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FILTER BOX FOR A SUBSTRATE PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/843,720, filed on May 6, 2019. The entire disclosure of the application referenced

above is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to a radio frequency (RF) box configured to filter

RF interference from signals communicated in a substrate processing system.

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

impliedly admitted as prior art against the present disclosure.

[0004] Substrate processing systems are used to perform treatments such as
deposition and etching of film on substrates such as semiconductor wafers. For
example, deposition may be performed to deposit conductive film, dielectric film, or
other types of film using chemical vapor deposition (CVD), plasma enhanced CVD
(PECVD), atomic layer deposition (ALD), plasma enhance ALD (PEALD), and/or other
deposition processes. During deposition, the substrate is arranged on a substrate
support and one or more precursor gases may be supplied to a processing chamber
during one or more process steps. In a PECVD or PEALD process, plasma is used to

activate chemical reactions within the processing chamber during deposition.

SUMMARY
[0005] A filter module for a substrate processing chamber includes a plurality of
exterior panels defining an interior, a plurality of internal panels defining a plurality of
compartments within the interior of the filter module, and an adjustable capacitor
arranged on a first panel of the plurality of internal panels within a first compartment of
the plurality of compartments. The adjustable capacitor is coupled, through the first

panel, to a motor located outside of the first compartment, and the adjustable capacitor
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is configured to receive a radio frequency input signal and provide a radio frequency

voltage to the substrate processing chamber based on a position of the motor.

[0006] In other features, the adjustable capacitor is configured to provide the radio
frequency voltage to filter circuitry within the first compartment and the filter circuitry is
configured to provide a filtered RF frequency voltage to the substrate processing
chamber. The filter module further includes an insulative spacer provided between the
adjustable capacitor and the first panel. The filter module further includes an encoder
configured to map a capacitance of the adjustable capacitor to an absolute position of

the motor.

[0007] In other features, a second panel of the plurality of the internal panels
separates the first compartment from a second compartment of the plurality of
compartments. A third panel of the plurality of the internal panels separates the second
compartment from a third compartment of the plurality of compartments. At least one of
the second compartment and the third compartment includes filter circuitry configured
to filter a heater power signal and provide the filtered heater power signal to the

substrate processing chamber.

[0008] In other features, the plurality of exterior panels includes a front panel, a back
panel, a top panel, a bottom panel, and first and second side panels. The filter module
is rectangular and includes a notched corner, and wherein the motor is arranged within
the notched corner. The first side panel includes an input connector configured to
receive a cable connector and the input connector is configured to receive the radio
frequency input signal via the cable connector. A leaf spring is arranged on the first side
panel between the input connector and the cable connector and the cable connector
connects to the input connector through an opening in the leaf spring. A first end of the
leaf spring is mounted on the first side panel and a second end of the leaf spring

extends past a perimeter of the first side panel.

[0009] In other features, the second end of the leaf spring extends over a contact
switch arranged on the back panel of the filter module. Connecting the cable connector
to the input connector causes the second end of the leaf spring to engage the contact
switch. The contact switch is configured to generate a signal indicating whether at least
one of the filter module is installed on the substrate processing chamber and the cable

connector is connected to the input connector. The first side panel includes a
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removable access panel and the first end of the leaf spring is mounted to the first side

panel through the removable access panel.

[0010] In other features, a substrate processing tool includes a plurality of substrate
processing chambers and a plurality of the filter modules. Each of the plurality of filter
modules is mounted on a respective one of the plurality of processing chambers. Each
of the filter modules includes a removable side panel, and wherein the removable side
panel of each of the filter modules faces an outer perimeter of the substrate processing

tool.

[0011] A filter module for a substrate processing chamber includes a plurality of
exterior panels defining an interior, a plurality of internal panels defining a plurality of
compartments within the interior of the filter module, and an adjustable capacitor
arranged on a first panel of the plurality of internal panels within a first compartment of
the plurality of compartments. The adjustable capacitor is coupled, through the first
panel, to a motor located outside of the first compartment, and the adjustable capacitor
is configured to receive a radio frequency input signal and provide a radio frequency
voltage to the substrate processing chamber based on a position of the motor. The
adjustable capacitor is configured to provide the radio frequency voltage to filter
circuitry within the first compartment and the filter circuitry is configured to provide a
fitered RF frequency voltage to the substrate processing chamber. Second and third

compartments of the plurality of compartments each include respective circuitry.

