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(57) Abstract: A plasma processing chamber and methods for operating the chamber are provided. An exemplary chamber includes
an electrostatic chuck for receiving a substrate and a dielectric window connected to a top portion of the chamber. An inner side of
dielectric window faces a plasma processing region that is above the electrostatic chuck and an outer side of the dielectric window is
exterior to the plasma processing region. Inner and outer coils are disposed above the outer side of the dielectric window, and the in -
ner and outer coils are connected to a first RF power source. A powered grid is disposed between the outer side of dielectric window
and the inner and outer coils. The powered grid is connected to a second RF power source that is independent from the first RF
power source.
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POWERED GRID FOR PLASMA CHAMBER

INVENTORS: Maolin Long, Alex Paterson, Richard Marsh, and Ying Wu

1. FIELD OF THE INVENTION

[0001] The present invention relates generally to semiconductor fabrication, and more
particularly, to an apparatus containing a powered grid for maintaining the condition of a
window of an inductively coupled plasma etching apparatus.

2. Description of the Related Art

[0002] In semiconductor manufacturing, etching processes are commonly and repeatedly
carried out. As is well known to those skilled in the art, there are two types of etching
processes: wet etching and dry etching. One type of dry etching is plasma etching performed
using an inductively coupled plasma etching apparatus.

[0003] A plasma contains various types of radicals, electrons, as well as positive and negative
ions. The chemical reactions of the various radicals, positive ions, and negative ions are used
to etch features, surfaces and materials of a wafer. During the etching process, a chamber coil
performs a function analogous to that of a primary coil in a transformer, while the plasma
performs a function analogous to that of a secondary coil in the transformer.

[0004] The reaction products generated by the etching process may be volatile or non-
volatile. The volatile reaction products are discarded along with used reactant gas through the
gas exhaust port. The non-volatile reaction products, however, typically remain in the etching
chamber in significant amounts. The non-volatile reaction products may adhere to the
chamber walls and a dielectric window. Adherence of non-volatile reaction products to the
window may interfere with the etching process. Excessive deposition may result in particles
flaking off the window onto the wafer, thus interfering with the etching process. Excessive
deposition, therefore, requires more frequent cleaning of the chamber walls and the window
which adversely affects wafer throughput. Additionally, if the window becomes coated with
etch byproducts that are electrically conductive, the ability of the chamber transmit sufficient

magnetic flux to the plasma becomes diminished, which in turn reduces the ability to control
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the directionality of etch operations, which are critical when processing high aspect ratio
profile features.

[0005] In view of the foregoing, there is a need for an apparatus and methods for protecting a
process chamber’s dielectric window, while maintaining the ability to transmit sufficient

levels magnetic flux to the plasma.

SUMMARY

[0006] Disclosed is an apparatus used in etching semiconductor substrates and layers formed
thereon during the manufacture of semiconductor devices. 'The apparatus is defined by a
chamber in which etching is performed. The apparatus includes a chuck for supporting a
substrate to be etched, connections to RF power and ground, a dielectric window located in an
upper roof section of the chamber, and a radio frequency (RT) coil disposed over the
dielectric window.

[0007] Further disposed within the chamber is a powered grid. The powered grid is a
structure that is disposed externally to the chamber and is connected to RIF power that is
independent of the power provided to the coil. In one embodiment, the powered grid is a
metallic layer formed over a substrate. The substrate is disposed over the window and the RF
coils are disposed over the powered grid.

[0008] A plasma processing chamber is provided. The chamber includes an electrostatic
chuck for receiving a substrate and a dielectric window connected to a top portion of the
chamber. An inner side of dielectric window faces a plasma processing region that is above
the electrostatic chuck and an outer side of the dielectric window is exterior to the plasma
processing region. Inner and outer coils are disposed above the outer side of the dielectric
window, and the inner and outer coils are connected to a first R power source. A powered
grid is disposed between the outer side of dielectric window and the inner and outer coils.
The powered grid is connected to a second RF power source that is independent from the first
RF power source.

[0009] In another embodiment, a chamber for use in plasma processing, is provided. The
chamber includes a housing and a chuck for supporting a wafer in the housing. A top section
of the housing is defined by a dielectric window, and a powered grid is disposed over the
dielectric window. TCP coils are disposed over the powered grid. RF power is connected to

the powered grid independently from the TCP coils.
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[0010] In another embodiment, a method for processing a wafer in a plasma etching chamber
is disclosed. The method includes applying a first RF power over a top dielectric window of
the plasma etching chamber, wherein the first RFF power is applied to inner and outer coils.
And, applying a second RI' power over the top dielectric window of the plasma etching
chamber, wherein the second RF power is applied to a powered grid that is disposed between
the inner and outer coils and the dielectric window. The method includes setting the first RF
power independently from the setting of the second RF power. The a frequency and power
level applied by the second RIF power is different than a frequency and power level applied by
the first RF power.

[0011] In one embodiment, the frequency of the second RF power is set to a low frequency
that ranges between 1.5 MHz and 2.5 MHz and is tuned to a load seen by the powered grid
from a plasma processed in the plasma etching chamber.

[0012] In one embodiment, the power level of the second RF power in Watts is adjustable
independently from the power level of the first RF power in Watts.

