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HAMMERHEAD TCP COIL SUPPORT FOR HIGH RF POWER
CONDUCTOR ETCH SYSTEMS

INVENTORS: Maolin Long, Alex Paterson

FIELD OF THE INVENTION

[0001] The present invention relates generally to semiconductor fabrication, and more

particularly, plasma chambers and structures/devices used in such chambers.

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, 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] It is in this context that embodiments related to plasma processing chambers,

equipment, parts and operations arise.
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SUMMARY

[0005] Disclosed are devices, systems, chambers and ceramic supports for use in
plasma processing chambers. The plasma processing chambers can be configured for
etching wafers/substrates, and in particular layers of dielectric or metal materials. A
ceramic support for use in plasma processing etch chambers is provided. The
processing etch chamber is a transformer coupled plasma (TCP) coil system, and the
ceramic support is used to support the TCP coil. In the embodiments defined herein,
the ceramic support includes a hammerhead shape at the radial extensions of the
support. The hammerhead design, along with the placement of screws and use of
non-threaded screws, act to provide for more efficient processing, with reduced

possibilities for arcing between the screws used to support the TCP coil.

[0006] In one embodiment, a plasma processing system a substrate support is
provided. The system includes a chamber for plasma processing a substrate when
disposed over a substrate support of the chamber. The chamber has a ceramic
window oriented over the substrate support. The system includes a transformer
coupled plasma (TCP) coil defined by an inner coil and an outer coil, and the TCP
coil is disposed over the ceramic window. Further included is a ceramic support
disposed over to the TCP coil. The ceramic support includes a plurality of spokes that
extend from a center region to an outer periphery. Each of the spokes include a
hammerhead shape that radially expands the ceramic support in a direction that is
away from an axis of a spoke. The system also includes a plurality of screws
connecting TCP coil to the ceramic support. At least a pair of screws connected to the
outer coil are radially offset from each other and one of the pair of screws is disposed
in the hammerhead shape. The ceramic support, using the plurality of screws, support

the TCP coil over the ceramic window of the chamber.

2
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[0007] In some embodiments, the ceramic support includes a plurality of screw holes
for receiving the plurality of screws, the plurality of screw holes being non-treaded;
and wherein each of the plurality of screws includes a non-threaded section and a
threaded section, the non-threaded section defined to sit in the non-threaded screw

holes and the threaded section defined to thread into a threaded of the TCP coil.

[0008] In some embodiments, the plurality of spokes are aligned along a support axis

and a terminal axis.

[0009] In some embodiments, the system further includes a first terminal support
connected to the ceramic support at a first end of a spoke aligned along the terminal
axis; and a second terminal support connected to the ceramic support at a second end

of the spoke aligned along the terminal axis.

[0010] In some embodiments, the first and second terminal supports connect to a first
terminal body and a second terminal body, respectively, the first and second terminal
bodies being held elevated off of the ceramic support by the first and second terminal

supports.

[0011] In some embodiments, the ceramic support includes elongated passages under
terminals of the TCP coil at opposite outer ends of spokes aligned along the terminal

axis.

[0012] In some embodiments, the radial offset is an angel that extends from a center
region of the ceramic support and extends to screw holes defined in the outer

periphery of the ceramic support.

[0013] In some embodiments, also included is a plurality of passages defined along

the terminal axis, the passages being sized to enable terminals connected to the TCP
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coil to pass through and reside without contact maintained by a spacing with the

ceramic support.

[0014] In some embodiments, on one of the spokes three screws are provided,
wherein a first screw is disposed through a first side of the hammerhead shape, a
second screw is disposed through a spoke region, and a third screw is disposed
through a second side of the hammerhead shape, wherein the first side, the second

side and the spoke region define the hammer head shape.

[0015] In some embodiments, the first screw connects to an inner portion of the outer
coil, the second screw connects to a middle portion of the outer coil, and the third

screw connects to an outer portion of the outer coil.

[0016] A device for use in a plasma processing system is provided. The device
includes a ceramic support having a plurality of spokes that extend from a center
region to an outer periphery, and each of the spokes include a hammerhead shape that
radially expands the ceramic support in a direction that is away from an axis of a
spoke. A plurality of screw holes are disposed through the ceramic support, and the
plurality of screw holes are defined to enable screws to connect to a TCP coil having
an inner and outer coil. The outer coil is to be disposed under the hammerhead shape
of each of the spokes, and a radial gap is defined between each of the hammerhead

shapes. The radial gap defining a non-continuous ring around the outer coil.

