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(57) ABSTRACT 

Chernical precursors that contain carbon atoms and ?uorine 
atoms can be activated under a variety of conditions to 
deposit ?uorine-containing rnaterials. Chernical precursors 
of the formula (F3C)4_m_nMXmRn, are preferred, Wherein M 
is Si or Ge; X is halogen; R is H or D; In is 0, 1, 2 or 3; and 
n is 0, 1, 2, or 3; With the proviso that (rn+n)§3. 
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FLUORINE-CONTAINING MATERIALS AND 
PROCESSES 

RELATED APPLICATION INFORMATION 

[0001] This application claims priority under 35 U.S.C. 
§119(e) to US. provisional application Ser. No. 60/200,674, 
?led Apr. 28, 2000, Which is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to methods for 
making ?uorine-containing materials, and more particularly 
to methods for depositing such materials onto substrates 
using chemicals that contain carbon atoms and ?uorine 
atoms. 

[0004] 2. Description of the Related Art 

[0005] As the dimensions of microelectronic devices 
become smaller, the importance of the physical properties of 
the materials used in their manufacture becomes more 
important. This is particularly true of the dielectric materials 
that are used to insulate metal lines and vias from one 
another because of the contributions to parasitic capacitance 
across insulators betWeen closely spaced conductors. Silicon 
dioxide has been employed Within the industry as a dielec 
tric material for the manufacture of devices for nearly three 
decades, but may become less suitable in the future because 
of its relatively high dielectric constant (k~4.1). 

[0006] A number of ?uorinated materials have been stud 
ied as possible replacements for silicon dioxide. US. Pat. 
No. 5,563,105 discloses a chemical vapor deposition (CVD) 
process employing SiF4 and tetraethoXysilane (TEOS) to 
form a ?uorosilicate glass, Which is stated to have loWer 
Water absorption than a sample formed from C2F6. US. Pat. 
No. 5,703,404 discloses silicon oXide ?lms containing Si-F 
bonds through the use of ?uorosilanes. US. Pat. No. 5,876, 
798 discloses the use of ?uorotriethoXysilane (FTES). US. 
Pat. No. 5,244,698 discloses PECVD deposition using orga 
nosilanes and organohalogenosilanes. The use of ?uorinated 
compounds containing carbon-carbon double bonds is dis 
closed in US. Pat. Nos. 5,989,998. 6,051,321 discloses the 
use of ?uorinated aromatic compounds. US. Pat No. 5,900, 
290 discloses the use of octa?uorocyclobutane, as does T. 
Shirafuji et al., “PE-CVD of Fluorocarbon/SiO Composite 
Thin Films Using C4F8 and HMDSO,” Plasmas and Poly 
mers, Vol. 4, No. 1, p. 57 (1999). Other references in this 
regard are Indrajit Banerjee, et. al., “Characterization of 
Chemical Vapor Deposited Amorphous Fluorocarbons for 
LoW Dielectric Constant Interlayer Dielectrics.” J. Electro 
chem. Soc., Vol. 146(6), p. 2219 (1999); C. B. Labelle, et. 
al., DUMIC, pg. 1998 (1997); Sang-Soo Han, et. al., “Depo 
sition of Fluorinated Amorphous Carbon Thin Films as a 
LoW-Dielectric Constant Material.” J. Electrochem. Soc., 
Vol. 146(9), p. 3383 (1999); and Scott J. Limb, “GroWth of 
?uorocarbon polymer thin ?lms With high CF2 fractions and 
loW dangling bond concentrations by thermal chemical 
vapor deposition,” Appl. Phys. Lett., Vol. 68(20), p. 2810 
(1996). 
[0007] Spin-on processes are also knoWn for making 
loW-k ?lms. These processes generally involve dissolving or 
dispersing a loW-k polymer in a solvent to form a liquid 
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coating miXture, depositing the coating miXture onto a 
substrate, spinning the substrate to create a uniform coating, 
then drying the coating to remove the solvent. Another 
knoWn method for reducing the dielectric constant of a ?lm 
is to introduce porosity into the ?lm. 

[0008] A Wide variety of ?uorinated polymers such as 
polytetra?uoroethylene (PTFE) are knoWn. PTFE materials 
generally have loW dielectric constants but are structurally 
based upon long, uncrosslinked chains. The uncrosslinked 
structure of these materials is likely the source of the 
mechanical instabilities that have been observed during 
attempts to integrate them into microelectronic devices. 
Current spin-on processes face a serious challenge in 
attempting to crosslink PTFE because they are typically 
produced using nanoemulsions of PTFE particles that are 
delivered to the substrate in solution. These particles are 
typically ?ve to tWenty nanometers in siZe and thus repre 
sent relatively large building blocks for the deposition of 
thin ?lm materials, resulting in problems With step coverage. 
Furthermore, because these ?lms are formed from particles, 
they often require adhesion promoters to obtain adherent 
?lms. Current CVD PTFE materials are typically deposited 
using plasma-enhanced chemical vapor deposition 
(PECVD) of miXtures of CF4 and CH4. It is believed that the 
deposited materials result from reactive C-F species derived 
from partially ioniZed source gas molecules. Typical C-F 
species are believed to be CF4+, CF3+, CF22+and very 
limited amounts of CF“, and thus represent a broad range 
of source species for the deposition of the ?lm. Coupled With 
ion bombardment of the depositing ?lm, this can lead to 
non-homogeneous ?lm composition and properties, includ 
ing dangling bonds, as Well as to the incorporation of 
undesirable impurities Within the depositing ?lm. Further 
more, because of the charged nature of the species being 
used to deposit these materials, gap-?lling of dimensionally 
small, high aspect ratio structures can be poor and loading 
effects betWeen large and small open areas on the Wafer 
surface can be problematic. 

[0009] There remains a need for ?uorinated materials such 
as loW-k ?lms having better properties more suitable for use 
in microelectronics manufacturing, and for processes for 
producing such ?lms that can be readily integrated into 
fabrication process ?oWs. 

SUMMARY OF THE INVENTION 

[0010] The inventor has discovered better Ways to make 
?uorinated materials. In preferred embodiments, these ?u 
orinated materials have a loW dielectric constant suitable for 
use in microelectronics manufacturing. In one aspect, 
chemical precursors that contain one or more —CF3 (trif 
luoromethyl) groups are disclosed, and processes for using 
these precursors to deposit ?uorine-containing materials 
onto substrates are taught. In another aspect, miXtures of 
chemical precursors With sources of various elements are 
used to deposit ?uorine-containing materials onto substrates. 
In yet another aspect, processes for making porous ?uori 
nated materials are taught. 

[0011] In one embodiment, a process is provided for 
depositing a material onto a surface, comprising providing a 
substrate; providing a chemical precursor of the formula 
(F3C)4_m_nMXmRn, Wherein M is Si or Ge; X is halogen; R 
is H or D; m is 0, 1, 2 or 3; and n is 0, 1, 2, or 3; With the 
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proviso that (m+n)><3; and activating the chemical precursor 
to thereby deposit a ?uorine-containing material onto the 
substrate. 

[0012] In another embodiment, a chemical vapor deposi 
tion process is provided for depositing a dielectric ?lm onto 
a surface, comprising providing a chemical vapor deposition 
chamber having disposed therein a substrate; introducing a 
gas to the chamber, Wherein the gas comprises a chemical 
precursor selected from the group consisting of (F3C)SiH3, 
(F3C)2SiH2, (F3C)SiD3, (F3C)2SiD2, (F3C) SiFZH, 
(F3C)SiF3, (F3C)SiFD2, and (F3C)SiF2D; and reacting the 
chemical precursor to deposit onto the substrate a ?lm 
having a dielectric constant of about 2.7 or loWer. 

