wO 20207251876 A1 |0 0000 KO Y00 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 December 2020 (17.12.2020)

(10) International Publication Number

WO 2020/251876 Al

WIPO I PCT

(51) International Patent Classification:
H04B 10/25 (2013.01) H01J 37/32 (2006.01)
H04B 10/564 (2013.01)

(21) International Application Number:
PCT/US2020/036571

(22) International Filing Date:
08 June 2020 (08.06.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/859,344 10 June 2019 (10.06.2019) UsS

(71) Applicant: LAM RESEARCH CORPORATION
[US/US], 4650 Cushing Parkway, Fremont, California
94538 (US).

(72) Inventors: JING, Changyou, 4764 Kimberley Common,
Livermore, California 94550 (US). EGLEY, Fred; 374
Stowell Avenue, Sunnyvale, California 94085 (US).

Agent: WIGGINS, Michael D.; Harness, Dickey & Pierce,
PL.C., P.O. Box 828, Bloomfield Hills, Michigan 48303
(Us).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(54) Title: POWER AND DATA TRANSMISSION TO SUBSTRATE SUPPORT IN PLASMA CHAMBERS VIA OPTICAL FIBER

Cathode

IZOO

!

204

208

[ Clamping Electrodes

- 208

esc |

Heaters

-210

N |

Temperature Sensors

AN,

ESC Control Circuitry
(e.g., power management,
heater control,
temp. sensing circuitry, etc.)

Data

Anode I

212

RF Hot

Cu cables

Cu cables

Fiber-optic

218
RF Filters
Cu cables Cu cables

cables

ESC Heater
Power Supply

214

RF Cold

1
ESC Control
Circuitry ul
Power Supply

\a16 68

FIG. 2
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transmitter, all embedded in the substrate support assembly. The first optical receiver is configured to receive a first optical signal and
a first optical data through a fiber optic cable. The power converter is configured to generate DC power based on the first optical signal
and the first optical data received by the first optical receiver. The first circuit is configured to receive the DC power from the power
converter and to receive a second data from a sensor disposed in the substrate support assembly in response to the first optical data. The
first optical transmitter is configured to transmit the second data as a second optical data through the fiber optic cable.
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POWER AND DATA TRANSMISSION TO SUBSTRATE SUPPORT IN PLASMA
CHAMBERS VIA OPTICAL FIBER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/859,344, filed on June 10, 2019. The entire disclosure of the application referenced

above is incorporated herein by reference.

FIELD
[0002] The present disclosure relates generally to substrate processing systems and
more particularly to transmitting power and data to substrate support in plasma

chambers via optical fiber.

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] A substrate processing system typically includes a plurality of processing
chambers (also called process modules) to perform deposition, etching, and other
treatments of substrates such as semiconductor wafers. Examples of processes that
may be performed on a substrate include, but are not limited to, a plasma enhanced
chemical vapor deposition (PECVD) process, a chemically enhanced plasma vapor
deposition (CEPVD) process, and a sputtering physical vapor deposition (PVD)
process. Additional examples of processes that may be performed on a substrate
include, but are not limited to, etching (e.g., chemical etching, plasma etching, reactive

ion etching, etc.) and cleaning processes.

[0005] During processing, a substrate is arranged on a substrate support such as a
pedestal, an electrostatic chuck (ESC), and so on in a processing chamber of the
substrate processing system. During deposition, gas mixtures including one or more
precursors are introduced into the processing chamber, and plasma is struck to activate

chemical reactions. During etching, gas mixtures including etch gases are introduced
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into the processing chamber, and plasma is struck to activate chemical reactions. A
computer-controlled robot typically transfers substrates from one processing chamber

to another in a sequence in which the substrates are to be processed.

SUMMARY
[0006] A substrate support assembly comprises a first optical receiver, a power
converter, a first circuit, and a first optical transmitter, all embedded in the substrate
support assembly. The first optical receiver is configured to receive a first optical signal
and a first optical data through a fiber optic cable. The power converter is configured to
generate DC power based on the first optical signal and the first optical data received
by the first optical receiver. The first circuit is configured to receive the DC power from
the power converter and to receive a second data from a sensor disposed in the
substrate support assembly in response to the first optical data. The first optical
transmitter is configured to transmit the second data as a second optical data through

the fiber optic cable.

[0007] In other features, the first optical receiver and the first optical transmitter are
coupled to the fiber optic cable through a first optical splitter. The first optical receiver is
configured to receive, through the first optical splitter, a portion of the second optical
data transmitted by the first optical transmitter. The power converter is configured to
generate the DC power additionally based on the portion of the second optical data

received by the first optical receiver.

[0008] In other features, the substrate support assembly further comprises a first
current sensor to sense current through the first optical receiver. The first circuit is
configured to determine, based on the sensed current, whether one or more of the first
optical receiver, the first optical transmitter, the first optical splitter, and the first current

sensor is malfunctioning.

[0009] In other features, the substrate support assembly further comprises a first
current sensor to sense current through the first optical receiver. The first circuit is
configured to determine, based on the sensed current, whether the first optical

transmitter correctly transmitted the second optical data.

[0010] In other features, a system comprising the substrate support assembly further
comprises a second optical transmitter, a second optical receiver, and a controller. The

second optical transmitter is coupled to a remote end of the fiber optic cable to transmit
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the first optical signal and the first optical data through the fiber optic cable. The second
optical receiver is coupled to the remote end of the fiber optic cable to receive the
second optical data through the fiber optic cable. The controller is configure to supply
power to the second optical transmitter at a first power level when the second optical
transmitter transmits the first optical signal. The controller is configure to toggle the
power supplied to the second optical transmitter between the first power level and a

second power level when the second optical transmitter transmits the first optical data.

[0011] In other features, the substrate support assembly further comprises a second
circuit embedded in the substrate support assembly to toggle power supplied to the first
optical transmitter between zero and a third power level when the first optical
transmitter transmits the second optical data. The third power level is greater than the

second power level. The second power level is greater than the first power level.

[0012] In other features, the second optical receiver and the second optical transmitter
are coupled to the fiber optic cable through a second optical splitter. The second optical
receiver is configured to receive, through the second optical splitter, a portion of the first
optical signal and the first optical data transmitted by the second optical transmitter. A
second current sensor to sense current through the second optical receiver. The
controller is configured to determine, based on the sensed current, whether one or
more of the second optical receiver, the second optical transmitter, the second optical

splitter, and the second current sensor is malfunctioning.

[0013] In other features, the second optical receiver and the second optical transmitter
are coupled to the fiber optic cable through a second optical splitter. The second optical
receiver is configured to receive, through the second optical splitter, a portion of the first
optical signal and the first optical data transmitted by the second optical transmitter. A
second current sensor to sense current through the second optical receiver. The
controller is configured to determine, based on the sensed current, whether the second

optical transmitter correctly transmitted the first optical data.

[0014] In other features, the controller is configured to generate a first data to control a
frequency at which the first circuit receives the second data from the sensor. The

second optical transmitter is configured to transmit the first data as the first optical data.

[0015] In other features, the controller is configured to generate a third data based on
the second data to control one or more heaters disposed in the substrate support

assembly. The second optical transmitter is configured to transmit the third data as a
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third optical data. The first optical receiver is configured to receive the third optical data.
The first circuit is configured to obtain the third data from the third optical data and to

control the one or more heaters based on the third data.

[0016] In other features, the controller is configured to generate a third data to identify
a component in the substrate support assembly. The second optical transmitter is
configured to transmit the third data as a third optical data. The first optical receiver is
configured to receive the third optical data. The first circuit is configured to obtain the

third data from the third optical data and to associate the third data with the component.

[0017] In other features, the first circuit is configured to receive a third data from a
component in the substrate support assembly, the third data identifying the component.
The first optical transmitter is configured to transmit the third data as a third optical
data. The second optical receiver is configured to receive the third optical data. The
controller is configured to obtain the third data from the third optical data and to
generate a fourth data based on the third data to control the component. The second
optical transmitter is configured to transmit the fourth data as a fourth optical data. The
first optical receiver is configured to receive the fourth optical data. The first circuit is
configured to obtain the fourth data from the fourth optical data and to control the

component based on the fourth data.

