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INCREASING PLASMA UNIFORMITY IN A RECEPTACLE

INCORPORATION BY REFERENCE

[0001] A PCT Request Form is filed concurrently with this specification as part of the present
application. Each application that the present application claims benefit of or priority to as identified
in the concurrently filed PCT Request Form is incorporated by reference herein in its entirety and for
all purposes.

BACKGROUND

[0002] Fabrication of integrated circuit devices may involve the processing of semiconductor
wafers in a semiconductor processing chamber. Typical processes may involve deposition, in which
a semiconductor structure may be built on or over a substrate such as by way of a layer-by-layer
process. Typical processes may also involve removal (e.g., etching) of material from certain regions
of the semiconductor wafer. In commercial-scale manufacturing processes, each wafer contains many
copies of a set of semiconductor devices, and many wafers may be utilized to achieve the required
volumes of semiconductor devices. Accordingly, the commercial viability of a semiconductor
processing operation may depend upon within-wafer uniformity and upon wafer-to-wafer
repeatability of process conditions. Consequently, efforts are made to ensure that each portion of a
given wafer, and each wafer processed in a semiconductor processing chamber, is subjected to tightly-
controlled processing conditions. Variations in processing conditions can bring about undesirable
variations in deposition and etch rates. These variations bring about unacceptable variations in overall
fabrication processes. Variations in fabrication processes can degrade circuit performance which, in
turn, may give rise to unacceptable variations in performance of higher-level systems that utilize the
integrated circuit devices. Hence, techniques for performing semiconductor processes with increased

control continues to be an active area of investigation.

[0003] The background description provided herein is for the purposes of generally presenting the
context of the disclosure. Work of the presently named inventors, to the extent it is described in this
background section, as well as aspects of the description that may not otherwise qualify as prior art
at the time of filing, are neither expressly nor impliedly admitted as prior art against the present
disclosure.

SUMMARY

[0004] Briefly, an implementation may include an apparatus for forming a plasma, which may
include a receptacle to accommodate one or more gases, the receptacle being oriented along a first

axis. The apparatus can also include an RF coupling structure, substantially oriented in a plane and
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substantially surrounding the receptacle, the RF coupling structure can be configured to conduct an
RF current to bring about formation of the plasma within the receptacle. The apparatus can also
include one or more linkages, coupled to the RF coupling structure, to permit the plane of the RF
coupling structure to pivot from a neutral position about a second axis so as to tilt the plane of the

RF coupling structure toward the first axis.

[0005] In some implementations, the one or more linkages of the apparatus can permit the plane
of the RF coupling structure to pivot from a neutral position so as to adjust a separation between a
portion of the RF coupling structure and the receptacle by between about 0.1 cm and about 3 cm. In
some implementations, the apparatus can further include a directionally-adjustable nozzle
configured to introduce temperature-regulating gas that, during operation, regulates the temperature
of a designated region of an outer surface of the receptacle. In some implementations, the apparatus
can be configured such that, during operation when the temperature-regulating gas is flowing into
the receptacle, the temperature of the at least the portion of the outer surface of the receptacle is
maintained at between about 150°C and about 400°C. In some embodiments, the directionally-
adjustable nozzle is configured to direct the temperature-regulating gas to a designated region on
the surface of the receptacle. In some implementations, the designated region is selectable along a
first dimension of the receptacle. In some implementations, the designated region is selectable
along both first and second dimensions of the receptacle. In some implementations, the first axis is
perpendicular to the plane of the RF coupling structure in a neutral position and wherein the second
axis is substantially perpendicular to the first axis. In some implementations, the apparatus can
further include an RF power generator coupled to the RF coupling structure. In some
implementations, the RF coupling structure is configured to form the plasma within the receptacle
operating in an inductive mode. In some implementations, the receptacle includes a quartz vessel
configured to disperse the plasma into a semiconductor process chamber. In some implementations,
the receptacle is configured to accommodate one or more gases at a pressure of between about 0.25
kPa and 1.33 kPa. In some implementations, the RF coupling structure includes one or more
conductors configured to form a conductive loop. In some implementations, the one or more
linkages of the apparatus include a hinge configured to permit a portion of the conductive loop to
tilt toward the receptacle. In some implementations, the apparatus may further include an airflow
controller configured to direct airflow from the directionally-adjustable nozzle toward a region on a
surface of the receptacle responsive to receipt of a measurement of the temperature of the region of
the surface of the receptacle. In some implementations, the airflow controller is additionally
configured to modify an airflow volume and an airflow temperature responsive to receipt of the

measurement of the temperature of the region of the surface of the receptacle
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[0006] An implementation can include a semiconductor processing tool, which includes one or
more input ports configured to receive a corresponding number of output signals from an RF power
generator. The semiconductor processing tool also includes one or more process stations, each
configured to receive and process a semiconductor wafer. The semiconductor processing tool also
includes one or more receptacles configured to receive a gas from a gas source and to convert the
received gas to a plasma for dispersing the plasma to the one or more process stations. The
semiconductor processing tool also includes one or more coupling structures each substantially
oriented in a plane and configured to conduct a current from the RF power generator sufficient to
convert the gas to the plasma within the one or more receptacles, the one or more coupling structures
each having a linkage to permit rotation of the plane of the one or more coupling structures with
respect to an axis that is at least approximately perpendicular to a major axis of the one or more

receptacles.

[0007] In some implementations, the semiconductor processing tool may include at least 2 process
stations. In some implementations, the at least 2 process stations may each include a receptacle of
the one or more receptacles and coupling structure of the one or more coupling structures In some
implementations, the processing tool may include 4 process stations. In some implementations, the
semiconductor processing tool In some implementations, the rotation of the plane of the one or more
coupling structures is from a neutral position, in which the rotation operates to modify the separation
between a portion of the one or more coupling structures and an outer surface of a corresponding
receptacle by between about .1 cm and about 3 cm. The semiconductor processing tool can further
include directionally-adjustable nozzles configured to control recombination of the plasma formed in
the one or more receptacles into the gas. In an implementation, the directionally-adjustable nozzles
are configured to direct a temperature-regulating gas toward a selectable location on an outer surface
of a corresponding one of the one or more receptacles. The semiconductor processing tool can
additionally include one or more airflow controllers each configured to receive a signal from one or
more temperature sensors configured to measure a temperature at a region of a surface of the one or
more receptacles. In an implementation, the one or more airflow controllers of the semiconductor
processing tool is configured to direct airflow toward the region of the surface of the one or more
receptacles responsive to receipt of the signal from the one or more temperature sensors. In an
implementation, the one or more airflow controllers of the semiconductor processing tool is
configured to adjust airflow volume or airflow temperature responsive to receipt of the signal from

the one or more temperature sensors.

[0008] In an implementation, a method of increasing uniformity in plasma formation within a

plasma formation receptacle of a semiconductor processing tool includes coupling an RF signal to an
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RF coupling structure proximate with a chamber of the semiconductor processing tool. The method
also includes detecting a nonuniformity in a plasma formed within the plasma formation receptacle
in fluid communication with the chamber of the processing tool. The method also includes adjusting
a separation distance between a portion of the RF coupling structure and the plasma formation

receptacle to reduce the detected nonuniformity in the plasma formed.