[0013] In yet another embodiment, a process for making a 
porous material is provided, comprising providing an oXy 
gen source; providing a compound of the formula (F3C)4_ 
rn—nMXmRn, Wherein M is Si or Ge; X is halogen; R is H or 
D; m is 0, 1, 2 or 3; and n is 0, 1, 2, or 3; With the proviso 
that (m+n)§3; providing a substrate; activating the oxygen 
source and the compound at a temperature of about 300° C. 
or less to thereby deposit an oxygen-containing ?lm onto the 
substrate; and heating the oxygen-containing ?lm to a tem 
perature in the range of about 150° C. to about 400° C. to 
form a porous ?lm. 

[0014] These and other embodiments are described in 
greater detail beloW. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] AWide variety of ?uorine-containing materials can 
be prepared by practicing the processes described herein. 
“Fluorine-containing material” is used in its usual sense to 
include materials that contain the element ?uorine as part of 
their chemical structure. The ?uorine atoms can be incor 
porated into the material in various Ways, preferably by ionic 
or covalent bonds, and can be dispersed homogeneously or 
non-homogeneously. Preferably, ?uorine-containing materi 
als are organic polymers in Which ?uorine atoms are bonded 
to carbon atoms. The ?uorine-containing material is prefer 
ably a polymer that comprises recurring CF2 units and may 
be branched or unbranched, and crosslinked or 
uncrosslinked, preferably crosslinked. 

[0016] Fluorine-containing materials can be in various 
forms such as particles or ?bers, but are preferably in the 
form of a ?lm. “Film” is used in its usual sense to include 
both free-standing ?lms and layers or coatings applied to 
substrates. A ?lm can be ?at or it can conform to an 
underlying three-dimensional surface, and in either case can 
have a constant or variable thickness, preferably constant. 
Preferably, the average thickness of the ?lm is effective to 
provide the desired function, eg loW dielectric constant for 
intermetal level dielectric applications. Frequently, the aver 
age ?lm thickness is in the range of about 5 A to about 
15,000 A, preferably about 10 A to about 10,000 A, more 
preferably about 10 A to about 8,000 A, most preferably 
about 100 A to about 5,000 

[0017] The ?uorine-containing materials described herein 
are preferably deposited onto a substrate. “Substrate” is used 
in its usual sense to include any underlying surface onto 
Which the ?uorine-containing material is deposited or 
applied. Preferred substrates can be made of virtually any 
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material, including Without limitation metal, metal oXide, 
metal nitride, silicon, germanium, plastic, and/or glass, 
preferably silicon and silicon alloys. 

[0018] Particularly preferred substrates include silicon 
substrates, e.g. silicon Wafers and layers of Group III-V 
materials used in the fabrication of microelectronics, and 
integrated circuits. “Integrated circuit” is used in its usual 
sense in the microelectronics ?eld to include substrates onto 
Which microelectronic devices have been or are to be 
applied, and thus includes integrated circuits Which are in 
the process of being manufactured and Which may not yet be 
functional. In the ?eld of integrated circuit fabrication, the 
semiconductor substrate generally refers to the loWest level 
of semiconductor material from Which devices are formed. 

[0019] For microelectronic applications, ?uorine-contain 
ing materials are preferably dielectric ?lms. “Dielectric 
?lm” is used in its usual sense in the microelectronics ?eld 
to mean ?lms having the structure described above and 
having an insulating electrical function in the completed 
circuit. Preferred dielectric ?lms have a dielectric constant 
of about 3.0 or less, more preferably about 2.7 or less, even 
more preferably about 2.4 or less, most preferably about 2.2 
or less. 

[0020] Other preferred substrates are the surfaces of mov 
ing parts in microelectromechanical systems (MEMS). The 
?uorine-containing materials described herein can be used to 
reduce friction in various MEMS applications, including 
Without limitation nanometer-siZed bearings, gears and 
motors. For MEMS applications, the ?uorine-containing 
material is preferably a ?lm having a thickness in the range 
of about 5 A to about 25 Preferably, the MEMS device 
is fabricated using integrated circuit process technology. 

[0021] For loW-friction applications such as coating mov 
ing parts, the static coef?cient of friction for a ?uorine 
containing material, as measured in contact With itself, is 
preferably about 0.5 or less, more preferably about 0.2 or 
less, most preferably about 0.1 or less. As used herein, the 
“static coef?cient of friction” betWeen tWo surfaces is the 
ratio of the force required to move one over the other to the 
force pressing the tWo together. If F is the force required to 
move one surface over another and W is the force pressing 
the surfaces together, the coef?cient of friction p=F/W. 

[0022] Various processes utiliZing the chemical precursors 
described herein may be used to deposit ?uorine-containing 
materials. As used herein, a “chemical precursor” is a 
?uorine-containing (“F-containing”) chemical compound or 
mixture of F-containing chemical compounds that is capable 
of being activated under the conditions described herein to 
form a ?uorine-containing material. Preferred processes 
involve providing a substrate and providing a chemical 
precursor that contains ?uorine atoms and carbon atoms 
under conditions that are effective to deposit a ?uorine 
containing material onto the substrate. Preferred chemical 
precursors are capable of being activated to yield F-contain 
ing molecular fragments that result in a ?lm and other 
gaseous molecular fragments that can be removed from the 
vicinity of the substrate to minimiZe contamination of the 
?lm. 

[0023] Preferred chemical precursors contain at least one 
tri?uoromethyl group. A preferred class of tri?uoromethyl 
containing chemical precursors is represented by the chemi 
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cal formula (F3C)4_m_nMXmRn, wherein M is Si or Ge; X is 
halogen; R is H or D; m is 0, 1, 2 or 3; and n is 0, 1, 2, or 
3; With the proviso that (m+n) is less than or equal to three. 
Preferably, M is Si and X is ?uorine or chlorine. Preferably, 
(m+n)=2 or 3 because such chemical precursors tend to have 
greater thermal stability than those in Which (m+n)=0 or 1. 

[0024] Activating the chemical precursors disclosed 
herein is believed to result in the formation of chemically 
active F-containing species that are capable of depositing 
onto a substrate to form a ?uorine-containing material. As 
used herein, “activating” a chemical precursor means caus 
ing the chemical precursor to become so chemically active 
as to enable deposition on a substrate to form a ?uorine 
containing material. Reacting a chemical precursor under 
the conditions described herein deposits the corresponding 
?uorine-containing material. Various preferred Ways of acti 
vating the chemical precursor are discussed beloW. 

[0025] The instant invention is not bound by theory, but it 
is believed that activating the chemical precursors described 
herein involves creating chemically active F-containing 
fragments, preferably fragments that contain carbon and 
?uorine atoms. These reactive fragments can then combine 
to form a ?uorine-containing material. Under preferred 
conditions, a ?uorine-containing material is formed by acti 
vating a chemical precursor represented by the formula 
(F3C)4_m_nMXmRn to form CFZ-type fragments and gaseous 
F-MXR-type fragments. Preferred silicon-containing (“Si 
containing”) chemical precursors include (F3C)SiH3, 
(F3C)2SiH2, (F3C)SiD3, (F3C)2SiD2, (F3C)SiFH2, 
(F3C)SiF2H, (F3C)SiF3, (F3C)SiFD2, (F3C)SiF2D 
(F3C)SiClF2, (F3C)SiCl2F and (F3C)SiCl3. Another pre 
ferred chemical precursor is hexa?uoropropylene oxide, 
Which upon activation is believed to form CFZ-type frag 
ments and tri?uormethylacetyl ?uoride. Preferred germa 
nium-containing (“Ge-containing”) chemical precursors 
include (F3C)GeH3, (F3C)2GeH2, (F3C)GeD3, (F3C)2GeD2, 
(F3C)GeFH2, (F3C)GeF2H, (F3C)GeF3, (F3C)GeFD2, and 
(F3C)GeF2D. 
[0026] An example of a possible activation and deposition 
pathWay is illustrated in Scheme (I) for (F3C)SiF3, a highly 
preferred chemical precursor: 

[0027] The “[:CF2]” in Scheme (I) represents highly reac 
tive :CF2 fragments and other F-containing fragments that 
may also be generated; the brackets indicate that these 
species are likely to be transient and short-lived. The 
“—(CF2)n_” in Scheme (I) represents a possible structure for 
at least a part of the ?uorinated polymer formed by the 
deposition of the postulated :CF2 fragments. Activation and 
deposition are preferably conducted under conditions such 
that any by-products, e.g., SiF4, are gaseous in order to 
minimize contamination of the ?uorine-containing material 
With silicon or ?uorine (unless inclusion of those elements 
is desired). Some [:CF2] species may react together to form 
other by-product species such as tetra?uoroethylene (not 
shoWn in Scheme (I)), in Which case these by-products are 
preferably gaseous also. Fluorine-containing copolymers 
can be prepared by using mixtures of chemical precursors. 