[0012] Further areas of applicability of the present disclosure will become apparent
from the detailed description, the claims and the drawings. The detailed description and
specific examples are intended for purposes of illustration only and are not intended to

limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present disclosure will become more fully understood from the detailed

description and the accompanying drawings, wherein:

[0014] FIG. 1 is a functional block diagram of an example substrate processing system

according to the present disclosure;

[0015] FIGS. 2A and 2B are bottom plan views of an example substrate processing
tool of a substrate processing system including a radio frequency (RF) filter module

according to the present disclosure;
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[0016] FIGS. 3A and 3B are views of an example RF filter module according to the

present disclosure; and

[0017] FIGS. 4A and 4B are example interior views of the RF filter module of FIGS. 3A

and 3B according to the present disclosure.

[0018] FIGS. 5A, 5B, 5C, and 5D are views of another example of the RF filter module

according to the present disclosure;

[0019] FIG. 5E is a view of a portion of the RF filter module according to the present

disclosure; and

[0020] FIG. 5F is a bottom plan view of the RF filter module of FIGS. 5A, 5B, 5C, and

5D according to the present disclosure..

[0021] In the drawings, reference numbers may be reused to identify similar and/or

identical elements.

DETAILED DESCRIPTION
[0022] A substrate processing system may include one or more radio frequency (RF)
filter modules (e.qg., filter boxes) enclosing RF filter and/or tuning circuits configured to
filter RF noise from electrical signals communicated to and from components within the
substrate processing system. The filter box may be arranged on or adjacent to and/or
integrated with a wall of a processing chamber. For example, the filter box may be
arranged on a lower surface of the processing chamber. Service, installation, and/or

adjustment of internal filter circuitry of the filter box may be difficult.

[0023] A filter box according to the principles of the present disclosure has an
improved geometry and arrangement of external and internal features to facilitate
installation and removal of the filter box to and from the processing chamber. Further,
the filter box is configured to facilitate service and replacement of internal components
(e.g., filter circuitry, such as filter printed circuit boards (PCBs), motors, capacitors, etc.)

and adjustment of filtering parameters (e.g., using an adjustable capacitor).

[0024] Referring now to FIG. 1, an example of a substrate processing system 100
according to the principles of the present disclosure is shown. While the foregoing
example relates to PECVD systems, other plasma-based substrate processing
chambers may be used. The substrate processing system 100 includes a processing

chamber 104 that encloses other components of the substrate processing system 100.
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The substrate processing system 100 includes an upper electrode 108 and a substrate
support such as a pedestal 112 including a lower electrode 116. Although shown as a
single lower electrode 116, the lower electrode 116 may correspond to two or more
electrodes arranged in different zones of the pedestal 112. A substrate 120 is
arranged on the pedestal 112 between the upper electrode 108 and the lower electrode
116.

[0025] For example only, the upper electrode 108 may include a showerhead 124 that
introduces and distributes process gases. Alternately, the upper electrode 108 may
include a conducting plate and the process gases may be introduced in another
manner. The lower electrode 116 may be arranged in a non-conductive pedestal.
Alternately, the pedestal 112 may include an electrostatic chuck that includes a

conductive plate that acts as the lower electrode 116.

[0026] A radio frequency (RF) generating system 126 generates and outputs an RF
voltage to the upper electrode 108 and/or the lower electrode 116 when plasma is
used. In some examples, one of the upper electrode 108 and the lower electrode 116
may be DC grounded, AC grounded, or at a floating potential. For example only, the
RF generating system 126 may include one or more RF voltage generators 128 (e.g., a
capacitively-coupled plasma RF power generator, a bias RF power generator, and/or
other RF power generator) such as a first RF generator 128-1 and a second RF
generator 128-2 that generate RF voltages, which are fed by one or more matching and
distribution networks 130 to the lower electrode 116 (e.g., via a first matching network

130-1) and the upper electrode 108 (e.g., via a second matching network 130-2).

[0027] The first RF generator 128-1 provides an RF and/or bias voltage to the lower
electrode 116. The lower electrode 116 (which, in some examples, may comprise
multiple electrodes) may receive power alternatively or additionally from other power
sources, such as a power source 132. The second RF generator 128-2 may provide an

RF voltage or may simply connect the upper electrode 108 to a ground reference.

[0028] An example gas delivery system 140 includes one or more gas sources 144-1,
144-2, ..., and 144-N (collectively gas sources 144), where N is an integer greater than
zero. The gas sources 144 supply one or more gases (e.g., precursors, inert gases,
etc.) and mixtures thereof. Vaporized precursor may also be used. At least one of the
gas sources 144 may contain gases used in the pre-treatment process of the present

disclosure (e.g., NH3, N2, etc.). The gas sources 144 are connected by valves 148-1,
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148-2, ..., and 148-N (collectively valves 148) and mass flow controllers 152-1, 152-2,
..., and 152-N (collectively mass flow controllers 152) to a manifold 154. An output of
the manifold 154 is fed to the processing chamber 104. For example only, the output of
the manifold 154 is fed to the showerhead 124. In some examples, an optional ozone
generator 156 may be provided between the mass flow controllers 152 and the
manifold 154. In some examples, the substrate processing system 100 may include a
liquid precursor delivery system 158. The liquid precursor delivery system 158 may be
incorporated within the gas delivery system 140 as shown or may be external to the gas
delivery system 140. The liquid precursor delivery system 158 is configured to provide
precursors that are liquid and/or solid at room temperature via a bubbler, direct liquid

injection, vapor draw, etc.

