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COILS FOR GENERATING RADIO FREQUENCY FIELDS

INCORPORATION BY REFERENCE
[0000] A PCT Request Form is filed concurrently with this specification as part of the present
application. Each application that the present application claims benefit of or priority to as
identified in the concurrently filed PCT Request Form is incorporated by reference herein in its

entirety and for all purposes.
BACKGROUND

[0001] Plasma-based operations are frequently used for semiconductor device fabrication.
Non-uniformities in plasma may yield detrimental defects in the fabricated device, e.g., due to

uneven deposition or etching.

[0002] The background description provided herein is for the purposes of generally presenting
the context of the disclosure. Work of the presently named inventors, to the extent it is described
in this background section, as well as aspects of the description that may not otherwise qualify as
prior art at the time of filing, are neither expressly nor implicitly admitted as prior art against the

present disclosure.

SUMMARY

[0003] According to some embodiments, a coil for generating a radio frequency (RF) field in
a semiconductor apparatus is provided. The coil may comprise a tubing section formed into two
turns, the two turns configured to encircle a plasma container of the semiconductor fabrication
apparatus, wherein a second end of the tubing section is bent toward a first end of the tubing
section, and wherein the first end of the tubing section and the second end of the tubing section
are bent at an angle from the two turns. The coil may comprise a first terminal attached to the first
end of the tubing section, wherein the first terminal is configured to be operatively coupled to an
RF source. The coil may comprise a second terminal attached to the second end of the tubing

section, wherein the second terminal is configured to be operatively coupled to a ground.

[0004] In some examples, the second end of the tubing section is bent such that it overlaps the

first end of the tubing section.

[0005] In some examples, the tubing section comprises a metal.
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[0006] In some examples, the tubing section comprises one of: a super high conductive copper,

or silver plated stainless steel.

[0007] In some examples, the first terminal is welded to the first end of the tubing section, and

wherein the second terminal is welded to the second end of the tubing section.

[0008] In some examples, the first end of the tubing section is bent at an angle from the two

turns that is within a range of about 60 degrees to 100 degrees.

[0009] In some examples, the second end of the tubing section is bent at an angle from the two

turns that is within a range of about 60 degrees to 100 degrees.

[0010] A method for forming a coil for generating an RF field in a semiconductor fabrication
apparatus is provided. In some embodiments, the method involves forming a tubing section of the
coil with a single piece of tubing such that the tubing section forms two turns. The method may
further involve bending a second end of the tubing section toward a first end of the tubing section.
The method may further involve bending the second end of the tubing section and the first end of
the tubing section at an angle to the two turns. The method may further involve attaching a [irst
terminal to the first end of the tubing section and attaching a second terminal to the second end of

the tubing section.

[0011] In some examples, the second end of the tubing section is bent such that it overlaps the

first end of the tubing section.
[0012] In some examples, the tubing section comprises super high conductive copper.
[0013] In some examples, the tubing section comprises silver plated stainless steel.

[0014] In some examples, the first terminal is welded to the first end of the tubing section, and

wherein the second terminal is welded to the second end of the tubing section.

[0015] In some examples, the first end of the tubing is bent at an angle from the two turns that

is within a range of about 60 degrees to 100 degrees.

[0016] In some examples, the second end of the tubing is bent at an angle from the two turns

that is within a range of about 60 degrees to 100 degrees.

[0017] A semiconductor processing (ool is provided according to some embodiments. The

tool may comprise: an RF source; one or more process stations, each configured to receive and
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process a semiconductor wafer; one or more receptacles configured to receive a gas from a gas
source and to convert the received gas to a plasma for dispersing the plasma to the one or more
process stations; and a coil. The coil may comprise a tubing section formed into two turns, the
two turns configured to encircle one of the one or more receptacles, wherein a second end of the
tubing section is bent toward a first end of the tubing section, and wherein the first end of the
tubing section and the second end of the tubing section are bent at an angle [rom the two turns.
The coil may further comprise a first terminal attached to the first end of the tubing section,
wherein the first terminal is configured to be operatively coupled to the RF source. The coil may
further comprise a second terminal attached to the second end of the tubing section, wherein the

second terminal is configured to be operatively coupled to a ground.
[0018] In some examples, the one or more process stations comprise four process stations.

