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(57) ABSTRACT 

A process for forming a thermally stable low-dielectric 
constant material is provided. A gas mixture is prepared to 
form a ?uorinated am ous carbon (a-C:F) material. The 
gas mixture is mixed ' a boron-containing gas. 
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Fig. 1 
(Prior Art) 
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Fig. 4 
(Prior Art) 
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METHOD FOR IMPROVING THERMAL 
STABILITY OF FLUORINATED AMORPHOUS 
CARBON LOW DIELECTRIC CONSTANT 

MATERIALS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of fabri 
cation of integrated circuits. More speci?cally, the present 
invention relates to a process for improving the thermal 
stability of loW dielectric constant materials included in 
integrated circuits. 

[0003] 2. Description of the Related Art 

[0004] Modern integrated circuits are generally made up 
of millions of active and passive devices such as transistors, 
capacitors, and resistors disposed in a silicon Wafer. These 
devices are initially isolated from one another, but are later 
interconnected together by an interconnect system to form 
functional circuits. The quality of the interconnection of 
these devices drastically affects the performance and reli 
ability of the fabricated integrated circuit. 

[0005] An interconnect system typically includes metal 
lines, spaced apart from each other. The metal lines inter 
connect the various active and passive devices found in a 
silicon Wafer onto Which an interconnect system is deposited 
and fabricated. The metal lines are separated by insulating 
dielectric material for isolating the metal lines from one 
another. Inherent in the structure of the interconnect system 
is a capacitance associated With the metal lines spaced apart 
from each other. Decreasing this capacitance is desirable as 
several advantages can be achieved therefrom, such as 
reduced RC delay, reduced poWer dissipation, and reduced 
cross-talk betWeen the metal lines. The capacitance is 
inversely proportional With the distance betWeen the metal 
lines. Thus, one Way to reduce the capacitance betWeen the 
metal lines Would be to increase the space betWeen the lines. 
HoWever, this option is not desirable because of the limita 
tions imposed by packing density. 

[0006] Another Way to reduce the capacitance betWeen the 
lines of an interconnect system is to reduce the dielectric 
constant (k) of the dielectric material deposited betWeen the 
metal lines. The capacitance of the metal lines is directly 
proportional to the dielectric constant of the dielectric mate 
rial betWeen the metal lines. The dielectric constant of a 
material is generally de?ned as the material’s ability to 
maintain a difference in electrical charge over a speci?ed 
distance. 

[0007] One dielectric material typically used to isolate 
metal lines from each other is silicon dioxide (SiOZ). SiO2 
is a thermally and chemically stable material. The dielectric 
constant of SiO2 is approximately 4. The dielectric constant 
is based on a scale Where 1.0 represents the dielectric 
constant of a vacuum. Various materials exhibit dielectric 
constants from approximately 1.0 to values in the hundreds. 

[0008] The dielectric constant of SiO2 is considered high. 
Recent attempts have been made to use loW dielectric 
constant materials such as organic and inorganic polymers 
that have densities and dielectric constants loWer than those 
of SiO2 to replace SiO2 as a dielectric material thereby 
reducing the capacitance betWeen the metal lines. 
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[0009] One such loW dielectric constant material is ?uori 
nated amorphous carbon (a-CzF) that has a dielectric con 
stant of about 2.3 (10.4) and loW thermal stability. This 
thermal stability is loWer than the thermal stability of 
previously used oxides such as SiO2. LoW thermal stability 
causes problems in integrated circuit fabrication, as during 
the process of fabrication of integrated circuits and their 
interconnect structures, temperatures in excess of 400° C. 
are often reached. As processing temperatures climb, a-C:F 
materials heat up and decompose into highly corrosive 
?uorine species such as F, CF, CF2, and CF3. When these 
?uorine species outgas or outdiffuse into the surrounding 
metal layers, they tend to cause corrosion of the metal layers 
of the interconnect and create potential adhesion problems 
With juxtaposed dielectric ?lms. These ?lms may ultimately 
cause yield and reliability problems in the devices being 
fabricated. 

