
WO 2007/103471PCT/US2007/005886 SYSTEM AND METHOD FOR SPUTTERING A
TENSILE SILICON NITRIDE FILM BACKGROUND OF THE INVENTION Field Of The
Invention         The present invention relates generally to the
deposition of a silicon nitride film and, more particularly, to a
system and method for sputtering a tensile silicon nitride film.
Description Of The Related Art 



This section is intended to introduce the reader to various aspects
of art that may be related to various aspects of the present
invention, which are described and/or claimed below. This discussion
is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various
aspects of the present invention. Accordingly, it should be
understood that these statements are to be read in this light, and
not as admissions of prior art.        As most people are generally
aware, microprocessors are essentially generic devices that perform
specific functions under the control of software programs, which may
be stored in one or more memory devices that are coupled to the
microprocessor and/or other peripherals. These microprocessors and
memory devices generally include many different types of integrated
circuits that are typically fabricated from one or more semiconductor
materials. The integrated circuits work together to enable the
microprocessor and/or memory device to carry out and control various
functions within an electronic device. The integrated  WO
2007/103471PCT/US2007/005886 circuits are typically fabricated on a
semiconductor wafer surface through any number of suitable
manufacturing processes. One of these manufacturing processes is
known as "layering." Layering generally refers to adding material to
the surface of the wafer by a growth process, such as oxidation, or
through a deposition process, such as chemical vapor deposition
("CVD") or physical vapor deposition ("PVD"), which is also referred
to as "sputtering."        One of many suitable layers that may be
added to the surface of the wafer is a silicon nitride ("SiN") film.
There are a variety of suitable and beneficial uses for SiN films in
the fabrication of integrated circuits. For example, SiN films may be
employed to create a final passivation layer to cover a completed
integrated circuit to protect the underlying integrated circuit and
its components. In addition, SiN films may also be used as
interdielectric layers in multimetallization schemes, as insulation
between polysilicon and metallization layers, as doping barriers, as
diffusion sources, as isolation regions, and/or as part of silicon
gate structures.        For a variety of applications, it is
beneficial to deposit the SiN film at or around room temperature to
minimize the possibility of heat-elated damage to any metal layers
beneath the SiN film. Until recently, the only techniques for
depositing room temperature SiN films were via fairly inefficient CVD
processes. Recent advances, however, have facilitated the deposition
of SiN films using PVD or sputtering. In sputtering, a working gas,
such as argon, is introduced into a process chamber that contains the
wafer to be layered and a slab of the desired film material (known as
a "target"). Some form of electricity is then used to ionize 



WO 2007/103471PCT/US2007/005886 the atoms of the working gas. The
ionized gas atoms are then attracted to the target. When the ionized
gas atoms strike the target, they "knock off' atoms from the target.
These knocked off atoms then fall towards the bottom of the process
chamber where they are deposited on the surface of the wafer to
create a film.        Disadvantageously, however, the sputtering of
SiN films is generally still limited to sputtering SiN films with
compressive stress. As those of ordinary skill in the art will
appreciate, films under compressive stress have a negative film
stress and, as such, tend to bend underlying layers of the integrated
circuit in a convex shape. For a variety of applications, however, a
tensile SiN film (a SiN film with a positive film stress that tends
to bend underlying layers in a concave shape) would be advantageous.
For example, negative channel metal oxide semiconductor ("NMOS") gate
structures constructed with tensile SiN films perform better than
similar ones constructed with compressive SiN films. As such, a
system and method for sputtering a tensile SiN film would be
desirable. SUMMARY OF THE INVENTION         Certain aspects
commensurate in scope with the originally claimed invention are set
forth below. It should be understood that these aspects are presented
merely to provide the reader with a brief summary of certain forms
the invention might take and that these aspects are not intended to
limit the scope of the invention. Indeed, the invention may encompass
a variety of aspects that may not be set forth below.  



