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CARBON ADDITION FOR LOW
RESISTIVITY IN SITU DOPED SILICON
EPITAXY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of copending U.S.
patent application Ser. No. 13/193,566 filed Jul. 28, 2011,
which claims benefit of U.S. Provisional Patent Application
Ser. No. 61/437,436, filed Jan. 28, 2011. The aforementioned
applications are herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments ofthe invention generally relate to the
field of semiconductor manufacturing processes and devices,
more particularly, to methods of depositing silicon-contain-
ing films for forming semiconductor devices.

[0004] 2. Description of the Related Art

[0005] As smaller devices are manufactured, ultra shallow
source/drain junctions are becoming more challenging to pro-
duce. Generally, sub-100 nm CMOS (complementary metal-
oxide semiconductor) devices require a junction depth to be
less than 30 nanometers. However, ultra shallow source/drain
junctions inevitably result in increased series resistance. One
approach for reducing series resistance includes heavily dop-
ing the epitaxial films used in forming the device. However,
heavily doped films can degrade film quality due to dopant
surface poisoning and increased film roughness. Addition-
ally, high dopant levels achieved during cyclical deposition
processes may result surface segregation during etching and
purge steps.

[0006] Therefore, there is a need for forming high quality
epitaxial films having reduced resistivity.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention generally
relate to methods of forming epitaxial layers and devices
having epitaxial layers. The methods generally include form-
ing a first epitaxial layer including phosphorus and carbon on
a substrate, and then forming a second epitaxial layer includ-
ing phosphorus and carbon on the first epitaxial layer. The
second epitaxial layer has a lower phosphorus concentration
than the first epitaxial layer, which allows for selective etch-
ing of the second epitaxial layer and undesired amorphous
silicon or polysilicon deposited during the depositions. The
substrate is then exposed to an etchant to remove the second
epitaxial layer and undesired amorphous silicon or polysili-
con. The carbon present in the first and second epitaxial layers
reduces phosphorus diffusion, which allows for higher phos-
phorus doping concentrations. The increased phosphorus
concentrations reduce the resistivity of the final device. The
devices include epitaxial layers having a resistivity of less
than about 0.381 millichm-centimeters.

[0008] Inone embodiment, a method of forming a layer on
a substrate is provided. The method includes forming a first
epitaxial layer and a first silicon-containing layer on the sub-
strate. The first epitaxial layer and the first silicon-containing
layer comprise carbon and a first concentration of phospho-
rus. The method also includes forming a second epitaxial
layer over the first epitaxial layer and forming a second sili-
con-containing layer over the first silicon-containing layer.
The second epitaxial layer and the second silicon-containing
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layer are formed simultaneously. Each of the second epitaxial
layer and the second silicon-containing layer comprise car-
bon and a second concentration of phosphorus less than the
first concentration of phosphorus. The substrate is then
exposed to an etchant to selectively remove the second silicon
epitaxial layer, the first silicon-containing layer, and the sec-
ond silicon-containing layer.

[0009] Inanother embodiment, a method of forming alayer
on a substrate comprises forming a first epitaxial layer and a
first silicon-containing layer on the substrate. The first epi-
taxial layer and the first silicon-containing layer comprise
carbon and a phosphorus concentration of about 1x10"°
atoms per cubic centimeter to about 2.5x10?" atoms per cubic
centimeter. A second epitaxial layer is then formed over the
first epitaxial layer and a second silicon-containing layer is
then formed over the first silicon-containing layer. The sec-
ond epitaxial layer and the second silicon-containing layer
are formed simultaneously, and each of the second epitaxial
layer and the second silicon-containing layer comprise car-
bon and a second concentration of phosphorus less than the
first phosphorus concentration. The substrate is then exposed
to an etchant to selectively remove the second silicon epi-
taxial layer, the first silicon-containing layer, and the second
silicon-containing layer.