[0013] Without a powered grid optimized as defined herein, deposits that result from the
etching materials and etch chemistries would more readily adhere to the inner surface of the
dielectric window, which eventually impacts the capability of the RF coils to impart sufficient
energy and control to a plasma that is generated within the chamber. Such impacts can
include reductions in ion density in the plasma, reductions in radial control of ion density, and
other process reducing drawbacks. For example, etching of refractory metals leads to so
much deposits on the dielectric window of the chamber, and these electrically conductive
deposits (as they build up) increasingly prevent the coupling of magnetic fields from the
excitation coil to the plasma. This leads to a reduction in plasma density, process drift, and
eventually an inability to ignite an inductive plasma. TFurthermore, although some reductions
in process performance would be acceptable in past chamber configurations, the drive to
shrink feature sizes has continued to demand even tighter tolerances in process performance.
Commensurate with feature size shrinking is the resulting demands to etch very high aspect
ratio features.

[0014] Thus, as feature sizes continue to decrease to the low nanometer process nodes and
beyond, it is no longer acceptable to experience drifts in etch equipment performance over
time. Further impacting this issue is the complementary fabrication demands for high

throughput, and less time to perform equipment clean operations.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings.
[0016] Figure 1A illustrates a plasma processing system utilized for etching operations, in
accordance with one embodiment of the present invention.

[0017] Figure 1B illustrates a top view, schematically representing the inner coil and outer
coil, in accordance with one embodiment of the present invention.

[0018] Figure 2 illustrates an example of the powered grid, in accordance with one
embodiment of the present invention.

[0019] Figure 3 illustrates an example of the dielectric window before including the powered
grid, in accordance with one embodiment of the present invention.

[0020] Figure 4 illustrates the powered grid disposed over the dielectric window, in
accordance with one embodiment of the present invention.

[0021] Figure 5 illustrates the powered grid disposed between the dielectric window and the
TCP coils, in accordance with one embodiment of the present invention.

[0022] Figure 6 illustrates an example cross-section of the dielectric window and the power
grid defined below the TCP coils, in accordance with one embodiment of the present
invention.

[0023] Figure 7 illustrates an example of the independent RF power source connected to the
powered grid, which is frequency tunable and can be set to different power settings for
specific recipes (without impacting the control of the TCP power that is independent), in
accordance with one embodiment of the present invention.

[0024] Figure 8A-11 illustrate how the powered grid does not impact the control of process
parameters, while still providing control over reducing or eliminating byproduct
accumulation on the inside of the doubt window, in accordance with one embodiment of the

present invention.

DETAILD DESCRIPTION

[0025] Disclosed is an apparatus used in etching semiconductor substrates and layers formed
thereon during the manufacture of semiconductor devices. 'The apparatus is defined by a
chamber in which etching is performed. A TCP coil is disposed over a dielectric window of

the chamber, and a powered grid is disposed between dielectric window and the TCP coil.
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The powered grid is powered separately and independently of the power provided to the TCP
coil. In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. However, it will be apparent to one skilled
in the art that the present invention may be practiced without some of these specific details.
In other instances, well known process operations and implementation details have not been
described in detail in order to avoid unnecessarily obscuring the invention.

[0026] Due to the increasing demand for nonvolatile random access memory with long-term
data retention, high-speed on/off applications, faster write speed, and unlimited read-write
endurance, MRAM (Magnetoresistive Random Access Memory) is becoming a promising
candidate to replace various combinations of SRAM (siatic random access memory), DRAM
{dynamic random access memory), flash memory components, and battery to provide fasi,
low-power, nonvolatile storage with significant boot time reduction for large systems. While
MRAM is nonvolatile memory, the by-products in plasma etching for MRAM are usually
nonvolatile--literally, and conductive. When the eich by-products 1o MRAM processing get
deposited to the diclectric window in a conductor eich chaniber, the TCP RF power efficiency
may be reduced by the shielding effect of the conductive film that is gradually formed on the
window by the by-products. The reduction of TCP power efficiency leads to plasma density
drop and in some cases may cause process drifting from wafer to wafer. Therefore, the mean
time between chamber cleaning (MTBC) is very short. By way of example, in some etch
chambers processing MRAM, the MTBC is about 5 RFF hours when bias RF power drops
about 15% in voltage mode.

[0027] By implementing the powered grid 108 in a plasma etch chamber, the effect of the
deposits on the dielectric window will no longer be the factor in determining the MTBC. The
powered grid 108, when disposed over the dielectric window 106 (externally), is
independently powered from the power provided by the TCP coils 120/122, as shown in
Figure 1A below. The independent power is applied at a low frequency and is tuned to the
plasma, which enables the powered grid 108 to reduce or eliminate adhesion of the
nonvolatile metallic byproducts to the inside of the dielectric window.

[0028] As used herein, the term “independently” shall be construed to define cases where the
RF power applied to the TCP coils has its own power level in Watts and frequency, and the
RF power applied to the powered grid 108 has its own power level in Watts and frequency.

Thus, the setting the first RF power (applied to the TCP coils) is independent from the setting
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of the second Rl power (applied to the powered grid). In one embodiment, the frequency and
power level applied by the second RIF power is different than a frequency and power applied
by the first RF power.