[0028] Chemical precursors can be prepared by methods 
knoWn to those skilled in the art. For example, syntheses for 
preferred chemical precursors are disclosed in the literature, 

Apr. 18, 2002 

see, e.g., K. G. Sharp and T. D. Coyle, “Synthesis and Some 
Properties of Tri?uoro(tri?uoromethyl)silane,” J. Fluorine 
Chem., Vol. 1, pp. 249-251 (1971/72); H. Beckers et al., 
“Synthesis and Properties of (Tri?uoromethyl)trichlorosi 
lane, a Versatile Precursor for CF3Si Compounds,” J. Orga 
nometal. Chem., Vol. 316, pp. 41-50, (1986). These litera 
ture articles are incorporated herein by reference in their 
entireties for the express purpose of describing the syntheses 
of these precursors. Preferably, the synthetic methods dis 
closed in these articles are modi?ed by reacting [(H3C)2N] 
2Si(H)CF3 and HCl for tWenty four hours to maximiZe the 
yield of CF3SiCl3, as shorter reaction times yield primarily 
CF3Si(H)Cl2. Furthermore, the amount of excess SbF3 uti 
liZed in the synthesis of CF3SiF3 from CF3SiCl3, as Well as 
the total reaction time, are preferably varied to maximiZe the 
yield of CF3SiF3. 

[0029] It is preferable to provide a chemical precursor that 
is relatively stable and activate it for deposition. Activating 
the chemical precursor preferably involves applying 
amounts of energy, e.g., thermal, chemical, photo-chemical, 
mechanical, or plasma energy, that are effective to break one 
or more chemical bonds Within the chemical precursor. It is 
often difficult to store the resulting F-containing fragments 
for extended periods of time because they tend to be highly 
reactive. Therefore, it is preferable to activate the chemical 
precursor in close spatial proximity to the substrate, at the 
time of deposition. 

[0030] The process of activating the chemical precursor is 
believed to involve the formation of F-containing fragments 
as discussed above, but the detection, measurement and/or 
characteriZation of these fragments may be difficult in prac 
tice because of their transient nature. Activation of the 
chemical precursor is thus primarily evidenced by the for 
mation of a ?uorine-containing material and does not require 
formation or identi?cation of any F-containing fragments, 
although evidence of fragmentation may be indicative of 
activation. 

[0031] The chemical precursor can be provided in the 
form of a solid, liquid or gas, preferably a gas. A liquid 
comprised of the chemical precursor can be applied to a 
substrate and then activated to form a ?uorine-containing 
material on the substrate, preferably by using techniques 
similar to those that are Well-knoWn in the art for spin 
coating. Preferably, the chemical precursor is provided in the 
form of a gas. The amount of chemical precursor provided 
is preferably controlled by adjusting the pressure of the gas, 
Which can range from about 0.01 torr to atmospheric pres 
sure (about 760 torr) or even higher. The amount can also be 
controlled by intermixing the chemical precursor With 
another gas and adjusting the total gas pressure or the partial 
pressure of the chemical precursor in the gas mixture. 
Optional components of the gas mixture include carrier 
gases such as hydrogen, helium, nitrogen, argon, neon, 
krypton and xenon. A liquid chemical precursor can be 
provided by using a bubbler, e.g., by bubbling a carrier gas 
through the chemical precursor. The amount of chemical 
precursor in the gas can vary over a broad range, preferably 
from about 0.01% to 100% by volume. 

[0032] For many end-use applications it may be desirable 
to adjust the overall elemental composition of the ?uorine 
containing material by including additional elements, and/or 
by adding additional amounts of ?uorine and/or carbon. 
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Supplemental elements can be incorporated for variety of 
reasons, e.g., to introduce crosslinking sites, to adjust the 
dielectric constant, to increase porosity, and to modify 
adhesion to substrates and/or subsequently deposited layers, 
as discussed beloW. 

[0033] The incorporation of additional elements into the 
?uorine-containing material may be accomplished by pro 
viding a supplemental source of the additional element or 
elements, preferably by providing a supplemental silicon 
source, oxygen source, germanium source, and/or carbon 
source. TWo or more supplemental sources may be provided, 
preferably a mixture of an oxygen source and a silicon 
source, or a mixture of an oxygen source and a germanium 
source. When the chemical precursor is applied to the 
substrate in the form of a liquid, the liquid can also comprise 
a supplemental source of the desired additional element, in 
an amount effective to provide the resulting ?uorine-con 
taining material With the desired elemental composition. 
Preferably, a gas is provided Which comprises the chemical 
precursor and the supplemental source, and the amount of 
each element in the resulting ?uorine-containing material is 
controlled by adjusting the partial pressure of each compo 
nent using routine experimentation. Schemes (II) and (III) 
illustrate preferred possible pathWays for incorporating sili 
con into the ?uorine-containing material. 

[0034] The ratios of F3CSiD3 to H3SiSiH3 and F3CSiH3 to 
(H3C)2SiH2 illustrated in Schemes (II) and (III), respec 
tively, are only exemplary and can be varied over a broad 
range. Preferably, the ratio of chemical precursor to supple 
mental source, i.e., chemical precursorzsupplemental source, 
is about 10: 1 or higher, more preferably in the range of about 
50:1 to about 50,000z1, by mole. The properties of the 
?uorine-containing material can be varied continuously or in 
steps by adjusting the relative amounts of the various 
components during deposition. 
[0035] For example, to enhance adhesion of the deposited 
?ourine-containing material to the underlying substrate, the 
?rst 10-100 A of deposited material can be made relatively 
rich in an element or composition that is knoW to adhere Well 
to the underlying substrate by providing a mixture compris 
ing a F-containing chemical precursor and a supplemental 
source and relatively poor in the chemical precursor. The 
?lm can be graded by decreasing the relative amount of 
supplemental source during the next stage of the deposition 
to thereby deposit a relatively CFZ-rich portion that provides 
the resulting ?uorine-containing material With a loW dielec 
tric constant. During the ?nal 10-100 A of the deposition, the 
relative amount of supplemental source can be increased 
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again so that any layers subsequently deposited onto the 
?uorine-containing material Will adhere Well to its surface. 
The supplemental source chosen for the initial stage of the 
deposition can be the same or different from the supplemen 
tal source chosen for the ?nal stage. Preferably, the supple 
mental sources are selected to provide an initial deposit that 
adheres Well to the substrate and a ?nal deposit that adheres 
Well to the subsequently deposited layer, if any. For a silicon 
substrate or subsequent layer, supplemental sources include 
silane, and more preferably, disilane and trisilane. For a 
copper substrate or subsequent layer, preferred supplemental 
sources include dimethoxysilane and dimethyldimethoxysi 
lane. For a silicon-carbon substrate or subsequent layer, 
preferred silicon sources include disilylmethane, trisilyl 
methane, and tetrasilylmethane. Furthermore, silicon-carbon 
substrate materials may also be preferably deposited using 
methylsilane, dimethylsilane, trimethylsilane or tetrameth 
ylsilane. Accordingly, graded ?uorine-containing materials 
can be provided With good adhesion and loW overall dielec 
tric constant. 

