IMPROVING A RATE OF TRANSFER OF DATA WITHIN A
PLASMA SYSTEM

BACKGROUND

[0001] A master device and a slave device of a communication system follow
protocols to communicate information with each other. For exampie, in an industry standard
serial parallel interface (SPI), data is sent serially over a single wire from the master device to
the slave device. As another example, a clock signal is communicated from the master

device to the slave device.

[6002] However, the serial transmission of data has drawbacks, one of them being
a low data rate. When one bit is transferred at a time over the wire, it takes a Jarge amount of

time to transfer information between the master device and the slave device.

SUMMARY

[0003]  The present disclosure relates to improving a rate of transfer of data within
a plasma system. It should be appreciated that the embodiments described in the present
disclosure may be implemented in numerous ways, e.g., @ process, an apparatus, a system, a
device, a method on a computer-readable medium, etc. Various embodimems of the present

disclosure are described below.

[0004] In some embodiments, a bus interconnect for interfacing a host system to a
radio frequency (RF) generator that is coupled to a plasma chamber is provided. The bus
interconnect includes a plurality of host ports. A first and a second port of the host system
are used to provide a power component setting and a frequency component setling to the RF

generator. Moreover, third, fourth, fifth, and sixth ports of the host system are used to
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receive four distinct variables that change over time. The bus interconnect further includes a
plurality of generator ports. A first and a second port of the RF generator are used to send a
power read back value and a frequency read back value to the host system. The bus
interconnect includes a sampler circuit integrated with the host system. The sampler circuit is
configured to sample signals at the third, fourth, fifth, and sixth ports of the host system at

selected clock edges to capture operating state data of the plasma chamber and the RF

generator.

[0005] In some embodiments, a bus interconnect for interfacing a host system to
an RF generator that is coupled to a plasma chamber is provided. The bus interconnect
includes a first set of host ports, which are used to provide a power component setting and a
frequency component setting to the RF generator. The ports of the first set of host ports are
used to receive distinct variables that change over time. The bus interconnect further
includes a second set of generator ports used to send a power read back value and a frequency
read back value to the host system. The bus interconnect includes a sampler circuit integrated
with the host system. The sampler circuit is configured to sample signals at the ports of the

first set at selected clock edges to capture operating state data of the plasma chamber and the

RF generator.

[6006]  In various embodiments, a plasma system is provided. The plasma system
includes a host system for providing data signals. The plasma system further includes an RF
generator coupled 1o the host system. The RF generator is used for generating an RF signal
based on the data signals. The plasma system includes an impedance matching circuit for
matching an impedance of the RF generator with an impedance of a plasma chamber. The
plasma system also includes an RF transmission line coupling the impedance matching circuit
the plasma chamber. The plasma system includes a bus interface connecting the host system
to the RF generator. The bus interface includes a first set of host ports. The first set of host

ports is used to provide a power component setting and a frequency component setting to the
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RF generator. The first set of host ports is used to receive distinct variables that change over
time. The bus interconnect includes a second set of generator ports used to send a power read
back valve and a frequency read back value to the host system. The bus interconnect
includes a sampler circuit integrated with the host system. The sampler circuit is used to
sample signals at the ports of the first set at selected clock edges to capture operating state

data of the plasma chamber and the RF generator.

[0007]  In a variety of embodiments, a data rate transfer system is provided. The
data rate transfer system includes multiple ports between a host system and an RF generator
to allow transfer of data at rates higher than that allowed using a single wire. For example, a
number, e.g., three, four, five, etc., of variables are transferred at a time, e.g., a second, a
microsecond, etc., between the host system and an RF generator. The variables may include
power, frequency, real portion of load impedance, and imaginary portion of the load
impedance. As another example, the variables may include frequency, voltage magnitade,

current magnitade, and phase between the voltage and current.

{0008] Also, in several embodiments, the number of variables transferred between
the host system and the RF generator is Jimited, e.g., to three variables, five variables, six
variables, etc. The limit in the number of variables reduces a number of communication
channels between the host system and the REF generator. For example, the number of
communication channels between the host system and the RF generator used to transfer the
variables is less than 32, 64, 128, etc. The reduction in the number of communication
channels reduces a number of ports on a parallel serial paralle] interface (PSPI) of the host
system that are connected to the communication channels and reduces a number of ports on a
PSPI of the RF generator that are connected to the communication channels. The reduction
in the number of ports and the number of communication channels reduces real estate on a
chip, e.g., a chip including the host system, a chip including an RF controller of the RF

generator, etc. Moreover, the reduction in the number of communication channels reduces
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noise in signals transferred on the communication channels and reduces chances of loss of
signal integrity of the signals. There may not be a need to check for signal integrity when the
signals are transferred over the limited number of communication channels. The number of
variables allows to determine whether a plasma chamber is functioning properly, e.g.,

determining plasma unconfinement, arcing, etc.

[0009] Moreover, in some embodiments, there is less time spent in transferring
the variables between the host system and the RF generator than that taken using
packetization protocols, e.g., Ethernet protocols, Ethernet for Control Autornation
Technology (EtherCAT) protocols, etc. It should be noted that in various embodiments, the
EtherCAT protocol is slower, e.g., has-a lower frequency of operation, than a PSPI protocol
applied by the PSPI. For example, data rate of EtherCAT is 1 kilohertz (kHz), which is less
than a data rate applied by the PSPI protocol. As another example, a less number of data bits
are transferred via EtherCAT ports than that transferred via ports of the PSPL  The
packetization protocols are used to create data packets from data that is to be transferred
between a master device and a slave device. The packetization may be limited based on a
bandwidth of a network that is coupled to a packetization protocol interface, e.g., an Ethernet
port, an EtherCAT port, etc. In several embodiments, there is no packetization performed in

transferring the variables between the host system and the RF generator.