[0029] As such, less frequent cleaning of the dielectric window 106 is required, and it is
possible to achieve longer MTBCs, which increase consistencies in the etch operations and
throughput. Furthermore, the powered grid 108, when active, acts to perform in-situ cleaning
and/or ex-situ cleaning of the window 106 (facing the plasma), so that the process
performance is substantially identical from wafer to wafer.

[0030] In one embodiment, the powered grid 108 is placed on top of the dielectric window of
a chamber. In one example, the chamber is a conductor plasma etch chamber, such as the
Kiyo45TM, manufactured by Lam Research Corporation, of Fremont California. It should be
understood, however, that the powered grid 108 can be added to plasma chambers made by
any manufacturer, to provide independent R power above a dielectric window. As shown in
Figure 1A, the powered grid 108 is defined on a substrate 107. The powered grid 108 and
substrate 107 are placed under the TCP coils. Although this configuration is shown to be flat,
other types of top power configurations, such as dome configurations, can implement a
powered grid 108 (suitably shaped), to provide the increased performance.

[0031] In one embodiment, the powered grid 108 is powered by a 2MHz through a matching
network and a RF generator. The RF power to the powered grid 108 is adjusted to a level, for
a broad process window, so that the ions bombarding the dielectric window have the right
energy that can keep the window clean in-situ during processing and/or that can sputter off
the deposited etch by-product on the dielectric window ex-situ during the cleaning step. In
this manner, the dielectric window is cleaned to about the same extent for every wafer to
eliminate the process drift from wafer to wafer. The in-situ and ex-situ cleaning by physical
sputtering can also be combined with soft-landing step(s) and certain/proper chemistry to
speed up the cleaning results and at the same time to protect the dielectric window from
sputtering and particles from being generated.

[0032] A chamber optimized for plasma etching, utilizing the powered grid 108 can be used
to etch any number of materials. Without limitation, some example materials include, Pt, Ir,
PtMn, PdCo, Co, CoFeB, CoFe, NiFe, W, Ag, Cu, Mo, TaSn, Ge2Sb2Te2, InSbTe Ag-Ge-S,
Cu-Te-S, IrMn, Ru. The concept can be extended to materials like NiOx, SrTiOx, Perovskite
(CaTiO3), PrCAMnO3 , PZT (PbZr1-xTix03), (SrBiTa) O3.
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[0033] Figure 1A illustrates a plasma processing system utilized for etching operations, in
accordance with one embodiment of the present invention. The system includes a chamber
102 that includes a chuck 104, a dielectric window 106, and a powered grid 108. The chuck
104 can be an electrostatic chuck for supporting the substrate when present. Also shown is an
edge ring 116 that surrounds chuck 104, and has an upper surface that is approximately planar
with a top surface of a wafer, when present over chuck 104. Chamber 102 also includes a
lower liner 110, that is coupled to an upper liner 118. The upper liner 118 is also sometimes
referred to as the pinnacle of the chamber. The upper liner 118 is configured to support the
dielectric window 106 and the powered grid 108. In one embodiment, the upper liner 118 is
coupled to ground.

[0034] As shown, the Powered grid 108 has a grid pattern, whereby the powered grid is
defined from a metallic material formed over a substrate 107. 'The substrate 107 is a
dielectric, and the grid pattern defined over the substrate can take on any number of geometric
configurations. Without limitation, as will be illustrated in the following figures, the powered
grid 108 is defined in the form of spokes that extend between a center region to the outer
diameters of the window 106. The window and powered grid 108 therefore extend over a
region where plasma is formed during processing, and is disposed over the chuck 104 that is
designed to support a wafer during processing. The open spaces between the spokes are areas
where no metallization of the powered grid is present. Instead of spokes, any metallic
geometric pattern can be provided, with open spaces therebetween.

[0035] Further shown is an RF generator 160, which can be defined from one or more
generators. If multiple generators are provided, different frequencies can be used to achieve
various tuning characteristics. A bias match 162 is coupled between the RF generators 160
and a conductive plate of the assembly that defines the chuck 104 (also referred to as the
bottom electrode). The chuck 104 also includes electrostatic electrodes to enable the
chucking and dechucking of the wafer. Broadly, a filter 164 and a DC clamp power supply is
provided. Other control systems for cooling, and for lifting the wafer off of the chuck 104
can also be provided, but not shown. Although not shown, pumps are connected to the
chamber 102 to enable vacuum control and removal of gaseous byproducts from the chamber
during operational plasma processing.

[0036] The powered grid 108 has a central region that will allow a showerhead to deliver

process gases into the processing volume of the chamber 102. Additionally, other probing
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apparatus can also be disposed through the Powered grid 108 near the central region, where
the whole is provided. The probing apparatus can be provided to probe process parameters
associated with the plasma processing system, during operation. Probing processes can
include endpoint detection, plasma density measurements, and other metric probing
operations. The circular shape of the powered grid 108 is defined due to the geometry of a
typical wafer, which is usually circular. As is well known, wafers typically are provided in
various sizes, such as 200 mm, 300 mm, 450 mm, etc. Additionally, other shapes are possible
for square type substrates or smaller substrates, depending on the etching operations
performed within chamber 102.