[0018] In still other features, a system comprises a first optical transmitter coupled to a
first end of a fiber optic cable, a first optical receiver coupled to the first end of the fiber
optic cable, and a controller to supply power to the first optical transmitter to transmit a
first optical signal and a first optical data through the fiber optic cable. The system
further comprises a substrate support assembly comprising a second optical receiver, a
power converter, a first circuit, and a second optical transmitter, all embedded in the
substrate support assembly. The second optical receiver is coupled to a second end of
the fiber optic cable to receive the first optical signal and the first optical data. The
power converter is configured to generate DC power based on the first optical signal
and the first optical data received by the second optical receiver. The first circuit is
configured to receive the DC power and to receive a second data from a sensor
disposed in the substrate support assembly in response to the first optical data. The
second optical transmitter is coupled to the second end of the fiber optic cable to
transmit the second data as a second optical data through the fiber optic cable based

on power received from the first circuit.
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[0019] In other features, the controller is configured to supply the power to the first
optical transmitter at a first power level to transmit the first optical signal through the
fiber optic cable. The controller is configured to switch the power supplied to the first
optical transmitter between the first power level and a second power level to transmit
the first optical data through the fiber optic cable, where the second power level is
greater than the first power level. The first circuit is configured to switch the power
supplied to the second optical transmitter between zero and a third power level when
the second optical transmitter transmits the second optical data, the third power level

being greater than the second power level.

[0020] In other features, the second optical receiver and the second optical transmitter
are coupled to the fiber optic cable through an optical splitter. The second optical
receiver is configured to receive, through the optical splitter, a portion of the second
optical data transmitted by the second optical transmitter. The power converter is
configured to generate the DC power additionally based on the portion of the second

optical data received by the first optical receiver.

[0021] In other features, the system further comprises a current sensor to sense
current through the second optical receiver. The first circuit is configured to determine,
based on the sensed current, whether one or more of the second optical receiver, the

second optical transmitter, the optical splitter, and the current sensor is malfunctioning.

[0022] In other features, the system further comprises a current sensor to sense
current through the second optical receiver. The first circuit is configured to determine,
based on the sensed current, whether the second optical transmitter correctly

transmitted the second optical data.

[0023] In other features, the first optical receiver and the first optical transmitter are
coupled to the fiber optic cable through an optical splitter. The first optical receiver is
configured to receive, through the optical splitter, a portion of the first optical signal and
the first optical data transmitted by the first optical transmitter. A current sensor to
sense current through the first optical receiver. The controller is configured to
determine, based on the sensed current, whether one or more of the first optical
receiver, the first optical transmitter, the optical splitter, and the current sensor is

malfunctioning.

[0024] In other features, the first optical receiver and the first optical transmitter are

coupled to the fiber optic cable through an optical splitter. The first optical receiver is
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configured to receive, through the optical splitter, a portion of the first optical signal and
the first optical data transmitted by the first optical transmitter. A current sensor to
sense current through the first optical receiver. The controller is configured to
determine, based on the sensed current, whether the first optical transmitter correctly

transmitted the first optical data.

[0025] In other features, the controller is configured to generate a first data to control a
frequency at which the first circuit receives the second data from the sensor. The first

optical transmitter is configured to transmit the first data as the first optical data.

[0026] In other features, the first optical receiver is configured to receive the second
optical data. The controller is configured to generate a third data based on the second
data to control one or more heaters disposed in the substrate support assembly. The
first optical transmitter is configured to transmit the third data as a third optical data.
The second optical receiver is configured to receive the third optical data. The first
circuit is configured to obtain the third data from the third optical data and to control the

one or more heaters based on the third data.

[0027] In other features, the controller is configured to generate a third data to identify
a component in the substrate support assembly. The first optical transmitter is
configured to transmit the third data as a third optical data. The second optical receiver
is configured to receive the third optical data. The first circuit is configured to obtain the

third data from the third optical data and to associate the third data with the component.

[0028] In other features, the first circuit is configured to receive a third data from a
component in the substrate support assembly, the third data identifying the component.
The second optical transmitter is configured to transmit the third data as a third optical
data. The first optical receiver is configured to receive the third optical data. The
controller is configured to obtain the third data from the third optical data and to
generate a fourth data based on the third data to control the component. The first
optical transmitter is configured to transmit the fourth data as a fourth optical data. The
second optical receiver is configured to receive the fourth optical data. The first circuit is
configured to obtain the fourth data from the fourth optical data and to control the

component based on the fourth data.

[0029] Further areas of applicability of the present disclosure will become apparent

from the detailed description, the claims and the drawings. The detailed description and
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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
[0030] The present disclosure will become more fully understood from the detailed

description and the accompanying drawings, wherein:

[0031] FIG. 1 is a functional block diagram of a substrate processing system
comprising a processing chamber that uses inductively coupled plasma to etch

substrates such as semiconductor wafers;

[0032] FIG. 2 shows a schematic representation of the processing chamber and other

components of the substrate processing system of FIG. 1;

[0033] FIG. 3 shows a schematic representation of the processing chamber and other
components of a substrate processing system including an optical power transmission

system;
[0034] FIG. 4 shows an optical to electrical energy conversion system;
[0035] FIG. 5 shows a system for performing power transmission and bi-directional

data communication over a single fiber optic cable that can be implemented in the

substrate processing system of FIG. 1;
[0036] FIGS. 6 and 7 show a first operating mode (Mode 1) of the system of FIG. 5;

[0037] FIGS. 8 and 9 show a second operating mode (Mode 2) of the system of FIG.
5.

H

[0038] FIGS. 10 and 11 show a third operating mode (Mode 3) of the system of FIG. 5;

[0039] FIGS. 12 and 13 show a fourth operating mode (Mode 4) of the system of FIG.
5.

H

[0040] FIG. 14 shows a flowchart of a method performed by the system of FIG. 5;

[0041] FIG. 15 shows a flowchart of a method performed by the system of FIG. 5

when operating in Mode 1;

[0042] FIG. 16 shows a flowchart of a method performed by the system of FIG. 5

when operating in Mode 2;

[0043] FIG. 17 shows a flowchart of a method performed by the system of FIG. 5

when operating in Mode 3; and
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[0044] FIG. 18 shows a flowchart of a method performed by the system of FIG. 5

when operating in Mode 4.

[0045] In the drawings, reference numbers may be reused to identify similar and/or

identical elements.

DETAILED DESCRIPTION
[0046] The present disclosure provides systems and methods for supplying DC power
to control electronics circuitry in an electrostatic chuck (ESC) in a plasma chamber and
performing bidirectional data communication with sensors and other components in the
ESC via a single optical fiber. Using optical fiber eliminates bulky, expensive, and
difficult-to-service RF filters and copper cables that are otherwise used between the
ESC and power supplies and user interfaces (Uls) located outside the processing
chambers. The problems solved and solutions provided by the systems and methods of

the present disclosure are described below in detail.

[0047] The present disclosure is organized as follows. Before describing the systems
and methods of the present disclosure, an example of a substrate processing system
and a processing chamber where the systems and methods can be implemented is
shown and described with reference to FIG. 1. The problems solved by the systems
and methods of the present disclosure are described using a schematic representation
of the processing chamber and other components of the substrate processing system
shown in FIG. 2. The solutions provided by the systems and methods of the present
disclosure are described using a schematic representation of the processing chamber
and other components of the substrate processing system shown in FIGS. 3 and 4. A
system for performing power transmission and bi-directional data communication over a
single fiber optic cable that can be implemented in the substrate processing system of
FIG. 1 is shown and described with reference to FIG. 5. Four different modes of
operation of the system shown in FIG. 5 are shown and described with reference to
FIGS. 6-13. A method for performing power transmission and bi-directional data
communication over a single fiber optic cable that can be implemented in the substrate
processing system of FIG. 1 is shown and described with reference to FIG. 14. Several
methods of operating the system shown in FIG. 5 in four different modes are shown
and described with reference to FIGS. 15-18.
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[0048] FIG. 1 shows an example of a substrate processing system 10 according to the
present disclosure. The substrate processing system 10 includes a coil driving circuit
11. In some examples, the coil driving circuit 11 includes an RF source 12, a pulsing
circuit 14, and a tuning circuit (i.e., matching circuit) 13. The pulsing circuit 14 controls a
transformer coupled plasma (TCP) envelope of an RF signal generated by the RF
source 12 and varies a duty cycle of TCP envelope between 1% and 99% during
operation. As can be appreciated, the pulsing circuit 14 and the RF source 12 can be

combined or separate.