[0017] In some embodiments, at least a pair of screw holes are radially offset from

each other and one of the pair of screw holes is disposed in the hammerhead shape.

[0018] In some embodiments, also included is a plurality of screws, the plurality of

screws defined to fit through the screw holes, the screws including a non-threaded
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section and a threaded section, the non-threaded section configured to reside in the

screw holes and the threaded sections configured to thread into the TCP coil.

[0019] In some embodiments, the plurality of spokes include four spokes, wherein
two spokes are aligned along a support axis and two spokes are aligned along a

terminal axis.

[0020] In some embodiments, also included is a first terminal support connected to
the ceramic support at a first end of a spoke aligned along the terminal axis; and a
second terminal support connected to the ceramic support at a second end of the spoke

aligned along the terminal axis.

[0021] In some embodiments, the first and second terminal supports connect to a first
terminal body of the TCP coil and a second terminal body, respectively, the first and
second terminal bodies being held elevated off of the ceramic support by the first and

second terminal supports.

[0022] In some embodiments, also included is a center ceramic support, the center
ceramic support defining a loop that is disposed over the inner coil of the TCP coil
when present, the center ceramic support defining a structure form which the spokes

extend out from to the hammer head shapes.

[0023] In another embodiment, a chamber is provided. The chamber has walls and
defining a volume for processing plasma. The chamber has a ceramic window
disposed in a ceiling of the chamber. Also included is a ceramic support having a
plurality of spokes that extend from a center region to an outer periphery, and each of
the spokes include a hammerhead shape that radially expands the ceramic support in a
direction that is away from an axis of a spoke. Also included is a plurality of screw

holes disposed through the ceramic support. The plurality of screw holes defined to
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enable screws to connect to a TCP coil having an inner and outer coil. The outer coil
is to be disposed under the hammerhead shape of each of the spokes, and a radial gap
is defined between each of the hammerhead shapes. The radial gap defines a non-
continuous ring around the outer coil. A plurality of screws are disposed through the
screw holes for attaching the TCP coil to the ceramic support, and the ceramic support

disposes the TCP coil over the ceramic window.

[0024] In some embodiments, at least a pair of screw holes are radially offset from

each other and one of the pair of screw holes is disposed in the hammerhead shape.

[0025] In some embodiments, the screws include a non-threaded section and a
threaded section, the non-threaded section configured to reside in the screw holes and

the threaded sections configured to thread into the TCP coil.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The invention, together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the

accompanying drawings.

[0027] Figure 1 illustrates a plasma processing system utilized for etching operations,

in accordance with one embodiment of the present invention.

[0028] Figure 2A illustrates one embodiment of the ceramics port disposed over inner

and outer coils of the TCP coil.

[0029] Figure 2B illustrates an example of screw hole configurations along an outer
coil of the TCP coil, and possible arcing between screw hole locations and the

respective SCIews.

[0030] Figure 2C and 2D illustrate examples of damage caused by arcing between
screws that are disposed through the ceramic support, for holding and sporting the

TCP coil over the ceramic window of the chamber.

[0031] Figure 3A illustrates an example of the ceramic support having a hammerhead
configuration in the outer periphery of the spokes that originate from a center region,
and the placement of screw holes and screws through the ceramic support for
attaching, securing, or holding the TCP coil to the ceramic support, in accordance one

embodiment of the present invention.

[0032] Figure 3B illustrates an example of one section of the hammerhead shape,
along a spoke of the ceramic support, showing the radial offsets between screws
disposed in regions of the hammerhead shape, and showing the radial expanded

regions of the ceramic support to define the hammerhead shapes at the ends or outer
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peripheries of the spokes, in accordance with one embodiment of the present

invention.

[0033] Figure 3C illustrates a top view of the ceramics port and the hammerhead
shapes, and the terminal axis and the support axis along which the spokes of the

ceramic support expand, in accordance with one embodiment of the present invention.