[0010] In another embodiment, a device is provided. The
device comprises a monocrystalline silicon substrate and an
epitaxially-grown silicon film comprising phosphorus and
carbon. The phosphorus is present within the epitaxially-
grown silicon film in a concentration of about 5x10?° atoms
per cubic centimeter or greater. The carbon is present within
the epitaxially-grown silicon film in a concentration within a
range from about 0.1 atomic percent to about 0.3 atomic
percent. The epitaxially-grown silicon film has a resistivity of
less than about 0.381 m€2-cm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited fea-
tures of the present invention can be understood in detail, a
more particular description of the invention, briefly summa-
rized above, may be had by reference to embodiments, some
of which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

[0012] FIGS. 1A-1E are schematic illustrations of a device
during an epitaxial formation process.

[0013] FIG. 2 is a flow diagram illustrating a method of
forming an epitaxial layer on a device.

[0014] To {facilitate understanding, identical reference
numerals have been used, where possible, to designate iden-
tical elements that are common to the figures. It is contem-
plated that elements disclosed in one embodiment may be
beneficially utilized on other embodiments without specific
recitation.

DETAILED DESCRIPTION

[0015] Embodiments of the present invention generally
relate to methods of forming epitaxial layers and devices
having epitaxial layers. The methods generally include form-
ing a first epitaxial layer including phosphorus and carbon on
a substrate, and then forming a second epitaxial layer includ-
ing phosphorus and carbon on the first epitaxial layer. The



US 2015/0221730 Al

second epitaxial layer has a lower phosphorus concentration
than the first epitaxial layer, which allows for selective etch-
ing of the second epitaxial layer and undesired amorphous
silicon or polysilicon deposited during the depositions. The
substrate is then exposed to an etchant to remove the second
epitaxial layer and undesired amorphous silicon or polysili-
con. The carbon present in the first and second epitaxial layers
reduces phosphorus diffusion, which allows for higher phos-
phorus doping concentrations. The increased phosphorus
concentrations reduce the resistivity of the final device. The
devices include epitaxial layers having a resistivity of less
than about 0.381 millichm-centimeters.

[0016] Embodiments of the present invention may be prac-
ticed in the CENTURA® RP Epi chamber available from
Applied Materials, Inc., of Santa Clara, Calif. It is contem-
plated that other chambers, including those available from
other manufacturers, may be used to practice embodiments of
the invention.

[0017] FIGS. 1A-1E are schematic illustrations of a device
110 during an epitaxial formation process. FIG. 1A depicts
source/drain features 132 formed by implanting ions into the
surface of a substrate 130. The substrate 130 is generally a
monocrystalline silicon substrate. The source/drain features
132 may include an n-type dopant, such as phosphorus, while
the substrate 130 includes p-type dopant. Alternatively, the
source/drain features 132 may contain a p-type dopant while
the substrate 130 contains an n-type dopant. The segments of
source/drain features 132 are bridged by a gate 136 formed on
a gate oxide layer 135 and off-set layer 134. The gate oxide
layer 135 is composed of silicon dioxide, but may alterna-
tively be formed from silicon oxynitride or hatnium oxide.
The gate 136 is formed from amorphous silicon, but may also
be formed from polysilicon. The off-set layer 134 is formed
from silicon nitride.

[0018] As shown in FIG. 1B, a portion of the source/drain
features 132 is etched and wet-cleaned to produce a recess
138. A portion of the gate 136 may also be etched, or option-
ally a hardmask may be deposited prior to etching to avoid
gate material removal. FIG. 1C illustrates a first epitaxial
layer 140 formed on the device 110. The first epitaxial layer
140 is deposited on the source/drain features 132 of the device
110. The first epitaxial layer 140 adheres to and grows from
the crystal lattice of the underlying layers (e.g., the source/
drain features 132) and maintains this arrangement as the first
epitaxial layer increases in thickness. Likewise, a first silicon-
containing layer 142 is also grown on the gate 136 at the same
time that the first epitaxial layer 140 is formed. The first
silicon-containing layer 142 may be polycrystalline or amor-
phous silicon, depending upon the material of the gate 136.