[0037] The dielectric window 106 can be defined from a ceramic or quartz type material.
The window 106 has an inner side that faces the process region of the plasma and an outer
side that is exterior to the chamber. Other dielectric materials are also possible, so long as
they are capable of withstanding the conditions of a semiconductor etching chamber.
Typically, chambers operate at elevated temperatures ranging between about 50 Celsius and
about 120 Celsius, or greater. The temperature will depend on the etching process operation
and specific recipe. The chamber 102 will also operate at vacuum conditions in the range of
between about 1 m Torr (mT) and about 100 m Torr (mT). Although not shown, chamber
102 is typically coupled to facilities when installed in a clean room, or a fabrication facility.
Facilities include plumbing that provide processing gases, vacuum, temperature control, and
environmental particle control.

[0038] These facilities are coupled to chamber 102, when installed in the target fabrication
facility. Additionally, chamber 102 may be coupled to a transfer chamber, that will enable
robotics to transfer semiconductor wafers into and out of chamber 102 using typical
automation.

[0039] Continuing with reference to figure 1A, the TCP coil is shown to include an inner coil
(IC) 122, and an outer coil (OC) 120. The TCP coil is placed and arranged over the powered
grid 108, which is respectively placed over the dielectric window 106. The TCP coil inner
structure and outer structure is defined relative to the radial locations over the window 106,
and the TCP power is tunable using control tuning circuitry unit 124.

[0040] In one embodiment, the TCP coil is coupled to the control tuning circuitry 124 which
includes connections to the inner coil 120, and outer coil 122. As shown, the outer coil 120

outer loop is coupled to node 146, which in turn connects to variable capacitor 136. Variable
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capacitor 136 is disposed between node 146 and 144, before connecting to match components
128 and RF generators 126. The inner loop of the outer coil 120 is connected to node 142,
which connects to capacitor 132. Capacitor 132 is coupled between ground and node 142. The
inner coil 122 has its outer loops connected to node 140, which then connects to variable
capacitor 134.

[0041] Variable capacitor 134 is coupled between node 140 and node 144. The inner loop of
inner loop of inner coil 122 is coupled to node 148. Node 148 couples to inductor 130 that is
also coupled to ground. Control tuning circuitry 124 therefore enables dynamic tuning of
variable capacitors 134 and 136 to tune the power provided to the inner and outer coils that
are placed over the powered grid 108.

[0042] In one embodiment, the control tuning circuitry 124 is configured to tune the TCP coil
to provide more power to the inner coil 122 versus the outer coil 120. In another embodiment,
the control tuning circuitry 124 is configured to tune the TCP coil to provide less power to the
inner coil 122 versus the outer coil 120. In another embodiment, the power provided to the
inner coil and the outer coil will be to provide an even distribution of power and/or control the
ion density in a radial distribution over the substrate (i.e., wafer, when present). In yet
another embodiment, the tuning of power between the outer coil and the inner coil will be
adjusted based on the processing parameters defined for that etching being performed on the
semiconductor wafer disposed over chuck 104.

[0043] In one implementation, a circuit having two variable capacitors are configured to be
adjusted automatically to achieve a predetermined ratio of currents in the two coils. The ratio,
in this implementation can be 0.1 to 1.5. In another implementation, the currents are about
equal. In still another embodiment, the ratio is zero, such that only the outer coil is set in
operation.

[0044] In one embodiment, the capacitors 134 and 136 are controlled by processing
controllers, connected to the electronics panel of chamber 102. The electronics panel can be
coupled to networking systems, that will operate specific processing routines that depend on
the processing operations desired during specific cycles. The electronics panel can therefore
control the etching operations performed in chamber 102, as well as control the specific
settings of capacitors 134 and 136.

[0045] In this embodiment, the powered grid 108 is connected to its own independent RF

power. The RI' power can be obtained from a separate generator or can be obtained from
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another generator already used in the chamber, e.g., by splitting off a separately tunable RF
line. The separately tunable RF line can be provided for a specific frequency that is suitable
for operation of the powered grid 108. In general, however, it should be understood that the
RF power provided to the powered grid 108 is separate and/or independent from and in
addition to the TCP power provided by the RF coils 120/122. In one embodiment, Figure 1A
shows an independent R generator 210 coupled to match components 212, connected to
node 214. Node 214 is a connection to the powered grid 108. It can now be understood that
the power provided to the powered grid 108 is independent of the power provided by the TCP
coils. In one embodiment, the power provided to the inner and outer coils is provided by a
first RF power source, while the power provided to the powered grid 108 is provided by a
second RI' power source, which is independent of the first RF power source.

[0046] As used herein, the chamber is a process chamber defined by a housing. The housing
generally defines the structure for the chamber. The housing can be made from a metallic
material, such as aluminum or stainless steel, or other known materials. Inside the housing is
a chuck 104 and the top of the housing is defined by the dielectric window. The dielectric
window can be of any known shape, such as flat or domed shape. The TCP coils can also
take on any number of shapes to match the flat or dome shape, as well as the powered grid
108.