[0010] It is desirable to provide a thermally stable a-C:F 
material and a method to improve the thermal stability by 
decreasing ?uorine outdiffusion from a-C:F during high 
temperature processing. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a process for form 
ing a thermally stable loW dielectric constant material. A gas 
mixture is prepared to form a ?uorinated amorphous carbon 
(a-CzF) material. The gas mixture is mixed With a boron 
containing gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The features, aspects, and advantages of the present 
invention Will become more fully apparent from the folloW 
ing detailed description, appended claims, and accompany 
ing draWings in Which: 

[0013] FIG. 1 illustrates atomic interaction among carbon 
and ?uorine atoms in an a-C:F material; 

[0014] 
material; 

FIG. 2 illustrates the molecular structure of a-C:F 

[0015] FIG. 3 illustrates the molecular structure of boron 
doped ?uorinated amorphous carbon (a-CzBzF) material, in 
accordance With one embodiment of the present invention; 

[0016] FIG. 4 illustrates a conventional chemical vapor 
deposition (CVD) system Where a-C:F ?lm may be formed 
on a Wafer; 

[0017] FIG. 5 illustrates a cross-sectional vieW of a 
chemical reaction chamber shoWing a thin layer of a-C:F 
formed on a Wafer by Way of a CVD process; 

[0018] FIG. 6 illustrates a cross-sectional vieW of a 
chemical reaction chamber shoWing a thin layer of a-C:B:F 
formed on a Wafer by Way of a CVD process, according to 
one embodiment of the present invention; 

[0019] FIG. 7 illustrates a bloWn-up vieW of the cross 
sectional vieW of the chemical reaction chamber of FIG. 6 
shoWing a thin layer of a-C:B:F formed on the Wafer; 

[0020] FIG. 8 illustrates an implementation of an a-C:B:F 
material as a loW-k dielectric material for providing an 
interconnect structure With loW capacitance according to one 
embodiment of the present invention. 
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[0021] FIG. 9 illustrates an implementation of an a-C:B:F 
material as a loW-k dielectric material for providing an 
interconnect structure With loW capacitance according to a 
second embodiment of the present invention. 

[0022] FIG. 10 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a third embodi 
ment of the present invention. 

[0023] FIG. 11 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a fourth embodi 
ment of the present invention. 

[0024] FIG. 12 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a ?fth embodi 
ment of the present invention. 

[0025] FIG. 13 illustrates the use of an a-C:B:F material 
as a hardmask for patterning an underlying material, accord 
ing to a siXth embodiment of the method of the present 
invention; 

[0026] FIG. 14 illustrates the use of an a-C:B:F material 
as an anti-re?ective coating (ARC) for creating a pattern on 
an underlying material, according to a seventh embodiment 
of the method of the present invention; and, 

[0027] FIG. 15 illustrates a ?oW chart diagram With the 
steps of a method for forming a thermally stable loW 
dielectric constant material according to one embodiment of 
the process of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] In the folloWing description, numerous speci?c 
details are set forth to provide a thorough understanding of 
the present invention. It should be obvious, hoWever, to one 
skilled in the art that these speci?c details need not be 
employed to practice the present invention. In other 
instances, Well-knoWn materials or methods have not been 
described in detail in order to avoid unnecessarily obscuring 
the present invention. 

[0029] The present invention provides a process of adding 
boron to loW dielectric constant materials including ?uori 
nated amorphous carbon (a-CzF). The combination of a-C:F 
materials With boron is more thermally stable than prior art 
a-C:F materials and therefore may be used in the process of 
integrated circuit fabrication at processing temperatures 
Within a Wider range Without the production of dangerous 
radicals or corrosive outdiffusion. 

[0030] FIG. 1 illustrates an eXample of a local region of 
an a-C:F material having an atomic structure of four carbon 
(C) atoms and one ?uorine atom. FIG. 1 shoWs the 
bonding of the a-C:F material With the electron cloud 10 
comprising C—C and C—F bonds. Since ?uorine is the 
most electronegative element, ?uorine atoms easily enter 
into combinations With most other chemical elements, such 
as carbon. Electronegative ?uorine atoms attract electron 
cloud 10 from the surrounding C—C bonds into the C—F 
bond decreasing the density of electron cloud 10 in the C—C 
bonds and increasing the density of the electron cloud in the 
C—F bond. As a result, the polymer as a Whole becomes less 
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polariZable. Less polariZable polymers have loW dielectric 
constants, While more polariZable polymers have high 
dielectric constants. 