[0019] The first epitaxial layer 140 and the first silicon-
containing layer 142 are doped with one or more dopants,
such as phosphorus and carbon, during deposition. When
using phosphorus as a dopant, the first epitaxial layer 140 and
the first silicon-containing layer 142 are doped to a phospho-
rus concentration of about 1x10'® atoms/cm® to about 2.5x
10?! atoms/cm®. For example, the first epitaxial layer 140 and
the first silicon-containing layer 142 may have a phosphorus
concentration of about 5x10° atoms/cm” or greater. The first
epitaxial layer 140 and the first silicon-containing layer 142
may have a carbon concentration less than about 0.5 atomic
percent, for example, between about 0.1 atomic percent and
about 0.3 atomic percent. When the first epitaxial layer 140 is
doped to a carbon concentration of about 0.5 atomic percent
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or greater, the resistance of the device 110 increases due to the
competition for activation between carbon atoms and phos-
phorus atoms.

[0020] The inclusion of higher concentrations of phospho-
rus, for example, greater than about 5x10°° atoms/cm?,
reduces electrical resistance within the device 110. However,
high concentrations of dopants such as phosphorus degrade
epitaxial film quality by increasing film haziness, or by poi-
soning the substrate surface (e.g., reducing or preventing
epitaxial growth on the surface) due to the diffusion of the
dopant atoms during processing. Furthermore, during etching
steps commonly associated with epitaxial growth, phospho-
rus atoms which migrate to the surface of the film are etched
away. Since some of the phosphorus dopant atoms are
removed during the etching step, the phosphorus dopant con-
centration within the film is reduced, and the resistivity of the
film is increased.

[0021] However, the addition of carbon to the film mitigates
the problems commonly associated with higher phosphorus
dopant concentrations. The inclusion of small amounts of
carbon (e.g., generally less than about 0.5 atomic percent)
into the deposited films reduces the diffusion of phosphorus
or other dopants within the deposited film. Therefore, sub-
strate surface poisoning due to dopant diffusion, as well as
dopant concentration reduction during etching steps, is
reduced. This results in a film having a higher dopant con-
centration, and thus, reduced resistivity.

[0022] FIG. 1D illustrates the device 110 subsequent to the
deposition of a second epitaxial layer 144 and a second sili-
con-containing layer 146 on the upper surfaces of the first
epitaxial layer 140 and the first silicon-containing layer 142,
respectively. The second epitaxial layer 144 and the second
silicon-containing layer 146 also contain phosphorus and
carbon. The second epitaxial layer 144 and the second sili-
con-containing layer 146 generally have the same concentra-
tion of carbon as the first epitaxial layer 140 and the first
silicon-containing layer 142. However, the second epitaxial
layer 144 and the second silicon-containing layer 146 have a
lower phosphorus concentration than the first epitaxial layer
140 and the first silicon-containing layer 142. For example,
the second epitaxial layer 144 and the second silicon-contain-
ing layer 146 may have a phosphorus concentration less than
about 5x10%° atoms/cm?>, such as about 1x10?° atoms/cm? to
about 3x10%° atoms/cm?>.

[0023] Embodiments of the invention utilize multiple lay-
ers having different dopant concentrations in order to pro-
mote selective etching. Generally, epitaxially-grown silicon
etches at a different rate than polysilicon or amorphous sili-
con. Thus, undesirable amorphous silicon or polysilicon can
be removed from a device by controlling etching chemistry to
remove the amorphous or polysilicon at a faster rate than the
epitaxially-grown silicon; thereby leaving the epitaxially-
grown silicon on the substrate. However, deposited layers
having high phosphorus concentrations, such as about 5x10>°
atoms/cm® or greater (e.g., to the first epitaxial layer 140 and
the first silicon-containing layer 142), experience reduced
selectivity with respect to the etching rates of epitaxially-
grown silicon films as compared to amorphous or polysilicon
films. Thus, the first epitaxial layer 140 (having a monocrys-
talline silicon lattice) and the first silicon-containing layer
142 (amorphous silicon or polysilicon) would be removed at
approximately the same rate when exposed to an etchant due
to the relatively high phosphorus concentration present in
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each ofthe layers 140 and 142. Generally, only removal of the
amorphous silicon or polysilicon is desired.