[0029] A heater 160 may be connected to a heater coil (not shown) arranged in the
pedestal 112 to heat the pedestal 112. The heater 160 may be used to control a
temperature of the pedestal 112 and the substrate 120. A valve 164 and pump 168
may be used to evacuate reactants from the processing chamber 104. A controller 172
may be used to control various components of the substrate processing system 100.
For example only, the controller 172 may be used to control flow of process, carrier and
precursor gases, striking and extinguishing plasma, removal of reactants, monitoring of

chamber parameters, etc.

[0030] An RF filter module (e.g., an RF filter box) 176 is arranged adjacent to the
processing chamber 104 to filter RF noise from electrical signals communicated to and
from components within the processing chamber 104. For example, the RF filter
module 176 is arranged below the processing chamber 104 on a bottom surface 178 of
the processing chamber 104 adjacent to a portion (e.g., a stem) 180 of the pedestal
112 extending below the bottom surface 178. Although shown directly adjacent to the
pedestal 112 for simplicity, other structures may be arranged between the pedestal 112
and the RF filter module 176. The RF filter module 176 encloses one or more tuning
circuits, RF filter circuits, etc. (not shown in FIG. 1). The tuning circuits may be
connected (i) between the first matching network 130-1 and a corresponding electrode,
such as the electrode 116 and (ii) between the power source 132 and a corresponding

electrode.

[0031] The tuning circuits control the RF voltages supplied to the electrode 116 and

may include variable and/or fixed impedances that may be tuned for the substrate



10

15

20

25

30

WO 2020/227252 PCT/US2020/031404

processing being performed. The RF voltages and corresponding current supplied to
the electrode 116 may be controlled to change aspects of generated plasma. For
example, in some capacitive coupled plasma (CCP) systems, RF voltage signals can
be supplied to the lower electrode 116 to create and sustain plasma. Other electrical
signals (e.g., power signals provided from a heater 160) may pass through the RF filter
module 176. Example tuning and RF filter circuits that may be enclosed within the RF
filter module 176 according to the principles of the present disclosure are described in
more detail in U.S. Pat. Application No. 16/052,877, filed on August 2, 2018, the entire

contents of which are hereby incorporated herein.

[0032] Referring now to FIGS. 2A and 2B, bottom plan views of an example substrate
processing tool 200 of a substrate processing system are shown. The tool 200 may
include one or more processing stations 204. As shown, the substrate processing tool
200 includes four of the stations 204 but in other examples fewer or more of the
stations 204 may be included. Each of the stations 204 may be configured to perform

the same or different processes performed in others of the stations 204.

[0033] Each of the stations 204 includes a corresponding pedestal 208 and a
respective RF filter module 212 configured and arranged according to the principles of
the present disclosure. As shown, a pedestal control module 216 is arranged adjacent
to the pedestal 208. For example, the pedestal control module 216 includes actuators,
circuitry, etc. configured to control raising and lowering and rotation of the pedestal 208.
Each of the RF filter modules 212 is arranged to facilitate installation and servicing. For
example, each of the RF filter modules 212 is in a same position relative to a respective
one of the pedestals 208 and an outer perimeter 220 of the substrate processing tool
200. A panel (e.g., a removable side or front panel) 224 of the RF filter module 212

faces outward toward the outer perimeter 220 to facilitate servicing.

[0034] Referring now to FIGS. 3A, 3B, 4A, and 4B, views of an example RF filter
module (i.e., a rectangular RF filter box) 300 are shown. The RF filter module 300
includes exterior panels including a front panel (e.g., a removable front panel) 304, a
back panel 308, side panels 312 and 316, a top panel 320, and a bottom panel 324. In
FIGS. 4A and 4B, the RF filter module 300 is shown with the front panel 304 and the

top panel 320 removed.

[0035] While generally rectangular, the RF filter module 300 includes a notched or

recessed corner 328. The RF filter module 300 includes at least one adjustable
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capacitor 332 for adjusting parameters of the RF filter module 300. For example, the
adjustable capacitor 332 in FIGS. 4A and 4B receives an RF input signal (e.g., via a
right angle RF cable connector 336) and magnitudes of RF voltages output by the RF

filter module 300 vary in accordance with the adjusted capacitance of the capacitor 332.