[0031] FIG. 2 shoWs the molecular structure 200 of a 
?uorinated amorphous carbon (a-CzF) material. CF2 16 
(shoWn in dotted lines) and CF3 18 (shoWn in dotted lines) 
groups are cross-linked to a netWork of carbon (C) atoms. 
The presence of a range of molecular structures in the same 
material (a-CzF), such as CF2 16 and CF3 18 groups, leads 
to poor thermal stability. As discussed above, a principal 
shortcoming of a-C:F materials in their use as loW constant 
dielectrics, is that at integrated circuit processing tempera 
tures, a-C:F materials degrade into highly corrosive F, CF, 
CF2, and CF3 species that outgas and chemically attack 
metal structures in the interconnect. One reason that various 
?uorinated species outgas at higher processing temperatures 
is that ?uorinated amorphous carbon materials have large 
quantities of ?uorine in them. Amorphous carbon materials 
With higher ?uorine content tend to break doWn at higher 
temperatures. 

[0032] One Way to improve the thermal stability and 
reduce the outgassing of ?uorinated species is changing the 
structure of a-C:F materials. The present invention accom 
plishes this by incorporating boron into the a-C:F ?lm so that 
it forms part of the amorphous carbon matrix and binds 
?uorine atoms. The addition of boron (B) causes improve 
ment of the thermal stability by reducing ?uorine outdiffu 
sion from ?uorinated amorphous carbon (a-CzF) materials. 
Unlike other dopants such as nitrogen, boron can have a 
negligible effect on the dielectric constant of a-CzF. Boron 
atoms have feW electrons (atomic number 5) that contribute 
to polariZability, and forms strong covalent bonds With 
carbon, Which have relatively loW electric polariZability. 
Further, because boron forms mainly covalent bonds With 
?uorine atoms, the dielectric constant of the neW material 
including boron is not signi?cantly increased through for 
mation of electric dipoles or mobile ions. 

[0033] FIG. 3 shoWs the molecular structure 300 of a 
boron doped ?uorinated amorphous carbon (a-CzBzF) mate 
rial in accordance With one embodiment of the present 
invention. As B—F bonds are stronger than C—F bonds, BE 
22 and BF2 20 groups are expected to bond F more tightly 
than CF3 24 and CF2 26 groups leading to higher thermal 
stability. The addition of boron to a-C:F material causes the 
thermal stability of a-C:F to improve as strong C—B and 
B—F bonds are formed and the concentration of Weakly 
bound ?uorine species, such as CF2 26 and CF3 24 is 
reduced. 

[0034] An a-C:B:F material produced by the embodiment 
of the process of the present invention described herein is 
estimated to be thermally stable at temperatures of around 
450° C. at Which, for the most part, a-C:F materials Would 
not be thermally stable. Further, by adding boron to a-C:F 
materials, the outgassing of F-rich species (e.g., CF2, CF3) 
is loWered as boron and ?uorine form stronger bonds than 
carbon and ?uorine. Strongly bound chemical structures 
increase the thermal stability as opposed to Weakly bound 
chemical structures that decrease the thermal stability. 

[0035] A thin ?lm of a-C:F may be formed on a Wafer in 
a reaction chamber by conventional chemical vapor depo 
sition (CVD), plasma-enhanced CVD, or by reactive sput 
tering processes. FIG. 4 illustrates a conventional CVD 
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system Where a-C:F ?lm may be formed on a Wafer. The 
CVD system 5 includes a Wafer holder 20, a reaction 
chamber 30, energy source 40 producing energy to the 
reaction chamber 30, a ?oW control and timer section 50 and 
a chemical source 60. The Wafer 10 is placed in Wafer holder 
20 and loaded into reaction chamber 30 usually containing 
an inert gas. Chemicals are housed in chemical source 60. 