[0010] Also, in some embodiments, a statistical value, e.g., mean, median, mode,
maximum, minimum, rolling variance, standard deviation, interquartile range (IQR), etc., is
determined from the variables and the remaining values of the variables are deleted. For
example, a mean of a variable over a time window is determined and values used to

determine the mean are deleted from a storage device of the host system.

[0011] The determination of the statistical value and the deletion of the values

saves memory space and provides feasilibility in determining a fault within a plasma system.



For example, when all the values are saved within the host system, on a cloud, etc., a number
of the values is Jarge and can be an impediment to transfer of the values between network
devices, etc. When statistical values are saved in one or more storage devices of the host
system, the statistical values occupy less memory space than that occupied by all the values.
Also, it is easier to transfer the statistical values over a network, e.g., the Internet, an Intranet,
etc., compared to transferring all the values. Lesser bandwidth of the network is used when

the statistical values are transferred than that used when all the values are transferred.

(0012} Some advantages of the above-described embodiments include the transfer
of data between the host system and the RF generator faster than that provided by the serial
communication of the single wire, the savings in real estate on a semiconductor chip, the
removal of need to check signal for integrity, and the transfer of the data without a need to

use the packetization protocols.

[0013]  Other aspects will become apparent from the following detailed

description, taken in conjunction with the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Various embodiments of the present disclosure may best be understood by
reference to the following description taken in conjunction with the accompanying drawings.

[0015] Figure 1 is a block diagram of a system for improving a rate of transfer of
data, in accordance with various embodiments of the present disclosure.

[0016]  Figure 2A is a block diagram of a system for improving a rate of transfer
of data between a host system of the system of Figure 1 and radio frequency (RF) generators
of the system of Figure 1, in accordance with several embodiments of the present disclosure.

[0017]  Figure 2B is a block diagram of an embodiment of a system for improving
a rate of transfer of data between the host system and the RF generators, in accordance with
several embodiments of the present disciosure.

[0018]  Figuore 3A is a timing diagram for illustrating a sampling of variables in
synchronization with a clock signal of the system of Figure 2A, in accordance with some
embodiments of the present disclosure.

{0019]  Figure 3B is a diagram illustrating a difference between paralle] transfer of
data and parallel serial paralle] transfer of data, in accordance with some embodiments of the
present disclosure.

[0020]  Figure 4A is a block diagram of an embodiment of a host system, in
accordance with various embodiments of the present disclosure.

[0021] Figure 4B is a block diagram of an embodiment of a host system, in
accordance with several embodiments of the present disclosure.

[0622] Figure 5 is a diagram of embodiments of graphs used to illustrate that the
variables help in determining an event of plasma within a plasma chamber of the system of

Figure 1, in accordance with several embodiments of the present disclosure.



DETAILED DESCRIPTION

[0023] The following embodiments describe systems and methods for improving

a rate of transfer of data.

[0024] Figure 1 is a block diagram of a system 100 for improving a rate of
transfer of data, in accordance with several embodiments described in the present disclosure.
A host system 102 includes a statistical data decimation (SDD) module and a VME module
106. As used herein, a host system includes a controller, which includes one or more
processors and one or more storage devices. In various embodiments, the operations

described herein as performed by a controller are performed by one or more processors of the

controller,

[0025] As used herein, a processor may be a central processing unit (CPU), a
microprocessor, an application specific integrated circuit (ASIC), a programmable logic
device (PLD), etc. Examples of the storage device include a read-only memory (ROM), a
random access memory (RAM), or a combination thereof. The storage device may be a flash

memory, a redundant array of storage disks (RAID), a hard disk, etc.

[0026] A module, as used herein, includes hardware, software, or a combination
thereof. For examp}e, a module is implemented as an integrated circuit, e.g., a field
programmable gate array (FPGA), an ASIC, etc., which processes data. As another example,
a module is a computer software program that is executed by a microprocessor. As another
example, a portion of a module is implemented as an integrated circuit and another portion of

the module is executed by a microprocessor.

[0027] The SDD module 104 includes a 2 MHz parallel serial parallel interface
(PSPI), which is an interface that is connected to a PSP of a 2 MHz radio frequency (RF)
generator 108 via a communication link 110, e.g., a cable. The SDD module 104 further

includes a 27 MHz PSPI, which is connected to a PSPI of a 27 MHz RF generator 112 viaa
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communication link 114, e.g., a cable. Moreover, the SDD module 104 includes a 60 MHz
PSPI, which is connected to a PSPI of a 60 MHz RF generator 116 via a communication link
118, e.g., acable. A cable that connects one PSPI to another PSPI may communicate signals

using a protocol, e.g., an RS-232 protocol, a Universal Serial Bus (USB) protocol, etc.

[0028]  The RF generators 108, 112, and 116 are connected to an impedance (Z)
matching circuit 120. For example, the RF generator 108 is connected to the impedance
matching circuit 120 via a communication medium 122, e.g., cgble, etc., the RF generator
112 is connected to the impedance matching circuit 120 via a communication medium 124,
and the RF generator 116 is connected to the impedance matching circuit 120 via a

communication medium 126.

[0029] In some embodiments, an impedance matching circuit matches an
impedance of a load connected to the impedance matching circuit with an impedance of a
source, also connected to the impedance matching circuit. For example, the impedance
matching circuit 120 matches an impedance of a plasma chamber 128 that is connected to the
impedance matching circuit 120 via an RF transmission line 130 with impedances of the RF
generators 108, 112, and 116. In several embodiments, the impedance matching circuit 120
includes electrical components, e.g., capacitors, inductors, etc., to match impedances. In
various embodiments, an RF transmission line includes an RF tunnel that is connected to an

RF strap, which is connected to an RF rod.