[0047] Figure 1B illustrates a top view, schematically representing the inner coil 122 and
outer coil 120, in accordance with one embodiment of the present invention. The cross-
section shown in figure 1B represents the connections to the coil in figure 1A, as one
example. The inner coil 122 will include an inner coil 1, and inner coil 2, an outer coil 1 and
an outer coil 2. The connections between the coil ends are illustrated relative to the circuitry
provided in the control to circuitry 124, as shown in figure 1A. The illustration in figure 1B
was provided to show the circular winding associated with each of the inner and outer coils of
the TCP coil utilized in chamber 102, in accordance with one embodiment of the present
invention. It should be appreciated that other types of coil configurations are possible. It is
possible to have a dimensional coil that provides a dome type structure, and other coil type
structures other than flat coil distributions. The powered grid 108 can thus be interposed
between the coils and the window, no matter the chosen shape.

[0048] Figure 2 illustrates a three-dimensional view of the powered grid 108, as formed over

a substrate 107. In one embodiment, the substrate is a dielectric material. The dielectric
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material can be in the form of a rigid dielectric, or a rigid material typically used in printed
circuit board (PCB) technologies. A PCB is capable of providing mechanical support for
conductive materials deposited on its surface, and etched to define specific patterns. 'The
specific pattern used in one embodiment is a spoke pattern connected to a center conductive
region of the powered grid 108. The powered grid is therefore defined from a plurality of
metallic features that are separated by open regions (i.e., regions that do not include metallic
material). In one embodiment, the powered grid is a disk shape with a center opening, the
center opening being metallic and being connected to a plurality of spokes or fins (e.g.,
geometric features) that are conductive.

[0049] In still another embodiment, the PCB is made from laminated dielectric materials to
provide the necessary rigidity to support the metallic material patterned on a surface to define
the spoke pattern. Alternatively, instead of a PCB material, a ceramic disc, or mix of ceramic
and other dielectric materials, as well as dielectrics like TeﬂonTM, can be used to support the
metallic patterns used to define the powered grid 108. Still further, the powered grid 108 can
be defined from any number of patterns instead of the spoke pattern shown in figure 2.
Essentially, the patterns can take on any number of shapes so long as gaps or spaces are
defined between the metallic material to enable the TCP power provided by the coils to be
transferred to the plasma within the chamber.

[0050] Fundamentally, the powered grid is an electrode that is transparent to inductive
coupling, but controls capacitive coupling. As such, the powered grid 108 acts as a
capacitively coupled electrode that is independent of the TCP coils of the chamber. It should
be understood that the powered grid 108, in some circumstances, may be referred to as a type
of Faraday shield or powered Faraday shield. However, the powered grid 108 is not
physically acting as a Faraday shield. Nevertheless, if those skilled in the art referred to the
powered grid 108 as a type of powered Faraday shield, the functional and physical operation
of the powered grid should take precedent. That is, the powered grid 108 is an electrode that
is transparent to inductive coupling, but still controls capacitive coupling.

[0051] Figure 2 also shows a strap 200 that connects to a central location of the powered grid
108. The central location enables distribution of the RIF power to the entire surface of the
powered grid 108 to the outer diameters that will cover substantially the surface of the
dielectric window 106, when installed. The strap 200, as will be shown below, is provided

with the independent RIF power described above. In the illustrated example, the metallic
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material that defines the powered grid 108 is copper, patterned over the substrate 107. It
should be understood that other metallic materials can be used instead of copper, so long as
sufficient RIF conduction is enabled across the surface of the powered grid 108. The strap
200, in this embodiment, is also defined from copper to provide good electrical conduction
between the RIF power source and the powered grid 108.

[0052] Figure 3 illustrates a three-dimensional view of the dielectric window 106, before the
powered grid 108 is installed between the dielectric window 106 and the TCP coils. As
shown, the window 106 is a ceramic dielectric that is placed over a chamber, as shown in
figure 1A. The TCP coils and associated loops are shown arranged over the dielectric
window 106. The outer coils 120 and the inner coils 122 are shown with RF connections that
feed to the inner coils and outer coils. A support structure for connecting the RFF power to the
coils is also illustrated.

[0053] Figure 4 illustrates a three-dimensional view of the powered grid 108 disposed over
the dielectric window 106. As shown, the powered grid 108, and it's substrate 107 are
disposed in a substantial flat orientation over the dielectric window 106. The substrate 107 is
in direct contact with the dielectric window 106. In another embodiment, a space may be
provided between the substrate 107 and the powered grid 108. In still another embodiment,
the powered grid 108 can be defined from a metallic material that does not require a substrate
107. The metallic material would have sufficient rigidity to be placed over the dielectric
window 106 in a spaced apart orientation. Alternatively, if the powered grid 108 is formed
from a metallic material without a substrate, the powered grid 108 can be directly placed over
the dielectric window 106. Accordingly, it should be understood that the powered grid 108
can take on any number of physical configurations, so long as the powered grid 108 can be
independently powered, and can be placed, connected, attached, or positioned over the
dielectric window 106.

[0054] Figure 5 illustrates a three-dimensional view of the powered grid 108 when disposed
over the dielectric window 106 and placed below the TCP coils, in accordance with one
embodiment of the present invention. The illustrated picture of the powered grid 108 is a test
bench used to prove the effectiveness of the powered grid 108. Accordingly, the powered
grid 108 is shown temporarily attached to the dielectric window 106 using an adhesive tape.
In a commercial implementation, the powered grid 108 would be connected to the system

without the use of the adhesive tape used in the test bench. Nevertheless, figure 5 illustrates
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the relative positioning of the powered grid 108 relative to the dielectric window 106 and the
TCP coils 122/120.

