxygen, at about 600 sccm; and 
0037 Helium, at about 1,600 sccm. 

0038. The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,100 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 5,300 A/min, had a 
dielectric constant (k) of about 2.90 measured at 1 MHz, and 
a hardness of about 2.40 gigaPascal (gPa). 

Example 3 

0039. A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 4.5 Torr and Substrate tempera 
ture of about 400° C. with the following flowrates: 

0040 Octamethylcyclotetrasiloxane (OMCTS), at 
about 151 Sccm; 

0041 Trimethylsilane (TMS), at about 600 sccm; 
0042 Ethylene, at about 1,000 sccm; 
0043. Oxygen, at about 600 sccm; and 
0044 Helium, at about 1,200 sccm. 

004.5 The substrate was positioned about 350 mils from 
the gas distribution showerhead. A power level of about 
1,100 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 5,300 A/min, and had 
a dielectric constant (k) of about 3.06 measured at 1 MHz, 
and a hardness of about 2.1 gPa. 

Example 4 

0046) A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 3.5 Torr and substrate tempera 
ture of about 400° C. with the following flowrates: 

0047 Octamethylcyclotetrasiloxane (OMCTS), at 
about 302 Sccm; 

0.048 Trimethylsilane (TMS), at about 600 sccm; 
0049. Ethylene, at about 1,000 sccm; 
0050. Oxygen, at about 600 sccm; and 
0051 Helium, at about 2,000 sccm. 

0052 The substrate was positioned about 350 mils from 
the gas distribution showerhead. A power level of about 
1,000 W at a frequency of 13.56 MHz was applied to the 
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showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 4,100 A/min, and had 
a dielectric constant (k) of about 3.05 measured at 1 MHz, 
and a hardness of about 2.16 gPa. 

Example 5 

0.053 A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber preSSure of about 4.5 Torr and Substrate tempera 
ture of about 400° C. with the following flowrates: 

0054 Octamethylcyclotetrasiloxane (OMCTS), at 
about 227 Sccm; 

0.055 Trimethylsilane (TMS), at about 600 sccm; 
0056. Ethylene, at about 1,000 sccm; 
0057) 
0058 

0059) The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,200 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 6,300 A/min, and had 
a dielectric constant (k) of about 3.13 measured at 1 MHz, 
and a hardness of about 2.07 gPa. 

Oxygen, at about 600 ScCm; and 
Helium, at about 1,200 sccm. 

Example 6 

0060 A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 4 Torr and Substrate temperature 
of about 400° C. with the following flowrates: 

0061 Octamethylcyclotetrasiloxane (OMCTS), at 
about 151 Sccm; 

0062 Trimethylsilane (TMS), at about 300 sccm; 
0063) 
0.064 
0065 

0.066 The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,000 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 5,500 A/min, and had 
a dielectric constant (k) of about 2.94 measured at 1 MHz, 
and a hardness of about 2.5 gPa. 

Ethylene, at about 500 sccm; 
Oxygen, at about 600 ScCm; and 
Helium, at about 600 Sccm. 

Example 7 
0067. A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 3.5 Torr and substrate tempera 
ture of about 400° C. with the following flowrates: 

0068 Octamethylcyclotetrasiloxane (OMCTS), at 
about 227 Sccm; 

0069 Trimethylsilane (TMS), at about 450 sccm; 
0070) 
0.071) 
0072) 

Ethylene, at about 750 sccm; 
Oxygen, at about 600 ScCm; and 
Helium, at about 900 Sccm. 
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0073. The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,000 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 5,100 A/min, and had 
a dielectric constant (k) of about 2.87 measured at 1 MHz, 
and a hardness of about 2.3 gPa. 

Example 8 
0074. A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 4 Torr and Substrate temperature 
of about 400° C. with the following flowrates: 

0075 Octamethylcyclotetrasiloxane (OMCTS), at 
about 302 Sccm; 

0.076 Trimethylsilane (TMS), at about 600 sccm; 
0.077 Ethylene, at about 1,000 sccm; 
0078 
0079) 

0080. The substrate was positioned about 350 mils from 
the gas distribution showerhead. A power level of about 
1,000 W at a frequency of 13.56 MHz and a power level of 
about 200 W at a frequency of 356 kHZ were applied to the 
showerhead for plasma enhanced deposition of the film. The 
film was deposited at a rate of about 13,000 A/min, and had 
a dielectric constant (k) of about 3.06 measured at 1 MHz, 
and a hardness of about 2.21 gPa. 