[0030]  The PSPIs of the SDD module 104 sends power set points, e.g., power,
etc., and frequency set points, frequencies, etc., to the PSPIs of the RF generators 108, 112,
and 116 via the links 110, 114, and 118. For example, the 2 MHz PSPI of the SDD module
104 sends a power set point and a frequency set point via the link 110 to the PSPI of the RF
generator 108, the 27 MHz PSPI of the SDD module 104 sends a power set point and a

frequency set point via the link 114 to the PSPI of the RF generator 112, and the 60 MHz



PSPI of the SD module 104 sends a power set point and a frequency set point via the link 118

to the PSPI of the RF generator 116.

[0031] A digital signal processor (DSP) of an RF generator receives a power set
point and provides the power set point to a driver, e.g., one or more transistors, etc., of the RF
generator. The driver generates an RF signal having power indicated within the power set
point. An amplifier coupled with the driver amplifies the RF signal and provides the
amplified RF signal to the impedance matching circuit 120. The impedance matching circuit
120 sends the amplified RF signal having the power via the RF transmission line 130 to the

plasma chamber 128.

[0032] Similarly, the DSP of the RF generator receives a frequency set point and
provides the frequency set point to the driver of the RF generator. The driver generates an
RF signal having a frequency indicated within the frequency set point. An amplifier coupled
with the driver amplifies the RF signal and provides the amplified RF signal to the impedance
matching circuit 120. The impedance matching circuit 120 sends the amplified RF signal

having the frequency via the RF transmission line 130 to the plasma chamber 128.

[0033] The plasma chamber 128 includes an electrostatic chuck (ESC), an upper
electrode, and other parts (not shown), e.g., an upper dielectric ring surrounding the upper
electrode, an upper electrode extension swrounding the upper dielectric ring, a lower
dielectric ring surrounding a lower electrode of the ESC, a lower electrode extension
surrounding the lower dielectric ring, an upper plasma exclusion zone (PEZ) ring, a lower
PEZ ring, etc. The upper electrode is located opposite to and facing the ESC. The ESC
includes the lower electrode. A work piece, e.g.. a semiconductor wafer, etc., is supported on
an upper surface of the ESC. Integrated circuits, e.g., application specific integrated circuit
(ASIC), programmable logic device (PLD), etc. are developed on the work piece and the

integrated circuits are used in a variety of electronic items, e.g., cell phones, tablets, smart



phones, computers, laptops, networking equipment, etc. FEach of the upper and lower

electrodes is made of a metal, e.g., aluminum, alloy of aluminum, copper, etc.

[0034] In one embodiment, the upper electrode includes a hole that is coupled to a
central gas feed (not shown). The central gas feed receives one or more process gases from a
gas supply (not shown). Examples of a process gases include an oxygen-containing gas, such
as O;. Other examples of a process gas include a fluorine-containing gas, e.g.,
tetrafluoromethane (CF), sulfur hexafluoride (SFq), hexafluoroethane (CaFs), etc. The upper
electrode is grounded. The ESC is coupled to the RF generators 108, 112, and 116 via the

impedance matching circuit 120.

[0035] When the process gas is supplied between the upper electrode and the ESC
and when the RF generator 108, 112, and/or 116 supplies RF signals via the impedance
matching circuit 120 to the lower electrode of the ESC, the process gas is ignited to generate

plasma within the plasma chamber 128.

[0036] A sensor within an RF generator measures variables, e.g., forward power,
reflected power, complex voltage, complex current, eic., based on RF signals transferred over
a communication medium, e.g., the communication medium 122, 124, 126, etc., that is
connected to the sensor. For example, a sensor of the RF generator 108 measures a complex
voltage and complex current based on RF signals transferred over the communication

medium 122 between the RF generator 108 and the impedance matching circuit 120.

{0037} A DSP within an RF generator may determine, e.g., calculates, computes,
etc., other variables, e.g., delivered power, compiex voltage and current (complex V&I),
gamma, load impedance, etc., based on variables measured by a sensor of the generator. For
example, a DSP of the RF generator 108 calculates a complex V&I based on the complex
voltage and the complex current. A complex V&I includes a voltage magnitude, which is the

same as that of the complex voltage, a current magnitude, which is the same as that of the
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complex current, and a phase, which is a phase difference between a phase of the complex

voltage and a phase of the complex current.

{0038] In some embodiments, the variables calculated by a DSP of an RF
generator or measured by a sensor of the generator are transferred via a corresponding link to
a PSPI of the SDD module 104. For example, the variables calculated by a DSP of the RF
generator 108 or measured by a senscr of the RF generator 108 are transferred from the PSPI

of the RF generator 108 via the link 110 to the 2 MHz PSPI of the SDPD module 104.

[0039] In various embodiments, a transistor-transistor (TTL) signal is provided
from a Sync OUT port of the RF generator 108 to a Sync INPUT port of the RF generator
112 to synchronize operation, e.g., to change a state of an RF signal, etc., of the RF generator
112 with the RF generator 108. In some embodiments, the TTL signal is provided from a
Sync OUT port of the RF generator 112 to a Sync INPUT port of the RF generator 116 to
synchronize operation of the RF generators 112 and 116. Also, in several embodiments, the
TTL signal is provided from a Sync OUT port of the RF generator 116 to a Sync INPUT port
of the SDD module 104 to inform the SDD module 104 of a state, e.g., high state, low state,
high power state, low power state, etc,, of RF signals generated by the RF generators 108,
112, and 116. It should be noted that the high state or the high power state is a state of an RF
sighal that has a higher power magnitude than that of the low state or the low power state. In

several embodiments, an RF signal switches between the high state and the low state.