[0009] In an implementation, adjusting the separation distance between the portion of the RF
coupling structure and the plasma formation receptacle includes pivoting the plane of the RF coupling
structure about an axis. In an implementation, pivoting the plane of the conductive loop from a neutral
position includes reducing a separation between a portion of the plasma formation receptacle and the
RF coupling structure by between about 0.5 cm to about 1.5 cm. In an implementation, the method
can further include adjusting flow direction and/or volume of a temperature-regulating gas directed
toward the plasma formation receptacle to additionally reduce the detected nonuniformity in density
of the plasma formed. The method can further include adjusting the flow direction and/or volume of
temperature-regulating gas to bring about a temperature of at least a portion of the outer surface of
the plasma formation receptacle of between about 150°C and about 400°C. The method can further
include receiving one or more signals from a temperature sensor at or proximate with the plasma
formation receptacle and, responsive to the one or more received signals, directing a temperature-

regulating gas toward a particular region of a surface of the plasma formation receptacle.

[0010] An implementation may include an apparatus configured to form a plasma. The apparatus
may include a receptacle configured to receive one or more gases. The apparatus also includes an RF
coupling structure configured in the shape of a conductive loop, the RF coupling structure can be
configured to receive an RF signal. The apparatus can also include at least one linkage configured to

permit a portion of the RF coupling structure to pivot in a direction toward the receptacle.

[0011] In some implementations, the at least one linkage of the apparatus can be configured to
permit the portion of the RF coupling structure to pivot between .1 cm and 3 cm toward the receptacle.
The linkage of the apparatus can include a hinge. In some implementations, the apparatus can further
include at least one directionally-adjustable nozzle configured to provide an airflow in the direction
of the receptacle. The at least one directionally-adjustable nozzle can be configured to provide the
airflow so as to maintain a portion of the receptacle at a temperature of between 150°C and 400°C.
The apparatus can further include an airflow controller configured to modify volume or airflow

temperature responsive to receipt of an output signal from a temperature sensor at the receptacle.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The various implementations disclosed herein are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings, in which like reference numerals

refer to similar elements.

[0013] Figure 1 shows an example apparatus for depositing or etching a film on or over a substrate

utilizing any number of processes, according to an implementation.

[0014] Figure 2 is a schematic view of a gas delivery system for use with a multi-station integrated
circuit fabrication chamber along with equipment utilized to form an ionized plasma material,

according to an implementation.

[0015] Figure 3 is a perspective view showing some of the components involved in the formation

of an ionized plasma material, according to an implementation.

[0016] Figure 4A shows a conductive loop and linkage for increasing plasma distribution

uniformity in a fabrication chamber, according to an implementation.

[0017] Figures 4B and 4C show tilting of the plane of a conductive loop from a neutral position

via a linkage, according to an implementation.

[0018] Figure SA is a side view showing directionally-adjustable nozzles for directing a
temperature-regulating gas to reduce recombination of ionized plasma material within a receptacle,

according to an implementation.

[0019] Figure 5B is a perspective view showing directionally-adjustable nozzles for directing a
temperature-regulating gas to reduce recombination of ionized plasma material within a receptacle,

according to an implementation.

[0020] Figure 5C is a block diagram showing an airflow controller, according to an implementation

502. .

[0021] Figure 6 shows a flowchart for a method increasing uniformity in plasma formation within

a plasma formation receptacle of a semiconductor processing tool, according to an implementation.

DETAILED DESCRIPTION
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[0022] During wafer fabrication processes, such as deposition of a film on a substrate utilizing a
multi-station integrated circuit fabrication chamber, radiofrequency (RF) signals may be coupled into
process stations of the chamber. Coupling of RF signals of sufficient energy into a process station
may bring about or enhance formation of an ionized plasma material. Atoms of the ionized plasma
material may interact with one or more other gases so as to form radicalized specie of precursor gases.
When such radicalized specie of precursor gases come into contact with a material present on a
surface of a semiconductor substrate undergoing processing, deposition of a thin layer (e.g., a layer
having a thickness comparable to that of a single atom or molecule) of a material at the surface of the
semiconductor substrate may occur. After exposure of a substrate to an ionized plasma material, the
fabrication chamber may be purged and a second gaseous material may be allowed to enter the
fabrication chamber to bring about exposure of the semiconductor substrate to the second gaseous
material. Following purging of the second gaseous precursor material from the fabrication chamber,
ionized plasma materials may again be introduced into the fabrication chamber, which may give rise
to formation of an additional thin (e.g., atomic) layer of material. In certain instances, such processes
may be repeated over hundreds or thousands of cycles (or an even greater number of cycles) until a

film of a desired thickness has been formed or deposited on or over a substrate.

[0023] In some instances, an RF coupling structure may include a conductive loop that surrounds
a receptacle containing the gaseous material. Gaseous material in a receptacle may be pressurized to
a pressure of between about 0.25 kPa and about 1.33 kPa. In response to transfer of sufficient RF
energy from the RF coupling structure into the receptacle, the gaseous ionized plasma material may
form. The ionized plasma material may then flow, such as by way of a diffuser, from the receptacle

and into a process station of the integrated circuit fabrication chamber.

[0024] However, formation of an ionized plasma material for use in integrated circuit fabrication
chambers utilizing an RF generator may represent a delicate process. In some instances, for example,
plasma formation within a receptacle may not occur uniformly in all subvolumes within a plasma
formation receptacle. In such instances, an ionized plasma material formed at a first subvolume of
the receptacle may be of a greater density than an ionized plasma material formed at a second
subvolume of the receptacle. Under these circumstances, even after the ionized plasma material is
diffused after exiting the receptacle, nonuniformities in plasma density may persist. These persistent
nonuniformities in the density of the ionized plasma material may bring about nonuniform
distribution of ionized precursor gases in a fabrication chamber. Nonuniformity of ionized precursor
gases in the fabrication chamber may result in unwanted variations in material deposition rates or in

rates at which other processes occur across a semiconductor substrate.
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[0025] In addition, even if plasma can be formed uniformly and without significant variations in
plasma density among subvolumes of the receptacle, variations in temperature of the outer surface of
the receptacle may introduce variations in plasma density. These additional variations may be
brought about via recombination of ionized plasma material within the receptacle. For example, in
response to excessive heating of an outer surface of a plasma formation receptacle, ionized hydrogen
(H") that contacts an inner surface of the receptacle return to a nonreactive state, such as diatomic
hydrogen (H2). Such recombination of ionized plasma material may result in localized variations in
plasma density, which may persist after the ionized plasma material is diffused or dispersed from the
plasma formation receptacle. As previously described, nonuniformity of ionized precursor gases in
the fabrication chamber may result in unwanted variations in material deposition rates (or in the rates

at which other processes occur) across a semiconductor substrate.

[0026] Accordingly, integrated circuit fabrication processes, as well as other types of processes,
may benefit from increasing uniformity in the density of plasma within subvolumes of a receptacle.
One approach toward increasing uniformity in plasma density in a receptacle involves a use of an RF
coupling structure, which may be implemented as conductive loop, that may be configured to be
repositioned relative to a plasma formation receptacle. In such an arrangement, responsive to
detection of changes in plasma density within the plasma formation receptacle, a first portion of the
RF coupling structure may be repositioned to become more proximate with the plasma formation
receptacle. Such repositioning of the first portion with respect to the receptacle may bring about an
increase in the separation of a second portion of the RF coupling structure in relation to the plasma
formation receptacle. In particular implementations, repositioning of an RF coupling structure in
relation to a plasma formation receptacle may be achieved via a linkage, which refers to a hinge,
pivot, swivel, spool, axle, fulcrum, pin, or any combination thereof. An RF coupling structure may
be implemented as a conductive loop substantially oriented in a plane. An RF coupling structure may
also be implemented as a structure that does not form a conductive loop, such one or more an
electrically-small dipoles or other arrangements of conductors, for example. As described further
herein, the linkage may permit the plane of the RF coupling structure to tilt or rotate from a neutral
position about an axis. Such tilting or rotating may draw the plane of the RF coupling structure
toward the major axis of the plasma formation receptacle. In some implementations, such tilting or
rotating may operate to reposition a portion of the RF coupling structure which reduces the separation
between a portion of the RF coupling structure and the plasma formation receptacle. Separation
between a portion of the RF coupling structure and the plasma formation receptacle may be by an

amount between about 0.5 cm and about 1.5 cm. In some implementations, the RF coupling structure
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may tilt or rotate about an axis that is approximately perpendicular (i.e., + 10%) to the major axis of

the plasma formation receptacle.