[0049] The tuning circuit 13 may be directly connected to an inductive coil 16. While
the substrate processing system 10 uses a single coil, some substrate processing
systems may use a plurality of coils (e.g., inner and outer coils). The tuning circuit 13
tunes an output of the RF source 12 to a desired frequency and/or a desired phase,

and matches an impedance of the colil 16.

[0050] A dielectric window 24 is arranged along a top side of a processing chamber
28. The processing chamber 28 further comprises a substrate support (or pedestal) 32
to support a substrate 34. The substrate support 32 may include an electrostatic chuck
(ESC), or a mechanical chuck or other type of chuck. Process gas is supplied to the
processing chamber 28 and plasma 40 is generated inside of the processing chamber
28. The plasma 40 etches an exposed surface of the substrate 34. An RF power supply
53 including an RF source 50, a pulsing circuit 51, and a bias matching circuit 52 may

be used to bias the substrate support 32 during operation to control ion energy.

[0051] A gas delivery system 56 may be used to supply a process gas mixture to the
processing chamber 28. The gas delivery system 56 may include process and inert gas
sources 57, a gas metering system 58 such as valves and mass flow controllers, and a
manifold 59. A gas injector 63 may be arranged at a center of the dielectric window 24
and is used to inject gas mixtures from the gas delivery system 56 into the processing
chamber 28. Additionally or alternatively, the gas mixtures may be injected from the

side of the processing chamber 28.

[0052] A heater/cooler 64 may be used to heat/cool the substrate support 32 to a
predetermined temperature. An exhaust system 65 includes a valve 66 and pump 67 to
control pressure in the processing chamber and/or to remove reactants from the

processing chamber 28 by purging or evacuation.
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[0053] A controller 54 may be used to control the etching process. The controller 54
monitors system parameters and controls delivery of the gas mixture; striking,
maintaining, and extinguishing the plasma; removal of reactants; supply of cooling gas;
and so on. Additionally, as described below, the controller 54 may control various
aspects of the coil driving circuit 10, the RF source 50, and the bias matching circuit 52,

and so on.

[0054] A user interface (Ul) 68 may interface with the controller 54 and the substrate
support 32. The Ul 68 can be used to monitor and control the processes performed in
the processing chamber 28. For example, the Ul 68 can receive data from sensors in

the substrate support 32, set process parameters through the controller 54, and so on.

[00565] FIG. 2 shows a schematic representation of a processing chamber 200 (e.g.,
the processing chamber 28 of FIG. 1) and other components (e.g., power supplies and
Ul) of a substrate processing system (e.g., the system 10 of FIG. 1). For example, the
processing chamber 200 comprises an ESC 202 that supports the substrate 204. The
ESC 202 comprises one or more clamping electrodes 206, one or more heaters 208,
and one or more temperature sensors 210. The processing chamber 200 further
comprises control circuitry 212 for power management, heater control, and temperature
sensing. A heater power supply 214 supplies power to the heaters 208 through RF
filters 218. A power supply 216 supplies power to the control circuitry 212 through the
RF filters 218. The power supplies 214, 216 use separate and often multiple RF filters.
A user interface (e.g., the Ul 68 of FIG. 1) interfaces with the control circuitry 212. The
RF power supply 53 supplies RF power to generate plasma 40.

[0056] The RF plasma 40 is used for processing the substrate 204. To enable the
processing, a so-called RF Hot environment or region is formed, where very high RF
voltage (both in amplitude and frequency) is present during processing. The RF hot
region includes assemblies such as an anode, the ESC 202, and the ESC control
circuitry 212. Outside of the RF Hot region is a so-called RF Cold environment or
region, where the RF voltage is relatively low compared to the RF Hot region during
processing. The RF cold region includes assemblies such as system power supplies
and controls (e.g., the power supplies 214 and 216, and the Ul 68). The power supplied
by the power supplies 214, 216 is transmitted to the ESC 202 and the control circuitry
212 through copper cables. The Ul 68 communicates with the control circuitry 212

through fiber-optic cables. Fiber-optic cables are generally used for data

10



10

15

20

25

30

WO 2020/251876 PCT/US2020/036571

communication directly across the RF hot and RF cold regions because by nature light

is immune to RF interference.

[0057] The voltage across the RF hot and RF cold regions can range typically from a
few KV to tens of KV in amplitude, and from a few MHz to tens of MHz in frequency.
Any copper cables that go across from the RF hot to RF cold regions have to be filtered

by the RF filters 218 in order to block any RF pickups by the power supplies 214, 216.

[0058] The RF filters 218 present many problems. For example, the RF filters 218 are
expensive, bulky (occupying space), and heavy (difficult to service). An RF filter is
usually specifically tuned to a specific RF frequency. Applications with different RF
frequencies require different RF filters. Also, tuning the RF filters becomes more
complicated for multiple RF frequency applications. Further, copper cables that go
across from RF cold to RF hot regions have to be managed with great care due to
voltage standoffs, and have to be limited to specific routing channels due to RF

uniformity considerations.

[0059] Accordingly, it is desirable to provide solutions for supplying power and data to
the ESC 202 and the ESC control circuitry 212 that are less sensitive to RF than copper
cables. It is also desirable to reduce the number of RF filters to make the substrate

processing systems less expensive, more compact, lighter, and easy to service.

[0060] FIGS. 3 and 4 show a new approach for supplying power and data to the ESC
and ESC control circuitry that is less sensitive to RF than copper cables. FIG. 3 shows
a schematic representation of a processing chamber 300 and other components (e.g.,
power supplies and Ul) of a substrate processing system that differs from the

processing chamber 200 of FIG. 2 as follows.

[0061] In FIG. 3, the RF cold region includes a light source 302, which replaces the
power supply 216. The light source 302 injects light onto a fiber-optic cable 304 that
goes across the RF cold region to the RF hot region. The light source 302 can be a
general LED or a laser diode (see FIG. 4) depending on power density requirements.
The RF hot region includes an optical power converter 306 that converts the optical
energy transmitted by the light source 302 over the fiber-optic cable 304 into electricity,
which is typically a DC voltage with a few volts of amplitude, and which is sufficient to
power the ESC control circuitry 212. The optical power converter 306 can be a

specialized photonic converter or a general photodiode (see FIG. 4) depending on the

11
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conversion efficiency. The ESC control circuitry 212 in the RF hot region is powered by

the optical power converter 306.

[0062] The new approach shown in FIGS. 3 and 4 provides many benefits. For
example, as compared to the RF filters 218 of FIG. 2, the RF filter 219 of FIG. 3 has
fewer channels and is therefore less expensive, more compact, and lighter than the RF
filters 218 of FIG. 2. Further, the optical power transmission system shown in FIG. 3
comprising the light source 302, the fiber-optic cable 304, and the optical power
converter 306 is independent of RF frequency or amplitude. Therefore, any RF
frequency/amplitude changes made in the RF power supply 53 do not require redesign
of the optical power transmission system. The redesign or tuning of the conventional
RF filter become less demanding. Further, when routing a fiber-optic cable from the RF
cold region to the RF hot region, voltage standoff and routing locations are immaterial
due to zero RF uniformity impact. The new approach provides better reliability due to
fewer cable counts and fewer connection points as compared to the system shown in
FIG. 2.

[0063] Transmitting both power and data between RF hot and RF cold regions over
one single fiber optic cable is possible for some applications and is attractive for both
engineering and tool manufacturing. The new approach is not limited to the ESC control
application, which is provided and described for example only. Rather, the new
approach can be used for powering and communicating with devices such as high
voltage current sensors, E-field and H-field probes, and wireless sensors in RF hot

regions. Many other applications and use cases of the new approach are contemplated.

[0064] FIG. 5 shows a schematic representation of a system 500 for power
transmission and bi-directional data communication over a single fiber optic cable
between RF cold and hot regions according to the present disclosure. FIG. 5 shows
relevant portions of an ESC and relevant components of the substrate processing
system as described below. FIGS. 6-13 show four modes of operation of the system
500. FIGS. 6-13 omit some of the elements of the system 500 shown in FIG. 5 for
brevity. However, it is understood that all of the elements of the system 500 shown in
FIG. 5 are present in FIGS. 6-13.