Chemical vapors are generated from pressuriZed gas cylin 
ders or liquid source bubblers (not shoWn). FloW control and 
timer section 50 maintain the gas ?oW by pressure regulators 
(not shoWn), mass ?oW meters (not shoWn), and timers (not 
shoWn). Chemical vapors are introduced for so long as 
required to deposit the ?lm. At the end of the process, the 
chemical source vapors are ?ushed out and Wafer 10 is 
removed. 

[0036] FIG. 5 illustrates a cross-sectional vieW of a 
chemical reaction chamber shoWing a thin layer of a-C:F 
formed on a Wafer by Way of a CVD process. Wafer 10 is 
placed on Wafer holder 20 and loaded into reaction chamber 
30. The chemicals containing the carbon and ?uorine atoms 
or molecules required in an a-C:F layer, such as the hydro 
carbon gas and ?uorocarbon gas, originate from a chemical 
source (not shoWn) of hydrocarbon 80 and a chemical source 
of ?uorocarbon 90. Hydrocarbon gas may include methane 
(CH4) and ?uorocarbon gas may include octa?uorobutane 
(C4138). Hydrocarbon and ?uorocarbon ?oW through ?oW 
control and timer section (not shoWn) and enter reaction 
chamber 30 to form a plasma 70. An inert gas, such as argon 
(Ar), that originates from a chemical source of inert gas 100 
may also be introduced into plasma 70 to help stabiliZe 
plasma 70. The carbon and ?uorine atoms or molecules, 
from hydrocarbon and ?uorocarbon, respectively, deposit on 
the surface of Wafer 10 and build up to form an a-C:F layer 
15. Generally, CVD reactions require applying energy to the 
system, such as the plasma 70 shoWn or heating the chamber 
or the Wafer. 

[0037] A thin ?lm of a-CzBzF, suitable for application as a 
barrier layer, hardmask, or anti-re?ective coating (ARC) 
may be formed by treating the a-C:F layer With a boron 
containing plasma in a CVD process. 

[0038] FIG. 6 illustrates a cross-sectional vieW of a 
chemical reaction chamber shoWing a thin layer of a-C:B:F 
formed on a Wafer by Way of a CVD process, according to 
one embodiment of the present invention. Alternatively, 
a-C:B:F layer may also be formed by Way of reactive 
sputtering. In forming a thin layer of a-C:B:F 120 on Wafer 
10, a boron-containing gas is miXed into reaction chamber 
30 With the chemicals needed, such as hydrocarbon, ?uo 
rocarbon, and an inert gas for forming a thin layer of a-C:F 
on Wafer 10. The boron-containing gas may include dibo 
rane (BZHG) or boron tri?uoride (B133). The thin layer of 
a-C:B:F 120 formed on Wafer 10 may have a thickness no 
greater than a feW hundred angstroms. 

[0039] The composition of carbon, boron, and ?uorine in 
a-C:B:F material is determined by the desirability for high 
thermal stability and loW dielectric constant. The optional 
ratio may be separately determined and may be controlled 
by varying the ratios of the gas ?oWs into the reaction 
chamber by controlling ?oW control and timer section. The 
composition of carbon may range from 30-70%, boron 
5-30%, and the residue is ?uorine. In one embodiment of the 
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present invention a suitable a-C:B:F material contains a 
composition of 45% carbon, 15% boron, and 40% ?uorine 
by atomic composition. 

[0040] FIG. 6 illustrates an a-C:B:F layer formed by CVD 
techniques or reactive sputtering. An a-C:B:F layer may also 
be formed by CVD processes after an a-C:F material is 
formed on a Wafer by CVD processes. Alternatively, an 
a-C:B:F layer may also be formed by reactive sputtering 
techniques after an a-C:F material is formed on a Wafer by 
reactive sputtering techniques. 