[0036] In some examples, the capacitor 332 includes first and second cylinders that
have a variable overlap. The capacitance of the adjustable capacitor 332 may be
adjusted using an encoder 340 and motor 344 (e.g., responsive to a signal from the
controller 172 indicating a commanded position of the motor 344). For example, the
motor 344 varies the overlap of the first and second cylinders of the capacitor 332 to
vary the capacitance. For example, the motor 344 corresponds to a stepper motor and
the encoder 340 corresponds to an absolute encoder that maps the capacitance of the
capacitor 332 to the commanded position of the motor 344. While the capacitor 332 is
enclosed within the RF filter module 300, the encoder 340 and the motor 344 are
located outside of the RF filter module 300 within the notched corner 328. Accordingly,

access to the motor 344 (e.g., for replacement, servicing, etc.) is facilitated.

[0037] The RF filter module 300 includes a plurality of fans, including fans 348 and
352 arranged on an upper portion of the front panel 304 and a fan 356 arranged on a
lower portion of the back panel 308. For example only, the fans 348, 352, and 356
correspond to 80 mm fans and are each mounted to the RF filter module 300 via a
respective vibration pad 358. The back panel 308 may also include output contact
interfaces 360 and 364 for connectors (not shown) for providing output signals to the
heater 160 and the electrode 116, respectively (e.g., signals corresponding to heater
power signals and RF output voltages). A contact switch 368 is arranged to provide
signals (e.g., to the controller 172) indicating whether the RF filter module 300 is
installed and secured and the connecter 336 is connected to the RF filter module 300
as described below in more detail. For example, the contact switch 368 is arranged on
an adapter bracket (not shown in FIGS 3A, 3B, 4A, and 4B; described below in more
detail) attached to the RF filter module 300.

[0038] The side panels 312 and 316 include a plurality of latches 372 arranged to
mount the RF milter module 300 to the substrate processing tool 200. The bottom
panel 324 includes input contact interfaces 376 and 378 for connectors (not shown) for
receiving input signals for DC power (e.g., to provide DC power to internal circuitry of

the RF filter module 300) and heater power (e.g., to provide power to the heater 160).
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[0039] In some examples, the side panel 312 corresponds to a side of the RF filter
module 300 facing outward toward the outer perimeter 220 of the substrate processing
tool 200 to facilitate servicing as described above in FIGS. 2A and 2B. The side panel
312 includes an RF input connector 380 configured to receive the RF cable connector
336. The RF input connector 380 receives the RF input signal from the RF cable
connector 336 and provides the RF input signal to the adjustable capacitor 332 as

described above.

[0040] A contact mechanism such as a flat spring (e.g., a leaf spring) 382 is arranged
at an interface between the RF input connector 380 and the RF cable connector 336.
For example, the RF cable connector 336 connects to the RF input connector 380
through an opening 384 in the leaf spring 382. A first end (e.g., corresponding to an
end with a mounting bracket 386) of the leaf spring 382 is connected to the side panel
312 while a second end (e.g., corresponding to a contact portion 388) extends past a

perimeter of the side panel 312 over the contact switch 368.

[0041] Connecting the RF cable connector 336 to the RF input connector 380 (e.g., by
tightening the connection using nut 390) biases the leaf spring 382 toward the side
panel 312 and the contact switch 368. For example, the contact switch 368 may
include a button 392 or other contact mechanism. Accordingly, when the RF cable
connector 336 is connected to the RF input connector 380, the contact portion 388 of
the leaf spring 382 engages (e.g., contacts) the button 392 of the contact switch 368.
The contact switch 368 is configured to generate signals indicating whether the contact
portion 388 is in contact with the contact switch 368 (i.e., in accordance with a position

of the leaf spring 382).

[0042] In this manner, the signals generated by the contact switch 368 indicate
multiple statuses associated with the RF filter module 300. For example, the signals
indicate whether the RF filter module 300 is installed on the substrate processing tool
200 and whether the RF cable connector 336 is connected to the RF input connector
380. In some examples, the side panel 312 may include a removable access panel 394
for providing access to internal circuitry of the RF filter module 300. The leaf spring 382
may be mounted to the side panel 312 via the access panel 394. For example, the
mounting bracket 386 may be attached to the side panel 312 through the access panel

394. Accordingly, the signals generated by the contact switch 368 based on the
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position of the leaf spring 382 may further indicate whether the access panel 394 is

attached to the side panel 312.

[0043] As shown in FIGS. 4A and 4B, the RF filter module 300 may define multiple
compartments, such as compartments 400, 402, and 404, and internal panels (e.g.,
sheet metal panels) 406, 408, and 410. For example, the adjustable capacitor 332 is
mounted on the panel 406. The panel 408 separates the compartment 400 from the
compartment 402. The panel 410 separates the compartment 402 from the
compartment 404. The panels 408 and 410 prevent signal leakage between respective
components within the compartments 400, 402, and 404. For example, the panel 408
prevents RF noise from leaking from the compartment 400 into the compartment 402,

while the panel 410 prevents leakage between the compartments 402 and 404.