[0019] In some examples, the second end of the tubing section is bent such that it overlaps the

first end of the tubing section.
[0020] In some examples, the tubing section comprises super high conductive copper.
[0021] In some examples, the tubing section comprises silver plated stainless steel.

[0022] In some examples, the first terminal is welded to the first end of the tubing section, and

wherein the second terminal is welded to the second end of the tubing section.

[0023] In some examples, the first end of the tubing section is bent at an angle from the two

turns that is within a range of about 60 degrees to 100 degrees.

[0024] In some examples, the second end of the tubing section is bent at an angle from the two

turns that is within a range of about 60 degrees to 100 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Figures 1A, 1B, and 1C illustrate an example coil for generating a radio frequency (RF)

field in accordance with some embodiments.

[0026] Figure 2 illustrates an example RF field generating using the coil depicted in Figures
1A, 1B, and 1C.

[0027] Figures 3A and 3B illustrate another example coil for generating an RF field in

accordance with some embodiments.
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[0028] Figure 4 illustrates an example RF field generated using the coil depicted in Figures
3A and 3B.

[0029] Figure 5 illustrates a top view of an example multi-station process chamber that utilizes

a coil similar to the coil depicted in Figures 3A and 3B in accordance with some embodiments.

[0030] Figure 6 is a flowchart of an example process for manufacturing a coil in accordance

with some embodiments.

DETAILED DESCRIPTION

[0031] In some semiconductor fabrication tools, a plasma may be generated by generating a
radio frequency (RF) field that in turn causes process gases within a receptacle or container to be
converted to plasma. Note that, as used herein, “receptacle” and “container” may be used
interchangeable. The receptacle or container may be referred to as “a plasma container.” The
plasma may then be used to perform plasma-based fabrication operations (e.g., deposition or etch
operations) on a wafer undergoing processing. The RF field may be generated using a coil that is
disposed around an outer portion of the receptacle or container. The coil may have a first terminal
that is operatively coupled to an RF source (e.g., an RF generator), and a second terminal that is
grounded. Accordingly, the coil, when receiving an RF signal input at the first terminal, may cause

the RF field to be generated proximate to and within the receptacle.

[0032] Non-uniformity of the RF field may lead to non-uniformity of the plasma generated by
the RF field. The non-uniformity of the plasma may cause defects in the processed wafer, e.g.,
due to non-uniform thicknesses of deposited or etched layers across the wafer. Accordingly,
increasing a uniformity of the RF field, and therefore, the uniformity of the plasma, is important.
Figures 1A-1C illustrate an example of a coil that may generate a non-uniform RF field,

particularly in the region proximate the two terminals of the coil.

[0033] Disclosed herein are coils and methods for manufacturing coils that lead to increased
RF field uniformity, and therefore, increased plasma uniformity. In particular, the coils disclosed
herein may have terminals that are bent away from the turns of the coil, and therefore, bent away
at an angle from the receptacle which the turns of the coil surround. Moreover, the two ends of
the coil to which the two terminals are attached, may be bent toward one another, and optionally
overlapping to at least some degree. The angle of the coil ends away {from the receptacle and/or
the pinching of the two terminals toward one another (and possibly overlapping one another) may
serve to increase the uniformity of the generated RF field, particularly in the region proximate the
terminal ends. Note that the coil may be comprised of a single piece of tubing, rather than multiple
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portions that are welded together. The tubing may be comprised of super high conductive copper
or silver plated stainless steel. An example of a coil in accordance with what is disclosed herein
is shown in and described below in connection with Figures 3A and 3B, and a method of forming

such a coil is shown in and described below in connection with Figure 6.