WO 20071103471PCT/US20071005886       There is provided a system and
method for sputtering a tensile silicon nitride film. More
specifically, in one embodiment, there is provided a method
comprising introducing nitrogen gas into a process chamber, wherein
the process chamber includes a target comprising silicon, placing the
process chamber into a transition region between a metallic region
and a poisoned region, and applying a voltage to the target. BRIEF
DESCRIPTION OF THE DRAWINGS        Advantages of the invention may
become apparent upon reading the following detailed description and
upon reference to the drawings in which:       Fig. 1 is a diagram of
an exemplary process chamber assembly configured to sputter a tensile
SiN film in accordance with embodiments of the present invention;
Fig. 2 is a graph illustrating an exemplary SiN hysteresis curve in
accordance with embodiments of the present invention;       Fig. 3 is
a graph illustrating a relationship between nitrogen flow and SiN
film stress for two exemplary process chamber pressures in accordance
with embodiments of the present invention; 



Fig. 4 is a graph illustrating relationships between process chamber
pressure and SiN film stress for operation of the process chamber in
a metallic region, a transition region, and a poisoned region in
accordance with embodiments of the present invention; and  WO
2007/103471PCT/US2007/005886 Fig. 5 is a flow chart illustrating an
exemplary technique for sputtering a tensile SiN film. DETAILED
DESCRIPTION OF SPECIFIC EMBODIMENTS         One or more specific
embodiments of the present invention will be described below. In an
effort to provide a concise description of these embodiments, not all
features of an actual implementation are described in the
specification. It should be appreciated that in the development of
any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to
achieve the developers' specific goals, such as compliance with
system-related and business-related constraints, which may vary from
one implementation to another. Moreover, it should be appreciated
that such a development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the
benefit of this disclosure. 



One or more of the embodiments described herein is directed towards a
system and/or method for sputtering a tensile silicon nitride ("SiN")
film. More specifically, in one embodiment, a threshold amount of
nitrogen gas is introduced into a process chamber with a pressure of
at least 6.5 millitorr ("mT"). Once the nitrogen gas has been
introduced and the process chamber pressure is set, a voltage is
applied to a silicon target to facilitate sputtering of a tensile SiN
film.        Turning initially to Fig. 1, a block diagram of an
exemplary process chamber assembly configured to sputter a tensile
SiN film in accordance with one embodiment is  WO
2007/103471PCT/US2007/005886 illustrated and generally designated by
reference numeral 10. The assembly 10 may include a process chamber
12, a voltage source 14, a gas source. 16, a variable gate valve 18
(also known as a "throttle" valve"), and a cryogenic pump 20. In one
embodiment, the process assembly chamber 10 may be a component of an
Endura(tm) system produced by Applied Materials Corporation of Santa
Clara, California. In alternate embodiments, however, the process
chamber assembly 10 may be part of another suitable semiconductor
processing system or may be a stand alone assembly. Moreover, it will
be appreciated that the illustrated components of the process chamber
assembly 10 are not intended to be exclusive. As such, in alternate
embodiments, other suitable components may be included in the process
chamber assembly 10 and/or one or more of the illustrated components
may be omitted or replaced.        The process chamber 12 also
includes a target 22. In one embodiment, the target 22 includes a
planar-shaped slab of silicon or polysilicon, which may be
impregnated with a low level of another substance, such as boron, to
make the target conductive enough to sputter. In alternate
embodiments, however, the target 22 may be other shapes and/or
composed of other suitable materials. In one embodiment, the silicon
or polysilicon slab is mounted on a metallic backing plate (not
shown), which may be coupled to the voltage source 14, as
illustrated. As will be discussed in more detail below, in one
embodiment, the voltage source 14 may be configured to apply a DC
voltage to the metallic backing plate to facilitate the sputtering of
silicon atoms from the target 22. In alternate embodiments, the
voltage source 14 may include a pulsed DC supply. 