[0036] As another example, supplemental sources may be 
used to introduce elements that serve as crosslinking sites 
Within the ?uorine-containing material. For instance, in 
Scheme (II), the tetravalent Si atoms in —[(SiH2)— 
(CF2)X—( SiH2)—(CF2)1OO_X]— are potential crosslinking 
sites because they can eliminate hydrogen to form bonds to 
other polymer chains. Supplemental silicon and germanium 
sources in Which the silicon or germanium is bonded to more 
than tWo hydrogen atoms are preferred crosslinking agents 
because the Si-H or Ge-H bond(s) in the resulting ?uorine 
containing material can be easily broken to alloW the Si or 
Ge atom to bond to more than one polymer chain. More 
preferred crosslinking agents are disilane, trisilane, methyl 
silane, digermane, trigermane, and methylgermane. 
Crosslinking agents are preferably used in an amount that is 
effective to crosslink the ?uorine-containing material, more 
preferably at relatively loW levels to avoid detrimental 
effects on other properties such as dielectric constant, even 
more preferably at a level of about 1% or less, most 
preferably about 0.5% or less, by Weight based on Weight of 
chemical precursor. 

[0037] As another example, a supplemental oxygen source 
may be used to introduce porosity into the ?uorine-contain 
ing material as discussed in greater detail beloW. 

[0038] Among the supplemental sources, preferred silicon 
sources include silane, disilane, trisilane, methylsilane, dim 
ethylsilane, disiloxane, dimethylsiloxane, methoxysilane, 
dimethoxysilane, and dimethyldimethoxysilane. Preferred 
germanium sources include germane, digermane, triger 
mane, methylgermane, dimethylgermane, methoxygermane 
and dimethoxygermane. Preferred carbon sources include 
methane, ethane, ?uoromethane, per?uoroethane, silyl 
methane, disilylmethane, trisilylmethane, tetrasilylmethane, 
methylsilane, dimethylsilane, trimethylsilane and tetrameth 
ylsilane. Preferred oxygen sources include oxygen, nitrous 
oxide, oZone, carbon dioxide, carbon monoxide, hydrogen 
peroxide, Water, methanol, ethanol, dimethylether, and 
diethyl ether. Preferred supplemental sources can be a source 
for tWo or more elements, e. g., dimethylether can be a source 
of both carbon and oxygen, dimethylsiloxane can be a 
source of carbon, oxygen and silicon, etc. 

[0039] For some applications, it is suf?cient to bring 
together the substrate and chemical precursor Without the 
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bene?t of any kind of enclosure and deposit the ?uorine 
containing material under ambient conditions or under a 
?owing blanket of carrier gas. For instance, a continuous 
coating process can be conducted in Which a substrate such 
as a glass ?ber or plastic sheet is run under a set of heat 
lamps at a temperature sufficient to activate a chemical 
precursor that is directed to How continuously over the 
substrate, thus depositing a F-containing ?lm onto the ?ber 
or sheet. To minimiZe contamination and produce a higher 
quality ?lm, it is preferable to deposit the ?uorine-contain 
ing material onto the substrate by disposing the substrate 
Within a chamber and introducing the chemical precursor to 
the chamber. The chamber can be partially open during 
deposition, e.g., in the above example, the ?ber or sheet can 
be run through an oven or furnace, or preferably the chamber 
can be closed during deposition. 

[0040] Closed chambers are preferably used in the chemi 
cal vapor deposition (CVD) techniques that are preferably 
used to deposit the ?uorine-containing material. A Wide 
variety of CVD techniques are knoWn to those skilled in the 
art. Plasma-enhanced chemical vapor deposition 
(“PECVD”) and thermal chemical vapor deposition (“ther 
mal CVD”) are preferred, particularly for the deposition of 
dielectric ?lms in microelectronics manufacturing. These 
techniques are Widely used in the fabrication of integrated 
circuits, see, e.g., Stephen A. Campbell, “The Science and 
Engineering of Microelectronic Fabrication,” Oxford Uni 
versity Press, NeW York (1996); Stanley Wolf and Richard 
N. Tauber, “Silicon Processing for the VLSI Era,” Lattice 
Press, Sunset Beach, Calif. (2000). 

[0041] In PECVD, plasma energy is used to activate the 
chemical precursor by applying an electromagnetic ?eld, 
e.g., microWave or radio frequency energy, to the chemical 
precursor. The plasma may generated in the immediate 
vicinity of the substrate or in a remote location. Preferred 
substrate temperatures during deposition range from about 
minus 10° C. to about 450° C., more preferably about 0° C. 
to about 400° C. In the absence of a chamber, the How of 
chemical precursor to the substrate can be controlled by 
employing a gas mixture and adjusting the partial pressure 
of the chemical precursor Within the mixture. Preferably, a 
chamber is employed so that the How of chemical precursor 
can also be controlled by manipulating the overall pressure, 
using a vacuum pump or similar device. The chemical 
precursor is preferably introduced at the inlet, and the 
chamber is preferably back?lled With carrier gas to control 
the total pressure. Preferred total pressures are in the range 
of about 0.001 torr to about 100 torr, preferably about 0.05 
torr to about 25 torr. Preferred partial pressures of chemical 
precursor for PECVD are in the range of about 0.01 torr to 
about 20 torr, preferably about 0.05 torr to about 5 torr. 

[0042] Apreferred PECVD deposition technique utiliZes a 
pulsed plasma (non-continuous Wave) process, Where the 
electromagnetic ?eld is only applied during a portion of the 
activation and/or deposition process. This invention is not 
bound by theory, but it is believed that the pulsed PECVD 
technique maximiZes the amount of :CF2 generated and 
minimiZes the formation of other CF-type species, and thus 
maximiZes the CF2 content of the resulting deposited ?uo 
rine-containing material. In a preferred pulsed plasma pro 
cess, the length of each sequence is preferably in the range 
of about 5 milliseconds to about 500 milliseconds. More 
preferably, the electromagnetic ?eld is applied for less than 
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about 50% of the length of each sequence, i.e., less than 25 
milliseconds out of each 50 milliseconds, less than about 
250 milliseconds out of each 500 milliseconds, etc., and 
even more preferably applied for less than about 15% of the 
length of each sequence. 

[0043] In thermal CVD, thermal energy is used to activate 
the chemical precursor by adjusting the temperature of the 
substrate and/or the chemical precursor, preferably by heat 
ing to a temperature in the range of about 150° C. to about 
450° C., more preferably about 250° C. to about 450° C., 
even more preferably about 300° C. to about 400° C. In the 
absence of a chamber, the How of chemical precursor to the 
substrate can be controlled by employing a gas mixture and 
controlling the partial pressure of the chemical precursor 
Within the mixture. Preferably, a chamber is employed so 
that the How of chemical precursor can also be controlled by 
manipulating the overall pressure, using a vacuum pump or 
similar device. The chemical precursor is preferably intro 
duced at the inlet, and the chamber is preferably back?lled 
With carrier gas to control the total pressure. Preferred total 
pressures are in the range of about 0.1 torr to about 760 torr, 
more preferably about 1 torr to about 350 torr, and most 
preferably about 1 torr to about 100 torr. Preferred partial 
pressures of chemical precursor are in the range of about 
0.01 torr to about 400 torr, more preferably about 0.1 torr to 
about 200 torr. In a particularly preferred embodiment, 
thermal CVD is used to deposit a crosslinked ?uorine 
containing material having a thickness in the range of 10 A 
to about 5,000 A onto a substrate disposed Within a chamber 
at a temperature in the range of about —10° C. to about 450° 
C. 