[0065] In FIG. 5, the system 500 comprises an RF cold region (also called A side or
master) and an RF hot region (also called B side or slave). The A side comprises a light

source control circuit A 502 coupled to a light driver A-T1, which is coupled to a first
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port of an optical splitter A-OS. The light source control circuit A 502 can supply power
to the light driver diode A-T1 at two different power levels A-LP1 and A-LP2. A second
port of the optical splitter A-OS is coupled to a light receiver A-R. A current sensor or
current monitor A 504 monitors current through the light receiver A-R for data
transmission and self-diagnostic needs, which is explained below with reference to
FIGS. 6-18. A third port of the optical splitter A-OS is coupled to a fiber optic cable,

which connects to another light driver and receiver via another optical splitter on B-side.

[0066] The B side comprises a light source control circuit B 510 coupled to a light
driver B-T, which is coupled to a first port of an optical splitter B-OS. The light source
control circuit B 510 has a single power level B-LP, which differs from the power levels
A-LP1 or A-LP2 of the light source control circuit A 502. A second port of the optical
splitter B-OS is coupled to a light receiver B-R1. Current through the light receiver B-R1
stimulates (i.e., activates or drives) a power converter (e.g., an optical power
conversion device) 512 or can charge an energy storage device (e.g., a capacitor). The
power converter 512 supplies power to the ESC control circuitry 212 and/or one or
more of the sensors 210. In parallel with the power conversion, a current sensor or
current monitor B 514 monitors current through the light receiver B-R1 for data
transmission and self-diagnostic needs, which is explained below with reference to
FIGS. 6-18. A third port of the optical splitter B-OS is coupled to the fiber optic cable,

which connects to the A side via the optical splitter A-OS.

[0067] On the A side, a power level selector circuit 520 selects the power level of the
light source control circuit A 502. For example, the controller 54 controls the power level
selector circuit 520 during data transmission from side A to side B in operating modes 2
and 4 as explained below with reference to FIGS. 8-9 and 12-13. The power level
selector circuit 520 sets the power level of the light source control circuit A 502
according to an input received from the controller 54. The power level of the light
source control circuit B 510 may be similarly set to zero or B-LP when transmitting data
from side B to side A in operating modes 3 and 4 as explained below with reference to
FIGS. 10-13.

[0068] FIGS. 6 and 7 show a first operating mode (Mode 1) of the system 500. In
Mode 1, power is transmitted from side A to side B as follows. The power level selector
circuit 520 sets the power level of the light source control circuit A 502 to A-LP1. The

light driver A-T1 transmits light according to the power level A-LP1 of the light source
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control circuit A 502. The power level of the light source control circuit B 510, B-LP, is

set to zero. Accordingly, the light driver B-T does not transmit light in Mode 1.

[0069] Due to the optical splitters, the light receiver A-R receives some of the light
transmitted by the light driver A-T1. The current monitor A 504 senses the current
through the light receiver A-R denoted by Al@mode1. This value of current
(Al@mode1) sensed through the light receiver A-R when only the light driver A-T1
transmits light serves two purposes: (1) Al@mode1 provides a baseline current to be
used in data transmission modes; (2) self-diagnostics: when the value is not at an
expected level, which can be determined by calibration, the controller 54 can detect a
hardware failure, such as failure of one or more of the light source control circuit A 502,
the light driver A-T1, the optical splitter A-OS, the light receiver A-R, and/or the current
monitor A 504 itself.

[0070] Due to the optical splitters, the light receiver B-R1 receives some of the light
transmitted by the light driver A-T1. Based on the light received by the light receiver B-
R1, the power converter 512 converts the optical energy into the electrical energy with
which to power the ESC control circuitry 212 and/or one or more of the sensors 210.
The current monitor B 514 senses the current through the light receiver B-R1 denoted
by Bl@mode1. This value of current (Bl@mode1) sensed through light receiver B-R1
when only the light driver A-T1 transmits light also serves dual purposes similar to
those described above with reference to the current Al@mode1. FIG. 7 shows the
currents BlI@mode1 and Al@mode1 that respectively flow through the light receivers B-
R1 and A-R when only the light driver A-T1 transmits light at power A-LP1.

[0071] FIGS. 8 and 9 show a second operating mode (Mode 2) of the system 500. In
Mode 2, power and data are transmitted from side A to side B as follows. To transmit
power from side A to side B, the power level selector circuit 520 sets the power level of
the light source control circuit A 502 to A-LP1. The light driver A-T1 transmits light
according to the power level A-LP1 of the light source control circuit A 502. The power
level of the light source control circuit B 510, B-LP, is set to zero. Accordingly, as in
Mode 1, the light driver B-T does not transmit light in Mode 2. The remaining operations
for power transmission from side A to side B are similar to those in Mode 1 described

above with reference to FIGS. 6 and 7.

[0072] To transmit data from side A to side B, the power level selector circuit 520

toggles the power level setting of the light source control circuit A 502 between power
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levels A-LP1 and A-LP2 depending data to be transmitted. For example, the power
level A-LP1 is selected to transmit a 0, and the power level A-LP2 is selected to
transmit a 1. The power level A-LP2 may be greater than the power level A-LP1. The
light driver A-T1 transmits light according to the selected power level of the light source
control circuit A 502. The power level of the light source control circuit B 510, B-LP, is
set to zero. Accordingly, as in Mode 1, the light driver B-T does not transmit light in
Mode 2.

[0073] Due to the optical splitters, the light receiver A-R receives some of the light
transmitted by the light driver A-T1 during data transmission from side A to side B. The
current monitor A 504 senses the current through the light receiver A-R denoted by
Al@mode2. Beside hardware monitoring (by checking whether Al@mode2 is at
expected level), the data sent from side A to side B is also received by side A (in the
form of light received by the receiver A-R when the light driver A-T1 transmits data).
Since A-LP2 > A-LP1, Al@mode2 >= Al@mode1, data sent from A side to B side can
be expressed as Al@mode2 - Al@mode1. This echoed data can be used (e.g., by the

controller 54) to confirm whether side A indeed sends the correct data or not.

[0074] Due to the optical splitters, the light receiver B-R1 receives some of the light
transmitted by the light driver A-T1. Based on the light received by the light receiver B-
R1, the power converter 512 converts the optical energy into the electrical energy with
which to power the ESC control circuitry 212 and/or one or more of the sensors 210.
The current monitor B 514 senses the current through the light receiver B-R1 denoted
by Bl@mode2. Data received from the A side on the B side is detected as data =
Bl@mode2 - Bl@mode1. If the data is less than a predetermined threshold, the data

received is a O, otherwise a 1.

[0075] Note that the power converter 512 continues the optical power conversion while
the B side receives data from the A side, which obviates the need for storing power
received from the A side during power transmission. FIG. 9 shows the currents through
the light receivers B-R1 and A-R in Mode 2.

[0076] FIGS. 10 and 11 show a third operating mode (Mode 3) of the system 500. In
Mode 3, power is transmitted from side A to side B, and data is transmitted from side B
to side A as follows. To transmit power from side A to side B, the power level selector

circuit 520 sets the power level of the light source control circuit A 502 to A-LP1. The
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light driver A-T1 transmits light according to the power level A-LP1 of the light source

control circuit A 502.

[0077] To transmit data from side B to side A, the light source control circuit B 510
toggles between power levels of zero and B-LP depending data to be transmitted. For
example, the power level is zero when a 0 is transmitted, and the power level is B-LP
when a 1 is transmitted. The light driver B-T transmits light according to the power level
of the light source control circuit B 510. The light transmitted by the light driver B-T

toggles between two levels: light and no light when transmitting 1 and O, respectively.

[0078] Due to the optical splitters, when side B transmits data, the light receiver A-R
receives the light from the light driver B-T and the constant reflected light from the light
driver A-T1, which continues to transmit power from side A to side B whether or not
side B transmits data to side A. The current monitor A 504 senses the current through
the light receiver A-R denoted by Al@mode3. In order to distinguish Al@mode3 from
Al@mode2, the power level B-LP needs to be different from the power level A-LP2.
Suppose that B-LP > A-LP2. When the current monitor A 504 detects Al@mode3 >
Al@mode2, the data is from side B (rather than the echoed data from side A). The
quantization of the difference (Al@mode3 - Al@mode1) is interpreted as the data

received from side B.