The process chamber 12 also may include a magnet 24 arrayed around
and/or behind the target 22. As those of ordinary skill in the art
will appreciate, the magnet 24 may be  WO
2007/103471PCT/US2007/005886 configured to capture and/or confine
electrons at the front of the target to increase the efficiency of
the sputtering within the process chamber 12. The magnet 24 allows
for sputtering at lower pressures, which may be advantageous for
creating a tensile SIN film. It will also be appreciated that
although the magnet 24 is described in the singular, in alternate
embodiments, any suitable number of individual magnets may comprise
the magnet 24. Moreover, in still other alternate embodiments, the
magnet 24 may be omitted from the process chamber 12.       A dark
space shield ("DSS") 26 may be arrayed on either side of the target
22. This dark space shield 26, in combination with a shield 28, may
be configured to protect the interior of the process chamber 12 from
the silicon atoms being sputtered off of the target 22. More
specifically, as those with ordinary skill in the art will
appreciate, the dark space shield and the shield 28 are typically
consumable components that receive those atoms from the target 22
that are sputtered off the target 22 with trajectories that do not
impact a wafer 30 at the bottom of the process chamber. In other
words, when the silicon atoms are knocked off the target 22, only a
subset of the knocked off atoms will be knocked off such that their
trajectories impact the wafer 30. Those atoms that do not land on the
wafer 30 will end up on either the dark space shield 26 or the shield
28. Eventually when enough silicon builds up on the dark space shield
26 and the shield 28, these components can be replaced. In this way,
the dark space shield 26 and the shield 28 protect the inside of the
process chamber 12.       As illustrated in Fig. 1, the wafer 30,
which may include a silicon wafer or other suitable semiconductor
substrate, may sit upon a pedestal 32. In various embodiments, the  



WO 2007/103471PCT/US2007/005886 wafer 30 be unattached to the
pedestal 32, may be clamped to the pedestal 32, or may be
electrostatically chucked to the pedestal 32.       Looking next at
the operation of the process chamber assembly 10, the gas source 16
may be configured to supply a working gas, such as argon, into the
process chamber 12. In addition, the gas source 16 may also introduce
nitrogen into the process chamber 12. As will be described further
below, the introduced nitrogen gas enables the creation of the SiN
film. In one embodiment, the flow of both the working gas and the
nitrogen gas may be controlled by mass flow controllers ("MFCs").
Moreover, in one embodiment, the amount of working gas and nitrogen
gas introduced into the process chamber 12 may be measured in
standard cubic centimeters per minute ("sccm").         Once the
working gas and nitrogen gas have been introduced into the process
chamber 12, the gate value 18 may be configured to set the process
chamber at a process pressure. For example, the gate value 18 may be
configured to set the process chamber pressure at or above a pressure
threshold associated with a transition region, as described further
below. In one embodiment, the pressure threshold is greater than or
equal to 6.5 millitorr ("mT"). It will be appreciated, however, that
the threshold pressure level may vary depending on the flow rate of
the nitrogen and/or argon gas, the chamber volume, the pumping speed,
the deposition rate, and so forth. In one embodiment, the position of
the gate valve 18 may be adjusted to facilitate a process pressure at
or above the chamber pressure threshold. It will be appreciated,
however, that in alternate embodiments, other suitable types of
pumping equipment may be employed to set the pressure of the process
chamber 12.  WO 2007/103471PCT/US2007/005886        When the gas
source 16 is providing argon and nitrogen into the process chamber 12
and the cryogenic pump 20 is maintaining a chamber pressure above 6.5
mT, the voltage source 14 may be configured to apply a cathode
voltage to the target 22. In one embodiment, the voltage source 14
may include a pulsed DC supply. As will be described further below, a
pulsed DC supply advantageously creates a transition region within
the process chamber 12 under one set of process conditions. In
addition, a pulsed DC supply is also advantageous for sputtering off
the target 12, which may develop a dielectric SiN surface when
operating in the transition region (described in greater detail
below). In alternate embodiments, other types of voltage sources,
such as a RF supply, may be employed if they are configured to
provide a transition region, as described below. 