[0044] Suitable chambers for conducting PECVD are 
commercially available, and preferred models include the 
EagleTM series of reactors commercially available from 
ASM Japan K.K., of Tokyo, Japan. Suitable chambers for 
conducting thermal CVD are also commercially available 
and include the EpsilonTM series of single Wafer epitaxial 
reactors, such as the Epsilon 2000®, commercially available 
from ASM America, Inc. of Phoenix, AriZ. Preferred models 
include the A400 series of batch tube reactors, such as the 
A400® and A412®, commercially available from ASM 
International N.V. of Bilthoven, The Netherlands. Commer 
cially available CVD chambers are preferably equipped With 
a number of features, such as computer control of tempera 
ture, gas How and sWitching, and chamber pressure, that can 
be manipulated to produce consistently high-quality ?lms 
suitable for microelectronics applications. Those skilled in 
the CVD art are familiar With such methods and equipment, 
and thus routine experimentation may be used to select the 
appropriate conditions for depositing ?uorine-containing 
materials using the chemical precursors described herein. 

[0045] In a preferred embodiment, thermal CVD is used 
for deposition in a process that involves independently 
adjusting the temperature of the substrate and the activation 
temperature of the chemical precursor. The temperature of 
the substrate can be adjusted by methods knoWn in the art, 
such as the use of heat lamps and/or by resistively heating 
the substrate. The chemical precursor can also be activated 
by heating it directly using various methods such as by 
providing it as a component of a heated carrier gas or by 
utiliZing a heated inlet port e.g., a heated shoWerhead. In the 
absence of a statement to the contrary, the recitation herein 
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of a speci?c deposition or activation temperature refers to 
the temperature of the substrate. 

[0046] In a more preferred process, an EagleTM 10 PECVD 
reactor (commercially available from ASM Japan K.K., of 
Tokyo, Japan) is used in a thermal mode, i.e., Without the use 
of a plasma. The reactor is preferably equipped With a heated 
shoWerhead and a heated substrate such that the temperature 
of each can be adjusted independently. The chemical pre 
cursor is preferably activated by heating the substrate to a 
temperature in the range of about 100° C. to about 450° C., 
more preferably about 150° C. to about 400° C., While 
maintaining the temperature of the shoWerhead beloW the 
activation temperature of the chemical precursor, preferably 
in the range of about 30° C. to about 40° C. When hexa?uo 
ropropylene oxide is used as a chemical precursor, deposi 
tion onto a heated substrate is preferred. The chemical 
precursor can also be activated by heating the shoWerhead to 
a temperature in the range of about 100° C. to about 450° C., 
more preferably about 150° C. to about 450° C., and 
maintaining the temperature of the substrate at a temperature 
that is about 50° C. to about 300° C. cooler than the 
shoWerhead. Preferably, the substrate is maintained at a 
temperature in the range of about —10° C. to about 450° C., 
more preferably about 100° C. to about 400° C. 

[0047] Various deposition methods can be used in con 
junction With one another. For example, in another preferred 
embodiment, both remote PECVD and thermal CVD are 
used to deposit a ?uorine-containing material Which also 
contains silicon. In a more preferred aspect of this embodi 
ment, a remote plasma is used to decompose silane, disilane 
or trisilane to provide a source of reactive Si-containing 
fragments. These fragments are then preferably directed to a 
thermal CVD chamber into Which a chemical precursor, 
preferably CF3SiF3, is introduced. The chemical precursor is 
preferably activated directly, preferably by using a heated 
shoWerhead, at a temperature in the range of about 100° C. 
to about 450° C. Preferably, a substrate contained Within the 
chamber is maintained at a temperature in the range of about 
100° C. to about 450° C. Under these conditions, it is 
believed that a mixture of Si-containing fragments and 
[:CF2] is produced that deposits onto the substrate to form a 
preferred Si-containing, ?uorine-containing material. 

[0048] The representation of a ?uorine-containing poly 
mer herein by the use of a chemical formula having certain 
recurring units, e.g., “—(CF2)n—” in Scheme (I), 
"—[(SiH2)—(CF2)X—(SiH2)—(CF2)1O0_X]—” in Scheme 
(II), etc., is only exemplary and in practice the resulting 
polymer may contain a variety of recurring units, depending 
on the deposition conditions. In fact, a variety of ?uorine 
containing polymers can be produced, depending on such 
factors as the composition and amount of the chemical 
precursor(s), the presence or absence of additional com 
pounds that provide a source of other elements, e. g., supple 
mental sources, activation conditions (temperature, presence 
or absence of plasma, etc.), deposition conditions (tempera 
ture, presence or absence of plasma, etc.), and the nature of 
the substrate. For many applications for Which it is desirable 
to achieve the types of properties exhibited by PTFE, e.g., 
loW dielectric constant, loW friction, etc., it is preferred to 
utiliZe a high proportion of a chemical precursor such as 
CF3SiF3. Surprisingly, the use of CF3SiF3 has been found to 
result in ?uorine-containing polymers Which contain a high 
proportion of recurring CF2 units, i.e., —(CF2)n—, even 
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When the deposition conditions vary, as illustrated in the 
Working examples provided beloW. Thus, the basic chemical 
structure of the deposited polymers appears to be primarily 
a function of the identity of the chemical precursors(s) and 
any supplemental sources. Preferred polymers comprise a 
high proportion of CF2 groups as shoWn by infrared spec 
troscopy and X-ray photoelectron spectroscopy. Polymers 
comprising carbon and ?uorine atoms are preferred Which 
have a numerical ratio of ?uorine atoms to carbon atoms, i.e. 
?uorinezcarbon, in the range of about 1:1 to about 3:1, more 
preferably about 1.5:1 to about 2.5:1, even more preferably 
about 1.811 to about 2.2: 1, as shoWn by elemental analysis. 

[0049] The properties of ?uorine-containing materials 
described herein can be controlled by varying the overall 
deposition conditions, preferably by controlling the type and 
amount of chemical precursor(s), the type and amount of 
additional elemental source (if any), the activation tempera 
ture, the substrate temperature, and the presence or absence 
of plasma. The effect of varying each of these parameters is 
discussed elseWhere herein. For instance, in the Working 
examples provided beloW, it Was found that thinner ?lms 
having higher adhesion and higher transparency Were 
formed at higher deposition temperatures, Whereas thicker, 
more opaque ?lms having loWer adhesion Were formed at 
loWer temperatures, and ?lms having intermediate proper 
ties Were formed at intermediate deposition temperatures. 
Preferably, experimental design methods are used to deter 
mine the effect of the various process variables and combi 
nations thereof on chemical composition and/or physical 
properties of the resulting ?lms. Experimental design meth 
ods per se are Well-known, see e.g., Douglas C. Montgom 
ery, “Design and Analysis of Experiments,” 2nd Ed., John 
Wiley and Sons, 1984. For a particular process, after the 
effect of the various process variables and combinations 
thereof on chemical composition and/or physical properties 
has been determined by these experimental design methods, 
the process is preferably automated by computer control to 
ensure consistency in subsequent production. 

[0050] The ?uorine-containing materials described herein 
can be subjected to a variety of processes. For example, in 
the manufacture of integrated circuits, additional layers of 
other materials such as metal lines or semiconducting layers 
can be deposited onto the surface of a dielectric ?lm formed 
as described herein. Such deposition can be conducted by 
providing a silicon source, metal source, germanium source, 
etc., and depositing the additional layer in the usual manner. 
Preferably, the adhesion of the additional layer is enhanced 
by including an adhesion-promoting supplemental element 
during the ?nal stage of the deposition as described else 
Where herein. 

[0051] The surface of the ?uorine-containing material can 
be treated or modi?ed by exposing it to a chemically reactive 
reagent, e.g., etching With a strong oxidiZing agent such as 
an oxygen plasma or de?uorinating With a strong reducing 
agent With the optional introduction of functional groups, 
see, e.g., C. A. Costello and T. J. McCarthy, “Introduction of 
Organic Functional Groups Onto the Surface of Poly(tet 
ra?uoroethylene),” Proceedings of the ACS Division of 
Polymeric Materials Science and Engineering, Vol. 55. p 
893 (1986). 