[0044] The compartment 400 may enclose the adjustable capacitor 332 and the
encoder 340 and circuitry such as a printed circuit board (PCB) 412. The PCB 412 may
correspond to a PCB comprising RF filter circuitry for filtering RF signals (e.g., as
received via the RF cable connector 336) provided to the pedestal 112 (e.g., via the
output contact interface 364). As shown, the adjustable capacitor 332 is mechanically
coupled to the motor 344 via a shaft coupler 416 configured to rotate in accordance
with the rotation of the motor 344 to adjust the adjustable capacitor 332. An insulative
spacer 420 is arranged around the shaft coupler 416 between the adjustable capacitor
332 and a surface of the panel 406. Accordingly, the spacer 420 insulates the
adjustable capacitor 332 from the panel 406.

[0045] The compartment 402 may enclose circuitry such as a high frequency filter
PCB (not shown) including circuitry for filtering high frequency signals (e.g., from
signals provided via the contact interface 378) and providing the filtered signals to the
output contact interface 360. The compartment 404 may enclose circuitry such as a
low frequency filter PCB 424 including circuitry for filtering low frequency signals (e.g.,
from signals provided via the contact interface 378) and providing the filtered signals to

the output contact interface 360.

[0046] FIGS. 5A, 5B, 5C, and 5D show views of another example of the RF filter
module 300 according to the present disclosure. In this example, the fans 348 and 352
are in an offset arrangement. Further, rather than providing the opening 384 such that
the RF cable connector 336 passes through the leaf spring 384, the opening 384 is

configured as a cutout around the RF cable connector 336 and the RF input connector

10
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380. In contrast to the example described in FIGS. 3A and 3B, the RF input connector
380 is integrated with the RF cable connector 336. In other words, the RF cable
connector 336 is not removably attached to the RF input connector 380 (e.g., using the
nut 390). The top panel 320 and/or other panels of the RF filter module 300 may

include one or more zip tie anchors 500 and a fan bracket 504.

[0047] As shown in FIGS. 5C and 5D, the back panel 308 of the RF filter module 300
is configured to connect to an adapter bracket 508. For example, the adapter bracket
508 includes input contact interfaces 512 and 516 configured to connect to the output
contact interfaces 360 and 364, respectively. For example, the input contact interfaces
512 and 516 include pins 520 configured to be inserted into respective sockets 524 of
the output contact interfaces 360 and 364. Accordingly, when mounted on a
processing chamber, the RF milter module 300 provides signals such as heater power
and an RF output voltage to components of the processing chamber via the adapter
bracket 508. An alignment pin 528 extending from the adapter bracket 508 is arranged
to be inserted into an alignment hole 532 in the back plate 308 of the RF filter module
300. Conversely, an alignment pin 536 extending from the back plate 308 is arranged
to be inserted into an alignment hole 540 in the adapter bracket 508. The contact

switch 368 is arranged on the adapter bracket 508 as shown in FIG. 5C.

[0048] As shown in FIG. 5C, the mounting bracket 386 of the leaf spring 382 is
connected to the side panel 312 and a tuning circuit assembly 544. The tuning circuit
assembly 544 includes one or more components (e.g., an inductor 548) arranged on a
mounting plate 552, which is attached to the side panel 312. For example, the inductor
548 is arranged on a printed circuit assembly 556 arranged between standoffs 560
extending from the mounting plate 552. The side panel 312 includes an opening 564
arranged to receive the components of the turning circuit assembly 544 extending from

the mounting plate 552.

[0049] FIG. 5E shows a close-up view of a portion of a front panel 304 of the RF filter
module 300 with a probe interface module 568 connected to the RF cable connector
336. The probe interface module 568 includes a connector 570 for connecting an RF
probe (e.g., a VI probe). FIG. 5F is a bottom plan view of the RF filter module 300 of
FIGS. 5A, 5B, 5C, and 5D.

[0050] The foregoing description is merely illustrative in nature and is in no way

intended to limit the disclosure, its application, or uses. The broad teachings of the

11
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disclosure can be implemented in a variety of forms. Therefore, while this disclosure
includes particular examples, the true scope of the disclosure should not be so limited
since other modifications will become apparent upon a study of the drawings, the
specification, and the following claims. It should be understood that one or more steps
within a method may be executed in different order (or concurrently) without altering the
principles of the present disclosure. Further, although each of the embodiments is
described above as having certain features, any one or more of those features
described with respect to any embodiment of the disclosure can be implemented in
and/or combined with features of any of the other embodiments, even if that
combination is not explicitly described. In other words, the described embodiments are
not mutually exclusive, and permutations of one or more embodiments with one another

remain within the scope of this disclosure.