[0024] In contrast, deposited layers having a relatively
lower phosphorus concentration, such as about 3x10°° atoms/
cm?® orless (e.g., the second epitaxial layer 144 and the second
silicon-containing layer 146), maintain selectivity when
exposed to an etchant. During etching, the second epitaxial
layer 144 and the second silicon-containing layer 146, being
on the exposed top surface of the device 110, are initially
subjected to the etching gas. The second silicon-containing
layer 146 is removed at a greater rate than the second epitaxial
layer 144 due to the selectivity of epitaxial silicon as com-
pared to amorphous silicon or polysilicon when using lower
dopant concentrations (e.g., less than about 3x10%° atoms/
cm®). Because of this selectivity, the second silicon-contain-
ing layer 146 is removed, exposing the first silicon-containing
layer 142 prior to removal of the second epitaxial layer 144.
As the etching process is continued to remove the first silicon-
containing layer 142, the second epitaxial layer 144 is also
continually etched. Desirably, the second epitaxial layer 144
is removed in approximately the same amount of time as is
required to remove both the second silicon-containing layer
146 and the first silicon-containing layer 142. Therefore, only
the first epitaxial layer 140 is left on the substrate surface.
Thus, the use of two layers of varying phosphorus concentra-
tions assists in the selective removal of amorphous silicon and
polysilicon when utilizing increased dopant concentrations.
[0025] FIG. 1E illustrates the device 110 after the first
silicon-containing layer 142, the second silicon containing
layer 146, and the second epitaxial layer 144 have been selec-
tively etched from the surface of the substrate 130. The first
epitaxial layer 140, which has a relatively high phosphorus
concentration, remains on the surface of the substrate 130.
[0026] FIG. 2 is a flow diagram illustrating a method of
forming an epitaxial layer on a device. In step 250, a substrate
is positioned within a process chamber, such as an epitaxial
growth chamber, and the substrate is heated to a predeter-
mined temperature. The predetermined temperature is gener-
ally within a range from about 500° C. to about 900° C., such
as about 500° C. to about 750° C.

[0027] In step 252, a first epitaxial layer and a first silicon-
containing layer are deposited on a surface of the substrate.
During the deposition, a silicon precursor (e.g., silane) is
flown concurrently into the process chamber with a phospho-
rus-containing gas (e.g., phosphine), and a carbon-containing
gas (e.g., methylsilane, dimethylsilane, or trimethylsilane).
Optionally, a carrier gas (e.g., H, and/or N,) may be flow into
the process chamber with any of the silicon precursor, the
phosphorus-containing gas, or the carbon-containing gas.
[0028] The mixture of reagents is thermally driven to react
and deposit the first epitaxial layer and the first silicon-con-
taining layer on the substrate surface. The first epitaxial layer
and the first silicon-containing layer are deposited to a thick-
ness within a range from about 10 angstroms to about 1000
angstroms, such as about 20 angstroms to about 200 ang-
stroms. For example, the first epitaxial layer and the first
silicon-containing layer may be deposited to a thickness of
about 30 angstroms. The flow rate of the silicon precursor is
within a range from about 50 scem to about 200 scem, while
the flow rate of the carrier gas is within a range from about 3
slm to about 30 slm. The flow rate of the phosphorus-contain-
ing gas is within a range from about 12 sccm to about 16 sccm.
The flow rate of the carbon-containing gas is within a range
from about 5 scem to about 15 scem. It is contemplated that
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other silicon, carbon, and phosphorus sources can be used as
alternatives or in addition to those listed above.