[0040] In some embodiments, data, e.g., variables, etc., generated within the SDD
module 104, stored within the SDD module 104, and/or received by a PSPI of the SDD
module 104 from a PSPI of an RF generator is provided from an SDD Output of the SDD
module 104 via a connection 132, e.g., an Ethernet connection, an EtherCAT connection, a
USB connection, a serial connection, a parallel connection, etc., to an SDD Input of the VME

module 106. Data received via the SDD Input may be stored within the VME module 106.
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[0041} In several embodiments, a 2 MHz Transmit/Receive (Tx/Rx) port of the
VME module 106 is used to transmit set points other than power and frequency, e.g., a
temperature set point, etc., via a connection 134, e.g., an Ethernet connection, an EtherCAT
connection, a USB connection, a serial connection, a parallel connection, etc., to a port, €.g.,
Ethernet port, BtherCAT port, etc., of the RF generator 108. Moreover, a 27 MHz
Transmit/Receive (Tx/Rx) port of the VME module 106 is used to transmit set points other
than power and frequency via a connection 136 to a port, e.g., Ethernet port, EtherCAT port,
etc., of the RF generator 112. Also, a 60 MHz Transmit/Receive (Tx/Rx) port of the VME
module 106 is used to transmit set points other than power and frequency via a connection
138 to a port, e.g., Ethernet port, EtherCAT port, etc., of the RF generator 116. In some
embodiments, the Tx/Rx ports of the VME module 106 send data, e.g., variables, etc.,
received from the SDD module 104 to ports, e.g.. Ethernet port, EtherCAT ports, etc., of the
RF generators 108, 112, and 116. In various embodiments, the connections 134, 136, and
138 facilitate reception of data by the VME module 106 from the RF generators 108, 112,

and 116.

[0042] It should be noted that although the above-described embodiments are
described with respect to the 2 MHz, 27 MHz, and 60 MHz generators, in some

embodiments, any other frequencies are used. For example, instead of 2 MHz, a 4 MHz
generator is used.

{0043] It should further be noted that any number of RF generators may be used.
For example, instead of three RF generators, one or two RF generators may be used.

[0044]  Figure 2A is a block diagram of an embodiment of a system 200 for
improving a rate of transfer of data between the host system 102 and the RF generators 108,

112, and 116 (Figure 1).
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[0045] An RF generator includes a controller. For example, the RF generator 108
includes a controller 202, which includes a PSPI 203. Moreover, the RF generator 112
includes a controller 204, which includes a PSPI 205. The RF generator 116 includes a

controller 206, which includes a PSPI 207.

[0046] The host system 102 includes a virtual methodology for advanced process
control (VMAP) controller 208. The VMAP controller 208 includes a PSPI 210, which is an
example of the 2 MHz PSPI of the SDD 104 (Figure 1). The VMAP controller 208 includes
a PSPI 212, which is an example of the 27 MHz PSPI of the SDD 104 and the VMAP

controller 208 includes a PSPI 214, which is an example of the 60 MHz PSPI of the SDD

104.

{0047] A 2 MHz power set point serial data output (SDO) port of the PSPI 210
sends a power set point serially via a communication channel C2 to a 2 MHz power set point
serial data input (SDI) port of the PSPI 203. Examples of a communication channel include
one or more wires, etc, that follow a protocol, e.g., a serial protocol, a differential protocol,
etc. For example, in case of differential signals, a communication channel includes two
wires. When differential signaling is used, pin count of data ports, e.g., set point ports, read
back ports, etc., used to transfer data signals, e.g., set points, read back data, variables, etc.,
increases, e.g., doubles, compared to when differential signaling is not used and noise
immunity of the data signals is improved. Otherwise, in this example, a communication
channel includes one wire. Moreover, in some embodiments, a 2 MHz frequency set point
SDO port of the PSPI 210 sends a frequency set point serially via a communication channel

C4 1o a 2 MHz frequency set point SDI port of the PSPI 203.

[0048]  Furthermore, a power read back SDO port of the PSPI 203 sends a power
reading, e.g., forward power measured by a sensor of the RF generator 108 (Figure 1),

reflected power measured by a sensor of the RF generator 108, delivered power determined
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by a DSP of the RF generator 108, etc., via a communication channel C1 to a power read
back SDI port of the PSPI 210. Tt should be noted that delivered power is a difference
between forward power and reflected power. It should be noted that in some embodiments,
forward power includes RF power supplied by an RF generator to the plasma chamber 128
(Figure 1) and reflected power includes RF power reflected back from the plasma chambers

128 towards the RF generator.

[0049]  Moreover, in various embodiments, a frequency read back SDO port of the
PSPI 203 sends a frequency reading, e.g., frequency of forward power measured by a sensor
of the RF generator 108 (Figure 1), frequency of reflected power measured by a sensor of the
RF generator 108, frequency of delivered power determined by a DSP of the RF generator
108, etc., via a communication channel C3 to a frequency read back SDI port of the PSPL

210.

[0050] Also, in several embodiments, a real impedance read back SDO port of the
PSPI 203 sends a real portion, e.g., resistance, etc., of load impedance of a load via a
communication channel C5 to a 2 MHz rea] impedance SDI port of the PSPI 210. Examples
of a Joad include one or more communication mediums 122, 124, and 126, the impedance
matching circuit 120, the RF transmission line 130, the plasma chamber 128, or a
combination thereof. In various embodiments, an imaginary impedance read back SDO port
of the PSPI 203 sends an imaginary portion, e.g., reactance, etc., of load impedance via a

communication channel C6 to a 2 MHz imaginary impedance SDI port of the PSPI 210.