[0041] FIG. 7 illustrates a bloWn-up vieW of the cross 
sectional vieW of the chemical reaction chamber of FIG. 6 
shoWing a thin layer of a-C:B:F formed on the Wafer. FIG. 
7 illustrates the chemical reactions taking place at the 
groWing a-C:B:F surface. Species that contribute to net ?lm 
groWth, such as CFY 140 and BFX 130 are formed in the 
plasma 70 and react to form part of the groWing layer 120 
When they impinge upon the surface of the groWing layer 
120. At the same time, species such as H can react With the 
surface to form volatile species, such as HF, Which are then 
pumped out of the chamber 30. The competition among 
these various reactions controls the structure and stoichiom 
etry of the layer 120. 

[0042] FIG. 8 illustrates an implementation of an a-C:B:F 
material as a loW-k dielectric material for providing an 
interconnect structure With loW capacitance according to one 
embodiment of the present invention. A metal layer is 
formed upon a substrate 500. Metal deposition techniques 
are Well-known in the art and are therefore not discussed in 
detail herein. The metal layer is then patterned, using 
Well-known pattering techniques, into metal lines 510 and 
520. To decrease the capacitance associated betWeen metal 
lines 510 and 520, a-C:B:F material 530 is deposited 
betWeen these metal lines by conventional chemical vapor 
deposition techniques. 
[0043] FIG. 9 illustrates an implementation of an a-C:B:F 
material as a loW-k dielectric material for providing an 
interconnect structure With loW capacitance according to a 
second embodiment of the present invention. FIG. 9 shoWs 
that the a-C:B:F material of the present invention may also 
be used in a damascene process for forming metal intercon 
nect lines. a-C:B:F material 530 is deposited according to 
the present invention, upon a substrate 500. a-C:B:F material 
530 is patterned and etched to form trenches using Well 
knoWn processing techniques. Metal 510 is then deposited in 
the trenches of the a-C:B:F material 530. 

[0044] FIGS. 8 and 9 illustrate just a couple of imple 
mentations of the present invention in Which an a-C:B:F 
material may be used for decreasing the capacitance 
betWeen the metal lines. It is to be understood that there are 
many methods and many other interconnect structures Where 
it is desirable to use the a-C:B:F material of the present 
invention to decrease capacitance in integrated circuit fab 
rication. 

[0045] FIGS. 10-12 illustrate implementations of the 
present invention in Which a barrier layer made of a-C:B:F 
material may be used to reduce outdiffusion in integrated 
circuit fabrication. 

[0046] FIG. 10 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a third embodi 



US 2001/0048095 A1 

ment of the present invention. An a-C:B:F barrier layer 610 
is deposited upon a loW-k material 600. LoW-k material 600 
is used as an interlayer dielectric (ILD) to insulate (or 
isolate) future processing layers from the underlying layers 
of a substrate (not shoWn). A metal layer 620 is deposited 
upon loW-k material 600. When processing temperatures 
increase, a-C:B:F barrier layer 610 acts as a barrier against 
?uorine diffusion from loW-k material 600 and thereby 
decreases the potential for corrosion of metal layer 620. 

[0047] FIG. 11 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a fourth embodi 
ment of the present invention. A metal layer is deposited 
upon substrate 700. The metal layer is then patterned, using 
Well-known pattering techniques, into metal lines 710 and 
720. An a-C:B:F barrier layer 730 is conformally deposited 
upon metal lines 710 and 720 so as to protect metal lines 710 
and 720 from ?uorine outdiffusion from a loW-k material 
740 to be deposited thereon. 

[0048] FIG. 12 illustrates an implementation of an 
a-C:B:F material utiliZed in an interconnect structure for 
reducing ?uorine outdiffusion according to a ?fth embodi 
ment of the present invention. A loW-k material 810 is 
deposited upon a substrate 800. An a-C:B:F barrier layer 820 
is deposited upon loW-k material 810. A metal layer 830 is 
then deposited upon a-C:B:F barrier layer 820. a-C:B:F 
barrier layer 820 protects metal layer 830 from ?uorine 
outdiffusion from loW-k material 810. 

[0049] FIGS. 10-12 illustrate just a feW implementations 
in Which the a-C:B:F barrier layer of the present invention 
may be used in integrated circuit fabrication. It is to be 
understood that there are many methods and many other 
interconnect structures Where it is desirable to use a-C:B:F 
barrier layer of the present invention to decrease ?uorine 
outdiffusion in integrated circuit fabrication. A particular 
manufacturer may place a-C:B:F barrier layers in areas 
Where it is of particular importance to protect the metal 
layers from ?uorine outdiffusion. 