[0027] Uniformity in the density of a plasma formed in a receptacle may be further increased
through the use of directionally-adjustable nozzles for a temperature-regulating gas. Directionally-
adjustable nozzles may be directed with increased accuracy toward a plasma formation receptacle. In
an example, 6 directionally-adjustable nozzles, which may be positioned at angular increments around
a plasma formation receptacle, may permit control over the flow of the temperature-regulating gas
(e.g, filtered air) that contacts the receptacle. Thus, responsive to a detected decrease in plasma
density within a plasma formation receptacle, which may result from excessive heating of a portion
of the receptacle, flow of a temperature-regulating gas from directionally-adjustable nozzles can be
increased. An increase in airflow may reduce the temperature of a portion of the surface of the
receptacle, thereby reducing recombination of ionized plasma material into one or more relatively
nonreactive gases. In particular implementations, a portion of an outer surface of a plasma formation
receptacle may be maintained at a temperature of between about 150°C and about 400°C. In certain
other implementations, a portion of an outer surface of a plasma formation receptacle may be
maintained within a different temperature range, such as a range of between about 200°C and about

350°C.

[0028] Certain implementations may be utilized in connection with a number of wafer fabrication
processes, such as various plasma-enhanced atomic layer deposition (PEALD) processes, various
plasma-enhanced chemical vapor deposition PECVD) processes, or may be utilized on-the-fly during
single deposition processes. In certain implementations, a RF power generator having multiple output
ports may be utilized at any signal frequency, such as at frequencies between 300 kHz and 60 MHz,
which may include frequencies of 350 kHz, 400 kHz, 440 kHz, 1 MHz, 2 MHz, 13.56 MHz, and
27.12 MHz. However, in other implementations, RF power generators having multiple output ports
may operate at any signal frequency, which may include relatively low frequencies, such as between
50 kHz and 300 kHz, as well as higher frequencies, such as frequencies of between about 60 MHz

and about 100 MHz.

[0029] Particular implementations described herein may show and/or describe multi-station
semiconductor fabrication chambers comprising 4 process stations. However, the disclosed
implementations are intended to embrace multi-station integrated circuit fabrication chambers that
include any number of process stations. Thus, in certain implementations, an output signal of a RF
power generator may be divided among, for example, 2 process stations or 3 process stations of a

fabrication chamber. An output power signal from a RF power generator may be divided among a
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larger number of process stations virtually without limitation, such as among 5 process stations, 6
process stations, 8 process stations, 10 process stations, and so forth. Particular implementations
described herein may show and/or describe utilization of a single, relatively low frequency RF signal,
such as a frequency of between about 300 kHz and about 2 MHz, combined with a single, relatively
high-frequency RF signal, such as a frequency of between 2 MHz and 100 MHz. However, the
disclosed implementations are intended to embrace the use of any number of radio frequencies, such

as frequencies below about 2 MHz as well as radio frequencies above about 2 MHz.

[0030] Manufacture of semiconductor devices may involve depositing or etching of one or more
thin films on or over a planar or non-planar substrate in connection with an integrated circuit
fabrication process. In some aspects of an integrated circuit fabrication process, it may be useful to
deposit thin films that conform to unique substrate topography. One type of reaction that is useful in
many instances may involve chemical vapor deposition (CVD). In certain CVD processes, gas phase
reactants introduced into stations of a reaction chamber simultaneously undergo a gas-phase reaction.
The products of the gas-phase reaction deposit on the surface of the substrate. A reaction of this type
may be driven by, or enhanced by, presence of a plasma, in which case the process may be referred
to as a plasma-enhanced chemical vapor deposition (PECVD) reaction. As used herein, the term

CVD is intended to include PECVD unless otherwise indicated.

[0031] In another example, as previously alluded to, some deposition processes involve multiple
film deposition cycles, in which each deposition cycle produces a discrete film thickness. For
example, in atomic layer deposition (ALD), thickness of a deposited layer may be limited by an
amount of one or more film precursor reactants, which may adsorb onto a substrate surface, so as to
form an adsorption-limited layer, prior to the film-forming chemical reaction itself. Thus, a feature
of ALD involves the formation of thin layers of film, such as layers having a width of a single atom
or molecule, which are used in a repeating and sequential matter. As device and feature sizes continue
to be reduced in scale, and as three-dimensional devices and structures become more prevalent in
integrated circuit (IC) design, the capability of depositing thin conformal films (e.g., films of material
having a uniform thickness relative to the shape of the underlying structure) continues to gain in
importance. Thus, in view of ALD being a film-forming technique in which each deposition cycle
operates to deposit a single atomic or molecular layer of material, ALD may be well-suited to the
deposition of conformal films. In some instances, device fabrication processes involving ALD may
include multiple ALD cycles, which may number into the hundreds or thousands, may then be utilized
to form films of virtually any desired thickness. Further, in view of each layer being thin and
conformal, a film that results from such a process may conform to a shape of any underlying device

structure. In certain implementations, an ALD cycle may include the following steps:
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[0032] Exposure of the substrate surface to a first precursor.
[0033] Purge of the reaction chamber in which the substrate is located.

[0034] Activation of a reaction of the substrate surface, such as by exposing the substrate surface

with a plasma and/or a second precursor.
[0035] Purge of the reaction chamber in which the substrate is located.

[0036] The duration of each ALD cycle may, at least in particular implementations, be less than
about 25 seconds or less than about 10 seconds or less than about 5 seconds. The plasma exposure
step (or steps) of the ALD cycle may be of a short duration, such as a duration of about 1 second or

less.

[0037] Turning now to the figures, Figure 1 shows an example apparatus that may be configured
or adapted to deposit or etching a film on or over a substrate utilizing any number of processes,
according to an implementation. Processing apparatus 100 of Figure 1 depicts single process station
102 of a process chamber with a single substrate holder 108 (e.g., a pedestal) in an interior volume,
which may be maintained under vacuum by vacuum pump 118. Showerhead 106 and gas delivery
system 130, which may be in fluid communication with the process chamber, may permit the delivery
of film precursors, for example, as well as carrier and/or purge and/or process gases, secondary
reactants, ionized plasma materials, etc. Equipment utilized in the generation of plasma within the
process chamber is also shown in Figure 1. The apparatus schematically illustrated in Figure 1 may

be adapted for performing, in particular, plasma-enhanced CVD.