[0051] The PSPI 210 sends a slave select (SS) signal from a 2 MHz SS port via a
communication channel C7 to a 2 MHz SS port of the PSPI 203 to select a semiconductor
chip on which the RF controller 202 and the PSPI 203 are implemented. An SS signal
determines which of the PSPIs 203, 205, and/or 207 listen fo, e.g., reads, etc., data from the

VMAP controlier 208 and/or send data to the VMAP controller 208. For example, to select
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the PSPI 203, an SS signal is sent via the communication channel C7. When the PSPI 203 is
selected, a set point may be sent to the PSPI 203 and/or read back from the PSPI 203 is
performed. As another example, to select a semiconductor chip on which the RF controller
204 and the PSPI 205 are implemented, a SS signal is sent via a communication channel C16
from a 27 MHz SS port of the PSPI 212 to a 27 MHz SS port of the PSPI 205. Moreover, to
select a semiconductor chip on which the RF controller 206 and the PSPI 207 are
implemented, a SS signal is sent via a communication channel C25 from a 60 MHz SS port of

the PSPI 214 to a 60 MHz SS port of the PSPI 207.

[0052] A clock signal is sent from an RF Control (Ctrl)-CLK port of the PSPI 210
via a communication channel C8 to an RF Ctrl-CLK port of the PSPI 203. Also, a ground
signal, e.g., a reference signal, a zero voltage signal, etc., is communicated between an RF
Ctrl-Ground (GND) port of the PSPI 210 and an RF Ctrl-GND port of the PSPI1 203, The
ground signal establishes a reference for all signals, except for a clock signal, communicated

between the VMAP controller 208 and the PSPIs 203, 205, and 207.

[0053])  Similarly, signals similar to that communicated between the PSPI 210 and
the PSPI 203 are communicated between the PSPI 212 and the PSPI 205 via communication
channels C10 thru C18. Moreover, signals similar to that communicated between the PSPI
210 and the PSPI 203 are communicated between the PSPI 214 and the PSPI 207 via
communication channels C19 thru C27. In several embodiments, the communication
channels C1 thru C9 are included within a cable, e.g., an RS-232 cable, etc., the
communication channels C10 thru C18 are included within another cable, e.g., an RS-232
cable, etc., and the communication channels C19 thru C27 are includes within yet another

cable, e.g., an RS-232 cable, etc.

[0054]  Moreover, a TTL signal is sent from a TTL Output port of the RF

controller 206 to a TTL input port of the VMAP controller 208. It should be noted that the
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TTL Output port of the RF controlier 206 is the same as the Sync OUT port of the 60 MHz
RF generator 116 (Figure 1) and the TTL Input port of the PSPI 210 is the same as the Sync

INPUT port of the SDD 104 (Figore 1).

[0055] In various embodiments, communication between the PSPIs 210, 212, and

the 214 of the host system 102 and the PSPIs 203, 205, and 207 of the RF controllers 202,
204, and 206 is point-to-point. For example, the PSPI 210 is not connected to the PSPI 203
via a network, e.g., the Internet, an Intranet, etc., that includes network devices, e.g. routers,
switches, bridges, etc. As another example, the PSPI 212 is not connected to the PSPI 205
via a network and the PSPI 214 is not connected to the PSPI 207 via a network. The point-to-
point communication reduces one or more lengths of communication channels C1 thru C27
between the host system 102 and the RF generators 202, 204, and 206 compared to a length

of a cable network used in a network.

[0056]  In some embodiments, there is no packetization, e.g., generating Ethernet
packets, generating EtherCAT packets, etc., performed by a PSPL. In various embodiments,
less than 32 parallel channels are used to transfer data signals between a PSP of the VMAP
controller 208 and a PSPI of an RF generator controller. For example, less than 32 parallel
channels are used to transfer a power read back signal, a power set point signal, a frequency
read back signal, a frequency set point signal, a real impedance signal, and an imaginary

impedance signal, between the PSPI 210 and the PSPI 203.

[0057] In some embodiments, a PSPI of an RF controller is implemented on a
chip separate from a chip on which a PSPI of another RF controller is implemented. For
example, the PSPI 203 is implemented within a semiconductor chip, the PSPI 205 is
implemented within another semiconductor chip, and the PSPI 207 is implemented within yet
another semiconductor chip. In several embodiments, the VMAP controller 208 is

implemented within a single semiconductor chip or within multiple semiconductor chips. For
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example, the PSPY 210 is implemented within a semiconductor chip, the PSPI 212is

implemented within another semiconductor chip, and the PSPI 214 is implemented within yet

another semiconductor chip.

[0058] In various embodiments, a read back of a variable is performed
synchronous with, e.g., simultaneous with, etc., a transfer of a set point. For example, a read
back of power is performed via the communication channel C1 synchronous with sending a
power set point via the communication channel C2. As another example, a read back of
frequency is performed via the communication channel C3 synchronous with sending a
power set point via the communication channel C2 and/or with sending a frequency set point
via the communication channel C4. As yet another example, signals of variables transferred
via the channels C1, C3, C5, and C6 and signals of set points transferred via the channels C2
and C4 are transferred, e.g., read, sent, etc., synchronous with a clock signal sent via the

communication channel C8.

[0059] In some embodiments, a read back signal, e.g., power read back signal,
frequency read back signal, real portion of load impedance read back signal, imaginary
portion of load impedance read back signal, etc. is an example of a data signal. Moreover, a
set point signal, e.g., a frequency set point signal, a power set point signal, etc., is an example
of a data signal. Also, a slave select signal is an example of a control signal.