[0034] Figure 3D illustrates an example of a screw used to support or connect the coil
to the ceramic support, and the non-threaded region or portion of the screw that sits in
the ceramic support holes, and the threaded region that connects to the coil, in

accordance with one embodiment of the present invention.

[0035] Figure 4A illustrates another example of a ceramic support having a slightly
adjusted configuration for enabling outer terminals to expand through the ceramic
support via elongated passages, and the terminal supports disposed at the outer and of
the spokes that are arranged along the terminal axis, in accordance with one

embodiment of the present invention.

[0036] Figure 4B illustrates a top view of the embodiment of figure 4A, showing that
the hammerhead shapes are arranged along an outer periphery relative to a center
region, and gaps of spaces between the hammerhead shapes are provided to prevent a

continuous coverage over the outer TCP coil.

[0037] Figure SA and 5B illustrate an example where the ceramic support is installed
in a chamber used for processing semiconductor devices, and the ceramic support is
holding or supporting the TCP coil over a dielectric window, without allowing direct
contact (i.e., spaced apart) of the TCP coil to the dielectric window, in accordance

with one embodiment of the present invention.
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DETAILED DESCRIPTION

[0038] Disclosed are structures for supporting coils used in transformer coupled
plasma (TCP) powered chambers. The coils include inner and outer coils. In one
embodiment, the outer coils are supported by a ceramic support structure that includes
a plurality of spokes that terminate in hammerhead shapes. The hammerhead shapes
at the end of the spokes provide for screw locations for supporting the coils. The
screw locations are preferably spaced apart from each other in locations where the
possibility of arcing would be present, but for the separations. The separations enable
screws connected to coils where high voltage potential differences exist to be
separated. In one embodiment, the separation along the hammerhead sections of the

ceramic support is provided by radial separation.

[0039] In another embodiment, certain terminals are elevated from the ceramic
support, and the ceramic support is provided with ceramic cutouts (passages) around
the outermost terminals. This elevated configuration and cutouts assist to reduce the E
field around the outermost terminals. Still further, embodiments are provided where
smooth shank screws are used to mount the coil to the hammerhead ceramic support,
which reduces the E field concentration caused by the screw threads in the ceramic

section.

[0040] 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.
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[0041] Figure 1 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 TCP coil 120
(inner and outer). The chuck 104 can be an electrostatic chuck for supporting the

substrate when present.

[0042] Further shown is a bias 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. The chuck 104 also includes electrostatic electrodes to enable the chucking and
dechucking of the wafer. Broadly, a filter and a DC clamp power supply can be
provided. Other control systems for lifting the wafer off of the chuck 104 can also be
provided. 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.

[0043] The dielectric window 106 can be defined from a ceramic type material. 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. 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.

10
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[0044] 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.

[0045] TCCT match circuitry 124 enables dynamic tuning of power provided to the
inner and outer coils. The TCP coil 120 is coupled to the TCCT match circuitry 124
which includes connections to the inner coil (IC) 123, and outer coil (OC) 122. In one
embodiment, the TCCT match circuitry 124 is configured to tune the TCP coil to
provide more power to the inner coil 123 versus the outer coil 122. In another
embodiment, the TCCT match circuitry 124 is configured to tune the TCP coil to
provide less power to the inner coil 123 versus the outer coil 122. 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.

[0046] Figure 2A illustrates a ceramic support 200, used to support the inner coil 123
and the outer coil 122, in a TCP etch chamber. As discussed above, the TCP coil is
configured to sit over dielectric window 106, and the ceramic support 200 will hold
the TCP coil above the ceramic window 106, which sits over chamber 102. The
ceramic support 200 is configured to attach to the coils using screws, shown by way
of example as 223, 222, 224 and others, including screw sets for supporting the inner
coil 123. In one embodiment, the TCP coil is made of copper with surface being

coated by Xylon (or other suitable coating), and the screws are stainless steel screws.

11
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The screws in the design of Figure 2A are fully threaded screws, from head to end.
The TCP coil is connected to RF power by way of terminals 202a, 202b, 204a, 204b,

2064, 206b, and 208a, 208b.