[0038] In Figure 1, gas delivery system 130 includes a mixing vessel 104 for blending and/or
conditioning process gases for delivery to showerhead 106. One or more mixing vessel inlet valves
120 may control introduction of process gases to mixing vessel 104. Particular reactants may be
stored in liquid form prior to vaporization and subsequent delivery to process station 102 of a process
chamber. The implementation of Figure 1 includes a vaporization point 103 for vaporizing liquid
reactant to be supplied to mixing vessel 104. In some implementations, vaporization point 103 may
include a heated liquid injection module. In some other implementations, vaporization point 103 may
include a heated vaporizer. In yet other implementations, vaporization point 103 may be eliminated
from the process station. In some implementations, a liquid flow controller (LFC) upstream of
vaporization point 103 may be provided for controlling a mass flow of liquid for vaporization and

delivery to process station 102.
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[0039] Showerhead 106 may operate to distribute process gases and/or reactants (e.g., film
precursors) in the direction of substrate 112 at the process station, the flow of which may be controlled
by one or more valves upstream from the showerhead (e.g., valves 120, 120A, 105). In the
implementation of Figure 1, substrate 112 is depicted as located beneath showerhead 106, and is
shown resting on a pedestal 108. Showerhead 106 may be of any suitable shape, and may include
any suitable number and arrangement of ports for distributing process gases to substrate 112. In some
implementations involving 2 or more stations, gas delivery system 130 includes valves or other flow
control structures upstream from the showerhead, which can independently control the flow of
process gases and/or reactants to each station so as to permit gas flow to one station while prohibiting
gas flow to a second station. Furthermore, gas delivery system 130 may be configured to
independently control process gases and/or reactants delivered to each station in a multi-station
apparatus such that the gas composition provided to different stations is different (e.g., the partial

pressure of a gas component may vary between stations at the same time).

[0040] In Figure 1, showerhead 106 is depicted as being in fluid communication with plasma
formation receptacle 160. Responsive to formation of an ionized plasma material within receptacle
160 utilizing gas from plasma gas source 161, the ionized plasma material may be diffused, such as
via diffuser 162, into showerhead 106. Diffuser 162 may comprise an array of through-holes formed
in arounded end portion of receptacle 160. In such implementations, the density of the ionized plasma
material formed via plasma formation receptacle 160 can be adjusted (e.g., via a system controller
having appropriate machine-readable instructions and/or control logic) by controlling one or more of
a gas pressure and/or gas concentration of gases within receptacle 160, output power of RF power
generator 114, shunt admittance and/or series reactance of components of matching network 116.
Gas volume 107 is depicted as being located beneath showerhead 106. In some implementations,
pedestal 108 may be raised or lowered to expose substrate 112 to gas volume 107 and/or to vary the
size of gas volume 107. Optionally, pedestal 108 may be lowered and/or raised during portions of
the deposition process to modulate process pressure, reactant concentration, etc., within gas volume
107.

[0041] RF power generator 114 and matching network 116 may be operated at any suitable RF
power level, which may bring about formation of an ionized plasma material having a desired
composition of radical gaseous species. In particular implementations, an output port of matching
network 116 may be coupled to an RF coupling structure, such as conductive loop 150. In response
to coupling of a sufficient current to an input port of conductive loop 150, a time-varying magnetic
field (H field) may be created within plasma formation receptacle 160. The time-varying magnetic

field operates to strip electrons from one or more orbits of gaseous materials present within plasma
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formation receptacle 160. The resulting ionized plasma material may be dispersed into showerhead

106 via diffuser 162.

[0042] It should be noted that although plasma formation receptacle 160 is shown positioned so
that a flattened end of the receptacle intersects the plane of conductive loop 150, in certain other
implementations, the plane of conductive loop 150 may be positioned so as to intersect with a different
portion of receptacle 160. In an example, the plane of conductive loop 150 may intersect with a
portion of receptacle 160 proximate with diffuser 162. It should additionally be noted that, at least in
particular implementations, RF power generator 114 may provide RF power having a plurality of
frequency components, such as a low-frequency component (e.g., less than about 2 MHz) as well as

a high frequency component (e.g., greater than about 2 MHz).

[0043] In the implementation of Figure 1, heater 110 may be placed beneath pedestal 108. Heater
110, which may utilize a resistive heating coil, may bring about heating of pedestal 108 as well as
substrate 112. Thus, in certain implementations, showerhead 106 (and/or an alternative plasma
formation RF coupling structure) and heater 110 may cooperate to enhance formation of an ionized
plasma material which may, consequently, accelerate material deposition and/or material removal

(e.g., etching) processes occurring within process station 102.

[0044] In some implementations, conditions to bring about the formation and maintenance of an
ionized plasma material are controlled via appropriate hardware and/or appropriate machine-readable
instructions accessible to a system controller. Machine-readable instructions may include a non-
transitory sequence of input/output control (IOC) instructions encoded on a computer-readable media.
In one example, the instructions for generating or maintaining an ionized plasma material are
provided in the form of a plasma activation recipe of a process recipe. In some cases, process recipes
may be sequentially arranged, so that at least some instructions for the process can be executed
concurrently. In some implementations, instructions for setting one or more plasma parameters may
be included in a recipe preceding a plasma formation process. For example, a first recipe may include
instructions for setting a flow rate of an inert (e.g., helium) and/or a reactant gas, instructions for
setting an RF power generator to a power set point and time delay instructions for the first recipe. In
some deposition processes, a duration of a plasma strike may correspond to a duration of a few
seconds, such as from about 3 seconds to about 15 seconds, or may involve longer durations, such as
durations of up to about 30 seconds, for example. In certain implementations described herein, much

shorter plasma strikes may be applied during a processing cycle.
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[0045] For simplicity, processing apparatus 100 is depicted in Figure 1 as a standalone station (102)
of a process chamber for maintaining a low-pressure environment (e.g., between about 0.25 kPa and
about 1.33 kPa). However, it may be appreciated that a plurality of process stations may be included
in a multi-station processing tool environment, such as shown in Figure 2, which depicts a schematic
view of an example multi-station processing tool, according to various implementations. Processing
tool 200 employs an integrated circuit fabrication chamber 225 that includes multiple process stations.
Process stations may be utilized to perform processing operations on a substrate retained via a wafer
holder, such as pedestal 108 of Figure 1, at a particular process station. In the example of Figure 2,
integrated circuit fabrication chamber 225 is shown as including 4 process stations 251, 252, 253, and
254. Other similar multi-station processing apparatuses may include more or fewer process stations
depending on the implementation and, for instance, the desired level of parallel wafer processing,
size/space constraints, cost constraints, etc. Also shown in Figure 2 is substrate handler robot 275,
which operates under the control of system controller 290, configured or adapted to move substrates
from a wafer cassette (not shown in Figure 2). Substrates from a wafer cassette may be moved from
loading port 280 and into multi-station integrated circuit fabrication chamber 225 and onto one of

process stations 251, 252, 253, and/or 254.

[0046] Figure 2 also depicts an implementation of a system controller 290 employed to control
process conditions and operating states of processing tool 200. System controller 290 may include
one or more memory devices, one or more mass storage devices, and one or more processors. The
one or more processors may include a central processing unit, analog and/or digital input/output
connections, stepper motor controller circuitry, etc. In some implementations, system controller 290
controls all of the activities of process tool 200. System controller 290 executes system control
software stored in a mass storage device, which may be loaded into a memory device, and executed
by a processor of the system controller. Software to be executed by a processor of system controller
290 may include instructions for controlling the timing, mixture of gases, fabrication chamber and/or
station pressure, fabrication chamber and/or station temperature, wafer temperature, substrate
pedestal, chuck and/or susceptor position, number of cycles performed on one or more substrates, and
other parameters of a particular process performed by process tool 200. These programmed processes
may include various types of processes including, but not limited to, processes related to determining
an amount of accumulation on a surface of the chamber interior, processes related to the deposition
of film on substrates including numbers of ALD cycles, determining and obtaining a number of
compensated cycles, and processes related to cleaning the chamber. System control software, which
may be executed by one or more processors of system controller 290, may be configured in any

suitable way. For example, various process tool component subroutines or control objects may be
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written to control operation of the process tool components necessary to carry out various tool

processes.