As described above, applying a voltage to the target 22 may charge
the argon atoms within the working gas to create plasma 34 that will
sputter atoms from the target 22 down onto the wafer 30. As silicon
atoms are sputtered off of the target 22, they may combine with the
nitrogen gas in the process chamber 12 to form silicon nitride
("SiN") that creates a SiN film the wafer 30.        As noted above,
the gas source 16 may be configured to introduce nitrogen gas into
the process chamber 12 during sputtering to create the SiN film.
However, the introduced nitrogen, as a reactive gas, may affect the
target 22. More specifically, the introduced nitrogen will ionize
also and it will react with the silicon target 22. If the reaction
rate to the target 22 is fast enough - faster than the sputtering off
of the target 22, there will be an accumulation of a nitride surface
on the target 22. This condition is known as a "poisoned" mode. In
the poisoned mode, deposition onto the wafer 30 is greatly reduced or
halted  WO 2007/103471PCT/US2007/005886 altogether. If, however, the
sputtering is at a high enough rate or if there is not that much
nitrogen in the chamber, a nitride cannot accumulate on the surface
of the target 22. This condition is known as a "metallic" or a
non-poisoned mode. The term metallic mode is a holdover from the
sputtering of metals, which were amongst the first materials to be
sputtered. As such, it will be appreciated that the metallic mode
described herein does not involve the deposition of metals.
One technique to detect the poisoned mode is to monitor the cathode
voltage of the target 22, because the cathode voltage of the target
22 is affected by the nitride being formed on the target 22. More
specifically, it will be appreciated that the cathode voltage of the
target 22 is a function of power applied from the voltage source 14
divided by the current flowing through the target 22. However, in the
poisoned mode, the amount of nitrogen in the process chamber leads to
an increase in secondary electron generation, which increases the
target current and decreases the cathode voltage. For example, Fig. 2
is a graph 40 illustrating an exemplary SiN hysteresis curve 42 in
accordance with one embodiment. As illustrated in Fig. 2, at or below
a nitrogen gas flow of approximately 10.4 sccm, the cathode voltage
on the target 22 is relatively constant between 380 volts and 390
volts. At this cathode voltage level, the process chamber 12 is
operating in the metallic mode (referred to as a metallic region 44).
In this metallic region 44, the target 22 is not poisoned and silicon
atoms may be sputtered from the target 22 within the process chamber
12. 



If the nitrogen flow reaches a certain level (e.g. approximately 14
sccm), the target 22 may become poisoned and the process chamber 12
will enter a poisoned region 46. In the poisoned region 46, the
cathode voltage of the target 22 may drop substantially (e.g., in
Fig. 2,  WO 2007/103471PCT/US2007/005886 down to 310 volts) and
sputtering of silicon atoms of the target 22 may be greatly reduced
or halted, because the nitride is accumulating on the surface of the
target faster than it can be sputtered off.       However, as is also
illustrated in Fig. 2, there exists a transition region 48 between
the metallic region 44 and the poisoned region 46. When the process
chamber 12 is in the transition region 48, the cathode voltage of the
target 22 fluctuates fairly rapidly with the amount of nitrogen gas.
Further, as will be described further below, when the pressure within
the process chamber 12 is above a threshold of 6.5 mT (for a set of
chamber conditions, as described above), a SiN film sputtered during
the transition region will be a tensile SiN film; whereas sputtering
in the metallic or poisoned regions will produce a compressive SiN
film.       As described above, for a variety of applications,
sputtering a tensile SiN film (a SiN film with a positive film stress
that tends to bend underlying layers in a concave shape) is
advantageous. For example, negative channel metal oxide semiconductor
("NMOS") gate structures constructed with tensile SiN films perform
better than similar ones constructed with compressive SiN films. It
will be appreciated, however, that this is merely one example of an
advantage of sputtering a tensile SiN film, and, as such, not
intended to be exclusive.        Fig. 3 is a graph 50 illustrating a
relationship between nitrogen flow and SiN film stress for two
exemplary process pressures in accordance with one embodiment. As
illustrated by curve 52 which represents SiN film stress versus
nitrogen flow for a chamber pressure of 5.3 mT, the SiN film stress
remains compressive (i.e., negative) for nitrogen gas flows from 6
sccm through 21 sccm (i.e., in the metallic, transition, and poisoned
regions). 