[0047] These terminals coupled directly to selected locations on the TCP coil, so as to
deliver the desired power to the chamber, which may be running a process operation.
In this illustration, the ceramic support 200 uses screws to support the coils during the
delivery of RF power to the coils. It has been observed that the configuration of the
screws will cause unexpected arcing between selected adjacent screws that are
holding the TCP coil. For example, screw pairs 226 have been observed to cause

damage 232 (shown in figures 2C and 2D).

[0048] In the illustration of figure 2B, a cutout of the outer coil 222 circled in figure
2A is shown. In this cut out, it is shown that arcing occurs between screw pairs 226
(ARC-1). It has also been observed that arcing occurs between screw 224 and RF
terminal 202a. The resulting arcing has been studied, and it is believed that arcing is
most likely to occur for conductive elements that are disposed proximate to each
other, when a high voltage potential difference exists between the conductive
elements, thus increasing the electric fields. An arcing event will therefore happen
when the electric field reaches its air breakdown threshold, between the conductive

elements.

[0049] As shown, the conductive TCP coil (for each of the inner and outer coils)
circle/turn around more than once. At any particular location, if multiple sections of
the TCP coil are present (i.e., because of the turns), such as the location shown in
figure 2B, conductive elements that are disposed between outer and inner portions of
the TCP coil will have a larger voltage potential difference. Because the current

provided to a TCP coil stays constant, the voltage drop at any particular location will

12
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depend on the number of turns of the TCP coil. For this reason, there is a lower
voltage potential drop between screw 222 and RF terminal 202a, although the
separation between screw 222 and RF terminal 202a is less than the distance between
202a and screw 224. Likewise, the screw pairs 226 are arranged in a radial
orientation away from each other, wherein screw 224 and screw 226 are substantially
radially aligned. However, because screw 222 and screw 224 are connected to the RF
coil 122, and at least two turns of the coil have occurred at this location, the voltage

potential drop between the screw pairs 226 will be larger.

[0050] Referring to figures 2C and 2D, it is evident that damage 232 has occurred on
the ceramic material of ceramic support 200. The damage 232 is shown as a charring
of the ceramic material, which also can cause chipping, flaking, burning, or breakage
230 or complete destruction of ceramic support 200. In one embodiment, the RF
power provided to ceramic support is designed to expand up to 2kW power.
However, it has been observed that arcing does and can occur at this operational
power level. In some embodiments, and based on the desired processing operation, it
is known that higher power levels extending up to 3kW and 4.5kW power are needed.
Providing higher power to the RF coil will therefore expose the ceramic support 202
additional damage when particular screw pairs 226 continue to arc, and potentially
damage ceramics 200 in those locations. As noted, the screws used in Figure 2A,
being fully threaded within the ceramic section and above the copper surface of the
coil enhances the effect on the concentration of the electric (E) field. This increase in

E field produces a concentration, which makes it easier to arc.

[0051] In one embodiment, figure 3A illustrates an example of a ceramic support 300
having a hammerhead configuration. The configuration is referred to as a

hammerhead configuration because each termination of the ceramic support 300

13
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includes a substantially symmetric extension away from the spoke. This extension,
when viewed one spoke at a time appears to be a hammerhead shape, not unlike
hammerhead shark. The ceramic support 300 includes four spokes, each extending
from a center region. The four spokes are arranged along a terminal axis 360 and a

support axis 370.

[0052] Along the terminal axis 360, a plurality of terminals 202a, 202b, 204a, 204b,
206a, 206b, and 208a, 208b are provided and expand through the ceramic support 300
for connection to the inner coil 123 and outer coil 122. A plurality of screws are
shown to expand through the ceramic support 300 and connected to the inner coil 123
and outer coil 122. The arrangement of the screws is defined so as to provide
separation between the adjacent screws that may have increased electric field
differences between them, which may be due to increased voltage potential
differences. As noted above, a greater voltage potential difference will exist between
an outer portion of a coil that includes a plurality of turns and the inner portion of that
same coil (any particular location). In one embodiment, the hammerhead shape of the
ceramic support assists in increasing the separation between the screw pairs. In
another embodiment, the terminal supports, such as those used for terminals 202a and

208D are elevated.