[0047] In someimplementations, software for execution by way of a processor of system controller
290 may include input/output control (IOC) sequencing instructions for controlling the various
parameters described above. For example, each phase of deposition and deposition cycling of a
substrate may include one or more instructions for execution by system controller 290. The
instructions for setting process conditions for an ALD conformal film deposition process phase may
be included in a corresponding ALD conformal film deposition recipe phase. In some
implementations, the recipe phases may be sequentially arranged, so that all instructions for a process

phase are executed concurrently with that process phase.

[0048] Other computer software and/or programs stored on a mass storage device of system
controller 290 and/or a memory device accessible to system controller 290 may be employed in some
implementations. Examples of programs or sections of programs for this purpose can include a
substrate positioning program, a process gas control program, a pressure control program, a heater
control program, and a plasma control program. A substrate positioning program may include
program code for process tool components utilized to load a substrate onto pedestal 108 (of Figure 1)
and to control the spacing between the substrate and other portions of process tool 200. A positioning
program can include instructions for appropriately moving substrates into and out of the reaction

chamber as necessary to deposit films on substrates, etch substrates, and to clean the chamber.

[0049] A process gas control program may include code for controlling gas composition and/or
flow rates and for controlling the flow of gas into one or more process stations prior to deposition,
which may bring about stabilization of the pressure in the process station. In some implementations,
the process gas control program includes instructions for introducing gases during formation of a film
on a substrate in the reaction chamber. This may include introducing gases for a different number of
cycles for one or more substrates within a batch of substrates. A pressure control program may
include code for controlling the pressure in the process station by regulating, for example, a throttle
valve in an exhaust system of the process station, a gas flow into the process station, etc. The pressure
control program may include instructions for maintaining the same pressure during the deposition of

a differing number of cycles on one or more substrates during the processing of the batch.

[0050] System controller 290 may additionally control and/or manage the operations of RF power
generator 114, which may generate and transmit RF power to multi-station integrated circuit

fabrication chamber 225 via RF power input ports 230. Such operations may relate to determining
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upper and lower thresholds for RF power to be delivered to integrated circuit fabrication chamber
225, RF power activation/deactivation times, RF power on/off duration, duty cycle, operating
frequencies, and so forth. Additionally, system controller 290 may determine a set of normal
operating parameters of RF power to be delivered to integrated circuit fabrication chamber 225 by
way of RF power input ports 230. Such parameters may include upper and lower thresholds of, for
example, RF power reflected from integrated circuit fabrication chamber 225 in the direction of
matching network 116 in terms of a reflection coefficient (e.g., the scattering parameter S11) and/or a
voltage standing wave ratio. Such parameters may also include upper and lower thresholds of a
voltage applied to RF power input ports 230, upper and lower thresholds of current conducted through
RF power input ports 230, as well as an upper threshold for a magnitude of a phase angle between a
voltage and a current conducted through RF power input ports 230. Such thresholds may be utilized
in defining “out-of-range” RF signal characteristics. For example, reflected power greater than an
upper threshold may indicate an out-of-range RF power parameter. Likewise, an applied voltage or
conducted current having a value below a lower threshold or greater than an upper threshold may

indicate out-of-range RF signal characteristics.

[0051] In certain implementations, RF power generator 114 may operate to generate two
frequencies, such as a first frequency of about 400 kHz and a second frequency of about 13.56 MHz.
It should be noted, however, that RF power generator 114 may be capable of generating additional
frequencies, such as frequencies of between about 300 kHz and about 100 MHz, and implementations
are not limited in this respect. In particular implementations, signals generated by RF power
generator 114 may include at least one low frequency (LF), which may be defined as a frequency of
between about 300 kHz and about 2 MHz RF power generator 114 may additionally generate at least
one high frequency (HF), which may be defined as a frequency greater than about 2 MHz but less
than about 100 MHz.

[0052] In some implementations, there may be a user interface associated with system controller
290. The user interface may include a display screen, graphical software displays of the processing
tool and/or process conditions, and user input devices such as pointing devices, keyboards, touch

screens, microphones, etc.

[0053] In some implementations, parameters adjusted by system controller 290 may relate to
process conditions. Non-limiting examples may include process gas composition and flow rates,
temperature, pressure, plasma conditions, etc. These parameters may be provided to the user in the

form of a recipe, which may be entered utilizing the user interface. The recipe for an entire batch of
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substrates may include compensated cycle counts for one or more substrates within the batch in order

to account for thickness trending over the course of processing the batch.

[0054] Signals for monitoring a fabrication process may be provided by analog and/or digital input
connections of system controller 290 from various process tool sensors. Signals for controlling the
process may be transmitted by way of the analog and/or digital output connections of process tool
200. Non-limiting examples of process tool sensors that may be monitored include mass flow
controllers, pressure sensors (such as manometers), thermocouples, etc. Sensors may also be included
and used to monitor and determine the accumulation on one or more surfaces of the interior of the
chamber and/or the thickness of a material layer on a substrate in the chamber. Appropriately
programmed feedback and control algorithms may be used with data from these sensors to maintain

process conditions.

[0055] System controller 290 may provide program instructions for implementing the above-
described deposition processes. The program instructions may control a variety of process parameters,
such as DC power level, pressure, temperature, number of cycles for a substrate, amount of
accumulation on at least one surface of the chamber interior, etc. The instructions may control the
parameters to operate in-situ deposition of film stacks according to in implementation described

herein.

[0056] For example, system controller 290 may include control logic for performing the techniques
described herein, such as determining (a) an amount of accumulated deposition material currently on
at least an interior portion of the deposition chamber interior. In addition, system controller 290 may
include control logic for applying the amount of accumulated deposition material determined in (a),
or a parameter derived therefrom, to a relationship between (i) a number of ALD cycles required to
achieve a target deposition thickness, and (ii) a variable representing an amount of accumulated
deposition material, in order to obtain a compensated number of ALD cycles for producing the target
deposition thickness given the amount of accumulated deposition material currently on the interior
portion of the deposition chamber. System controller 290 may include control logic for performing
number of ALD cycles on one or more substrates in the batch of substrates. System controller 290
may also include control logic for determining that the accumulation in the chamber has reached an
accumulation limit and stopping the processing of the batch of substrates in response to that

determination, and for initiating a cleaning operation of the chamber interior.

[0057] Aspreviously discussed in relation to Figure 1, an RF coupling structure, such as conductive

loop 150, may be utilized to form an ionized plasma material within receptacle 160. The ionized
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plasma material may be diffused into an appropriate mixing device, such as showerhead 106 of a
process station. Accordingly, Figure 3 is a perspective view showing some of the components
involved in the formation of an ionized plasma material, according to an implementation 300. In
Figure 3, a portion of receptacle 160 is shown as nested or disposed within a central portion of
showerhead 106. Ionized plasma material may flow from receptacle 160 into showerhead 106 via
diffuser 162. Conductive loop 150 may be formed from a metallic conductor (e.g., copper) and may
be capable of conducting an electric current of, for example, between 25 A and 150 A. Conductive
loop 150 may be configured in a circle or an ellipse so as to surround (or to at least substantially
surround) receptacle 160. As previously described, such as in relation to Figure 1, the plane of
conductive loop 150 may intersect with receptacle 160 perhaps at a location proximate with diffuser

162.