[0034] Figure 1A illustrates a receptacle 102 and a coil 104 having a first configuration.
Receptacle 102 may be made of ceramic or another similar material. Receptacle 102 may be
configured to receive a gas from a gas source and to convert the received gas to a plasma. The
plasma may then be disposed within a process station to, e.g., perform plasma-based operations
(e.g., plasma-based deposition operations, plasma-based etching operations, etc.) on one or more
wafers to be processed. The plasma may be generated using an RF field that is in turn generated
using coil 104. As illustrated, coil 104 is disposed around a portion of receptacle 102 such that the
RF field generated using coil 104 causes process gases within receptacle 102 to be converted to
plasma. One terminal of coil 104 may be operatively coupled to an RF source (e.g., an RF
generator), and a second terminal of coil 104 may be operatively coupled to a ground.
Accordingly, coil 104, when coupled to the RF source and receiving an RF signal from the RF
source, may in turn produce an RF field that causes process gases within receptacle 102 to be

converted to plasma.

[0035] Figure 1B illustrates a three-dimensional view of coil 104. As illustrated, a first
terminal 122 of coil 104 is operatively coupled to an RF source (not shown), and a second terminal
124 of coil 104 is operatively coupled to a ground (not shown). Note that a receptacle (e.g.,
receptacle 102 of Figure 1A), if present in the diagram of Figure 1B, would be positioned within
an interior portion of coil 104. Figure 1C illustrates a top-view of coil 104. Figure 1C additionally
illustrates the RF source 152 the first terminal of the coil is operatively coupled to and ground 154
the second terminal of the coil is operatively coupled to. Note that first terminal 122 and second
terminal 124 would be positioned against the receptacle. Additionally, note that due to terminal
122, in some regions, coil 104 has two turns, whereas in the region proximate to terminal 122, coil

104 has an additional turn, or coil portion.

[0036] The positioning of the terminals against the receptacle, as well as the non-uniformity
of the coil with respect to turns of the coil, may cause non-uniformities in the RF field when
utilizing the coil shown in Figures 1A, 1B, and 1C. Non-uniformities in the RF field may in turn
lead to plasma non-uniformities. Plasma non-uniformities may cause defects in fabricated wafers,
such as uneven thicknesses of deposited or etched materials. An example of a non-uniform RF

field that may be generated by the coil shown in Figures 1A, 1B, and 1C is illustrated in Figure 2.
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Figure 2 is a color-scale plot illustrating the magnitude of the RF field at different regions of a
receptacle. Note that the RF field in region 202, corresponding to the region of the coil of the first

terminal and the second terminal, exhibits RF field non-uniformities.

[0037] Disclosed herein is a coil and a method for manufacturing a coil that is configured to
generate a more uniform RF field within a receptacle. The more uniform RF field in turn generates
a more unform plasma, leading to less defects in processed wafers. In some embodiments, the coil
disclosed herein has a tubing section formed into two turns. The two turns may be configured to
encircle a receptacle (sometimes referred to herein as “a plasma receptacle” and/or “a plasma
container™). A first end of the tubing may have a first terminal attached, where the first terminal
is configured to be operatively coupled to an RF source, such as an RF generator. A second end
of the tubing may have a second terminal attached, wherein the second terminal is configured to
be operatively coupled to a ground. In some embodiments, the tubing may be made of a super
high conductive copper. Alternatively, in some embodiments, the tubing may be made of silver-
plated stainless steel. The first and second terminals may be welded to the tubing. In some
embodiments, the first end of the tubing and the second end of the tubing may be bent at an angle
away from the two turns that encircle the receptacle. The bending of the tubing away from the
receptacle may cause the tubing to have a more uniform number of turns in all regions around the
receptacle, thereby leading to an improved uniformity of the RF field. In some embodiments, the
first and second terminal may be bent away from the two turns at an angle. The angle may be
within a range of about 60 to 100 degrees, within a range of about 70 to 90 degrees, or at
substantially about 90 degrees. In some embodiments, the first end of the tubing and the second
end of the tubing may be bent such that the first end and the second end overlap, or are pinched
together. The overlap of the first end and the second end, which are in turn operatively coupled to

the RF source and the ground, respectively, may generate an improved uniformity in the RF field.