[0053] As will be discussed further below, the screws provided to hold the TCP coils
to the ceramic support 300 includes smooth shanks, so as to avoid having threads in a
region pathway of the ceramic support 300, and only providing threads for the portion
that extends into the TCP coil for support. The advantage of having thread-less or
smooth shanks is that such construction reduces the E field concentration caused by
the screw threads, within the ceramic section. It is believed that this construction of

the thread will reduce the possibility of arcing at higher power settings.
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[0054] Figure 3A also shows the positioning of various screws, associated with
locations of the hammerhead sections of the spokes. For example, in the outlined
portion provided in more detail in figure 3B, screws 320, 322, and 324 are shown.
Screw 320 is located and connected to the inner portion of the outer coil 122. Screw
322 is located and connected to the inner portion of the outer coil 122, and screw 324

is connected to the outer portion of the outer coil 122.

[0055] It should be noted that the hammerhead construction is providing for the
ability to separate screws 324 and 322. Although screw 322 is connected to the inner
portion of the outer coil 121 and the outer screw 324 is connected to the outer portion
of outer coil 121 (a condition that would provide for a higher voltage potential
difference between the connections), the radial separation between the screws avoids

the possibility of an arcing condition.

[0056] For instance, because the screws 324 and 322 are separated radially from each
other, it is less likely that the electric field will increase between the two screws. That
is, the E field between the two screws will find it difficult to provide a situation where
the air breakdown threshold is reached, thus avoiding arcing at such location. Figure
3 also shows other screws, such as screws 250, 252, 254, 256, and other screws that
hold the ceramic support 302 the inner and outer coils. With reference to an adjacent
spoke, such as the spoke including screws 332, 334, and 336, the hammerhead shape
allows for the screws to be staggered such that adjacent screws are not disposed in an

orientation where adjacent ones are exposed to a greater voltage potential difference.

[0057] For example, a greater voltage potential difference exists between inner screw
332 and outer screw 336. However, because the hammerhead shape allows for the
screws to be radially separated from each other, the possibility of arcing is reduced.

Although middle screw 334 is provided connected to the center portion of the outer
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electrode 122, a smaller voltage potential exists between screws 332 and 334, and

screws 336 and 334, respectively.

[0058] Figure 3C illustrates a top view of the inner and outer coils and the ceramic
support 300. Figure 3C illustrates how each of the spokes is associated with either the
support axis 370 or the terminal axis 366. The terminal axis 366 is referred to as the
“terminal axis" because the terminals are oriented and aligned along that specific axis.

The support axis 370 however does not include terminals connected to the TCP coil.

[0059] Figure 3B illustrates a detailed diagram of the hammerhead shape of ceramic
support 300, for one of the spokes of the structure shown in figure 3A. In this
example, the hammerhead shape allows for a greater separation between screws 322
and 324, shown as L1. The separation L1 is provided by allowing for screw 324 to be
radially extended to the outer portion of the hammerhead shape. The radial separation
is illustrated as Greek letter theta in the diagram. In the same construction, screw 320
is provided with a separation L3 from screw 322. This separation is also provided for
by the hammerhead shape which allows for a radial separation between the screws,

shown as Greek letter phi.

[0060] Without the hammerhead shape, the possibility to extend the separation
between specific screws would not be possible. It is also not desirable to cover the
entire surface over the coils with a solid circular ceramic support. If the ceramic
support 300 were allowed to be continuous all the way around the outer coil 122, the
heat generated by the outer coil 122 would damage the ceramic support 300.
Therefore, a balance is provided by enabling hammerhead extension to each of the
spokes for supporting the outer coil 122, and providing separation between screws

that may be susceptible to higher electric fields (large voltage potential differences).
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[0061] Figure 3B also shows the location of passages 380 and 382. Passages 383 and
382 are provided to allow the terminals 202a and 202b to extend through the ceramic
support 300. In one embodiment, passages 380 and 382 are provided with a gap
between the terminals. The gap is an airspace such that contact is not made between
the terminals and the ceramic support 300. Additionally, the terminals and their
support structures are configured to avoid contact with the ceramic support 300. In
one implementation, and terminal support 390 is provided, which couples to an

extension 392.