[0058] In response to an RF current (/) having a sufficient magnitude generates a magnetic (or H)
field proximate to the conductive loop. In response to formation of the magnetic field, at least a
portion of the gas within plasma formation receptacle 160 is converted to an ionized plasma material.
However, such conversion to an ionized plasma material within receptacle 160 may not be entirely
uniform at all subvolumes within receptacle 160. Accordingly, as discussed further herein, the plane
of conductive loop 150 may be tilted or rotated from a neutral position so that a first portion of
conductive loop 150 (e.g., portion A in Figure 3) is moved toward receptacle 160. Tilting or rotation
of conductive loop 150 may additionally move a second portion of conductive loop 150 (e.g., portion

B in Figure 3) away from conductive loop 150.

[0059] Figure 4A illustrates an implementation 400 that includes a conductive loop and linkage for
increasing plasma distribution uniformity in a fabrication chamber, according to an implementation
400. As shown in Figure 4A, in a neutral position, conductive loop 150 is oriented substantially in
the XY plane. Linkages 405 and 406 may permit rotation tilting of the plane of conductive loop 150
about axis 410 by an amount of between 1° and 10°. As shown in Figure 4A, as the plane of
conductive loop 150 is rotated or tilted about axis 410, a first portion A may be drawn toward
receptacle 160. As portion A is drawn toward receptacle 160, portion B may be drawn away from
receptacle 160. As a consequence of such tilting or rotation of the plane of conductive loop 150,
plasma formed within certain subvolumes of receptacle 160, such as those subvolumes located near
portion A of conductive loop 150, may increase in density. In addition, plasma formed within certain
other subvolumes of receptacle 160, such as those subvolumes near portion B of conductive loop 150,

may decrease in density.
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[0060] Although shown as having a cylinder-like shape, linkages 405 and 406 that permit rotation
or tilting of the plane of conductive loop 150 may correspond to any type of structure. Suitable
structures that permit rotation or tilting of the plane of conductive loop 150 can include a hinge, pivot,
swivel, spool, axle, fulcrum, pin, or any combination thereof. Linkages 405 and 406 may be secured
to fabrication chamber wall 420 via a bracket or other structure that provides mechanical support to
the linkages. In an implementation, although not shown in Figure 4A, the precise angular
displacement of the plane of conductive loop 150 may result from manual adjustment of linkages 405
and 406. In another implementation, angular displacement of the plane of conductive loop 150 may
result from use of the stepper motor, which may be controlled by system controller 290 of Figure 2).
In particular implementations, rotation of the plane of conductive loop 150 from a neutral position
may result in portion A of the conductive loop being drawn toward receptacle 160 by a distance of
between about 0.5 cm and about 1.5 cm. In turn, portion B of conductive loop 150 may be drawn
away from receptacle 160 by between about 0.5 cm and about 1.5 cm. However, in other
implementations, linkages 405 and 406 may permit portion A to be drawn toward plasma formation
receptacle 160 by different amounts, such as between 0.1 cm and 3 cm, while portion B is drawn

away from receptacle 160 by a corresponding amount.

[0061] It should be noted that although the plane of conductive loop 150 intersects plasma
formation receptacle 160 at a flattened end portion of the receptacle, in other implementations,
receptacle 160 may be repositioned two any location along the z-axis. In one example, receptacle
160 may be repositioned along the +z-axis such that the plane of conductive loop 150 intersects
receptacle 160 at a location that at least approximately corresponds to the location of diffuser 162.
Further, although Figure 4A depicts rotation of the plane of conductive loop 150 via linkages 405 and
406 as permitting to relative movement of portions A and B of the conductive loop with respect to
receptacle 160, other implementations may employ alternative approaches to permit movement of

one or more portions of the conductive loop with respect to receptacle 160.

[0062] Figures 4B and 4C show tilting of the plane of a conductive loop via linkage 405, according
to an implementation 401. In the implementation of Figure 4B, the plane of conductive loop 150 is
shown in a neutral position and being substantially oriented in the XY plane. In some
implementations, the XY plane is at least approximately perpendicular to the major axis (e.g., the Z-
axis) of plasma formation receptacle 160. In addition, the plane of conductive loop 150 is shown as
intersecting plasma formation receptacle 160 at a location between diffuser 162 and an end portion
of receptacle 160. Linkage 405 permits rotation about an axis 410, which extends into and out of the
page. In Figure 4B, portions A and B of conductive loop 150 are depicted as being approximately

equidistant from receptacle 160.
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[0063] In Figure 4C (implementation 402), the plane of conductive loop 150 is depicted as being
rotated or tilted in a clockwise direction about axis 410. Clockwise rotation about axis 410 decreases
separation between portion A of conductive loop 150 and plasma formation receptacle 160.
Clockwise rotation of conductive loop 150 from a neutral position may draw the plane of the
conductive loop toward the z-axis, along which the major axis of plasma formation receptacle 160 is
oriented. Clockwise rotation of the plane of conductive loop 150 also brings about an increase in the
separation between portion B of conductive loop 150 and plasma formation receptacle 160. In the
implementation of Figure 4C, rotation of the plane of conductive loop 150 decreases the separation
between portion A and receptacle 160 by an amount of as much as about 1.5 cm. Rotation of the
plane of conductive loop 150 may increase the separation between portion B and receptacle 160 by
as much as about 1.5 cm. However, in certain other implementations, rotation of the plane of
conductive loop 150 may decrease the separation between a first portion of the conductive loop and
the receptacle by other amounts, such as by up to about 1.75 cm, 2.0 cm, 2.25 ¢cm, 2.5 cm, or other
desired amount. Rotation of the plane of conductive loop 150 may increase the separation between a

second portion of the conductive loop and the receptacle by similar amounts.

[0064] As previously mentioned, in particular implementations, rotating or tilting the plane of a
conductive loop from a neutral position operates to draw a first portion of the conductive loop toward
a receptacle. Drawing of a first portion of the conductive loop toward the receptacle also moves a
second portion of the conductive loop away from the receptacle. Such increases and decreases in
separation between the conductive loop and the receptacle can bring about an increase in the
uniformity in the density of a plasma formed within the receptacle. Also as previously mentioned, in
certain implementations, exercising control over the temperature of a surface of the plasma formation
receptacle can additionally increase uniformity of plasma density. Such additional increases in
uniformity of plasma density occur by reducing recombination of ionized plasma material. To this
end, Figure SA shows directionally-adjustable nozzles for providing a temperature-regulating gas to
reduce recombination of ionized plasma material within a receptacle, according to an implementation

500.

[0065] In Figure SA, directionally-adjustable nozzles 510 are shown as being disposed within
fabrication chamber wall 420. In particular implementations, directionally-adjustable nozzles 510
may be adjusted to permit a temperature-regulating gas, such as filtered air, to be directed toward
regions of a surface of plasma formation receptacle 160. In certain implementations, angular
orientation of directionally-adjustable nozzles 510 may be adjustable so as to direct flow of a
temperature-regulating gas at angles of between 0° and a1 or 2. In response to detection of a

nonuniformity in plasma formation, which may result from recombination of ionized plasma
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materials, directionally-adjustable nozzles 510 may be directed toward plasma formation receptacle
160. In response to temperature control of regions of the outer surface of plasma formation receptacle
160, uniformity in plasma density can be increased via reduction in recombination of ionized plasma

material.