[0079] Due to the optical splitters, the light receiver B-R1 receives some of the light
transmitted by the light driver A-T1. In addition, when side B transmits data to side A,
the light receiver B-R1 also receives some of the light transmitted by the light driver B-
T. Based on all of the light received by the light receiver B-R1, the power converter 512
converts the optical energy into the electrical energy with which to power the ESC
control circuitry 212 and/or one or more of the sensors 210. The current monitor B 514
senses the current through the light receiver B-R1 denoted by Bl@mode3, which can

be used for self-diagnostic purposes.

[0080] Note that as in Modes 1 and 2, the power converter 512 continues the optical
power conversion while the B side transmits data from the A side in Mode 3, which
obviates the need for storing power received from the A side. FIG. 11 shows the

currents through the light receivers B-R1 and A-R in Mode 3.

[0081] FIGS. 12 and 13 show a fourth operating mode (Mode 4) of the system 500. In
Mode 4, power and data are transmitted from side A to side B, and data is transmitted

from side B to side A, simultaneously, as follows.
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[0082] To transmit power from side A to side B, the power level selector circuit 520
sets the power level of the light source control circuit A 502 to A-LP1. The light driver A-
T1 transmits light according to the power level A-LP1 of the light source control circuit A
502.

[0083] To transmit data from side A to side B, the power level selector circuit 520
toggles the power level setting of the light source control circuit A 502 between power
levels A-LP1 and A-LP2 depending data to be transmitted. For example, the power
level A-LP1 is selected to transmit a 0, and the power level A-LP2 is selected to
transmit a 1. The power level A-LP2 may be greater than the power level A-LP1. The
light driver A-T1 transmits light according to the selected power level of the light source

control circuit A 502.

[0084] To transmit data from side B to side A, the light source control circuit B 510
toggles between power levels of zero and B-LP depending data to be transmitted. For
example, the power level is zero when a 0 is transmitted, and the power level is B-LP
when a 1 is transmitted. The light driver B-T transmits light according to the power level
of the light source control circuit B 510. The light transmitted by the light driver B-T

toggles between two levels: light and no light when transmitting 1 and O, respectively.

[0085] Due to the optical splitters, the light receiver A-R receives some of the light
transmitted by the light driver A-T1 as well as the light transmitted by the light driver B-
T. The current monitor A 504 senses the current through the light receiver A-R denoted
by Al@mode4. The light receiver B-R1 receives some of the light transmitted by the
light driver A-T1. In addition, the light receiver B-R1 also receives some of the light
transmitted by the light driver B-T. Based on all of the light received by the light receiver
B-R1, the power converter 512 converts the optical energy into the electrical energy
with which to power the ESC control circuitry 212 and/or one or more of the sensors
210. The current monitor B 514 senses the current through the light receiver B-R1
denoted by Bl@mode4.

[0086] FIG. 13 shows the currents through the light receivers B-R1 and A-R in Mode
4. The A and B current monitors 504, 514 detect currents due to light transmitted at four
different power levels A-LP1, A-LP1 + B-LP, A-LP2, A-LP2 + B-LP from both sides A
and B. Note that the power converter 512 always receives light and always continues
the optical power conversion, which obviates the need for storing power received from
the A side.
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[0087] Many applications can use bidirectional communication between A and B sides
as described in Mode 4. In some applications, in addition to receiving sensor data from
side B as described in Mode 2, data may need to be supplied to the ESC control
circuitry 212 as mentioned in Modes 2 and 4. For example, the frequencies at which
data is collected from the heaters 208 and/or sensors 210 can be varied depending on
the applications. For example, some events in the ESC may be monitored more
frequently while other events may be monitored less frequently. Accordingly, side A
(master) can send commands to side B (slave) to alter settings, parameters, or
configurations in the ESC control circuitry 212 to change the speed of data collection for
some events, for example. Based on the data collected from the sensors 210, the
controller 54 may send commands to control the heaters 208. Also, side A (master) can
write identifying data into one or more components of the ESC (i.e., on side B or slave)
for tracking purposes (e.g., when parts of the ESC are swapped). Further, the controller
54 may query identifying data of a component in the ESC and send appropriate data to
control the component based on the identifying data of the component received from
side B. Many other uses of bi-directional communication between A and B sides are

contemplated.

[0088] FIG. 14 shows a method 1400 for power transmission to an ESC from a low RF
region of a substrate processing system outside the ESC and for bidirectional data
communication between the low RF region and the ESC using a single fiber optic cable
between the low RF region and the ESC. The low RF region is also called a low RF
power side, A side, or RF cold side of the substrate processing system. The A side
includes DC power supplies to supply power to the ESC and also includes the user
interface (Ul) control processing in a processing chamber comprising the ESC. The B
side of the substrate processing system includes the ESC, comprising heaters and
sensors, to which high RF power is supplied to generate plasma in the processing
chamber. Accordingly, the B side is also called a high RF region, a high RF power side,
or RF hot side of the substrate processing system. The A and B sides are also

respectively called master and slave.

[0089] At 1402, the method 1400 transmits light over the single fiber optic cable from
A side to B side. At 1404, the method 1400 receives the light at an optical power
converter located on side B. At 1406, the method 1400 generates DC power using the
optical power converter from the received light to power control electronics in the ESC
on B side. At 1408, the method 1400 select data from sensors located in the ESC and
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transmits the data in the form of light through the single fiber optic cable from B side to
A side. At 1410, on A side, the method 1400 converts the data received from B side in
the form of light through the fiber-optic cable into electrical signals. At 1412, the method
1400 sends other data in the form of light through the single fiber optic cable from A
side to B side. At 1414, on B side, the method 1400 converts the other data received
from A side in the form of light through the fiber-optic cable into electrical signals. At
1416, the method 1400 continues to generate DC power on B side during data

transmissions between A and B sides.

[0090] FIG. 15 shows a method 1500 for power transmission from A side to B side or
from master to slave. At 1502, the method 1500 sets the power level of the light source
control circuit on A side to A-LP1. At 1504, the method 1500 sets the power level of the
light source control circuit on B side to zero. At 1506, the method 1500 drives the light
driver A-T1 on A side based on the power level A-LP1 of the light source control circuit
on A side, and transmits light from the light driver A-T1 on A side, which is coupled to

the fiber-optic cable via a first port of an optical splitter A-OS on A side.

[0091] At 1508, the method 1500 receives some of the light transmitted by the light
driver A-T1 at a light receiver A-R on A side, which is coupled to the fiber-optic cable
via a second port of the optical splitter A-OS on A side. At 1510, the method 1500
senses current generated by the light receiver A-R due to receiving some of the light
transmitted by the light driver A-T1. At 1512, the method 1500 determines whether the
sensed current is less than expected. At 1514, if the sensed current is less than
expected, the method 1500 indicates a problem with one or more of the light source
control circuit on A side, the light driver A-T1, the optical splitter A-OS, or the current

sensor on A side; and the method 1500 ends.

[0092] At 1516, if the sensed current is not less than expected, the method 1500
receives some of the light transmitted by the light driver A-T1 at a light receiver B-R1 on
B side, which is coupled to the fiber-optic cable via a first port of an optical splitter B-OS
on B side. At 1518, using an optical power converter connected to the light receiver B-
R1, the method 1500 generates DC power from the received light to power control

electronics in the ESC.

[0093] At 1520, the method 1500 senses current generated by the light receiver B-R1
due to receiving some of the light transmitted by the light driver A-T1. At 1522, the

method 1500 determines whether the sensed current is less than expected. At 1524, if
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the sensed current is less than expected, the method 1500 indicates a problem with
one or more of the light source control circuit on A side, the light driver A-T1, the optical
splitter A-OS, the fiber-optic cable, the optical splitter B-OS, the light receiver B-R1, or
the current sensor on B side. The method 1500 ends if the sensed current is not less

than expected.

[0094] FIG. 16 shows a method 1600 for power and data transmission from A side
(master) to B side (slave). At 1602, the method 1600 sets the power level of the light
source control circuit on A side to A-LP1/A-LP2 when transmitting data digitally as 0/1.
At 1604, the method 1600 sets the power level of the light source control circuit on B
side to zero. At 1606, depending on the data being transmitted (i.e., whether a 0 or a 1
is being transmitted), the method 1600 drives the light driver A-T1 on A side based on
the power level A-LP1 or A-LP2 of the light source control circuit on A side, and
transmits light from the light driver A-T1 on A side, which is coupled to the fiber-optic

cable via a first port of an optical splitter A-OS on A side.