[0062] Extension 392 is configured to couple and support terminal 202a. The
terminal support 390 and the extension 392 work together so that the terminal 202a
does not contact the ceramic support 300 and the terminal 202a remains spaced apart
from the sidewalls of the passage 380. As shown in figure 3A, the terminal support
390 is located along the terminal axis 360. In this embodiment, the terminal axis 360
and the support axis 370 are oriented perpendicular to each other. In other
embodiments, it is possible that additional spokes can be provided and the size and

shape of the hammerheads can be curtailed to fit the specific embodiment.

[0063] For example, for chambers that operate and process on larger wafers than 300
mm wafers (e.g. 450 mm wafers, and larger), the number of spokes can be increased
and the sizing of the hammerheads can be adjusted. It is possible that an additional
spoke can be added between the existing spokes for large wafer chambers, and

additional hammerheads can be disposed at the ends of those additional spokes.

[0064] Figure 3D illustrates an example of one of the screws used to support the TCP
coil to the ceramic support 300. The example screw is screw 395. Screw 395 is a
stainless steel screw where a portion of the screw is configured to be smooth or

unthreaded. That portion of the screw is the portion that fits or sits within a pathway
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394 defined in the ceramic support 300. The pathway is preferably a screw hole
without threads disposed in the ceramic support 300. The ceramic support 300 will
also include a post feature in the regions where the through holes 394 are present,
such that a separation between the coil and the ceramic support 300 top surface can be
maintained. The post will therefore act as an extension and the pathway along the
ceramic support 300 and the post will preferably be smooth and unthreaded, just as

the screw 395 is unthreaded in that same location.

[0065] In this illustration, the screw 395 will include a threaded portion 397. The
threaded portion 397 will threaded into a female friend of the coil that it's designed to
support. As noted above, it is believed that a smooth surface between the screw 395
and the ceramic support 300 will assist in removing electric field concentrations in

those locations.

[0066] For example, providing no threads on the screws 395 in the location/region
adjacent to the ceramic support 300 (i.e., in the hole channel) has shown to reduce the
electric field concentration and reduce damage by over 30%, as compared to full
threaded screws This reduction in damage is in addition to the reduction in damage
achieved by providing the hammerhead shapes, which allows for more radial
separation between screw locations along the periphery of the ceramic support (i.e.,
around the outer coil region). In sum, damage for operating power levels to the TCP
coil ranging up to 2kW and up to about 4.5kW can be dramatically reduced or
substantially eliminated. Testing has shown that damage that used to be caused when
operating at 2kW is now non-apparent from visual inspection, and similar beneficial
results have been shown up to 4.5kW. It is noted that higher power levels can be
achieved, and the example of 4.5kW is only provided for reference, based on

experimental testing.
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[0067] Figure 4A and 4B illustrate an example of a hammerhead ceramic support
400, in accordance with another embodiment of the present invention. In this
configuration, the ceramics port 400 includes a slightly modified construction in
region 402, which is the region where terminals 202a and 208b are designed to fit
through or extend through. A body of terminals 202a and 208b are designed to
connect to the terminal supports 408 stability. It should be noted that a slightly larger
passage in the ceramic support 400 in region 402 is provided, such that the bodies of

the terminals can fix and slide through the end portions of the hammerhead shape.

[0068] Similar to the construction and orientation of the screws in figure 3A, the
screws oriented along the hammerhead portions of ceramic support 400 also provide
for separation between screws that may be susceptible to arcing at higher power
configurations. The hammerhead shape allows for the radial separation of the screws,
which may be connected to coil section turns that may produce higher voltage
differentials, and would therefore be susceptible to higher electric fields and resulting
damage. Advantageously, the hammerhead shape allows for the radial separation of
the screws, and avoids problems associated with arcing. As illustrated, one of the
hammerhead sections of ceramic support for her to include screws 423, 422, 421, and

420.

[0069] The separation between 420 and 421 is provided by its radial separation along
the hammerhead shape of the ceramic support 400. Screw 420 is connected to an
inner portion of the outer coil 122 and screw 421 is connected to the outer portion of
the outer coil 122. This configuration would have caused problems with arcing if the
screws where more radially aligned, but by providing the radial separation along the
extended portion of the hammerhead shape, arcing is avoided. The same benefits are

associated with screws 424, 426, and 428.
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[0070] Figure SA illustrates an example where ceramic support 400 is connected to a
top portion of a chamber 102 shown in figure 5B. The top portion includes a ceramic
window 106, which is proximate or adjacent to the TCP coil. The chamber 102,
shown in figure 5B includes a chuck 104 (i.e., substrate support), which is designed to
receive a wafer (not shown). In one embodiment, and without limitation to other
process configurations, the chamber 102, having the hammerhead ceramic support
may be used for fabricating operations to make magneto-resistive random access
memory (MRAM) devices. In the example of Figure 5A, the hammerhead ceramic

support is used with an air cooled Faraday shield.