[0055] Also shown is an extension strap 201 that connects to strap 200 of the powered grid
108. The extension strap 201 is configured for coupling to the independent RIF power, and
shown as a connection to RF, for simplicity. As described above, the dielectric window 106
will sit over the chamber, and the exterior of the chamber will contain the powered grid 108,
and the TCP coils. The bottom of the dielectric window 106, which is opposite the side
containing the powered grid 108 will face the plasma in the chamber, when in operation. As
such, powered grid 108 is exterior to the processing chamber, as are the TCP coils.

[0056] Figure 6 illustrates a cut out section of the dielectric window 106 and the powered grid
108, in accordance with one embodiment of the present invention. As shown, the window
106 will have a thickness that is commonly between about 10 mm and about 50 mm,
depending on the material in use. Disposed above the window is a substrate 107 that is
between about 0.5 mm to about 3 mm, and more preferably between about 1 mm and about 2
mm, and nominally about 1.5 mm (e.g. about 60 mils). It should be noted that substrate 107
can be defined from various types of materials, such as the noted PCB type materials, Teflon,
ceramics, etc.

[0057] Figure 6 also shows the general placement of the TCP coils 120 and 122, relative to
the powered grid 108 and window 106. When in operation, a plasma is generated inside the
chamber, and a plasma sheath will be defined adjacent to the inside surface of window 106.
Likewise, the wafer 202 placed over chuck 104 will experience a plasma sheath proximate to
the surface of the wafer 202. The specific control of the plasma sheath and etching process
will depend on the power provided by the TCP coils, the power provided to the bottom
electrode (chuck 104), the pressure provided to the chamber, the temperature, the frequencies
of the power provided to the chamber, the etching chemistries, and other settings specific to
the recipe selected for operation.

[0058] In operation, there will be a sheath proximate to the window 106. In one embodiment,
an approximate distance 7 is defined between the plasma sheath and the powered grid 108.
This distance is one of the variables that defines the plasma impedance seen by the powered
grid 108. The powered grid 108 is independently connected to a separate RIF generator that is
matched and tuned to the specific plasma impedance seen from the standpoint of the powered

grid 108.
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[0059] In one embodiment, the thickness of the metallic material of the powered grid 108 is
between about 0.075 mm and about 0.5 mm and preferably about 0.3 mm (e.g., about 5 mils).
In this example, the metallic material is copper. However, other metallic materials, such as
aluminum, brass, silver, plated copper, etc., can also be used.

[0060] Figure 7 illustrates the connections between the RF generator 210 and the powered
grid 108. The powered grid 108 is electrically connected by strap 200 and extension strap
201 to the generator 210. Match 212 is shown schematically connected to a load illustrated as
impedance seen by the powered coil 108 is represented as Z that is R-jXc. Generator 210
includes a directional coupler 210a, which couples to a tuner 210b to set the frequency of
generator 210, based on the load seen by the powered grid 108.

[0061] In one embodiment, the generator 210 has an internal 50 ohm impedance, and if the
generator sees 50 ohms load at point 230 from the match 212, the match is set. If during
operation, the match 212 presents a 10 ohm load at point 230, a match will no longer exist
between the 50 ohm impedance of the generator 210 and the 10 ohm load at point 230. In
such an example, the 10 ohm at point 230 represents high reflective power from the plasma,
as seen from the powered grid 108. The directional coupler 210a will then sense the
reflected/forward power 232 caused by the mismatch, which is provided to the tuner 210b.
The example of 50 and 10 ohms is just an example.

[0062] Thus, in accordance with the example, the reflected/forward power 232 is used to tune
the frequency setting of the generator 210. Then, the frequency of the generator 210 is
dynamically set based on the tuning provided by reading the reflected/forward power 232 by
the tuner 210b. By changing the frequency of the generator 210, which is tunable, the
impedance of the generator 210 is matched to the load at point 230. In this embodiment,
therefore, the powered grid is powered at a low frequency that is around about 2MHz, and is
adjusted based on the impedance seen by the generator 210 at the input side of the match. In
one embodiment, the tuning sets the frequency of the generator 210, depending on the loads
during processing, to between about 1.5 MHz and about 2.5MHz, and more preferably,
between about 1.9MHz and about 2.1MHz. In one embodiment, the setting of the frequency
of the RIF power source connected to the powered grid 108 is automatically adjusted based on
the load seen by the match.

[0063] This automatic adjustment occurs over time during processing and based on

conditions in the plasma etch chamber. The automatic adjustment can be upward, downward,
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or periodically up and down. Tor instance, one adjustment range around 2MHz can be
between about 0.01+/- MHz and about 1.0+/- MHz, and more preferably between about
0.05+/- MHz and about 0.5+/- MHz. This tuning is, in one embodiment possible because the
RF power (frequency and power level in Watts) is completely independent of the setting of
the RFF power (frequency and power level in Watts) of the TCP coil. In one embodiment, the
tuning for the powered grid 108 can be set using a commercially available generator with
frequency tuning capabilities.