[0052] A preferred embodiment provides a process for 
making a porous material. In a ?rst aspect, the process is 
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conducted by depositing an oxygen-containing ?lm onto a 
substrate at a relatively loW temperature, then heating the 
?lm to eliminate oxygen and combustion products of the 
oxygen With the combustible elements of the ?lm, e.g., 
carbon. In a second aspect, the process is conducted by 
providing a oxygen source or oxidiZing agent and a F-con 
taining compound as described beloW and depositing a 
F-containing ?lm onto a substrate at a relatively higher 
temperature, so that porosity in the ?lm is created by 
combustion that occurs during the deposition process. 

[0053] In both aspects, the ?lm is preferably deposited by 
a deposition technique as described elseWhere herein, pref 
erably by thermal CVD or PECVD, using an oxygen source 
as described elseWhere herein and an F-containing com 

pound of the formula (F3C)4_m_nMXmRn, Wherein M is Si 
or Ge; X is halogen; R is H or D; m is 0, 1, 2 or 3; and n is 
0, 1, 2, or 3; With the proviso that (m+n)§3. Preferred 
F-containing compounds include (F3C)SiH3, (F3C)2SiH2, 

(F3C)GeF2H, (F3C)GeF3, (F3C)GeFD2, and (F3C)GeF2D. 
The F-containing compound and the oxygen source are 
preferably provided in the form of gases or as components 
of a gas, and the gas may comprise a carrier gas, a silicon 
source, a carbon source and/or a germanium source as 
described elseWhere herein. 

[0054] When conducted according to the ?rst aspect, the 
deposition of the oxygen source and the compound results in 
an oxygen-containing ?lm that also contains ?uorine atoms, 
preferably in the form of CF2 groups. Deposition at loWer 
temperatures is preferred, preferably by PECVD or thermal 
CVD, more preferably at a temperature of about 300° C. or 
less, even more preferably at a temperature in the range of 
about 200° C. to about 300° C. Deposition is preferably 
conducted in a chamber, even more preferably in a PECVD 
chamber or thermal CVD chamber as described elseWhere 
herein. In a preferred embodiment, the F-containing com 
pound is (F3C)SiF3, the oxygen source is oxygen or oZone, 
and about 5 atomic percent or less of oxygen atoms are 
incorporated into the oxygen-containing ?lm, more prefer 
ably about 1 atomic percent or less, based on the total 
elemental content of the oxygen-containing ?lm. 

[0055] For the ?rst aspect, the porous ?lm is preferably 
created by heating the oxygen-containing ?lm to a tempera 
ture in the range of about 150° C. to about 400° C., 
preferably for a period of time that is effective to create the 
desired level of porosity in the ?lm. More preferably, the 
heating is also effective to render the resulting ?lm substan 
tially free of oxygen, especially When the ?lm is a dielectric 
?lm, because the presence of oxygen in the ?lm tends to 
decrease the thermal stability of the thin ?lm. 

[0056] This invention is not bound by theory, but it is 
believed that the porosity results because oxygen Within the 
?lm reacts With other combustible elements such as carbon 
to form gases such as carbon monoxide (CO) and carbon 
dioxide (CO2), thus creating microcavities Within the ?lm 
Where the carbon and oxygen atoms Were previously 
located. Preferably, the oxygen-containing ?lm is heated to 
a temperature that is higher than the glass transition tem 
perature of the ?lm, so that additional porosity is achieved 
as the gases expand Within the softened ?lm to form 
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microbubbles. Higher levels of porosity Within the ?lm are 
preferred to provide the ?lm With a loWer dielectric constant. 
Preferably, the process of the ?rst aspect is effective to 
provide the porous ?lm With a dielectric constant that is at 
least 0.1 units less than the dielectric constant of the oxygen 
containing ?lm from Which it is derived. 

[0057] Deposition according to the second aspect is pref 
erably conducted in a single, higher temperature step in 
Which porosity-creating combustion occurs during deposi 
tion. This invention is not bound by theory, but it is believed 
that the oxygen source acts as an oxidiZing agent during 
deposition to at least partially etch the surface of the ?lm as 
it is being deposited. Deposition at higher temperatures is 
preferred, preferably by PECVD or thermal CVD, prefer 
ably at a temperature greater than about 300° C., even more 
preferably at a temperature in the range of about 350° C. to 
about 450° C. Deposition is preferably conducted in a 
chamber, even more preferably in a PECVD chamber or 
thermal CVD chamber as described elseWhere herein. In a 
preferred embodiment, the F-containing compound is 
(F3C)SiF3, the oxygen source or oxidiZing agent is oxygen, 
oZone, carbon dioxide or carbon monoxide, and the ratio of 
F-containing compound to oxygen source, i.e., F-containing 
compound: oxygen source, is in the range of from about 10:1 
to 20,000: 1, preferably 50:1 to 10,000: 1, by Weight based on 
total Weight. The resulting deposited ?lm may contain 
oxygen, but is preferably substantially free of oxygen, 
especially When the ?lm is a dielectric ?lm, because the 
presence of oxygen in the ?lm tends to reduce the thermal 
stability of the thin ?lm material. 

[0058] In both aspects, the degree of porosity tends to 
increase as the amount of available oxygen is increased. Too 
much oxygen can result in complete combustion of the ?lm 
and therefore is to be avoided unless removal of the ?lm is 
desired. Preferably, the porous ?lm is a dielectric ?lm having 
a dielectric constant of about 2.5 or loWer, more preferably 
about 2.3 or loWer, even more preferably about 2.1 or loWer. 
A highly preferred porous ?lm is crosslinked and has a 
dielectric constant of about 2.5 or loWer. Frequently, the 
average thickness of the porous ?lm is in the range of about 
5 A to about 15,000 A, preferably about 10 A to about 
10,000 A, more preferably about 10 A to about 8,000 A, 
most preferably about 100 A to about 5,000 

[0059] The oxygen-containing ?lms and the porous ?lms 
described herein can be subjected to a variety of processes. 
For example, in the manufacture of integrated circuits, 
additional layers of other materials such as metal lines or 
semiconducting layers can be deposited onto the surface of 
a dielectric ?lm formed as described herein. Such deposition 
can be conducted by providing a silicon source, metal 
source, germanium source, etc., and depositing the addi 
tional layer in the usual manner. In a preferred embodiment, 
a silicon source is introduced to the chemical vapor depo 
sition chamber and a Si-containing ?lm is deposited onto the 
porous ?lm. 

[0060] Fluorinated materials are also useful in a number of 
other industries Where they are recogniZed for their unique 
properties. Typical applications include coatings for bio 
medical devices, e.g., devices that are implanted into the 
body, coatings for non-stick cooking applications, coatings 
for moving parts such as bearings, computer hard disks and 
data tapes, antire?ective coatings, and high performance 
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coatings for protection from aggressive chemical environ 
ments encountered in the chemical processing industry, on 
satellites exposed to atomic oxygen, and in corrosive marine 
applications. The processes described herein can be used to 
deposit ?uorinated materials onto substrates that are used in 
these applications and in other applications Where the unique 
properties of these materials provide a bene?t. 

[0061] It Will be understood by those of skill in the art that 
numerous and various modi?cations can be made Without 
departing from the spirit of the present invention. Therefore, 
it should be clearly understood that the various embodiments 
discussed above and described in the examples beloW are 
illustrative only and are not intended to limit the scope of the 
present invention. 