[0066] For example, as shown in Figure 5A, one or more of directionally-adjustable nozzles 510 is
capable of directing a temperature-regulating gas in the direction of region 560 of plasma formation
receptacle 160. Region 560 may be moved in the z direction (e.g., the vertical direction in Figure
5A) in response to adjustment of angle a1, which may be controlled by a stepper motor or any other
type of motorized controller. Region 560 may also be moved in the x direction (e.g., the horizontal
direction in Figure SA) under the control of a stepper motor or other motorized control device. In
addition to controlling the location of region 560 via exercising directional control over directionally-
adjustable nozzles 510, nozzles 510 may additionally regulate volume and temperature of a gaseous
mixture, such as filtered air. Accordingly, in certain implementations, via control over the azimuth
and elevation angles of directionally-adjustable nozzles 510 as well as flow volume and temperature
of a temperature-regulating gas, nozzles 510 may precisely control the temperature of particular

regions of the surface of a plasma formation receptacle.

[0067] In particular implementations, precise control over the surface temperature of one or more
regions of plasma formation receptacle 160 may permit greater control over processes related to
material deposition on a semiconductor wafer. For example, in particular implementations, material
deposition at an edge portion of a semiconductor wafer undergoing processing may be enhanced by
locating region 560 at a bottom portion of receptacle 160. Conversely, material deposition at an edge
portion of a semiconductor wafer undergoing processing may be reduced by locating region 560 away
from diffuser 162 (e.g., proximate to the flat end of plasma formation receptacle 160). Thus, in some
implementations, a wafer deposition profile can be tailored in which edge or circumferential portions
of a semiconductor wafer are formed thicker than a central portion of the semiconductor wafer.
Differences in thickness can be controlled via precise control over the temperature distribution of the

outer surface of a plasma formation receptacle.

[0068] It should be noted that although Figure SA indicates only two directionally-adjustable
nozzles, in other implementations, a different number of directionally-adjustable nozzles may be
utilized, such as 3 directionally-adjustable nozzles, 4 directionally-adjustable nozzles, 5 directionally-
adjustable nozzles, 6 directionally-adjustable nozzles, or any other number of directionally-adjustable
nozzles. Additionally, although directionally-adjustable nozzles 510 are configured to move or

articulate so as to focus temperature-reducing gas along the z-axis of plasma formation receptacle
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160, in other implementations, directionally-adjustable nozzles 510 may be capable of movement in
other directions, such as along the y-axis. Further, directionally-adjustable nozzles 510 may
incorporate a variable-speed motor or other type of impeller, which may operate to adjust the rate of

flow of the temperature-regulating gas.

[0069] Figure 5B is a perspective view showing directionally-adjustable nozzles for directing a
temperature-regulating gas to reduce recombination of ionized plasma material within a receptacle,
according to an implementation 501. As shown in Figure 5B, chamber wall 420 can be secured to
showerhead 106. Thus, as shown, location S05A of chamber wall 420 mates or connects with location
505B of showerhead 106. Similarly, location S06A of chamber wall 420 mates or connects with
location S06B of showerhead 106. Similarly, location S07A of chamber wall 420 mates or connects
with location 507B of showerhead 106. Similarly, location 508A of chamber wall 420 mates or
connects with location 508B of showerhead 106. Responsive to connection of chamber wall 420 with
showerhead 106, directionally-adjustable nozzles 510 may provide flow of a temperature-regulating
gas to virtually any region along the outer surface of plasma formation receptacle 160. Accordingly,
as previously mentioned with respect to Figure 5A, via azimuthal and elevational control of
directionally-adjustable nozzles 510, virtually any portion of the outer surface of plasma formation
receptacle 160 can come into contact with a flow of temperature-regulating gas. Additionally, by
way of exercising control over the volume and temperature of the temperature-regulating gas, a

temperature profile of the outer surface of plasma formation receptacle 160 can be precisely tuned.

[0070] It may be appreciated that nonuniformities in plasma formation may be reduced or virtually
eliminated by way of precise control over separation between elements of a conductive loop. It may
also be appreciated that precise control over the temperature of the outer surface of the plasma
formation receptacle we also reduce nonuniformities in plasma formation. Accordingly, in particular
implementations, in response to an inability to reduce nonuniformity in plasma density to below a
desired threshold, directionally-adjustable nozzles 510 may provide an additional approach toward

reducing nonuniformity in plasma density.

[0071] Figure 5Cis ablock diagram showing an airflow controller, according to an implementation
502. The airflow controller of implementation 502 may be controlled, at least in part, via temperature
feedback from sensors proximate with a plasma formation receptacle. As shown in Figure 5C, one
or more temperature sensors 565 may be affixed, for example, to a region of an outer surface of
plasma formation receptacle 160. In certain implementations, temperature sensors 565 may
correspond to resistance temperature detectors (RTDs). In an RTD, resistance of a sensing element

is modified responsive to a change in the temperature of the sensing element. In particular
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implementations, temperature sensors 565 may correspond to a thermocouple. In a thermocouple,
exposure of a thermal sensor to a heat source brings about conduction of an electric current between
a “hot” junction and a “cold” junction. Temperature sensors 565 may employ other approaches
toward providing a signal that can be related to the temperature of a portion of an outer surface of

plasma formation receptacle 160, such as infrared sensing.

[0072] Signals from temperature sensors 565 may be received at airflow controller 575, which may
utilize a processor coupled to a memory and may operate to exercise control over directionally-
adjustable nozzles 510. Although only three directionally-adjustable nozzles 510 are shown in Figure
5C, any number of nozzles may be utilized, such as 3 nozzles, 4 nozzles, 5 nozzles, 6 nozzles, 8
nozzles, 10 nozzles, 12 nozzles, or any other number of nozzles, such as 15 or 20 nozzles, for example.
Additionally, airflow controller 575 may increase the volume of a temperature-regulating gas (e.g.,
filtered air) provided by each of directionally-adjustable nozzles 510. Airflow controller 575 may
utilize a temperature-control element to adjust the temperature of the temperature-regulating gas
directed toward plasma formation receptacle 160. Thus, a quantity (e.g., volumetric flow) of a
temperature-regulating gas, at a predefined temperature, may be directed toward substantially any
region on the surface of plasma formation receptacle 160. As discussed in relation to Figure SA and
5B, precise control over the temperature, quantity, and positioning of a temperature-regulating gas
may result in a tailored temperature profile of the outer surface of plasma formation receptacle 160.
A tailored temperature profile of the outer surface of a plasma formation receptacle can result in an
ability to tailor a deposition profile of a semiconductor wafer undergoing processing utilizing plasma

from receptacle 160.

[0073] It should be noted that a plasma formation receptacle may be a vessel having, for example,
a shape of a bell jar. In some embodiments, the plasma formation receptacle may be substantially
made of quartz. In some embodiments, the plasma formation receptacle may be substantially made
of a ceramic material, such as Aluminum Oxide (Al>O3). It may be appreciated that various materials
that may be used in the plasma formation receptacle may have various benefits. For example, a
plasma formation receptacle substantially made of quartz may be highly resistant to thermal stress.
As another example, a plasma formation receptacle substantially made of Aluminum Oxide may be

resistant to corrosion.