[0071] It should be understood that any type of etching process can take advantage of
having a supportive TCP coil, with the ceramic support configurations disclosed in
the above-described embodiments. As noted earlier, the embodiments described
herein may be applicable to processing in chambers that are designed for 300 mm
wafers. It should be understood that the chambers can also be configured for other
sizes, such as 450 mm wafers. When larger wafers are processed in larger configured
chambers, the sizes of the relevant parts may increase. For example, the ceramic

support 300/400 can also increase in diameter.

[0072] It is possible that additional spokes may be provided, and additional radius is
of hammerhead features can be provided for each radius. For example, in a 300 mm
configuration, and inner coil is provided and an outer coil is provided. It is
envisioned that in larger chambers, such as those that would process 450 mm wafers,
three coil rings (sets) would be provided. Thus, there would be an inner coil, a middle
coil, and an outer coil. In one embodiment, it is possible that the hammerhead shapes
can be provided for the inner coil as well as for the outer coil, with respective spokes

providing extensions to those specific regions. In other embodiments, it is also
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possible to arrange the terminals along more than just one axis. That is, instead of just
having terminals extending through the ceramic body along a single axis, it is possible
that terminals connected to the TCP coil can extend up along the support axis. For
larger chambers, it is possible that terminals can extend through an up along multiple
spokes, depending on the routing configuration for the connections to the various

coils.

[0073] In one embodiment, without limitation, advantages provided by the
embodiments described herein include: a feature that the hammerhead shape of the
ceramic support, which increases the separation between the screw pairs; a feature
that that terminals are elevated from the ceramic support and are provided with
ceramic cutouts (passages) around the outmost terminals to reduce the E field around
the outmost terminals; and a feature that smooth shank screws are used to mount the
coil to the hammerhead ceramic support (which eliminates or reduces the E field

concentration caused by the screw threads in the ceramic section).

[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:

21


ipos
Rectangle

ipos
Rectangle

ipos
Typewritten Text
21

ipos
Rectangle


10

15

20

25

CLAIMS

1. A plasma processing system including a substrate support, comprising,

a chamber for plasma processing a substrate when disposed over the substrate
support of the chamber, the chamber having a ceramic window oriented over the
substrate support;

a transformer coupled plasma (TCP) coil defined by an inner coil and an outer
coil, the TCP coil disposed over the ceramic window;

a ceramic support disposed over to the TCP coil, the ceramic support includes
a plurality of spokes that extend from a center region to an outer periphery, each of
the spokes include a hammerhead shape that radially expands the ceramic support in a
direction that is away from an axis of a spoke; and

a plurality of screws connecting TCP coil to the ceramic support, wherein at
least a pair of screws connected to the outer coil are radially offset from each other
and one of the pair of screws is disposed in the hammerhead shape;

wherein the ceramic support, using the plurality of screws, support the TCP

coil over the ceramic window of the chamber.

2. The plasma processing system as recited in claim 1, wherein the
ceramic support includes a plurality of screw holes for receiving the plurality of
screws, the plurality of screw holes being non-treaded; and

wherein each of the plurality of screws includes a non-threaded section and a
threaded section, the non-threaded section defined to sit in the non-threaded screw

holes and the threaded section defined to thread into a threaded of the TCP coil.
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3. The plasma processing system as recited in claim 1, wherein the

plurality of spokes are aligned along a support axis and a terminal axis.

4. The plasma processing system as recited in claim 3, further
comprising,

a first terminal support connected to the ceramic support at a first end of a
spoke aligned along the terminal axis; and

a second terminal support connected to the ceramic support at a second end of

the spoke aligned along the terminal axis.

5. The plasma processing system as recited in claim 4, wherein the first
and second terminal supports connect to a first terminal body and a second terminal
body, respectively, the first and second terminal bodies being held elevated off of the

ceramic support by the first and second terminal supports.