[0064] In one embodiment, the RF generator 210 is operated at a lower frequency of around 2
MHz so as to provide improved control using the higher energy tail, commonly referred to
with reference to the bimodal ion energy distribution at low frequencies. Dor instance, with
reference to ion energy distribution function (IEDF), it is known that lower frequencies
provide higher energies with a bimodal distribution. This higher energy acts to provide
additional energy to the plasma sheath that sees the inside of the window, thereby controlling
the DC bias of the plasma near the window to influence less adhesion of nonvolatile
byproducts to the surface of the window.

[0065] In operation, the setting of the power applied to the powered grid 108, in addition to
the set frequency, is selected based on the recipe being performed in the plasma chamber.
The recipe, as is well known, will depend on a number of factors and the desired etching
operation to be performed. The factors include, without limitation, chamber pressure,
chemistries, temperatures, and the power provided by the RF coils, etc. To provide one
additional control, it is also desired to set the specific power provided to the powered grid 108
based on the specific recipe. As more power is applied, the IEDF profile of the energy
delivered at the set frequency will also increase in magnitude. Alternatively, less power can
be applied to reduce the magnitude of the energy, depending on the desired settings for the
recipe. Example power provided to the powered grid 108 ranges from between about 5 W
and 1000 W. Some examples operate at ranges between 50 W and 300 W, and ranges
between 75 W and 150 W.

[0066] In one embodiment, the design of the slots (openings) of the powered grid 108 (i.e.,
where no metallization is provided over the substrate 207), can be tuned to allow for efficient
power deposition from the TCP RF system. In one embodiment, the TCP RF power is set to
about 13.56MHz to strike the plasma. In one embodiment, in designing the opening

percentage of all the slots from center to edge, it is preferred that the openings are
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substantially uniform, so that the inner-outer coils power deposition pattern can be kept as
close as possible to the case where no powered grid is provided. In one embodiment, the
open area percentage (i.e., areas without metallic material) near and around the center is about
greater than 50%, while in the area near and around the outer diameter, the open area
percentage is about less than 30%. In this example, the percentage of open area is greater
near the center and gradually increases as the radius reaches the outer edge of the powered
grid 108. This optimization is made in one embodiment so that the opening percentage
determines the amount of magnetic flux that can go through the powered grid 108 and thus
the TCP power deposited into plasma.

[0067] It is also possible to control in-situ and ex-situ cleaning by adjusting the 2MHz power
applied to the powered grid 108. In one embodiment, in-situ cleaning needs substantially
lower power to the grid to keep the dielectric window clean during normal wafer processing.
But ex-situ requires more power or higher ion energy to sputter off the metallic material that
is already deposited on the inner surface of the dielectric window during wafer processing
when in-situ clean function is not turned on. It is also possible to provide independent control
of TCP plasma density for processing by about 13.56MHz power and ion energy for cleaning
by 2 MHz. In accordance with one embodiment, the 13.56MHz power on the TCP coils is
much more efficient in plasma generation than the 2MHz power which is capacitively
coupled, while the 2MHz power is much more efficient to increase the ion energy towards
the inner surface of the dielectric window, which acts to keep the window substantially clean.
[0068] Figures 8A-8C illustrate the example control provided to a chamber when the powered
grid 108 is installed, in accordance with one embodiment of the present invention. Figure 8A
shows that the RIF voltage on the powered grid 108 is independently controlled by its own
power. Figure 8B illustrates that the R voltage on the powered grid 108 is not significantly
affected by the TCCT ratio. Figure 8C shows that the RF voltage on the powered grid 108 is
not significantly affected by PCP power. The test conditions were conducted where argon
was run for 200 sccm, chamber pressure was set to about 10 mTorr, and TCCT was set to
about 0.8 when not sweeping.

[0069] Figure 9A shows that the DC bias is still controllable versus TCP power when
experiment is made using the powered grid 108. This experiment was run with the powered
grid 108 set to about 2 MHz and 900 W. Figure 9B illustrates that the DC bias will also

respond to chamber pressure when experiment was run with the powered grid 108. In this
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experiment, the powered grid was set at 2 MHz and 750 W. By running these experiments of
Figures 9A and 9B, data is collected to identify optimal settings of power to the powered grid
108, depending on the desired recipe for the process chosen. In practice, many more
experiments will be run to qualify a range of power settings for the powered grid 108 to
enable users of the system to select an approximate power to apply based on the desired
process conditions for the recipe.

[0070] Figures 10A and 10B provide data that shows that control over DC bias is still
provided when the powered grid 108 is connected to the system. This control is possible
because the power to the powered grid 108 is independent to the power of the RF TCP coils.
The data illustrated in figures 9A — 10 B were collected by operating a chamber that included
a 100M-ohm probe with wires being attached to the window. Figure 11 shows a graph
plasma density where the powered grid 108 is implemented. The test conditions for this
experiment were for a chamber set at TCP power of 500W, Argon 200 sccm, SF6 at 50 sccm,
and TCCT at 1.