{0060} In various embodiments, the host system 102 is implemented within one or
more integrated'circuits, e.g., an FPGA, an ASIC, etc. Moreover, in some embodiments, one
or more of the RF controllers 202, 204, and 206 are implemented within one or more
integrated circuits.

[0061]  In some embodiments, transfer of variables of all RF generators is
synchronized, e.g., performed simultaneous with, performed at a clock edge, etc., with a

clock signal. For example, the variables transferred over the channels C1, C3, C5, C6, C10,
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Cl12, Cl14, C15. C19, C21, C23, and C24 are synchronized with a clock signal sent from the
RF Ctrl-CLK port of the PSPI 210. As another example, the clock signals sent from the RF
Ctrl-CLK ports of the PSPIs 210, 212, and 214 are synchronized with each other and also
with the variables transferred over the channels C1, C3, C§, C6, C10, C12, C14, C15.C19,
C21, C23, and C24. As another example, the variables transferred over the channels C1, C3,
C5, C6, C10, C12, Cl14, C15, C19, C21, C23, and C24 and set points of variables transferred
over the channels C2, C4, C11, C13, C20, and C22 are synchronized with a clock signal sent
from the RF Cul-CLK port of the PSPI 210. As another example, the clock signals sent from
the RF Ctrl-CLK ports of the PSPIs 210, 212, and 214 are synchronized with each other and
also with the variables transferred over the channels C1, C2, C3, C4, C5, C6, C9, C10, C11,

C12,C13, C14, C15, C19, C20, C21, C22, C23, and C24,

[0062] In various embodiments, a PSPI of the VMARP controller 208 operates in
set point only mode or in read back only mode. For example, when the 2 MHz power set
point SDO port and the 2 MHz frequency set point SDO port of the PSPI 210 are configured
to send set points, the 2 MHz power read back SDI, the 2 MHz frequency read back SDI, the
2 MHz real impedance SDI port, and the 2 MHz imaginary impedance SDI port of the PSP]
210 are not configured to read back variables from the PSPI 203. As another example, when
the 2 MHz power read back SDI, the 2 MHz frequency read back SDI, the 2 MHz real
impedance SDI port, and the 2 MHz imaginary impedance SDI port of the PSPI 210 are
configured to read back variables from the PSPI 203, the 2 MHz power set point SDO port

. and the 2 MHz frequency set point SDO port of the PSPI 210 are not configured to send set

points to the PSPI 203.

[0063] In some embodiments, a PSPI of an RF controller, e.g., the RF controller
202, the RF controller 204, the RF controller 206, etc., operates in set point only mode or in
read back only mode. For example, when the 2 MHz power set point SDI port and the 2

MH2z frequency set point SDI port of the PSPI 203 are configured to read, e.g., receive,
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access, etc., set points, the 2 MHz power read back SDO, the 2 MHz frequency read back
SDO, the 2 MHz real impedance SDO port, and the 2 MHz imaginary impedance SDO port
of the PSPI 203 are not configured to send variables to the PSPI 210. As another example,
when the 2 MHz power read back SDO, the 2 MHz frequency read back SDO, the 2 MHz
real impedance SDO port, and the 2 MHz imaginary impedance SDO port of the PSPI 203
are configured to send variables to the PSPI 210, the 2 MHz power set point SDI port and the
2 MHz frequency set point SDI port of the PSPI 203 are not configured to receive set points

from the PSPI 210.

[0064] In various embodiments, a PSPI of the host system 102, e.g., the PSPI 210,
212, 214, etc., is configured to operate at a data rate that a PSPI of an RF generator coupled
to the host system 102 supports. For example, when the RF controller 202 is implemented on
a fast FPGA, the RF Ctrl-CLK port of the PSPI 210 is configured to operate at a frequency of
greater than or equal to 1 megahertz (MHz) to send a clock signal to the RF controller 202.

In this example, when instead of the RF controller 202, another RF controller (not shown) is
implemented on a slow FGPA, the RF Cul-CLK port of the PSPI 210 is configured to operate
at a frequency less than 1 MHz to send a clock signal to the other RF controller. It should
be noted that 1 MHz is an example and the frequency is not limited to 1 MHz. For example,
instead of 1 MHz, another frequency, e.g., 2 MHz, 3 MHz, etc., may be used to illustrate the
difference between fast and slow FPGAs.

[0065] Figure 2B is a block diagram of an embodiment of a system 250 for
improving a rate of transfer of data between the host system 102 and an RF controller 252,
which is an example of the RF controller 202, the RF controller 204, or the RF controller 206
(Figure 2A). The system 250 includes the host system 102, the RF controller 252 and a bus

interconnect 254.
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[0066] The bus interconnect 254 interfaces, e.g., provides one or more
communication channels, provides a communication protocol, etc., between the host system
102 and the RF controller 252. The bus interconnect 254 includes a PSPI, which includes
multiple host ports HP1 thru HP6, that is fitted within the host system 102. Moreover, the
bus interconnect 254 includes a PSP1, which includes multiple generator ports GP1 thru GP6,

that is fitted within the RF controller 252.