[0029] In step 254, a second epitaxial layer and a second
silicon-containing layer are simultaneously deposited on the
first epitaxial layer and the first silicon-containing layer. The
second epitaxial layer and the second silicon-containing layer
are deposited to a thickness within a range from about 10
angstroms to about 2000 angstroms, such as 40 angstroms to
about 400 angstroms. For example, the second epitaxial layer
and the second silicon-containing layer may be deposited to a
thickness of about 50 angstroms. Generally, the second epi-
taxial layer and the second silicon-containing layer are depos-
ited to a thickness greater than the first epitaxial layer and the
first silicon-containing layer. However, it is contemplated that
the desired thicknesses of the layers may be adjusted to
accommodate differences in etching rates between the layers.
Thus, the second epitaxial layer and the second silicon-con-
taining layer may not always have a thickness greater than the
first epitaxial layer and the first silicon-containing layer.
[0030] The same precursor gases used to deposit the first
epitaxial layer and the first silicon-containing layer are also
used to deposit the second epitaxial layer and the second
silicon-containing layer. Generally, the precursor gases are
provided at similar flow rates when depositing the second
epitaxial layer and the second silicon-containing layer. How-
ever, the flow rate of the phosphorus-containing gas is
reduced so that the concentration of phosphorus within the
second epitaxial layer and the second silicon-containing layer
is less than the phosphorus concentration within the first
epitaxial layer and the first silicon-containing layer. During
deposition of the second epitaxial layer and the second sili-
con-containing layer, the flow rate of the phosphorus-con-
taining gas is reduced to within a range of about 2 sccm to
about 6 sccm. The second epitaxial layer and the second
silicon-containing layer have a lower concentration of phos-
phorus as compared to the first epitaxial layer and the first
silicon-containing layer in order to maintain etching selectiv-
ity between the epitaxial layer and amorphous silicon or
polysilicon during a subsequent etching step.

[0031] In step 256, a substrate is exposed to an etchant to
selectively etch the first and second silicon-containing layers,
as well as the second epitaxial layer, from the substrate. Thus,
only the first epitaxial layer (having a high phosphorus con-
centration for reduced resistivity) remains on the substrate
surface after the etching processing. Suitable etchants include
HCl, HF, HBr, CCl,, Cl,, and combinations thereof. The
etchant is provided to the processing chamber at a flow rate
within a range from about 30 sccm to about 20,000 scem,
depending upon the processing temperature and the etchant
used. Optionally, the first epitaxial layer may be slightly
over-etched to ensure that the entire second epitaxial layer is
removed from the surface of the first epitaxial layer. Presence
of the second epitaxial layer, which has a lower phosphorus
concentration than the first epitaxial layer, would undesirably
increase the resistance of the device if allowed to remain on
the substrate.

TABLE 1
Haze PH; Flow
(partsper  Percent Thickness  Resistivity Rate
million) Carbon  (angstroms) (mQ-cm) (scem)
Example 1 1 0.26 731 0.345 16
Example 2 <1 0.55 747 0.384 15
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TABLE 1-continued

Haze PH, Flow

(parts per  Percent Thickness  Resistivity Rate

million) Carbon  (angstroms) (mQ-cm) (scem)
Example 3 <1 0.58 902 0.381 15
Example 4 <1 0.6 1081 0.389 15
Example 5 >10 0 541 0.386 14
Example 6 >5 0 432 0.385 14
Example 7 >2 0 495 0.389 12

[0032] Table 1illustrates several examples of the properties
of epitaxial films produced according to embodiments
described herein. In Example 1, an epitaxial film is produced
while providing 16 sccm of phosphine to a processing cham-
ber to deposit a silicon epitaxial film containing phosphorus
and carbon. After selective etching, the epitaxial film has a
thickness of 731 angstroms. The epitaxial film of Example 1
has a carbon concentration of 0.26 atomic percent, a resis-
tance of 0.345 milliohm-centimeter (m£2-cm), and haze of
about 1 part per million. Thus, using embodiments described
herein, epitaxial films having a resistance of 0.345 mQ-cm or
less can be achieved.