[0071] The powered grid 108 described in the above illustrated examples is therefore well
suited to prevent or control the deposition of byproducts onto the inside of the dielectric
window 106 during plasma etch operations. Having an independent RF power control to the
powered grid 108 enables full process and recipe control using standard recipe settings, such
as TCP power, pressure, and other variables. As such, installation of the powered grid 108
between the style attribute window at 106 and the TCP coils does not interfere with normal
operation or process settings necessary to achieve the performance expected for a particular
recipe.

[0072] Independent control of the power at a low frequency (i.e., around 2 MHz) will enable
the desired settings to assist in reducing deposition of etch byproducts onto the dielectric
window 106, and will therefore reduce the number of cleaning operations required for a
number of wafers to be processed. Additionally, as noted above, by reducing the deposition
of etch byproducts onto the dielectric window 106, it is possible to ensure more consistency
during the processing of wafer to wafer and with fewer shutdowns to clean dielectric window.
That is, the mean time between chamber cleaning (MTBC) can be significantly increased.
[0073] As used herein, independent control of RF power to the powered grid 108 is meant to
distinguish this configuration from embodiments that couple metallic structures to the same

power provided by the RF coils. The power provided by the RF coils (TCP power) is
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therefore controlled without regard to the setting of the power provided to the powered grid
108.

[0074] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and studying
the drawings will realize various alterations, additions, permutations and equivalents thereof.
It is therefore intended that the present invention includes all such alterations, additions,
permutations, and equivalents as fall within the true spirit and scope of the invention.

What is claimed is:
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CLAIMS

1. A plasma processing chamber, comprising:

an electrostatic chuck for receiving a substrate;

a dielectric window connected to a top portion of the chamber, an inner side of
dielectric window faces a plasma processing region that is above the electrostatic chuck and
an outer side of the dielectric window is exterior to the plasma processing region;

inner and outer coils disposed above the outer side of the dielectric window, the inner
and outer coils being connected to a first R power source;

a powered grid disposed between the outer side of dielectric window and the inner and
outer coils, the powered grid being connected to a second RI' power source that is

independent from the first RF power source.

2. The plasma processing chamber of claim 1, wherein the powered grid is

defined from a plurality of metallic features separated by open regions.

3. The plasma processing chamber of claim 1, wherein the first R power source

connected to the inner and outer coils provides transformer coupled plasma (TCP) power.

4. The plasma processing chamber of claim 1, wherein the powered grid is

defined from a substrate with metallic features.

5. The plasma processing chamber of claim 4, wherein the substrate of the
powered grid is in contact with the outer side of the dielectric window.

6. The plasma processing chamber of claim 1, wherein the second RF power
source is adjustable in frequency to match a load of a plasma in the chamber, when in

operation.

7. The plasma processing chamber of claim 1, wherein the powered grid is a disk
shape with a center opening, the center opening being metallic and being connected to a

plurality of spokes that are conductive.



10

15

20

25

30

WO 2012/173769 PCT/US2012/039752

20

8. A chamber, comprising:

a housing;

a chuck for supporting a wafer in the housing;

a top section of the housing defined by a dielectric window;

a powered grid disposed over the dielectric window;

TCP coils disposed over the powered grid; and

RF power connected to the powered grid independently from the TCP coils.

0. The chamber of claim 8, wherein the powered grid includes a plurality of

conductive features separated by open regions.

10. A chamber, comprising:

a chuck for supporting a wafer in the chamber;

a top section of the chamber defined by a dielectric window;

a powered grid disposed over the dielectric window;

TCP coils disposed over the powered grid; and

RF power connected to the powered grid independently from the TCP coils.

11. The chamber of claim 10, wherein the powered grid includes a plurality of

conductive features separated by open regions.

12. The chamber of claim 10, wherein the RF power connected to the powered

grid is separate from the RFF power connected to the TCP coils.

13. A method for processing a wafer in a plasma etching chamber; comprising:

applying a first RIF power over a top dielectric window of the plasma etching chamber,
the first RI' power being applied to inner and outer coils;

applying a second RIF power over the top dielectric window of the plasma etching
chamber, the second RF power being applied to a powered grid that is disposed between the
inner and outer coils and the dielectric window; and

setting the first RF power independently from the setting of the second RF power,
wherein the a frequency and power level applied by the second RF power is different than a

frequency and power level applied by the first RF power.
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14. The method of claim 13, wherein the frequency of the second RIF power is set
to a low frequency that ranges between 1.5 MHz and 2.5 MHz and is tuned to a load seen by

the powered grid from a plasma processed in the plasma etching chamber.

15. The method of claim 13, wherein the power level of the second RF power in

Watts is adjustable independently from the power level of the first RIF power in Watts.

16. The method of claim 13, wherein the frequency of the first RF power is set to
about 13.56 MHz as applied to the TCP coils.

17. The method of claim 13, wherein the powered grid is arranged to cover an

outer surface of the dielectric window.

18. The method of claim 17, wherein covering the outer surface of the dielectric

window includes defining spaces between conductive features of the powered grid.

19. The method of claim 13, wherein the second RF Power is a generator having
tuning for automatically adjusting a frequency of the second RF power based on a load seen

by a match during processing in the plasma etching chamber.

20 The method of claim 19, wherein the automatic adjustment occurring
dynamically during processing and over time, based on conditions in the plasma etching

chamber.
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