[0051] Spatial and functional relationships between elements (for example, between
modules, circuit elements, semiconductor layers, etc.) are described using various

”ou

terms, including “connected,” “engaged,” “coupled,” “adjacent,” “next to,” “on top of,”
“above,” “below,” and “disposed.” Unless explicitly described as being “direct,” when a
relationship between first and second elements is described in the above disclosure,
that relationship can be a direct relationship where no other intervening elements are
present between the first and second elements, but can also be an indirect relationship
where one or more intervening elements are present (either spatially or functionally)
between the first and second elements. As used herein, the phrase at least one of A, B,
and C should be construed to mean a logical (A OR B OR C), using a non-exclusive
logical OR, and should not be construed to mean “at least one of A, at least one of B,

and at least one of C.”

[0052] In some implementations, a controller is part of a system, which may be part of
the above-described examples. Such systems can comprise semiconductor processing
equipment, including a processing tool or tools, chamber or chambers, a platform or
platforms for processing, and/or specific processing components (a wafer pedestal, a
gas flow system, etc.). These systems may be integrated with electronics for controlling
their operation before, during, and after processing of a semiconductor wafer or
substrate. The electronics may be referred to as the “controller,” which may control
various components or subparts of the system or systems. The controller, depending
on the processing requirements and/or the type of system, may be programmed to

control any of the processes disclosed herein, including the delivery of processing
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gases, temperature settings (e.g., heating and/or cooling), pressure settings, vacuum
settings, power settings, radio frequency (RF) generator settings, RF matching circuit
settings, frequency settings, flow rate settings, fluid delivery settings, positional and
operation settings, wafer transfers into and out of a tool and other transfer tools and/or

load locks connected to or interfaced with a specific system.

[0053] Broadly speaking, the controller may be defined as electronics having various
integrated circuits, logic, memory, and/or software that receive instructions, issue
instructions, control operation, enable cleaning operations, enable endpoint
measurements, and the like. The integrated circuits may include chips in the form of
firmware that store program instructions, digital signal processors (DSPs), chips defined
as application specific integrated circuits (ASICs), and/or one or more microprocessors,
or microcontrollers that execute program instructions (e.g., software). Program
instructions may be instructions communicated to the controller in the form of various
individual settings (or program files), defining operational parameters for carrying out a
particular process on or for a semiconductor wafer or to a system. The operational
parameters may, in some embodiments, be part of a recipe defined by process
engineers to accomplish one or more processing steps during the fabrication of one or
more layers, materials, metals, oxides, silicon, silicon dioxide, surfaces, circuits, and/or

dies of a wafer.

[0054] The controller, in some implementations, may be a part of or coupled to a
computer that is integrated with the system, coupled to the system, otherwise
networked to the system, or a combination thereof. For example, the controller may be
in the “cloud” or all or a part of a fab host computer system, which can allow for remote
access of the wafer processing. The computer may enable remote access to the
system to monitor current progress of fabrication operations, examine a history of past
fabrication operations, examine trends or performance metrics from a plurality of
fabrication operations, to change parameters of current processing, to set processing
steps to follow a current processing, or to start a new process. In some examples, a
remote computer (e.g. a server) can provide process recipes to a system over a
network, which may include a local network or the Internet. The remote computer may
include a user interface that enables entry or programming of parameters and/or
settings, which are then communicated to the system from the remote computer. In
some examples, the controller receives instructions in the form of data, which specify

parameters for each of the processing steps to be performed during one or more
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operations. It should be understood that the parameters may be specific to the type of
process to be performed and the type of tool that the controller is configured to interface
with or control. Thus as described above, the controller may be distributed, such as by
comprising one or more discrete controllers that are networked together and working
towards a common purpose, such as the processes and controls described herein. An
example of a distributed controller for such purposes would be one or more integrated
circuits on a chamber in communication with one or more integrated circuits located
remotely (such as at the platform level or as part of a remote computer) that combine to

control a process on the chamber.

[0055] Without limitation, example systems may include a plasma etch chamber or
module, a deposition chamber or module, a spin-rinse chamber or module, a metal
plating chamber or module, a clean chamber or module, a bevel edge etch chamber or
module, a physical vapor deposition (PVD) chamber or module, a chemical vapor
deposition (CVD) chamber or module, an atomic layer deposition (ALD) chamber or
module, an atomic layer etch (ALE) chamber or module, an ion implantation chamber or
module, a track chamber or module, and any other semiconductor processing systems
that may be associated or used in the fabrication and/or manufacturing of

semiconductor wafers.