[0038] Figures 3A and 3B illustrate an example coil 302 for generating an RF field in
accordance with some embodiments. As illustrated in Figure 3A, a first end of coil 302 is bent at
section 304 away from the two turns of coil 302. The first end of coil 302 terminates at first
terminal 306, which is configured to be operatively coupled to an RF source. A second end of coil
302 is bent at section 308 away from the two turns of coil 302. The second end of coil 302
terminates at second terminal 310, which is configured to be operatively coupled to a ground.
Note that, due to bending of the ends of the tubing away from the two turns of the coil, the coil
exhibits more uniformity in turns around a receptacle that would be positioned within the two
turns, which leads to a higher uniformity in the generated RF field relative to the coil shown in and

described above in connection with Figures 1A-1C. Additionally, note that in the ends of coil 302
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are overlapped within one another as illustrated in Figure 3A, which additionally generates a higher

uniformity in the RF field.

[0039] Figure 3B illustrates a diagram of coil 302 around a receptacle 304. Note the turns of
coil 302 are more uniform around regions of receptacle 304 than the coil shown in and described

above in connection with Figure 1A.

[0040] Figure 4 shows an example RF field generated using the coil shown in and described
above in connection with Figures 3A and 3B. as illustrated, the RF field of Figure 4 is more
uniform in all regions, including the regions proximate the coil terminals, compared to the RF field

shown in and described above in connection with Figure 2.

[0041] In some embodiments, multiple coils, e.g., multiple instances of the coil shown in and
described above in connection with Figures 3A and 3B, may be utilized in multiple stations of a
multi-station process chamber. For example, each station may have a plasma receptacle and a coil
may be disposed around a portion of the plasma receptacle of the station. As a more particular
example, given a multi-station process chamber having four stations, there may be four plasma
receptacles, each associated with one of the four stations. Continuing with this example, each
plasma receptacle may have a coil (e.g., the coil shown in and described above in connection with
Figures 3A and 3B). Each coil may be operatively coupled to an RF source associated with the
process chamber. Note that, in some embodiments, each station of a multi-station process chamber

may have its own RF source.

[0042] Figure 5 illustrates a top view of an example multi-station process chamber 500 in
accordance with some embodiments. Multi-station process chamber 500 includes four process
stations, stations 502, 504, 506, and 508. Each station is associated with a coil (e.g., coils 510,
512, 514, and 516) disposed around a region of a plasma receptacle (not shown). Note that
although multi-station process chamber 500 includes four stations, in some embodiments, a multi-

station process chamber may include two, six, eight, etc. stations.

[0043] In some embodiments, a coil may be formed primarily of a single piece of tubing rather
than by multiple segments that are connected together to form the turns of the coil. The single
piece of tubing may be bent to form two turns of the coil. A second end of the tubing may then be
bent toward a first end of the tubing. For example, the second end of the tubing may be bent
toward the first end such that the first end and the second end of the tubing overlap to at least some
degree. The first and second ends of the tubing may be bent at an angle to the two turns such that

the first and second ends of the tubing, when the tubing is disposed around a region of the plasma
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receptacle, are bent away from the plasma receptacle. For example, the first and second ends may
be bent at an angle that is within a range of about 60 to 100 degrees, within a range of about 70 to
90 degrees, or about 90 degrees. A first terminal may be attached to the first end, where the first
terminal is configured to be coupled to an RF source. A second terminal may be attached to the
second end, where the second terminal is configured to be coupled to a ground. For example, the

first and second terminals may be welded to the first and second ends of the tubing, respectively.

[0044] Figure 6 is a flowchart of an example process 600 for manufacturing a coil in
accordance with some embodiments. In some embodiments, blocks of process 600 may be
performed in an order other than what is shown in Figure 6. In some implementations, two or
more blocks of process 600 may be performed substantially in parallel. In some implementations,

one or more blocks of process 600 may be omitted.

[0045] At 602, a tubing section of a coil may be formed with a single piece of tubing. The
tubing section may be formed (e.g., shaped) into two turns. The single piece of tubing may
comprise super high conductive copper, or silver-plated stainless steel. The two turns may be

configured to be disposed around a portion of a plasma receptacle.

[0046] At 604, a second end of the tubing section may be bent toward a first end of the tubing
section. For example, the second end may be bent such that the second end overlaps the first end
of the tubing section to at least some degree. As another example, the second end may be bent

toward the first end such that the second end and the first end are proximate without overlapping.