WO 2007/103471PCT/US2007/005886 However, as illustrated by curve 54,
when the chamber pressure is at 10.4 mT, the film stress becomes
tensile (i.e., positive) when the process chamber 12 is operating in
the transition region.       This relationship between a tensile film
stress and the pressure of the process chamber 12 is further
illustrated in Fig. 4, which depicts a graph 60 illustrating
relationships between process chamber pressure and SiN film stress
for operation of the process chamber in the transition region (curve
62), in the poisoned region 46 (curve 64), and in the metallic region
48 (curve 66). As shown in Fig. 4, it is only during the transition
region that the film stress of the SiN film becomes tensile (i.e.,
positive). Furthermore, as shown in Fig. 4, a tensile SiN film will
also only be created when the process pressure in the process chamber
12 is above approximately 6.5 mT.        Turning next to Fig. 5, a
flow chart illustrating an exemplary technique for sputtering a
tensile SIN film in accordance with one embodiment is illustrated and
generally designated by reference numeral 70. In one embodiment, the
technique 70 may be performed by the process chamber assembly 10
illustrated in Fig. 1. In alternate embodiments, however, other
suitable assemblies and/or process devices may be employed to perform
the technique 70.        As indicated by block 72 of Fig. 5, the
technique 70 may begin with the gas source 16 introducing nitrogen
and argon gases into the process chamber 12. As stated above, the
nitrogen gas is introduced at a level sufficient to place the process
chamber 12 into the transition region 48. For example, in one
embodiment, the gas source may introduce nitrogen gas at a flow rate
of between 8 sccm and 14 sccm. It will be appreciated, however, that
the  



WO 2007/103471PCT/US2007/005886 amount of nitrogen gas introduced
into the process chamber 12 may depend upon a variety of chamber and
process conditions. As such, in alternate embodiments, other amounts
of nitrogen gas may be suitable to place the process chamber 12 into
the transition region 48.       Next, as indicated by block 74, the
process pressure within the process chamber 12 will be set to at
least approximately 6.5 mT. In one embodiment, the operation of the
cryogenic pump 20 and the position of the gate valve 18 may be
adjusted to set the pressure of the process chamber 12 to at least 6
5 mT. Lastly, the voltage source 14 may apply a voltage to the target
22, as indicated by block 76. As described above, in one embodiment,
the voltage source 14 may include a time varying pulsed DC supply
configured to apply a DC voltage to the target 22. Advantageously,
unlike an RF supply, a pulsed DC supply does not require matching and
may be less expensive to purchase and/or operate. Lastly, applying
the voltage to the target 22 will cause the plasma 34 to be formed
facilitating the sputtering of the SiN film onto the wafer 30.
While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of
example in the drawings and have been described in detail herein.
However, it should be understood that the invention is not intended
to be limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as
defined by the following appended claims.  CLAIMS  1. A method (70)
comprising: 



(72) introducing nitrogen gas (16) into a process chamber (12),
wherein the process chamber (12) includes a target (22) comprising
silicon;      (74) placing the process chamber (12) into a transition
region between a metallic region (44) and a poisoned region (46);
(76) applying a voltage (14) to the target (22); and sputtering a
tensile silicon nitride film on a wafer (30).  2. The method (70), as
set forth in claim 1, wherein (72) introducing the nitrogen gas (16)
into the process chamber (12) comprises introducing between 8 sccm
and 14 sccm.  3. The method (70), as set forth in claim 2, wherein
(74) placing the process chamber 



(12) into a transition region comprises setting a pressure of the
process chamber (12) equal to or greater than approximately 6.5 mT.
4. The method (70), as set forth in claim 1, wherein (76) applying
the voltage (14) to the target (22) comprises applying a pulsed DC
voltage (14) to the target (22).  5. The method (70), as set forth in
claim 1, wherein (76) applying the voltage (14) to the target (22)
comprises applying the voltage (14) to a metal plate.  the process
chamber (12). 



7.The method (70), as set forth in claim 1, wherein the tensile SiN
film tends to bend in a concave shape. 