[0056] As noted above, depending on the process step or steps to be performed by
the tool, the controller might communicate with one or more of other tool circuits or
modules, other tool components, cluster tools, other tool interfaces, adjacent tools,
neighboring tools, tools located throughout a factory, a main computer, another
controller, or tools used in material transport that bring containers of wafers to and from

tool locations and/or load ports in a semiconductor manufacturing factory.
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CLAIMS

What is claimed is:

1. A filter module for a substrate processing chamber, the filter module comprising:

a plurality of exterior panels defining an interior;

a plurality of internal panels defining a plurality of compartments within the
interior of the filter module; and

an adjustable capacitor arranged on a first panel of the plurality of internal panels
within a first compartment of the plurality of compartments, wherein the adjustable
capacitor is coupled, through the first panel, to a motor located outside of the first
compartment, and wherein the adjustable capacitor is configured to receive a radio
frequency input signal and provide a radio frequency voltage to the substrate

processing chamber based on a position of the motor.

2. The filter module of claim 1, wherein the adjustable capacitor is configured to
provide the radio frequency voltage to filter circuitry within the first compartment and the
filter circuitry is configured to provide a filtered RF frequency voltage to the substrate

processing chamber.

3. The filter module of claim 1, further comprising an insulative spacer provided

between the adjustable capacitor and the first panel.

4. The filter module of claim 1, further comprising an encoder configured to map a

capacitance of the adjustable capacitor to an absolute position of the motor.

. The filter module of claim 1, wherein a second panel of the plurality of the
internal panels separates the first compartment from a second compartment of the

plurality of compartments.

6. The filter module of claim 5, wherein a third panel of the plurality of the internal
panels separates the second compartment from a third compartment of the plurality of

compartments.
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7. The filter module of claim 6, wherein at least one of the second compartment
and the third compartment includes filter circuitry configured to filter a heater power

signal and provide the filtered heater power signal to the substrate processing chamber.

8. The filter module of claim 1, wherein the plurality of exterior panels includes a

front panel, a back panel, a top panel, a bottom panel, and first and second side panels.

9. The filter module of claim 8, wherein the filter module is rectangular and includes

a notched corner, and wherein the motor is arranged within the notched corner.

10. The filter module of claim 8, wherein the first side panel includes an input
connector configured to receive a cable connector, wherein the input connector is

configured to receive the radio frequency input signal via the cable connector.

11.  The filter module of claim 10, wherein (i) a leaf spring is arranged on the first
side panel between the input connector and the cable connector and (ii) the cable

connector connects to the input connector through an opening in the leaf spring.

12.  The filter module of claim 11, wherein a first end of the leaf spring is mounted on
the first side panel and a second end of the leaf spring extends past a perimeter of the

first side panel.

13.  The filter module of claim 12, wherein the second end of the leaf spring extends

over a contact switch arranged on the back panel of the filter module.

14.  The filter module of claim 13, wherein connecting the cable connector to the

input connector causes the second end of the leaf spring to engage the contact switch.

15.  The filter module of claim 14, wherein the contact switch is configured to
generate a signal indicating whether at least one of (i) the filter module is installed on
the substrate processing chamber and (ii) the cable connector is connected to the input

connector.
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16.  The filter module of claim 14, wherein the first side panel includes a removable
access panel, and wherein the first end of the leaf spring is mounted to the first side

panel through the removable access panel.

17. A substrate processing tool comprising a plurality of substrate processing
chambers and a plurality of the filter modules of claim 1, wherein each of the plurality of

filter modules is mounted on a respective one of the plurality of processing chambers.

18. The substrate processing tool of claim 17, wherein each of the filter modules
includes a removable side panel, and wherein the removable side panel of each of the

filter modules faces an outer perimeter of the substrate processing tool.

19.  Afilter module for a substrate processing chamber, the filter module comprising:

a plurality of exterior panels defining an interior;

a plurality of internal panels defining a plurality of compartments within the
interior of the filter module; and

an adjustable capacitor arranged on a first panel of the plurality of internal panels
within a first compartment of the plurality of compartments, wherein the adjustable
capacitor is coupled, through the first panel, to a motor located outside of the first
compartment, and wherein the adjustable capacitor is configured to receive a radio
frequency input signal and provide a radio frequency voltage to the substrate
processing chamber based on a position of the motor,

wherein the adjustable capacitor is configured to provide the radio frequency
voltage to filter circuitry within the first compartment and the filter circuitry is configured
to provide a filtered RF frequency voltage to the substrate processing chamber, and

wherein second and third compartments of the plurality of compartments each

include respective circuitry.