Oxygen, at about 600 Scem; and 
Helium, at about 1,200 sccm. 

Example 9 

0081. A low dielectric constant film was deposited on a 
300 mm substrate from the following reactive gases at a 
chamber pressure of about 3 Torr and Substrate temperature 
of about 400° C. with the following flowrates: 

0082 Octamethylcyclotetrasiloxane (OMCTS), at 
about 302 Sccm; 

0083) Trimethylsilane (TMS), at about 600 sccm; 
0084 Ethylene, at about 1,000 sccm; 
0085. Oxygen, at about 600 sccm; and 
0086) 

0087. The substrate was positioned about 300 mils from 
the gas distribution showerhead. A power level of about 
1,100 W at a frequency of 13.56 MHz was applied to the 
showerhead for plasma enhanced deposition 9f the film. The 
film was deposited at a rate of about 5,600 A/min, and had 
a dielectric constant (k) of about 2.92 measured at 1 MHz, 
and a hardness of about 2.35 gPa. 
0088. It is believed that the combination of a cyclic 
organosilicon compound, Such as octamethylcyclotetrasi 
loxane, an aliphatic organosilicon compound, Such as trim 
ethylsilane, and a low molecular weight aliphatic hydrocar 
bon, Such as ethylene, produces a film with a desirable 
combination of a low dielectric constant and a good hard 
neSS, Such as greater than about 1.0 gPa, Such as between 
about 1.0 gPa and about 2.9 gPa. In another aspect, the 
hardneSS is as high as possible for a given low dielectric 
COnStant. 

Helium, at about 1,200 sccm. 

0089. A process, such as the processeses described in 
Comparative Examples 1 and 2, that includes a cyclic 
organosilicon compound and an aliphatic organosilicon 
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compound, but not a low molecular weight aliphatic hydro 
carbon, can be used to deposit a film with a low dielectric 
constant. The film deposited by the process of Comparative 
Example 2 had a desirable combination of a low dielectric 
constant and a good hardneSS. However, it has been found 
that Such processes without an aliphatic hydrocarbon com 
pound are difficult to control and have a narrow Set of 
processing conditions that may be used. 
0090. Example 8 represents an aspect that has a wide 
processing condition window. It is believed that the use of 
mixed radio frequency powers with the processes described 
herein contributes to a wide processing window. Example 7 
also had a high deposition rate, which increases Substrate 
processing throughput. 
0.091 While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
Scope thereof, and the Scope thereof is determined by the 
claims that follow. 

What is claimed is: 
1. A method for depositing a low dielectric constant film 

having a dielectric constant of about 3.5 or less, comprising 
reacting a gas mixture comprising: 

one or more cyclic organosilicon compounds, 
one or more aliphatic organosilicon compounds, and 
one or more low molecular weight aliphatic hydrocarbon 
compounds at conditions Sufficient to deposit the low 
dielectric constant film on a Substrate Surface, the low 
dielectric constant film having a hardness of between 
about 1.0 gigaPascal and about 2.9 gigaPascal. 

2. The method of claim 1, wherein the one or more cyclic 
organosilicon compounds comprise at least one Silicon 
carbon bond. 

3. The method of claim 1, wherein the one or more 
aliphatic organosilicon compounds comprise a Silicon-hy 
drogen bond. 

4. The method of claim 1, wherein the one or more cyclic 
organosilicon compounds is Selected from the group con 
Sisting of 3,5-trisilano-2,4,6-trimethylene, 1,3,5,7-tetram 
ethylcyclotetrasiloxane (TMCTS), octamethyl-cyclotetrasi 
loxane (OMCTS), 1,3,5,7,9- 
pentamethylcyclopentasiloxane, 1,3,5,7-tetrasilano-2,6- 
dioxy-4,8-dimethylene, and hexamethylcyclotrisiloxane. 