[0067] It should be noted that although six ports are shown, in some
embodiments, the RF controller 252 or the host systemn 102 includes any number, e.g., nine,
ten, eight, etc., of ports. For example, the PSPI fitied within the host system 102 includes a
port HP7 that sends a slave select signal to select the PSPI fitted within the RF controller 252
for enabling providing data, e.g., power set point, frequency set point, etc., to the PSPI fitted
within the RF controller 252 or enabling read back of data, e.g., the variables VR1 thru VR4,
etc., from the PSPI fitted within the RF controller 252. As another example, the PSPI of the
host system 102 includes a port HP8 that sends a clock signal to the PSPI fitted within the RF
controller 252. As yet another example, the PSPI of the host system 102 imcludes a port HP9
that sends a ground signal to or receives the ground signal from the PSPI fitted within the RF
controller 252. As another example, the PSPI fitted within the RF controller 252 includes a
port GP7 that receives the slave select signal from the port HP7 to initiate sending data to the
PSPI fitted within the host system 102 or to initiate receiving data from the PSPI fitted within
the host system 102. As another example, the PSPI fitted within the RF controller 252
includes a port GP8 that receives the clock signal from the PSPI fitted within the host system
102. As yet another example, the PSPI fitted within the RF controller 252 includes a port
GP9 that sends a ground signal to or receives the ground signal from the PSPI fitted within

the host system 102.

[0068] In some embodiments, the port HP1 is a power set point serial data out

port, the port HP2 is a frequency set point serial data out port, the port HP3 is a power read
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back serial data in port, the port HP4 is a frequency read back serial data in port, the port HP5
is a real portion of load impedance serial data in port, the port HP6 is an imaginary portion of
load impedance serial data in port, the port HP7 is a slave select signal port, the port HP8 is a
clock signal port, and the port HP9 is a ground signal port.

[0069]  In various embodiments, the port GP1 is a power set point serial data in
port, the port GP2 is a frequency set point serial data in port, the port GP3 is a power read
back serial data out port, the port GP4 is a frequency read back serial data out port, the port
GPS is a real portion of load impedance serial data out port, the port GP6 is an imaginary
portion of load impedance serial data out port, the port GP7 is a slave select signal port, the

port GP8 is a clock signal port, and the port GP9 is a ground signal port.

[0070]  The port HP1 sends a power component setting, e.g., 2 power magnitude,
etc., to the port GP1. Moreover, the port HP2 sends a frequency component setting, e.g., a
frequency, etc., to the port GP2. Moreover, the ports HP2 thru HP6 receive, e.g., read back,
access, etc., four distinct variables, VR1 thru VR4, that change over time. For example,
complex load impedance, complex V&I, complex voltage, complex current, complex power,
complex gamma, etc., have a positive frequency. As another example, in practicality,
frequency is not a constant. For example, a frequency has a standard deviation, a variance,
etc., that changes the frequency over time. In some embodiments, a frequency is maintained

constant.

[0071]  The port GP3 sends a power read back value, e.g., a power magnitude,
etc., to the port HP3, Moreover; the port GP4 sends a frequency read back value, e.g., a

frequency, etc., to the host system 102,

[0072]  The PSPI of the host system 102 includes a sampler circuit 256. The
sampler circuit 256 is integrated with the host system 102, e.g., is configured within an

integrated circuit of the host system 102. In several embodiments, each port that samples a
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signal includes a sampler circuit. For example, the port HP3 includes a sampler circuit, the
port HP4 includes a sampler circuit, the port HP5 includes a sampler circuit, and the port HP6
includes a sampler circuit, the port GP1 includes a sampler circuit, and the port GP2 includes

a sampler circuit.

[0073]  The sampler circuit 256 samples signals received, e.g., the variables VR1
thru VR4, etc., at the ports HP3 thru HP6 at selected clock edges, e.g., rising clock edges,
falling clock edges, etc. The sampler circuit 256 samples the signals to capture operating
state data, e.g., frequency, load impedance, the variables V1 thru V4, complex voltage,
complex current, complex V&I, of the plasma chamber 128 (Figure 1) and of the RF
generator 108, 112, and/or 116 (Figure 1) . The operating state data of the plasma chamber
128 is detected, e.g., measured, sensed, etc., by a sensor, e.g., a voltage and current sensor, a
voltage sensor, a current sensor, a power sensor, etc., of an RF generator that includes the RF
generator controller 252. In some embodiments, the operating state data, e.g., complex
gamma, complex delivered power, etc., of the plasma chamber 128 is determined by a DSP
of the RF generator that includes the RF controller 252. In various embodiments, the
operating state data of an RF generator includes frequency, power, etc., set by the RF
generator. It should be noted that the host system 102 provides a set point, e.g., a frequency
set point, a power set point, etc. to an RF generator. When the RF generator receives a set
point, the RF generator sets power and/or frequency based on the set point. For example, the
RF generator looks up a set point in a storage device of the RF generator to determine an
associated, e.g., linked, etc., drive power and/or frequency with the set point. The set power
and/or frequency, e.g., the drive power and/or frequency, etc., is provided to a drive of the RF

generator to generate an RF signal having the power and/or frequency.

[0074]  In embodiments in which five variables are transferred over
communication channels between the host system 102 and the RF controller 252, an example

of the five variables include frequency, complex forward power, and complex reflected
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power. Complex power includes a magnitude of power and a phase of power. Another
example of the five variables include frequency, complex voltage, and complex current. A
complex voltage includes a voltage magnitude and a voltage phase. A complex current
includes a current magnitude and a current phase. In these embodiments, five
communication channels are used between a PSPI of the host system 102 and a PSPI of the

RF controller 252 to read back five variables from the PSPI of the RF controller 252.