17



PCT/US2020/031404

WO 2020/227252

A

o?éJ 92IN0S JoMOd [
4"

8.1
A 4 \ 4 IN

<«—— dwng aAlBA \_ - _ om:lﬂ
|w |w AN R
891 91 ocl oLl JaleaH

A

A

L™
|_|

A 4

vo_\H | ¢ clL
wo_\L H \ 4 \I
a 144" J9[|ojuod

1/8

TOET— T 7
1
JIOMIBN JIOMIDN | 1-0€T
Suiysley puodas SuiyoieA 1sa14 — |~
i t «
_\ mU_H_ JO1BJBUID) {Y PUOIIS JO1BJIDUIY) 4y 15414 \/(H-mNH
Wwa1sAS ullesausn 4y
L\ /rmNH
¢-8¢T Z-Nm_\J
< < |
P O4dIN e oNBA e 90Jn0S se9) N\ N-by L
s Nevi—/ & a
S OdIN  |e oNBA e 90Jn0S se9)
st
vﬁl\ zzsl—/ zep—/ N—z-vp1
P
Jojeseusn | M ’
A|“Imlcouol ."A OdIN e oNBA e 90Jn0S se9) l\./oi
zo—  Len—/ /K
951 44"
00l waisAs Adanljeg
JOsJndald pinbry \Hmm_\




PCT/US2020/031404

WO 2020/227252

by

AR
G

RN

b o
o

e
b

Y es ] 4
B 0000000000000II0000OSSHOOPNIANS S 3 “W\
% - Py w7 ek S
i @ I KT
0% a8
LA

00¢

ONNH

e —

¥0C —

cle

80¢

00¢

2/8



WO 2020/227252 PCT/US2020/031404

FIG. 3B

316

352

<
o
™
<
&
= ap

Nk @ e

FIG. 3A




1£4%

PCT/US2020/031404

WO 2020/227252

9G¢

9l¢

oLy

00¢

4

L

00¢

4/8



PCT/US2020/031404

WO 2020/227252

8¢¢

oce

88¢

[A*]

AR

00¢
00¢

5/8



WO 2020/227252 PCT/US2020/031404

316
304

388

FIG. 5C

6/8



WO 2020/227252

AN
g
™

7/8

PCT/US2020/031404

FIG. 5D



WO 2020/227252 PCT/US2020/031404

R AR
R

o

FIG. 5F

N
2N N
R

N
SRR
AR

R

SRR

FIG. SE

BRI

300x
336
568




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2020/031404

A.
HO01J 37/32(2006.01)i, C23C 16/44(2006.01)i

CLASSIFICATION OF SUBJECT MATTER

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO01J 37/32; HOIL 21/00; HO1L 21/02; HO1L 21/205; HO1L 21/3065, HO3G 11/04; HO4B 3/04; HOSH 1/46; C23C 16/44

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords:filter, panel, capacitor, compartment, motor, encoder, spring, voltage

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X KR 10-2016-0044428 A (YOUNG SIN RF CO., LTD.) 25 April 2016 1-3,5-8,10,17-19
See paragraphs [0008], [0036]1-100461, calims 7, 14 and figure 4.
Y 4
A 9,11-16
Y KR 10-2014-0137964 A (LIG ADP CO., LID.) 03 December 2014 4
See claim 3.
A US 9312832 B2 (LAM RESEARCH CORPORATION) 12 April 2016 1-19
See claim 1 and figure 3.
A KR 10-2002-0047229 A (TOKYO ELECTRON LTD. et al.) 21 June 2002 1-19
See pages 5-8.
A KR 10-2017-0059505 A (WONIK IPS CO., LTD.) 31 May 2017 1-19
See paragraphs [0051]1-[0061].

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

*
nAN

"
g

o n

o
npn

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application
carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)
document referring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later
than the priority date ¢claimed

wpn

gn

myn

ngn

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

03 September 2020 (03.09.2020)

Date of mailing of the international search report

04 September 2020 (04.09.2020)

Name and mailing address of the ISA/KR

FFacsimile No. +82-42-481-8578

International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Authorized officer

PARK, Hye Lyun

Telephone No.

+82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2020/031404

Patent document Publication Patent family Publication

cited in search report date member(s) date

KR 10-2016-0044428 A 25/04/2016 CN 106851956 A 13/06/2017
CN 106851956 B 06/08/2019
KR 10-1761257 Bl 26/07/2017

KR 10-2014-0137964 A 03/12/2014 None

US 9312832 B2 12/04/2016 KR 10-2016-0012085 A 02/02/2016
TW 201620248 A 01/06/2016
TW 1668959 B 11/08/2019
US 2016-0028362 Al 28/01/2016

KR 10-2002-0047229 A 21/06/2002 EP 1225794 Al 24/07/2002
EP 1225794 B1 20/08/2008
JP 2001-118700 A 27/04/2001
JP 4286404 B2 01/07/2009
TW 494490 B 11/07/2002
US 2002-0134508 Al 26/09/2002
US 7112926 B2 26/09/2006
WO 01-028300 Al 19/04/2001

KR 10-2017-0059505 A 31/05/2017 KR 10-2070768 Bl 30/01/2020

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