[0095] At 1608, the method 1600 receives some of the light transmitted by the light
driver A-T1 at a light receiver A-R on A side, which is coupled to the fiber-optic cable
via a second port of the optical splitter A-OS on A side. At 1610, the method 1600
senses current generated by the light receiver A-R due to receiving some of the light
transmitted by the light driver A-T1.

[0096] At 1612, the method 1600 determines whether the sensed current is less than
expected. At 1614, if the sensed current is less than expected, the method 1600
indicates a problem with one or more of the light source control circuit on A side, the
light driver A-T1, the optical splitter A-OS, or the current sensor on A side; and the
method 1600 ends. At 1616, if the sensed current is not less than expected, the method
1600 determines based on the sensed current weather correct data is transmitted from
the light driver A-T1. The method 1600 goes to 1614 if incorrect data is transmitted.

[0097] At 1618, if the sensed current is not less than expected at 1612 and if correct
data is transmitted at 1616, the method 1600 receives some of the light transmitted by
the light driver A-T1 at a light receiver B-R1 on B side, which is coupled to the fiber-
optic cable via a first port of an optical splitter B-OS on B side. At 1620, using an optical
power converter connected to the light receiver B-R1, the method 1600 generates DC

power from the received light to power control electronics in the ESC.
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[0098] At 1622, the method 1600 senses current generated by the light receiver B-R1
due to receiving some of the light transmitted by the light driver A-T1. At 1624, the
method 1600 determines whether the sensed current is less than a predetermined
threshold. At 1626, the method 1600 determines that the data received is a O if the
sensed current is less than the predetermined threshold. At 1628, the method 1600
determines that the data received is a 1 if the sensed current is less than the

predetermined threshold.

[0099] FIG. 17 shows a method 1700 for power transmission from A side (master) to B
side (slave) and data transmission from B side (slave) to A side (master). At 1702, the
method 1700 sets the power level of the light source control circuit on A side to A-LP1.
At 1704, the method 1700 sets the power level of the light source control circuit on B
side to O/B-LP when transmitting data digitally as 0/1. For example, B-LP, which needs
to different than A-LP2, maybe greater than A-LP2.

[0100] At 1706, the method 1700 drives the light driver A-T1 on A side based on the
power level A-LP1 of the light source control circuit on A side, and transmits light from
the light driver A-T1 on A side, which is coupled to the fiber-optic cable via a first port of
an optical splitter A-OS on A side.

[0101] At 1708, depending on the data being transmitted (i.e., whethera O ora 1 is
being transmitted), the method 1700 drives the light driver B-T on B side based on the
power level O or B-LP of the light source control circuit on B side, and transmits light
from the light driver B-T on B side, which is coupled to the fiber-optic cable via a second

port of an optical splitter B-OS on B side.

[0102] At 1710, the method 1700 receives some of the light transmitted by the light
drivers A-T1 and B-T at a light receiver A-R on A side, which is coupled to the fiber-
optic cable via a second port of the optical splitter A-OS on A side. At 1712, the method
1700 senses current generated by the light receiver A-R due to receiving some of the
light transmitted by the light drivers A-T1 and B-T. At 1714, method 1700 determines
data received from B side based on a difference between currents sensed at 1712 and
at 1510 in FIG. 15.

[0103] At 1716, the method 1700 receives some of the light transmitted by the light
drivers A-T1 and B-T at a light receiver B-R1 on B side, which is coupled to the fiber-
optic cable via a first port of the optical splitter B-OS on B side. At 1718, using an
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optical power converter connected to the light receiver B-R1, the method 1700

generates DC power from the received light to power control electronics in the ESC.

[0104] At 1720, the method 1700 senses current generated by the light receiver B-R1
due to receiving some of the light transmitted by the light drivers A-T1 and B-T. At
1722, the method 1700 determines whether the sensed current is less than expected.
At 1724, if the sensed current is less than expected, the method 1700 indicates a
problem with one or more of the light source control circuits on A/B sides, the light
driver A-T1, the optical splitter A-OS, the fiber-optic cable, the optical splitter B-OS, the
light receiver B-R1, or the current sensor on B side. The method 1700 ends if the

sensed current is not less than expected.

[0105] FIG. 18 shows a method 1800 for power and data transmission from A side
(master) to B side (slave) and data transmission from B side (slave) to A side (master).
At 1802, the method 1800 sets the power level of the light source control circuit on A
side to A-LP1/A-LP2 when transmitting data digitally as 0/1. At 1804, the method 1800
sets the power level of the light source control circuit on B side to 0/B-LP when
transmitting data digitally as 0/1. For example, B-LP, which needs to different than A-
LP2, maybe greater than A-LP2.

[0106] At 1806, depending on the data being transmitted (i.e., whethera O or a 1 is
being transmitted) from side A to side B, the method 1800 drives the light driver A-T1
on A side based on the power level A-LP1 or A-LP2 of the light source control circuit on
A side, and transmits light from the light driver A-T1 on A side, which is coupled to the

fiber-optic cable via a first port of an optical splitter A-OS on A side.

[0107] At 1808, depending on the data being transmitted (i.e., whether a O ora 1 is
being transmitted) from side B to side A, the method 1800 drives the light driver B-T on
B side based on the power level O or B-LP of the light source control circuit on B side,
and transmits light from the light driver B-T on B side, which is coupled to the fiber-optic

cable via a second port of an optical splitter B-OS on B side.

[0108] At 1810, the method 1800 receives some of the light transmitted by the light
drivers A-T1 and B-T at a light receiver B-R1 on B side, which is coupled to the fiber-
optic cable via a first port of the optical splitter B-OS on B side. At 1812, using an
optical power converter connected to the light receiver B-R1, the method 1800

generates DC power from the received light to power control electronics in the ESC.
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[0109] At 1814, the method 1800 senses current generated by the light receiver B-R1
due to receiving some of the light transmitted by the light drivers A-T1 and B-T. At
1816, the method 1800 determines the data received from A side based on the current

sensed by the light receiver B-R1.

[0110] At 1818, the method 1800 receives some of the light transmitted by the light
drivers A-T1 and B-T at a light receiver A-R on A side, which is coupled to the fiber-
optic cable via a second port of the optical splitter A-OS on A side. At 1820, the method
1800 senses current generated by the light receiver A-R due to receiving some of the
light transmitted by the light drivers A-T1 and B-T. At 1822, the method 1800
determines the data received from B side based on the current sensed by the light

receiver A-R.

[0111] The foregoing description is merely illustrative in nature and is not intended to
limit the disclosure, its application, or uses. The broad teachings of the 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.

[0112] 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)
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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.”

[0113] 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
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.

[0114] 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.
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[0115] 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
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.

[0116] 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.
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[0117] 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 substrate support assembly comprising:

a first optical receiver embedded in the substrate support assembly to receive a
first optical signal and a first optical data through a fiber optic cable;

a power converter embedded in the substrate support assembly to generate DC
power based on the first optical signal and the first optical data received by the first
optical receiver,;

a first circuit embedded in the substrate support assembly to:

receive the DC power from the power converter; and
receive a second data from a sensor disposed in the substrate support
assembly in response to the first optical data; and

a first optical transmitter embedded in the substrate support assembly to transmit

the second data as a second optical data through the fiber optic cable.

2. The substrate support assembly of claim 1 wherein:

the first optical receiver and the first optical transmitter are coupled to the fiber
optic cable through a first optical splitter,;

the first optical receiver is configured to receive, through the first optical splitter,
a portion of the second optical data transmitted by the first optical transmitter; and

the power converter is configured to generate the DC power additionally based

on the portion of the second optical data received by the first optical receiver.

3. The substrate support assembly of claim 2 further comprising:

a first current sensor to sense current through the first optical receiver;

wherein the first circuit is configured to determine, based on the sensed current,
whether one or more of the first optical receiver, the first optical transmitter, the first

optical splitter, and the first current sensor is malfunctioning.