6. The plasma processing system as recited in claim 1, wherein the
ceramic support includes elongated passages under terminals of the TCP coil at

opposite outer ends of spokes aligned along the terminal axis.

7. The plasma processing system as recited in claim 1, wherein the radial
offset is an angel that extends from a center region of the ceramic support and extends

to screw holes defined in the outer periphery of the ceramic support.

8. The plasma processing system as recited in claim 3, further

comprising,
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a plurality of passages defined along the terminal axis, the passages being
sized to enable terminals connected to the TCP coil to pass through and reside without

contact maintained by a spacing with the ceramic support.

9. The plasma processing system as recited in claim 1, wherein on one of
the spokes three screws are provided, wherein a first screw is disposed through a first
side of the hammerhead shape, a second screw is disposed through a spoke region,
and a third screw is disposed through a second side of the hammerhead shape,
wherein the first side, the second side and the spoke region define the hammer head

shape.

10.  The plasma processing system as recited in claim 9, wherein the first
screw connects to an inner portion of the outer coil, the second screw connects to a
middle portion of the outer coil, and the third screw connects to an outer portion of

the outer coil.

11. A device for use in a plasma processing system, comprising,

a ceramic support having a plurality of spokes that extend from a center region
to an outer periphery, each of the spokes include a hammerhead shape that radially
expands the ceramic support in a direction that is away from an axis of a spoke; and

a plurality of screw holes disposed through the ceramic support, the plurality
of screw holes defined to enable screws to connect to a TCP coil having an inner and
outer coil, wherein the outer coil is to be disposed under the hammerhead shape of
each of the spokes, wherein a radial gap is defined between each of the hammerhead

shapes, the radial gap defining a non-continuous ring around the outer coil.
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12. The device of claim 11, wherein at least a pair of screw holes are
radially offset from each other and one of the pair of screw holes is disposed in the

hammerhead shape.

13 The device of claim 11, further comprising,

a plurality of screws, the plurality of screws defined to fit through the screw
holes, the screws including a non-threaded section and a threaded section, the non-
threaded section configured to reside in the screw holes and the threaded sections

configured to thread into the TCP coil.

14.  The device of claim 11, wherein the plurality of spokes include four
spokes, wherein two spokes are aligned along a support axis and two spokes are

aligned along a terminal axis.

15. The device of claim 14, further comprising,

a first terminal support connected to the ceramic support at a first end of a
spoke aligned along the terminal axis; and

a second terminal support connected to the ceramic support at a second end of

the spoke aligned along the terminal axis.

16.  The ceramic support of claim14, wherein the first and second terminal
supports connect to a first terminal body of the TCP coil and a second terminal body,
respectively, the first and second terminal bodies being held elevated off of the

ceramic support by the first and second terminal supports.
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17.  The device of claim 14, further comprising a center ceramic support,
the center ceramic support defining a loop that is disposed over the inner coil of the
TCP coil when present, the center ceramic support defining a structure form which the

spokes extend out from to the hammer head shapes.

18. A chamber, comprising,

the chamber having walls and defining a volume for processing plasma, the
chamber having a ceramic window disposed in a ceiling of the chamber;

a ceramic support having a plurality of spokes that extend from a center region
to an outer periphery, each of the spokes include a hammerhead shape that radially
expands the ceramic support in a direction that is away from an axis of a spoke; and

a plurality of screw holes disposed through the ceramic support, the plurality
of screw holes defined to enable screws to connect to a TCP coil having an inner and
outer coil, wherein the outer coil is to be disposed under the hammerhead shape of
each of the spokes, wherein a radial gap is defined between each of the hammerhead
shapes, the radial gap defining a non-continuous ring around the outer coil; and

a plurality of screws disposed through the screw holes for attaching the TCP
coil to the ceramic support, the ceramic support disposing the TCP coil over the

ceramic window.

19. The chamber of claim 18, wherein at least a pair of screw holes are

radially offset from each other and one of the pair of screw holes is disposed in the

hammerhead shape.
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20. The device of claim 18, wherein the screws include a non-threaded
section and a threaded section, the non-threaded section configured to reside in the

screw holes and the threaded sections configured to thread into the TCP coil.
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