EXAMPLES 

Examples 1-7 

[0062] A quartZ tube having a gas inlet and outlet and 
enclosed by a resistively heated tube furnace Was attached to 
a source of CF3SiF3. Seven silicon Workpieces Were placed 
along the length of the tube. A portion of the furnace Was 
heated to a temperature of about 350° C., creating a hot Zone 
near the inlet end and producing a temperature gradient 
along the remaining length of the furnace ranging from 
about 350° C. in the hot Zone to about 30° C. at the outlet. 
The furnace temperature in the vicinity of each Workpiece 
during deposition Was measured With a thermocouple and is 
shoWn in Table 1. The CF3SiF3 chemical precursor Was 
introduced to the inlet at a pressure of about 3 torr and a ?oW 
rate of about 10-15 standard cubic centimeters per minute 
(“sccm”), While back?lling With nitrogen to keep the pres 
sure reasonably constant. The CF3SiF3 Was thermally acti 
vated as it ?oWed along the length of the furnace to the 
outlet, thereby depositing ?lms on each of the Workpieces. 

[0063] The chemical structures for the ?lms deposited 
onto each of the Workpieces Were characteriZed by infrared 
spectroscopy and x-ray photoelectron spectroscopy 
(“XPS”). The CF2 content for some of the ?lms reported in 
Table 1 Was estimated by measuring the area under the 292 
eV peak of the carbon 1s XPS spectrum. The CF2 content of 
the remainder of the ?lms Was estimated through direct 
comparison of the infrared spectra of these ?lms With that of 
the ?lms also measured using XPS. Additional observations 
regarding the ?lms are reported in Table 1. 

[0064] Outlet gases Were trapped With liquid nitrogen and 
analyZed. The primary gases recovered Were SiF4 and tet 
ra?uoroethylene. A trace quantity of CF3SiF3 Was also 
detected (<1%). 

[0065] These results shoW that CF3SiF3 is thermally acti 
vated to yield CF2 fragments that are very reactive and 
capable of depositing thin ?lm materials over a range of 
substrate temperatures, as Well as recombining With one 
another to yield tetra?uroethylene as a gaseous byproduct. 
The degree of precursor activation is directly related to the 
length of the hot Zone, as Well as the temperature of the hot 
Zone, as evidenced by the different types of ?lms that Were 
deposited under different experimental conditions for sev 
eral series of reactions. A representative example of the 
types of ?lms deposited is summariZed in Table I. 

[0066] For these experimental conditions, it Was observed 
that Workpieces maintained at the temperature of the hot 
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Zone Were coated in thin, transparent ?lms With excellent 
adhesion. FTIR spectra of these ?lms reveal a structure 
consistent With that of (CF2)n. For Work pieces maintained 
at ~300° C., and that Were further from the gas inlet, thicker 
?lms Were observed adhering to the substrates. These ?lms 
also exhibited FTIR spectra that are consistent With a (C132)n 
structure. Workpieces maintained at about 280° C., that Were 
not directly in the resistively heated Zone of the furnace, 
Were coated With opaque, broWn-tinted ?lms that Were on 
the order of microns thick. These ?lms Were comprised of 
tWo layers. The top of the ?lms Was observed to be loosely 
adherent and could be removed via a tape test, While an 
adherent underlayer that Was closest to the substrate Was 
observed to be resistant to removal via tape tests. FTIR 
spectra of these ?lms are identical to those observed from 
?lms deposited directly Within the resistively heated portion 
of the tube furnace. This suggests that gas phase nucleation 
is contributing to later stages of ?lm deposition, resulting in 
polymeric materials that have molecular Weight different 
from that of ?lms deposited directly Within the hot Zone. 
Workpieces maintained at temperatures from about 200° C. 
to about 140° C. Were coated With thin, loosely adherent 
?lms that exhibited thickness fringe effects closest to the 
substrate, and that also had an overlayer of opaque, White 
?lms that Were easily removed via tape test. The FTIR 
spectra of these ?lms Were identical to those obtained from 
?lms deposited Work pieces Within the hot Zone. Workpieces 
maintained at about 35° C. Were coated With ?lms quite 
similar to those observed on Work pieces maintained at 
about 200° C. to about 140° C., but they Were observed to 
be much thinner. FTIR spectra of these ?lms Were identical 
to those obtained from ?lms deposited on Work pieces 
Within the hot Zone. 

TABLE 1 

No. Temp, °C. %CF2 k Comments 

1 350 >98 Very thin, transparent, adherent 
?lms that Were resistant to removal 

via tape tests 
Very thin, transparent, adherent 
?lms that Were resistant to removal 
via tape tests 
Colored (from interference fringing 
effects), ?lms that appear dense 
and are resistant to removal via 
multiple tape tests 
Very thick, brown-tinted, opaque 
?lms comprised of tWo layers. Top 
layer is removed via multiple tape 
tests, bottom layer remains after 
multiple tape tests. 
Thick, opaque ?lms comprised of 
White overlayer that is easily 
removed via tape tests and thinner 
underlayer that is resistant to 
removal via tape tests 
Similar in appearance and properties 
to ?lms deposited at ~200° C. 
Similar in appearance and properties 
to ?lms deposited at ~200° C., 
but thinner 

2 35 0 >95 

3 ~325 >95 

4 ~280 >95 

6 ~140 >95 

7 ~35 >95 

Example 8 

[0067] A graded dielectric ?lm is deposited by thermal 
CVD using an ASM A400® batch reactor system. A silicon 
Wafer contained in the chamber is heated to a substrate 
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temperature of 450° C. Trisilane is introduced to the cham 
ber via a hydrogen bubbler at a How rate of about 180 sccm 
for about 30 seconds to deposit an amorphous silicon layer 
having a thickness of about 10 A on the silicon Wafer. The 
How rate of trisilane is then ramped doWn to 0.2 sccm While 
simultaneously ramping up the How rate of CF3SiF3 over the 
course of 1 minute to deposit onto the amorphous silicon 
layer about 60 A of a crosslinked, graded layer that contains 
both silicon and ?uorine. Deposition is then continued for 
about 10 minutes at a CF3SiF3:trisilane ratio of about 100:1 
to deposit about 2500 A of a crosslinked ?lm having a CF2 
content of about 95% and a dielectric constant of about 2.3. 
The ?lm shoWs good adhesion to the silicon substrate. 

Example 9 

[0068] A graded ?lm is deposited onto a silicon substrate 
using CF3SiF3 and trisilane as described in Example 8, 
except that the ?lm is deposited at about 100° C. by pulsed 
PECVD using an ASM Eagle 10 PECVD reactor. The pulse 
sequence is 10 milliseconds on, 200 milliseconds off and the 
poWer level is 13.56 MHZ. The introduction sequence for 
CF3SiF3 and trisilane is modi?ed relative to Example 8 to 
deposit a ?lm having approximately the same thickness for 
each stage. The resulting crosslinked ?lm has a CF2 content 
of about 85% and a dielectric constant of about 2.2, and 
shoWs good adhesion to the silicon substrate. 

Example 10 

[0069] A graded ?lm is deposited onto a silicon substrate 
using CF3SiF3 and trisilane using the PECVD reactor as 
described in Example 9, except that a plasma Was not used 
for deposition. Trisilane Was decomposed in a remote 
plasma chamber and introduced into the main chamber at a 
substrate temperature of about 100° C. to deposit an amor 
phous silicon layer having a thickness of about 20 A on the 
silicon Wafer. A graded layer is then deposited by introduc 
ing CF3SiF3 through a shoWerhead heated to about 370° C. 
at an initial ?oW rate of about one sccm that is ramped up to 
20 sccm during a corresponding rampdoWn of the trisilane 
?oW rate. The rampup/rampdoWn takes about 3 minutes. 
Deposition is then continued for about 12 minutes to deposit 
a crosslinked ?lm. The overall layer structure of the ?lm is 
similar to Examples 8 and 9, but it has a CF2 content of about 
90% and a dielectric constant of about 2.2. It also shoWs 
good adhesion to the silicon substrate. 

I claim: 
1. A process for depositing a material onto a surface, 

comprising 

providing a substrate; 

providing a chemical precursor of the formula (F3C)4_m_ 
nMXmRn, Wherein M is Si or Ge; X is halogen; R is H 
or D; m is 0, 1, 2 or 3; and n is 0, 1, 2, or 3; With the 
proviso that (m+n)§3; and 

activating said chemical precursor to thereby deposit a 
?uorine-containing material onto said substrate. 