4. The substrate support assembly of claim 2 further comprising:
a first current sensor to sense current through the first optical receiver;
wherein the first circuit is configured to determine, based on the sensed current,

whether the first optical transmitter correctly transmitted the second optical data.
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. A system comprising the substrate support assembly of claim 1 and further
comprising:
a second optical transmitter coupled to a remote end of the fiber optic cable to
transmit the first optical signal and the first optical data through the fiber optic cable;
a second optical receiver coupled to the remote end of the fiber optic cable to
receive the second optical data through the fiber optic cable; and
a controller to:
supply power to the second optical transmitter at a first power level when
the second optical transmitter transmits the first optical signal; and
toggle the power supplied to the second optical transmitter between the
first power level and a second power level when the second optical transmitter

transmits the first optical data.

6. The system of claim 5 wherein the substrate support assembly further
comprises:

a second circuit embedded in the substrate support assembly to toggle power
supplied to the first optical transmitter between zero and a third power level when the
first optical transmitter transmits the second optical data;

wherein the third power level is greater than the second power level; and

wherein the second power level is greater than the first power level.

7. The system of claim 5 wherein:

the second optical receiver and the second optical transmitter are coupled to the
fiber optic cable through a second optical splitter;

the second optical receiver is configured to receive, through the second optical
splitter, a portion of the first optical signal and the first optical data transmitted by the
second optical transmitter;

a second current sensor to sense current through the second optical receiver;
and

the controller is configured to determine, based on the sensed current, whether
one or more of the second optical receiver, the second optical transmitter, the second

optical splitter, and the second current sensor is malfunctioning.
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8. The system of claim 5 wherein:

the second optical receiver and the second optical transmitter are coupled to the
fiber optic cable through a second optical splitter;

the second optical receiver is configured to receive, through the second optical
splitter, a portion of the first optical signal and the first optical data transmitted by the
second optical transmitter;

a second current sensor to sense current through the second optical receiver;
and

the controller is configured to determine, based on the sensed current, whether

the second optical transmitter correctly transmitted the first optical data.

9. The system of claim 5 wherein:

the controller is configured to generate a first data to control a frequency at
which the first circuit receives the second data from the sensor; and

the second optical transmitter is configured to transmit the first data as the first

optical data.

10.  The system of claim 5 wherein:

the controller is configured to generate a third data based on the second data to
control one or more heaters disposed in the substrate support assembly;

the second optical transmitter is configured to transmit the third data as a third
optical data;

the first optical receiver is configured to receive the third optical data; and

the first circuit is configured to obtain the third data from the third optical data

and to control the one or more heaters based on the third data.

11.  The system of claim 5 wherein:

the controller is configured to generate a third data to identify a component in the
substrate support assembly;

the second optical transmitter is configured to transmit the third data as a third
optical data;

the first optical receiver is configured to receive the third optical data; and

the first circuit is configured to obtain the third data from the third optical data

and to associate the third data with the component.
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12. The system of claim 5 wherein:

the first circuit is configured to receive a third data from a component in the
substrate support assembly, the third data identifying the component;

the first optical transmitter is configured to transmit the third data as a third
optical data;

the second optical receiver is configured to receive the third optical data;

the controller is configured to obtain the third data from the third optical data and
to generate a fourth data based on the third data to control the component;

the second optical transmitter is configured to transmit the fourth data as a fourth
optical data;

the first optical receiver is configured to receive the fourth optical data; and

the first circuit is configured to obtain the fourth data from the fourth optical data

and to control the component based on the fourth data.

13. A system comprising:

a first optical transmitter coupled to a first end of a fiber optic cable;

a first optical receiver coupled to the first end of the fiber optic cable;

a controller to supply power to the first optical transmitter to transmit a first
optical signal and a first optical data through the fiber optic cable; and

a substrate support assembly comprising:

a second optical receiver embedded in the substrate support assembly
coupled to a second end of the fiber optic cable to receive the first optical signal and the
first optical data;

a power converter embedded in the substrate support assembly to
generate DC power based on the first optical signal and the first optical data received
by the second optical receiver;

a first circuit embedded in the substrate support assembly to receive the
DC power and to receive a second data from a sensor disposed in the substrate
support assembly in response to the first optical data; and

a second optical transmitter embedded in the substrate support assembly
coupled to the second end of the fiber optic cable to transmit the second data as a
second optical data through the fiber optic cable based on power received from the first

circuit.
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14.  The system of claim 13 wherein:
the controller is configured to:
supply the power to the first optical transmitter at a first power level to
transmit the first optical signal through the fiber optic cable; and
switch the power supplied to the first optical transmitter between the first
power level and a second power level to transmit the first optical data through the fiber
optic cable, the second power level being greater than the first power level; and
the first circuit is configured to switch the power supplied to the second optical
transmitter between zero and a third power level when the second optical transmitter
transmits the second optical data, the third power level being greater than the second

power level.

15.  The system of claim 13 wherein:

the second optical receiver and the second optical transmitter are coupled to the
fiber optic cable through an optical splitter;

the second optical receiver is configured to receive, through the optical splitter, a
portion of the second optical data transmitted by the second optical transmitter; and

the power converter is configured to generate the DC power additionally based

on the portion of the second optical data received by the first optical receiver.

16.  The system of claim 15 further comprising:

a current sensor to sense current through the second optical receiver;

wherein the first circuit is configured to determine, based on the sensed current,
whether one or more of the second optical receiver, the second optical transmitter, the

optical splitter, and the current sensor is malfunctioning.

17.  The system of claim 15 further comprising:
a current sensor to sense current through the second optical receiver;
wherein the first circuit is configured to determine, based on the sensed current,

whether the second optical transmitter correctly transmitted the second optical data.

18.  The system of claim 13 wherein:
the first optical receiver and the first optical transmitter are coupled to the fiber

optic cable through an optical splitter;
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the first optical receiver is configured to receive, through the optical splitter, a
portion of the first optical signal and the first optical data transmitted by the first optical
transmitter;

a current sensor to sense current through the first optical receiver; and

the controller is configured to determine, based on the sensed current, whether
one or more of the first optical receiver, the first optical transmitter, the optical splitter,

and the current sensor is malfunctioning.

19.  The system of claim 13 wherein:

the first optical receiver and the first optical transmitter are coupled to the fiber
optic cable through an optical splitter;

the first optical receiver is configured to receive, through the optical splitter, a
portion of the first optical signal and the first optical data transmitted by the first optical
transmitter;

a current sensor to sense current through the first optical receiver; and

the controller is configured to determine, based on the sensed current, whether

the first optical transmitter correctly transmitted the first optical data.

20.  The system of claim 13 wherein:

the controller is configured to generate a first data to control a frequency at
which the first circuit receives the second data from the sensor; and

the first optical transmitter is configured to transmit the first data as the first

optical data.

21.  The system of claim 13 wherein:

the first optical receiver is configured to receive the second optical data;

the controller is configured to generate a third data based on the second data to
control one or more heaters disposed in the substrate support assembly;

the first optical transmitter is configured to transmit the third data as a third
optical data;

the second optical receiver is configured to receive the third optical data; and

the first circuit is configured to obtain the third data from the third optical data

and to control the one or more heaters based on the third data.
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22.  The system of claim 13 wherein:

the controller is configured to generate a third data to identify a component in the
substrate support assembly;

the first optical transmitter is configured to transmit the third data as a third
optical data;

the second optical receiver is configured to receive the third optical data; and

the first circuit is configured to obtain the third data from the third optical data

and to associate the third data with the component.

23.  The system of claim 13 wherein:

the first circuit is configured to receive a third data from a component in the
substrate support assembly, the third data identifying the component;

the second optical transmitter is configured to transmit the third data as a third
optical data;

the first optical receiver is configured to receive the third optical data;

the controller is configured to obtain the third data from the third optical data and
to generate a fourth data based on the third data to control the component;

the first optical transmitter is configured to transmit the fourth data as a fourth
optical data;

the second optical receiver is configured to receive the fourth optical data; and

the first circuit is configured to obtain the fourth data from the fourth optical data

and to control the component based on the fourth data.
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processing in the processing chamber. B side includes the ESC,

generate plasma in the processing chamber.)