[0047] At 606, a first end of the tubing section may be bent at an angle to the two turns of the
coil, and a second end of the tubing section may be bent at an angle to the two turns of the coil.
For example, the first end and the second end may be bent such that the ends of the tubing section
are bent away from the plasma receptacle when the coil is disposed around the plasma receptacle.
In some embodiments, the first end and/or the second end may be bent away from the two turns of
the coil at an angle that is within a range of about 60 to 100 degrees, within a range of about 70 to
90 degrees, or about 90 degrees. Note that, in some embodiments, the first end may be bent at a
first angle away from the two turns of the coil, and the second end may be bent at a second angle

away from the two turns of the coil, where the first angle and the second angle are different.

[0048] At 608, a first terminal may be attached to the first end of the tubing section, and a
second terminal may be attached to a second end of the tubing section. For example, the first

terminal and the second terminal may be welded to the first end and the second end, respectively.
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As described above, the first terminal may be operatively coupled to an RF source. The second

terminal may be operatively coupled to a ground.
CONCLUSION

[0049] In the description, numerous specific details were set forth in order to provide a
thorough understanding of the presented embodiments. The disclosed embodiments may be
practiced without some or all of these specific details. In other instances, well-known process
operations were not described in detail to not unnecessarily obscure the disclosed embodiments.
While the disclosed embodiments were described in conjunction with the specific embodiments,
it will be understood that the specific embodiments are not intended to limit the disclosed

embodiments.

[0050] Unless otherwise indicated, the method operations and device features disclosed herein
involves techniques and apparatus commonly used in metrology, semiconductor device fabrication

technology, software design and programming, and statistics, which are within the skill of the art.

[0051] Unless defined otherwise herein, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. Various scientific
dictionaries that include the terms included herein are well known and available to those in the art.
Although any methods and materials similar or equivalent to those described herein find use in the

practice or testing of the embodiments disclosed herein, some methods and materials are described.

[0052] Numeric ranges are inclusive of the numbers defining the range. It is intended that
every maximum numerical limitation given throughout this specification includes every lower
numerical limitation, as if such lower numerical limitations were expressly written herein. Every
minimum numerical limitation given throughout this specification will include every higher
numerical limitation, as if such higher numerical limitations were expressly written herein. Every
numerical range given throughout this specification will include every narrower numerical range
that falls within such broader numerical range, as if such narrower numerical ranges were all

expressly written herein.

[0053] The headings provided herein are not intended to limit the disclosure.

[TPAR a3

[0054] As used herein, the singular terms “a,” “an,” and “the” include the plural reference
unless the context clearly indicates otherwise. The term “or” as used herein, refers to a non-

exclusive or, unless otherwise indicated.
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[0055] Various computational elements including processors, memory, instructions, routines,
models, or other components may be described or claimed as “configured to” perform a task or
tasks. In such contexts, the phrase “configured to” is used to connote structure by indicating that
the component includes structure (e.g., stored instructions, circuitry, etc.) that performs the task or
tasks during operation. As such, the unit/circuit/component can be said to be configured to perform
the task even when the specified component is not necessarily currently operational (e.g., is not

on).

[0056] The components used with the “configured to” language may refer to hardware—for
example, circuits, memory storing program instructions executable to implement the operation,
etc. Additionally, “configured to” can refer to generic structure (e.g., generic circuitry) that is
manipulated by software and/or firmware (e.g., an FPGA or a general-purpose processor executing
software) to operate in manner that is capable of performing the recited task(s). Additionally,
“configured to” can refer to one or more memories or memory elements storing computer
executable instructions for performing the recited task(s). Such memory elements may include
memory on a computer chip having processing logic. In some contexts, “configured to” may also
include adapting a manufacturing process (e.g., a semiconductor fabrication facility) to fabricate

devices (e.g., integrated circuits) that are adapted to implement or perform one or more tasks.
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CLAIMS

I. A coil for generating a radio frequency (RF) field in a semiconductor fabrication
apparatus, the coil comprising:

a tubing section formed into two turns, the two turns configured to encircle a plasma
container of the semiconductor fabrication apparatus, wherein a second end of the tubing section
is bent toward a first end of the tubing section, and wherein the first end of the tubing section and
the second end of the tubing section are bent at an angle from the two turns;

a first terminal attached to the first end of the tubing section, wherein the first terminal is
configured to be operatively coupled to an RF source; and

a second terminal attached to the second end of the tubing section, wherein the second

terminal is configured to be operatively coupled to a ground.