[0050] It should be noted that an a-C:B:F material of the 
present invention may also be used as a hardmask to protect 
the interlayer dielectric (ILD) during etching and patterning 
of processing layers above the ILD. The present invention 
may also be used as a hardmask for patterning carbon-based 
dielectric materials With hydrogen-based reactive ion etch 
ing, for example. 

[0051] FIG. 13 illustrates the use of an a-C:B:F material 
as a hardmask for patterning an underlying material, accord 
ing to a sixth embodiment of the present invention. An 
underlying material, such as a loW-k polymer, is deposited 
upon a substrate 2. An a-C:B:F material is deposited upon 
the underlying material and patterned by techniques Well 
knoWn in the art to de?ne an a-C:B:F pattern 8. Aportion 4 
of the underlying material is then patterned With the a-C:B:F 
pattern 8. The underlying material may be patterned by 
conventional hydrogen-based reactive ion etching, for 
example. 

[0052] In the area of photolithography, the present inven 
tion may be used as an antire?ective coating An 
ARC aids the patterning of small images by cutting doWn on 
light scattering from, for example, a Wafer surface into a 
resist. Since a-C:B:F materials act as an effective etch barrier 

Dec. 6, 2001 

and they absorb light, the need for an additional layer of 
ARC may be eliminated because an embodiment of the 
present invention may be used in place thereof. FIG. 14 
illustrates the use of an a-C:B:F material as an anti-re?ective 

coating (ARC), for creating a pattern on an underlying 
material according to a seventh embodiment of the present 
invention. An a-C:B:F material 6 is deposited upon an 
underlying material 4 on a substrate 2. A patterned photo 
resist layer (not shoWn) is then formed on the a-C:B:F 
material 6. The materials 4 and 6 may then be patterned 
according to the patterned photoresist layer by conventional 
patterning techniques. 
[0053] Finally, the present invention may be used in other 
integration schemes Where it is desired to use materials 
having characteristics of loW dielectric constant and high 
thermal stability. 

[0054] FIG. 15 illustrates a ?oW chart diagram With the 
steps of a method for forming a thermally stable loW 
dielectric constant material according to an embodiment of 
the process of the present invention. At step 1, a gas mixtures 
is prepared to form a ?uorinated amorphous carbon (a-CzF) 
material. At Step 2, the gas mixture is mixed With a 
boron-containing gas to form a boron-doped-?uorinated 
amorphous-carbon (a-CzBzF) material. 

[0055] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes can be made thereto Without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The speci?cation and draWings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. Therefore, the scope of the invention 
should be limited only by the appended claims. 

What is claimed is: 
1. Aprocess for forming a thermally stable loW-dielectric 

constant material, the process comprising: 

preparing a gas mixture to form a ?uorinated amorphous 
carbon (a-CzF) material; and 

mixing said gas mixture With a boron-containing gas. 
2. The process of claim 1 Wherein mixing said gas mixture 

With said boron-containing gas includes forming a boron 
doped-?uorinated-amorphous-carbon (a-CzBzF) material. 

3. The process of claim 1 Wherein said gas mixture 
comprises hydrocarbon, ?uorocarbon, boron-containing gas, 
and an inert gas. 

4. The process of claim 1 Wherein said boron-containing 
gas comprises one of diborane (BZHG) and boron tri?uoride 
03F.) 

5. The process of claim 1 Wherein said boron-containing 
gas is mixed to said gas mixture after said a-C:F material is 
formed by chemical vapor deposition (CVD) techniques. 

6. The process of claim 1 Wherein said boron-containing 
gas is mixed to said gas mixture after said a-C:F material is 
formed by reactive sputtering techniques. 