[0033] In Example 2, an epitaxial film is produced while
providing 15 scem of phosphine to a processing chamber to
deposit a silicon epitaxial film containing phosphorus and
carbon. After selective etching, the epitaxial film has a thick-
ness of 747 angstroms. The epitaxial film of Example 2 has a
carbon concentration of 0.55 atomic percent, a resistance of
0.384 mQ-cm, and haze of less than 1 part per million. In
Example 3, an epitaxial film is produced while providing 15
sccm of phosphine to a processing chamber to deposit a
silicon epitaxial film containing phosphorus and carbon.
After selective etching, the epitaxial film has a thickness of
902 angstroms. The epitaxial film of Example 3 has a carbon
concentration of 0.58 atomic percent, a resistance of 0.381
m&2-cm, and haze of less than 1 part per million. Thus, using
embodiments described herein, epitaxial films having a resis-
tance of 0.381 m€2-cm or less can be achieved.

[0034] In Example 4, an epitaxial film is produced while
providing 15 scem of phosphine to a processing chamber to
deposit a silicon epitaxial film containing phosphorus and
carbon. After selective etching, the epitaxial film has a thick-
ness of 1081 angstroms. The epitaxial film of Example 4 has
a carbon concentration of 0.6 atomic percent, a resistance of
0.389 mQ-cm, and haze of about 1 part per million. In
Example 5, an epitaxial film is produced while providing 14
sccm of phosphine to a processing chamber to deposit a
silicon epitaxial film containing phosphorus. After selective
etching, the epitaxial film has a thickness of 541 angstroms.
The epitaxial film of Example 5 has a resistance of 0.386
m&2-cm, and haze of greater than 10 parts per million. It is to
be noted that the exclusion of carbon from the epitaxial film
increases the haze of the film.

[0035] In Example 6, an epitaxial film is produced while
providing 14 sccm of phosphine to a processing chamber to
deposit a silicon epitaxial film containing phosphorus. After
selective etching, the epitaxial film has a thickness of 432
angstroms. The epitaxial film of Example 6 has a resistance of
0.385 mQ-cm, and haze of greater than 5 parts per million.
Thus, even at reduced phosphorus concentrations, epitaxial
films which do not include carbon experience relatively
greater hazing. In Example 7, an epitaxial film is produced
while providing 12 sccm of phosphine to a processing cham-
ber to deposit a silicon epitaxial film containing phosphorus.
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After selective etching, the epitaxial film has a thickness of
495 angstroms. The epitaxial film of Example 7 has a resis-
tance of 0.389 mQ-cm, and haze greater than 2 parts per
million.

[0036] As can be seen in Table 1, the addition of carbon to
an epitaxially grown film reduces the haze of the film. The
haze of a film is indicative of the planarity or reflectivity of the
deposited film, and thus, is also indicative ofthe quality ofthe
film. A higher value of haze indicates a greater degree of
off-axis light scattering produced by the surface texture of the
epitaxial layer. Surface roughness indicates a lower quality
film, with a haze of about 1 part per million or less being
desirable. Generally, high concentrations of dopants such as
phosphorus cause film degradation, as shown in Example 5. It
is believed that the haze of the film is improved due to carbon
addition because the carbon slows the diffusion rate of the
dopant within the film. Since carbon addition allows a higher
concentration of dopant to be used while maintaining film
quality, resistance is reduced. As shown in the column labeled
“Resistivity”, the inclusion of carbon in the epitaxial film
allows a greater concentration of dopant to be used while still
maintaining acceptable film haziness. However, as can be
seen, the resistance of the film increases when carbon con-
centrations within the film exceed 0.5 atomic percent. There-
fore, a desirable range for carbon concentrations is from
about 0.1 atomic percent to about 0.3 atomic percent, and
more desirably, about 0.2 atomic percent to about 0.3 atomic
percent.

[0037] Although embodiments are described herein as uti-
lizing phosphorus as dopant material, it is contemplated that
other dopant materials may be used. For example, it is con-
templated that arsenic, boron, and germanium, among other
materials, may be used as a dopant.