Transmit light over a single fiber optic cable from a low RF power side
(A side, called RF cold) to a high RF power side (B side, called RF hot)
of a substrate processing system (A side includes DC power supplies to

comprising heaters and sensors, to which high RF power is supplied to

A 4

. . . 1404
Receive the light at an optical power /
converter located on B side

A 4
Generate DC power using the optical / 1406

power converter from the received light to
power control electronics in the ESC

A 4

Collect data from sensors located in the 1408

ESC and transmit the data in the form of /

light through the single fiber optic cable
from B side to A side

A 4

On A side, convert data received from B / 1410

side in the form of light through the fiber
optic cable into electrical signals

A 4
Send other data in the form of light /1412
through the single fiber optic cable from A
side to B side

A 4

On B side, convert data received from A /1414

side in the form of light through the fiber
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Continue generating DC power on B side / 1416

during data transmissions between A and
B sides
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\ Set power level of light source control optic cable via a splitter B-OS
circuit on B side to 0 1518
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\ 4 Using the optical power converter
connected to the light receiver B-R1,

1506 Drive a light driver A-T1, which is generate DC power from received light to
\ connected to the fiber optic cable via a power control electronics in the ESC
splitter A-OS, at power level A-LP1 and
transmit light from the light driver A-T1 /1520
Y

Sense current generated by the light
Y receiver B-R1 due to receiving some of
the light transmitted by light driver A-T1

1508\ Receive some of the light transmitted by
the light driver A-T1 at light receiver A-R
on A side connected to the splitter A-OS

1522

Y

Current less
1510\ Sense current generated by the light than expected?
receiver A-R due to receiving some of the

light transmitted by the light driver A-T1

15245

1512 Indicate problem with one or more of light
source control circuit on A side, light
driver A-T1, splitter A-OS, the fiber optic
cable, splitter B-OS, light receiver B-R1,
or current sensor on B side

Current less
than expected?

Y.
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Indicate problem with the light source End

—»| control circuit, light driver A-T1, splitter A-
OS, and/or current sensor on A side
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optic cable via a splitter B-OS
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Y

Using the optical power converter
connected to the light receiver B-R1,
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power control electronics in the ESC

Receive some of the light transmitted by
the light driver A-T1 at light receiver A-R
on A side connected to the splitter A-OS

! / 1622
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Sense current generated by the light
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the light transmitted by light driver A-T1

Sense current generated by the light
receiver A-R due to receiving some of the
light transmitted by the light driver A-T1

Current less
than expected?

Current less
than threshold?

Data received is 0

S

v /1628

Data received is 1

Correct data sent?

1614\

o

Indicate problem with the light source
control circuit, light driver A-T1, splitter A-
OS, and/or current sensor on A side

\ 4
A

End




WO 2020/251876

16/17

( Start )

Y

1702\

Set power level of light source control
circuit on A side to A-LP1

A 4

1704\

Set power level of light source control
circuit on B side to 0/B-LP when
transmitting 0/1 (e.g., B-LP>A-LP2)

PCT/US2020/036571

[1700

i /1716

Y

Drive a light driver A-T1, which is
connected to the fiber optic cable via a
splitter A-OS, at power level A-LP1 and
transmit light from the light driver A-T1

Receive some of the light transmitted by
the light drivers A-T1 and B-T at light
receiver B-R1 on B side, which is
connected to the fiber optic cable via a
splitter B-OS

! /1718

A 4

When transmitting 0/1, drive a light driver
B-T, which is connected to the fiber optic
cable via a splitter B-OS, at power level
0/BLP and transmit light from the light
driver B-T

Using the optical power converter
connected to the light receiver B-R1,
generate DC power from received light to
power control electronics in the ESC

! /1720

Y

Receive some of the light transmitted by
the light drivers A-T1 and B-T at light
receiver A-R on A side, which is
connected to the splitter A-OS

Sense current generated by the light
receiver B-R1 due to receiving some of
the light transmitted by light drivers A-T1
and B-T

A 4

1712
N

Sense current generated by the light
receiver A-R due to receiving some of the
light transmitted by the light drivers A-T1

and B-T

Y

1722

Current less
than expected?

17245

1714
N

Determine data received from B side
based on difference between currents
sensed at 1712 and at 1510 in FIG. 15

Indicate problem with one or more of light
source control circuits on A/B side, light
driver A-T1, splitter A-OS, the fiber optic
cable, splitter B-OS, light receiver B-R1,

or current sensor on B side

&
<
Y.

End

FIG. 17



WO 2020/251876

17117

( Start )

Y

1802\

Set power level of light source control
circuit on A side to A-LP1/A-LP2 when
transmitting 0/1

A 4

PCT/US2020/036571

J_1800

1804\

Set power level of light source control
circuit on B side to 0/B-LP when
transmitting 0/1 (e.g., B-LP>A-LP2)

i /1814

Y

Sense current generated by the light
receiver B-R1 due to receiving some of
the light transmitted by light drivers A-T1
and B-T

When transmitting 0/1, drive a light driver
A-T1, which is connected to the fiber
optic cable via a splitter A-OS, at power
level A-LP1/LP2 and transmit light from
the light driver A-T1

! /1816

A 4

Determine data received from A side
based on current sensed by the light
receiver B-R1

When transmitting 0/1, drive a light driver
B-T, which is connected to the fiber optic
cable via a splitter B-OS, at power level
0/BLP and transmit light from the light
driver B-T

! /1818

Receive some of the light transmitted by
the light drivers A-T1 and B-T at light
receiver A-R on A side, which is
connected to the splitter A-OS

Y

! / 1820

1810\

Receive some of the light transmitted by
the light drivers A-T1 and B-T at light
receiver B-R1 on B side, which is
connected to the fiber optic cable via a
splitter B-OS

Sense current generated by the light
receiver A-R due to receiving some of the
light transmitted by the light drivers B-T
and A-T1

Y

! / 1822

1812\

Using the optical power converter
connected to the light receiver B-R1,
generate DC power from received light to
power control electronics in the ESC

Determine data received from B side
based on current sensed by the light
receiver A-R

End




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2020/036571

A. CLASSIFICATION OF SUBJECT MATTER
HO04B 10/25(2013.01)i, HO4B 10/564(2013.01)i, HO1J 37/32(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04B 10/25; GOIN 21/68; G02B 6/036; GO2B 6/44; HO1J 37/32; HOIL 21/67, HO4B 10/12; HO4B 17/00; HO4B 10/564

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: optical fiber, receiver, transmitter, power converter, sensor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2019-0007138 A1 (COMMSCOPE TECHNOLOGIES LLC) 03 January 2019 1-23
paragraphs [0002], [0026]-[0030]; and figure 1

Y US 8358893 Bl (STEPHEN N. SANDERSON et al.) 22 January 2013 1-23
column 4, lines 28-35; claim 1; and figure 3B

A US 2019-0013187 A1 (VERITY INSTRUMENTS, INC.) 10 January 2019 1-23
paragraphs [0026]-[0034]; and figure 2

A US 2017-0254755 A1 (APPLIED MATERIALS, INC.) 07 September 2017 1-23
paragraphs [0016]-[0041]

A US 8526810 B2 (CHRISTOPHER R. COLE et al.) 03 September 2013 1-23
column 12, line 53 - column 21, line 59

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eartlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means

being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
16 September 2020 (16.09.2020) 17 September 2020 (17.09.2020)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office YANG JEONG ROK
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

\\ 3
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5709 \\m\\\‘

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



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2020/036571
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019-0007138 Al 03/01/2019 CN 110678790 A 10/01/2020
EP 3631542 Al 08/04/2020
US 10567080 B2 18/02/2020
US 2020-0186248 Al 11/06/2020
WO 2018-222981 Al 06/12/2018
US 8358893 Bl 22/01/2013 US 8761560 Bl 24/06/2014
US 2019-0013187 Al 10/01/2019 CN 109243956 A 18/01/2019
CN 110662339 A 07/01/2020
JP 2019-016599 A 31/01/2019
JP 2020-004701 A 09/01/2020
JP 6688343 B2 28/04/2020
JP 6739566 B2 12/08/2020
KR 10-2020-0001970 A 07/01/2020
KR 10-2101174 B1 17/04/2020
TW 201909702 A 01/03/2019
TW 202002723 A 01/01/2020
US 10679832 B2 09/06/2020
US 2019-0157045 Al 23/05/2019
US 2017-0254755 Al 07/09/2017 US 9874524 B2 23/01/2018
US 8526810 B2 03/09/2013 US 2008-0267620 Al 30/10/2008
WO 2008-134750 A2 06/11/2008

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 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - wo-search-report
	Page 54 - wo-search-report