7. The process of claim 2 Wherein said a-C:B:F material 
is formed by chemical vapor deposition techniques. 

8. The process of claim 2 Wherein said a-C:B:F material 
is formed by reactive sputtering techniques. 

9. The process of claim 2, Wherein said a-C:B:F material 
has an atomic composition of 45% carbon, 40% ?uorine, 
and 15% boron. 
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10. A dielectric material comprising a-C:B:F material. 
11. The dielectric material of claim 10, said a-C:B:F 

material has an atomic composition of 45% carbon, 40% 
?uorine, and 15% boron. 

12. Aprocess for providing an interconnect structure With 
loW capacitance, the process comprising: 

patterning at least tWo metal lines upon a substrate; and 

forming an a-C:B:F material betWeen said at least tWo 
metal lines. 

13. The process of claim 12, Wherein said a-C:B:F mate 
rial is formed by the process comprising: 

preparing a gas miXture to form a ?uorinated amorphous 
carbon (a-C:F) material; and 

miXing said gas miXture With a boron-containing gas. 
14. The process of claim 12 Wherein said a-C:B:F material 

is formed by chemical vapor deposition techniques. 
15. The process of claim 12, Wherein said a-C:B:F mate 

rial has an atomic composition of 45% carbon, 40% ?uorine, 
and 15% boron. 

16. Aprocess for providing an interconnect structure With 
loW capacitance, the process comprising: 

forming an a-C:B:F material upon a substrate; 

patterning at least tWo trenches in said a-C:B:F material; 
and 

forming metal into said at least tWo trenches. 
17. The process of claim 16, Wherein said a-C:B:F mate 

rial is formed by the process comprising: 

preparing a gas miXture to form a ?uorinated amorphous 
carbon (a-C:F) material; and 

miXing said gas miXture With a boron-containing gas. 
18. The process of claim 16 Wherein said a-C:B:F material 

is formed by chemical vapor deposition techniques. 
19. The process of claim 16, Wherein said a-C:B:F mate 

rial has an atomic composition of 45% carbon, 40% ?uorine, 
and 15% boron. 

20. Aprocess for providing an interconnect structure, the 
process comprising: 

forming an a-C:B:F barrier layer on a loW-k material of a 
substrate; and 

forming a metal layer on said a-C:B:F barrier layer. 
21. The process as described in claim 20 Wherein said 

a-C:B:F barrier layer is formed, by Way of chemical vapor 
deposition techniques. 

22. Aprocess for providing an interconnect structure With 
the process comprising: 

forming a metal layer upon a substrate; 
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patterning said metal layer; 

forming an a-C:B:F barrier layer onto said metal layer; 
and, 

forming a loW-k material onto said a-C:B:F barrier layer. 
23. The process as described in claim 22 Wherein said 

a-C:B:F barrier layer is deposited by Way of chemical vapor 
deposition techniques. 

24. Aprocess for providing an interconnect structure With 
the process comprising: 

forming a loW-k material upon a substrate; 

forming an a-C:B:F barrier layer onto said loW-k material; 
and 

forming a metal layer onto said a-C:B:F barrier layer. 
25. The process as described in claim 24 Wherein said 

a-C:B:F barrier layer is formed by Way of chemical vapor 
deposition techniques. 

26. A process for patterning a loW-k material by a hard 
mask, the process comprising: 

forming said loW-k material upon a substrate; 

forming a-C:B:F upon said loW-k material; 

patterning said a-C:B:F to de?ne an a-C:B:F pattern; and, 

patterning a portion of said loW-k material according to 
said a-C:B:F pattern. 

27. The process as described in claim 26 Wherein said 
portion of said material is patterned by Way of hydrogen 
based reactive ion etching. 

28. The process as described in claim 26 Wherein said 
a-C:B:F is formed by Way of chemical vapor deposition 
techniques. 

29. A process for creating a pattern on an underlying 
material comprising: 

forming said underlying material on a substrate; 

depositing an anti-re?ective coating (ARC), said anti 
re?ective coating being comprised of a-C:B:F; 

forming a patterned photoresist layer on said anti-re?ec 
tive coating; and, 

forming a pattern in said anti-re?ective coating and said 
underlying material according to said patterned photo 
resist layer. 

30. The process as described in claim 29 Wherein said 
a-C:B:F is formed by Way of chemical vapor deposition 
techniques. 