2. The process as claimed in claim 1 Wherein said 
chemical precursor is selected from the group consisting of 
(F3C)SiH3, (F3C)2SiH2, (F3C)SiD3, (F3C) 2, (F3C)SiFH2, 
(F3C)SiF2H, (F3C)SiF3, (F3C)SiFD2, (F3C)SiF2D, (F3C) 
SiClF2, (F3C)SiCl2F, and (F3C)SiCl3. 
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3. The process as claimed in claim 1 Wherein said 
chemical precursor is (F3C)SiF3. 

4. The process as claimed in claim 1 Wherein said 
chemical precursor is selected from the group consisting of 

5. The process as claimed in claim 1 Wherein said 
?uorine-containing material is a ?lm having a dielectric 
constant of about 2.7 or loWer. 

6. The process as claimed in claim 1 Wherein said 
substrate is an integrated circuit. 

7. The process as claimed in claim 1 further comprising 
providing a silicon source. 

8. The process as claimed in claim 7 Wherein said silicon 
source is selected from the group consisting of silane, 
disilane, trisilane, methylsilane, dimethylsilane, disiloxane, 
dimethylsiloxane, methoxysilane and dimethoxysilane. 

9. The process as claimed in claim 8 Wherein said silicon 
source is provided in an amount effective to crosslink said 
?uorine-containing material. 

10. The process as claimed in claim 1 further comprising 
providing a germanium source. 

11. The process as claimed in claim 10 Wherein said 
germanium source is selected from the group consisting of 
germane, digermane, trigermane, methylgermane, dimeth 
ylgermane, methoxygermane and dimethoxygermane. 

12. The process as claimed in claim 11 Wherein said 
germanium source is provided in an amount effective to 
crosslink said ?uorine-containing material. 

13. The process as claimed in claim 1 further comprising 
providing an oxygen source. 

14. The process as claimed in claim 13 Wherein said 
oxygen source is selected from the group consisting of 
oxygen, nitrous oxide, oZone, hydrogen peroxide, Water, 
methanol, ethanol, dimethylether, and diethyl ether. 

15. The process as claimed in claim 1 further comprising 
providing an oxygen source and a silicon source. 

16. The process as claimed in claim 1 further comprising 
providing an oxygen source and a germanium source. 

17. The process as claimed in claim 1 Wherein said 
substrate is disposed Within a chamber. 

18. The process as claimed in claim 17 Wherein said 
chamber is a batch tube reactor. 

19. The process as claimed in claim 17 Wherein said 
?uorine-containing material is deposited by thermal chemi 
cal vapor deposition. 

20. The process as claimed in claim 19 Wherein said 
?uorine-containing material is deposited by thermal chemi 
cal vapor deposition at a temperature in the range of about 
150° C. to about 450° C. 

21. The process as claimed in claim 20 Wherein said 
?uorine-containing material is a polymer ?lm having a 
thickness in the range of about 10 A to about 10,000 

22. The process as claimed in claim 17 further comprising 
providing an oxidiZing agent and depositing a porous ?uo 
rine-containing material. 

23. The process as claimed in claim 22 Wherein said 
porous ?uorine-containing material has a dielectric constant 
of about 2.3 or loWer. 

24. The process as claimed in claim 1 Wherein said 
?uorine-containing material is a polymer comprising carbon 
and ?uorine atoms and having a numerical ratio of ?uori 
ne:carbon in the range of about 1.5:1 to about 2.511. 
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25. The process as claimed in claim 1 wherein said 
?uorine-containing material is deposited by plasma-en 
hanced chemical vapor deposition. 

26. The process as claimed in claim 25 Wherein said 
?uorine-containing material is deposited by pulsed plasma 
enhanced chemical vapor deposition. 

27. The process as claimed in claim 1 further comprising 
providing a silicon source and depositing a Si-containing 
?lm onto said ?uorine-containing material. 

28. A chemical vapor deposition process for depositing a 
dielectric ?lm onto a surface, comprising 

providing a chemical vapor deposition chamber having 
disposed therein a substrate; 

introducing a gas to said chamber, Wherein said gas 
comprises a chemical precursor selected from the group 
consisting of (F3C)SiH3, (F3C)2SiH2, (F3C)SiD3, 
(F3C)2SiD2, (F3C)SiFH2, (F3C)SiF2H, (F3C)SiF3, 
(F3C)SiFD2, and (F3C)SiF2D; and 

reacting said chemical precursor to deposit onto said 
substrate a ?lm having a dielectric constant of about 2.7 
or loWer. 

29. The process as claimed in claim 28 Wherein said ?lm 
is deposited by thermal chemical vapor deposition at a 
temperature in the range of about 150° C. to about 450° C. 

30. The process as claimed in claim 28 Wherein said 
chemical precursor is (F3C)SiF3. 

31. The process as claimed in claim 28 Wherein said ?lm 
is deposited by plasma chemical vapor deposition. 

32. The process as claimed in claim 31 Wherein said ?lm 
is deposited by pulsed plasma chemical vapor deposition. 

33. The process as claimed in claim 28 Wherein said gas 
further comprises a supplemental source selected from the 
group consisting of oXygen source, silicon source, and 
germanium source. 

34. The process as claimed in claim 33 Wherein said gas 
further comprises a silicon source in an amount effective to 
crosslink said ?lm. 

35. The process as claimed in claim 28 Wherein said 
substrate is an integrated circuit. 

36. The process as claimed in claim 35 Wherein said ?lm 
is a polymer comprising carbon and ?uorine atoms and 
having a numerical ratio of ?uorinezcarbon in the range of 
about 1.8:1 to about 2.211. 

37. A process for making a porous material, comprising 

providing an oXygen source; 

providing a compound of the formula (F3C)4_m_ 
nMXmRn, Wherein M is Si or Ge; X is halogen; R is H 
or D; m is 0, 1, 2 or 3; and n is 0, 1, 2, or 3; With the 
proviso that (m+n)§3; 
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providing a substrate; 

activating said oXygen source and said compound at a 
temperature of about 300° C. or less to thereby deposit 
an oxygen-containing ?lm onto said substrate; and 

heating said oxygen-containing ?lm to a temperature in 
the range of about 150° C. to about 400° C. to form a 

porous ?lm. 

38. The process as claimed in claim 37 Wherein said 
oxygen-containing ?lm is deposited by thermal chemical 
vapor deposition at a temperature in the range of about 200° 
C. to about 300° C. 

39. The process as claimed in claim 37 Wherein said 
oxygen-containing ?lm is deposited by plasma-enhanced 
chemical vapor deposition. 

40. The process as claimed in claim 37 Wherein said 
compound is selected from the group consisting of 

(F3C)GeFD2, and (F3C)GeF2D. 
41. The process as claimed in claim 37 Wherein said 

compound is (F3C)SiF3. 
42. The process as claimed in claim 37 Wherein said 

porous ?lm has a dielectric constant of about 2.3 or loWer. 

43. The process as claimed in claim 37 further comprising 
providing a supplemental source selected from the group 
consisting of silicon source, germanium source, and oxygen 
source. 

44. The process as claimed in claim 37 Wherein said 
substrate is contained Within a chemical vapor deposition 
chamber. 

45. The process as claimed in claim 44 further comprising 
introducing a silicon source to said chemical vapor deposi 
tion chamber and depositing a Si-containing ?lm onto said 
oxygen-containing ?lm. 

46. The process as claimed in claim 44 Which further 
comprises introducing a silicon source to said chemical 
vapor deposition chamber and depositing a Si-containing 
?lm onto said porous ?lm. 

47. The process as claimed in claim 44 Wherein said 
porous ?lm is crosslinked and has a dielectric constant of 
about 2.5 or loWer. 