2. The coil of claim 1, wherein the second end of the tubing section is bent such that it

overlaps the first end of the tubing section.

3. The coil of claim 1, wherein the tubing section comprises a metal.

4. The coil of claim 3, wherein the tubing section comprises one of: a super high conductive

copper, or silver plated stainless steel.

5. The coil of any one of claims 1-4, wherein the first terminal is welded to the first end of
the tubing section, and wherein the second terminal is welded to the second end of the tubing

section.

6. The coil of any one of claims 1-4, wherein the first end of the tubing section is bent at an

angle from the two turns that is within a range of about 60 degrees to 100 degrees.

7. The coil of any one of claims 1-4, wherein the second end of the tubing section is bent at

an angle from the two turns that is within a range of about 60 degrees to 100 degrees.

8. A method for forming a coil for generating a radio frequency (RF) field in a
semiconductor fabrication apparatus, the method comprising:
forming a tubing section of the coil with a single piece of tubing such that the tubing
section forms two turns;

bending a second end of the tubing section toward a first end of the tubing section;

11
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bending the second end of the tubing section and the first end of the tubing section at an
angle to the two turns; and
attaching a first terminal to the first end of the tubing section and attaching a second

terminal to the second end of the tubing section.

9. The method of claim 8, wherein the second end of the tubing section is bent such that it

overlaps the first end of the tubing section.

10. The method of claim 8, wherein the tubing section comprises super high conductive

copper.

11. The method of claim 8, wherein the tubing section comprises silver plated stainless steel.

12. The method of claim 8, wherein the first terminal is welded to the first end of the tubing

section, and wherein the second terminal is welded to the second end of the tubing section.

13. The method of any one of claims 8-12, wherein the first end of the tubing is bent at an

angle from the two turns that is within a range of about 60 degrees to 100 degrees.

14. The method of any one of claims 8-12, wherein the second end of the tubing is bent at an

angle from the two turns that is within a range of about 60 degrees to 100 degrees.

15. A semiconductor processing tool, comprising:
an RF source;
one or more process stations, each configured to receive and process a semiconductor
wafer;
one or more receptacles configured to receive a gas from a gas source and to convert the
received gas to a plasma for dispersing the plasma to the one or more process stations; and
a coil, the coil comprising:

a tubing section formed into two turns, the two turns configured to
encircle one of the one or more receptacles, wherein a second end of the tubing
section is bent toward a first end of the tubing section, and wherein the first end of
the tubing section and the second end of the tubing section are bent at an angle
from the two turns;

a first terminal attached to the first end of the tubing section, wherein the

first terminal is configured to be operatively coupled to the RF source; and
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a second terminal attached to the second end of the tubing section,

wherein the second terminal is configured to be operatively coupled to a ground.

16. The semiconductor processing tool of claim 15, wherein the one or more process stations

comprise four process stations.

17. The semiconductor processing tool of claim 15, wherein the second end of the tubing

section is bent such that it overlaps the first end of the tubing section.

18. The semiconductor processing tool of claim 15, wherein the tubing section comprises

super high conductive copper.

19. The semiconductor processing tool of claim 15, wherein the tubing section comprises

silver plated stainless steel.

20. The semiconductor processing tool of any one of claims 15-19, wherein the first terminal
is welded to the first end of the tubing section, and wherein the second terminal is welded to the

second end of the tubing section.

21. The semiconductor processing tool of any one of claims 15-19, wherein the first end of
the tubing section is bent at an angle from the two turns that is within a range of about 60 degrees

to 100 degrees.

22. The semiconductor processing tool of any one of claims 15-19, wherein the second end
of the tubing section is bent at an angle from the two turns that is within a range of about 60

degrees to 100 degrees.
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