5. The method of claim 1, wherein the one or more 
aliphatic organosilicon compounds is Selected from the 
group consisting of methylsilane, dimethylsilane, trimeth 
ylsilane, dimethyldimethoxysilane, ethylsilane, disila 
nomethane, bis(methylsilano)methane, 1,2-disilanoethane, 
1,2-bis(methylsilano)ethane, 2,2-disilanopropane, 1,3-dim 
ethyldisiloxane, 1,1,3,3-tetramethyldisiloxane (TMDSO), 
hexamethyldisiloxane (HMDS), 1,3-bis(silanomethylene 
)disiloxane, bis(1-methyldisiloxanyl)methane, 2,2-bis(1- 
methyldisiloxanyl)propane, diethylsilane, propylsilane, 
Vinylmethylsilane, 1,1,2,2-tetramethyldisilane, hexamethyl 
disilane, 1,1,2,2,3,3-hexamethyltrisilane, 1,1,2,3,3-pentam 
ethyltrisilane, dimethyldisilanoethane, dimethyldisilanopro 
pane, tetramethyldisilanoethane, and 
tetramethyldisilanopropane. 

6. The method of claim 1, wherein the one or more low 
molecular weight aliphatic hydrocarbons is Selected from 
the group consisting of ethylene, propylene, acetylene, and 
butadiene. 
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7. The method of claim 1, wherein the conditions com 
prise a power density ranging from about 0.03 W/cm to 
about 4.8 W/cm°. 

8. The method of claim 1, wherein the conditions com 
prise a substrate temperature of about 100° C. to about 400 
C. 

9. The method of claim 1, wherein the conditions com 
prise a pressure of about 3 Torr to about 7 Torr. 

10. The method of claim 1, wherein the conditions com 
prise radio frequency power delivered using mixed frequen 
CCS. 

11. A method for depositing a low dielectric constant film 
having a dielectric constant of about 3.5 or less, comprising 
reacting a gas mixture comprising: 

one or more cyclic organosilicon compounds, 
one or more aliphatic organosilicon compounds, 
one or more low molecular weight aliphatic hydrocarbon 

compounds, 
one or more oxidizing gases, and 
a carrier gas at conditions Sufficient to deposit the low 

dielectric constant film on a Substrate Surface, the low 
dielectric constant film having a hardness of between 
about 1.0 gigaPascal and about 2.9 gigaPascal. 

12. The method of claim 11, wherein the one or more 
cyclic organosilicon compounds comprise at least one sili 
con-carbon bond. 

13. The method of claim 11, wherein the one or more 
aliphatic organosilicon compounds comprise a Silicon-hy 
drogen bond. 

14. The method of claim 11, wherein the one or more low 
molecular weight aliphatic hydrocarbons comprise an alk 
ene or alkylene. 

15. The method of claim 11, wherein the one or more 
oxidizing gases is Selected from the group consisting of 
oxygen (O2), OZone (O), nitrous oxide (N2O), carbon. 
monoxide (CO), carbon dioxide (CO), water (H2O), per 
oxide (H2O), and combinations thereof. 

16. The method of claim 11, wherein the low dielectric 
constant film has a carbon content between about 10 and 
about 17 atomic percent. 

17. The method of claim 11, wherein the low dielectric 
constant film has an oxygen to Silicon ratio of about 2:1, a 
Silicon to carbon ratio of about 1:1, and a carbon to hydrogen 
ratio of about 1:3. 

18. A method for depositing a low dielectric constant film 
having a dielectric constant of about 3.5 or less, comprising 
reacting a gas mixture comprising: 

octamethylcyclotetrasiloxane, 
trimethylsilane; and 
ethylene at conditions Sufficient to deposit the low dielec 

tric constant film on the Substrate Surface, the low 
dielectric constant film having a hardness of between 
about 1.0 gigaPascal and about 2.9 gigaPascal. 

19. The method of claim 18, wherein the gas mixture 
further comprises oxygen and helium. 

20. The method of claim 18, wherein the conditions 
comprise radio frequency power delivered using mixed 
frequencies. 