[0074] A plasma formation receptacle substantially made of Aluminum Oxide may be more
susceptible to thermal stress (e.g., cracking) than a plasma formation receptacle substantially made
of quartz. Directionally-adjustable nozzles (e.g., directionally-adjustable nozzles 510 as shown in

Figures 5A, 5B, and 5C) may be used to direct temperature-regulating gas (e.g., at a predefined
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temperature) toward particular regions of a plasma formation receptacle made substantially of
Aluminum Oxide, for example, as described above in connection with Figure SC. By generating a
tailored temperature profile of an outer surface of the plasma formation receptacle (e.g., as described
above in connection with Figure 5C), the plasma formation receptacle may be prevented from
cracking due to thermal stress. In some embodiments, use of directionally-adjustable nozzles to direct
temperature-regulating gas toward particular regions of a plasma formation receptacle substantially
made of Aluminum Oxide may allow higher RF powers to be used (e.g., at least about 3 KW) relative

to an instance in which directionally-adjustable nozzles are not used.

[0075] Figure 6 shows a flowchart for a method of increasing uniformity in plasma formation
within a plasma formation receptacle of a semiconductor processing tool according to an
implementation 600. Although the method of Figure 6 indicates a particular sequence of operations,
other implementations may include operations above and beyond those identified in Figure 6 and/or
may include operations performed in a different order than identified in Figure 6. The method of
Figure 6 may begin at 610, which includes coupling an RF signal to an RF coupling structure
proximate with a plasma formation receptacle of the semiconductor processing tool. The RF coupling
structure utilized at 610 may include a vessel, such as a bell jar, heated to a temperature of between
150°C and about 400°C. In some embodiments, the vessel may be substantially made of quartz. In
some embodiments, the vessel may be substantially made of a ceramic material, such as Aluminum
Oxide. The vessel may be heated by way of an RF signal from the RF coupling structure. The
coupling structure utilized in 610 may include a conductive loop having a plane substantially oriented
in a direction that intersects the plasma formation receptacle along the length of the receptacle. The
method may continue at 620, in which a nonuniformity in the plasma formed within the plasma
formation receptacle is detected. The plasma formation receptacle may be in fluid communication
with one or more fabrication chambers of the processing tool. At 630, a separation distance between
a portion of the RF coupling structure and the plasma formation receptacle may be adjusted.
Adjustment of the separation distance may operate to reduce nonuniformity in the plasma formed
within the receptacle. In particular implementations, 630 may include rotating or tilting the plane of
a conductive loop so as to reduce the separation between a first portion of the conductive loop and
the plasma formation receptacle while increasing the separation between a second portion of the

conductive loop and the plasma formation receptacle.

[0076] Returning now to Figure 2, in general, controller 290 may be defined as electronics having
various integrated circuits, logic, memory, and/or software that receive instructions, issue
instructions, control operation, enable cleaning operations, enable endpoint measurements, and the

like. The integrated circuits may include chips in the form of firmware that store program
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instructions, digital signal processors (DSPs), chips defined as application specific integrated circuits
(ASICs), and/or one or more microprocessors, or microcontrollers or field-programmable gate arrays
(FPGA) or FPGA with system-on-a-chip (SoC) that that execute program instructions (e.g., software).
Program instructions may be instructions communicated to the controller in the form of various
individual settings (or program files), defining operational parameters for carrying out a particular
process on or for a semiconductor wafer or to a system. The operational parameters may, in some
implementations, be part of a recipe defined by process engineers to accomplish one or more
processing steps during the fabrication of one or more layers, materials, metals, oxides, silicon, silicon

dioxide, surfaces, circuits, and/or dies of a wafer.

[0077] The controller, in some implementations, may be a part of or coupled to a computer that is
integrated with, coupled to the system, otherwise networked to the system, or a combination thereof.
For example, the controller may be in the “cloud” or all or a part of a fab host computer system, which
can allow for remote access of the wafer processing. The computer may enable remote access to the
system to monitor current progress of fabrication operations, examine a history of past fabrication
operations, examine trends or performance metrics from a plurality of fabrication operations, to
change parameters of current processing, to set processing steps to follow a current processing, or to
start a new process. In some examples, a remote computer (e.g. a server) can provide process recipes
to a system over a network, which may include a local network or the Internet. The remote computer
may include a user interface that enables entry or programming of parameters and/or settings, which
are then communicated to the system from the remote computer. In some examples, the controller
receives instructions in the form of data, which specify parameters for each of the processing steps to
be performed during one or more operations. It should be understood that the parameters may be
specific to the type of process to be performed and the type of tool that the controller is configured to
interface with or control. Thus, as described above, the controller may be distributed, such as by
comprising one or more discrete controllers that are networked together and working towards a
common purpose, such as the processes and controls described herein. An example of a distributed
controller for such purposes would be one or more integrated circuits on a chamber in communication
with one or more integrated circuits located remotely (such as at the platform level or as part of a

remote computer) that combine to control a process on the chamber.

[0078] In the foregoing detailed description, numerous specific details are set forth to provide a
thorough understanding of the presented implementations or implementations. The disclosed
implementations or implementations may be practiced without some or all of these specific details.
In other instances, well-known process operations have not been described in detail so as to not

unnecessarily obscure the disclosed implementations or implementations. While the disclosed
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implementations or implementations are described in conjunction with the specific implementations
or implementations, it will be understood that such description is not intended to limit the disclosed

implementations or implementations.

[0079] The foregoing detailed description is directed to certain implementations or
implementations for the purposes of describing the disclosed aspects. However, the teachings herein
can be applied and implemented in a multitude of different ways. In the foregoing detailed
description, references are made to the accompanying drawings. Although the disclosed
implementations or implementation are described in sufficient detail to enable one skilled in the art
to practice the implementations or implementation, it is to be understood that these examples are not
limiting; other implementations or implementation may be used and changes may be made to the
disclosed implementations or implementation without departing from their spirit and scope.
Additionally, it should be understood that the conjunction “or” is intended herein in the inclusive
sense where appropriate unless otherwise indicated; for example, the phrase “A, B, or C” is intended

to include the possibilities of “A,” “B,” “C,” “A and B,” “B and C,” “A and C,” and “A, B, and C.”
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[0080] In this application, the terms “semiconductor wafer,” “wafer,” “substrate,” “wafer
substrate,” and “partially fabricated integrated circuit” are used interchangeably. One of ordinary
skill in the art would understand that the term “partially fabricated integrated circuit” can refer to a
silicon wafer during any of many stages of integrated circuit fabrication thereon. A wafer or substrate
used in the semiconductor device industry may include a diameter of 200 mm, or 300 mm, or 450
mm. The foregoing detailed description assumes implementations or implementations are
implemented on a wafer, or in connection with processes associated with forming or fabricating a
wafer. However, disclosed implementations are not limited to such implementations. The work piece
may be of various shapes, sizes, and materials. In addition to semiconductor wafers, other work
pieces that may take advantage of claimed subject matter and may include various articles such as

printed circuit boards, or the fabrication of printed circuit boards, and the like.

[0081] Unless the context of this disclosure clearly requires otherwise, throughout the description
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and the claims, the words “comprise,” “comprising,” and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in a sense of “including, but not
limited to.” Words using the singular or plural number also generally include the plural or singular
number respectively. When the word “or” is used in reference to a list of 2 or more items, that word
covers all of the following interpretations of the word: any of the items in the list, all of the items in

the list, and any combination of the items in the list. The term “implementation” refers to
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implementations of techniques and methods described herein, as well as to physical objects that

embody the structures and/or incorporate the techniques and/or methods described herein.