[0038] Benefits of the invention include, but are not limited
to low resistance, high quality silicon epitaxial films. The
incorporation of carbon into deposited films allows for higher
dopant concentrations to be utilized by reducing dopant dif-
fusion, thereby resulting in higher quality films (e.g., reduced
haze). The higher dopant concentrations result in reduced
resistivity in the deposited layers. Selectivity of the highly-
doped epitaxial layers is maintained using a multi-layered
approach, wherein the multiple layers have varying concen-
trations of dopant.

[0039] While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

We claim:

1. A device, comprising:

a substrate; and

an epitaxially-grown film disposed on the substrate, the
epitaxially-grown film comprising a first dopant and
carbon, wherein the first dopant is present within the
epitaxially-grown film in a concentration of about
1x10'? atoms per cubic centimeter to about 2.5x10%!
atoms per cubic centimeter, and the carbon is present
within the epitaxially-grown film in a concentration less
than about 0.5 atomic percent, and further wherein the
epitaxially-grown film has a resistivity less than about
0.381 milliohm-centimeters.

2. The device of claim 1, wherein the first dopant is phos-

phorus.
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3. The device of claim 1, wherein the carbon is present
within the epitaxially-grown film in a concentration within a
range from about 0.1 atomic percent to about 0.3 atomic
percent.

4. The device of claim 1, wherein the substrate is a monoc-
rystalline substrate.

5. The device of claim 4, wherein the substrate comprises
silicon.

6. The device of claim 4, wherein the epitaxially-grown
film comprises silicon.

7. The device of claim 1, wherein the epitaxially-grown
film has a resistivity less than about 0.345 milliohm-centime-
ters.

8. The device of claim 2, wherein the carbon concentration
is within a range from about 0.2 atomic percent to about 0.3
atomic percent.

9. A device, comprising:

a substrate; and

an epitaxially-grown film disposed on the substrate, the

epitaxially-grown film comprising phosphorus and car-
bon, wherein the phosphorus is present within the epi-
taxially-grown film in a concentration of about 5x10%°
atoms per cubic centimeter or greater, and the carbon is
present within the epitaxially-grown film in a concen-
tration within a range from about 0.1 atomic percent to
about 0.3 atomic percent, and further wherein the epi-
taxially-grown film has a resistivity less than about
0.381 milliohm-centimeters.

10. The device of claim 9, wherein the substrate is a monoc-
rystalline substrate.

11. The device of claim 10, wherein the substrate com-
prises silicon.

12. The device of claim 9, wherein the epitaxially-grown
film comprises silicon.
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13. The device of claim 9, wherein the epitaxially-grown
film has a resistivity less than about 0.345 milliohm-centime-
ters.

14. The device of claim 13, wherein the carbon concentra-
tion is within a range from about 0.2 atomic percent to about
0.3 atomic percent.

15. The device of claim 9, wherein the carbon concentra-
tion is within a range from about 0.2 atomic percent to about
0.3 atomic percent.

16. A device, comprising:

a monocrystalline silicon substrate; and

an epitaxially-grown silicon film disposed on the monoc-

rystalline silicon substrate, the epitaxially grown silicon
film comprising phosphorus and carbon, wherein the
phosphorus is present within the epitaxially-grown sili-
con film in a concentration of about 5x10%° atoms per
cubic centimeter or greater, and the carbon is present
within the epitaxially-grown silicon film in a concentra-
tion within a range from about 0.1 atomic percent to
about 0.3 atomic percent, and further wherein the epi-
taxially-grown silicon film has a resistivity less than
about 0.381 milliohm-centimeters.

17. The device of claim 16, wherein the epitaxially-grown
silicon film has a resistivity less than about 0.345 milliohm-
centimeters.

18. The device of claim 17, wherein the carbon concentra-
tion is within a range from about 0.2 atomic percent to about
0.3 atomic percent.

19. The device of claim 16, wherein the monocrystalline
silicon substrate comprises a source or drain feature, and the
epitaxially-grown silicon film is disposed on the source or
drain feature.

20. The device of claim 16, wherein the epitaxially-grown
silicon film has a haze of about 1 part per million or less.
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