[0075] Figure 3A is an embodiment of a timing diagram 300 for illustrating a
sampling, e.g., reading, accessing, etc., of four variables VR1, VR2, VR3, and VR4 in
synchronization with a clock signal. The variable VR1 is represented as an SDI signal 304,
the variable VR2 is represented as an SDI signal 306, the variable VR3 is represented as an
SDI signal 308, and the variable VR4 is represented as an SDI signal 310. An example of the
variables VR1 thru VR4 includes frequency, power, real portion of load impedance, and
imaginary portion of load impedance. Another example of the variables VR1 thru VR4
includes frequency, voltage magnitude, current magnitude, and phase between the voltage
and current. Yet another example of the variables VR1 thra VR4 includes frequency,
delivered power magnitude, and complex gamma. Another example of the variables VR1
thru VR4 includes frequency, delivered power magnitude, and complex load impedance.
Another example of the variables VR1 thru VR4 includes frequency and complex forward
power, which includes a voltage magnitude, a current magnitude, and a phase between the
voltage and current. Yet another example of the variables VR1 thru VR4 includes frequency
and complex reflected power, which includes a voltage magnitude, a current magnitude, and
a phase between the voltage and current. Another example of the variables VR1 thru VR4
includes frequency and complex V&I, which includes a current magnitude, a voltage

magnitude, and a phase between the current and voltage.

[0076]} In several embodiments, the variables VR1 thru VR4 are communicated

between a PSPI of the VMAP controller 208 and a PSPI of an RF generator controller. For
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example, the four variables VR1 thru VR4 are communicated between the PSPI 210 (Figure
2A) and the PSPI 203 (Figure 2A) via the communication channels C1, C3, C5, and C6
and/or via the communication channels C2, C4, CS, and C6. Moreover, as another example,
the four variables VR1 thru VR4 are communicated between the PSPI 212 (Figure 2A) and
the PSPI 205 (Figure 2A) via the communication channels C10, C12, C14, and C15 and/or

via the communication channels C11, C13, C14, and C15.

[6077] The clock signal 302 is an example of the clock signal sent from an RF
Ctrl-CLK port of a PSPI. For example the clock signal 302 is sent from the RF Ctrl-CLK
port of the PSP 210 (Figure 2A). As another example, the clock signal 302 is sent from the

RF Cul-CLK port of the PSPI 212 (Figure 2A).

[0078] In some embodiments, a PSPI of the VMARP controller 208 samples the
SDI signals 304, 306, 308, and 310 at a rising edge of each clock cycle of the clock signal
302. For example, bits of the SDI signals 304, 306, 308, afxd 310 are sampled at the 2 MHz-
power read back SDI port, the 2 MHz-frequency read back SDI port, the 2 MHz-Z real-SDI
port, and the 2 MHz-Z imaginary-SDI port of the PSPI 210 (Figure 2A) during a rising edge
312 of one clock cycle of the clock signal 302 and other bits of the SDI signals 304, 306, 308,
and 310 are sampled during a following rising edge 314 of a clock cycle of the clock signal
302. In some embodiments, instead of sampling bits of the SDI signals 304, 306, 308, and
310 at the rising edge 312, a PSPI of the VMAP controiler 208 samples the bits SDI signals

304, 306, 308, and 310 at a falling edge of each clock cycle of the clock signal 302.

[0079] In some embodiments, a PSPI of an RF controller sends bits of the SDI
signals 304, 306, 308, and 310 at a rising edge of each clock cycle of the clock signal 302.
For example, bits of the SDI signals 304, 306, 308, and 310 are sent from the 2 MHz-power
read back SDO port, the 2 MHz-frequency read back SDO port, the 2 MHz-Z real read back-

SDO port, and the 2 MHz-Z imaginary read back-SDO port of the PSPI 203 (Figure 2A)
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during the rising edge 312 of one clock cycle of the clock signal 302. In some embodiments,
instead of sending bits of the SDI signals 304, 306, 308, and 310 at the rising edge 312, the
PSPI 203 the SDI signals 304, 306, 308, and 310 at a falling edge of each clock cycle of the

clock signal 302.

{0080] The sampling or sending of the SDI signals 304, 306, 308, and 310 in
synchronization with, e.g., simultaneous with, etc., with the clock signal 302 is more efficient

than a sampling or sending of one variable with a clock signal.

[0081] In various embodiments, during a falling edge of a clock cycle of the clock
signal 302, a bit, e.g., a bit B1, a bit B2, a bit B3, eic. of a variable is set, e.g., sent, etc., by a
PSPI fitted within the RF controller 252 (Figure 2B) and during a rising edge of the clock
cycle, the bit is latched, e.g., read, etc., by a PSPI of the host system 102. For example,
during a falling edge of a clock cycle of the clock signal 302, a bit of a variable is set by a
port of the PSPI 203 (Figure 2A) and during a rising edge of the clock cycle, the bit is latched

by a port of the PSPI 210.

[0082] In several embodiments, during a rising edge of a clock cycle of the clock
signal 302, a bit of a variable is set by a port of a PSPI fitted within the RF controller 252
(Figure 2B) and during a falling edge of the clock cycle, the bit is latched by a port of a PSP1

of the host system 102.

[0083] In some embodiments, during a preceding edge, e.g., rising edge, falling
edge, etc., of a clock cycle of the clock signal 302, a bit of a set point is set, e.g., sent, etc., by
a PSPI fitted within the host system 102 (Figure 2A) and during a next edge, e.g., falling
edge, rising edge, etc., the bit is latched by a PSPI of the RF controller 252. For example,
during a falling edge of a clock cycle of the clock signal 302, a bit of a variable is set by a
port of the PSPI 210 (Figure 2A) and during a rising edge of the clock cycle, the bit is latched

by a port of the PSPI 203. The preceding edge precedes the next edge.
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[6084] It should be noted that although Figure 3A is described using SDI signals
304, 306, 308, and 310, in some embodiments, SDO signals that are communicated via the

channels C2, C4, C11, and C13 (Figure 1) are sampled using the clock signal 302.

[0085] It should further be noted that although four variables are illustrated in
Figure 3A, in several embodiments, any other number of variables, e.g., three, five, six, etc.,

may be vsed.

[0086] Moreover, in some embodiments, each variable is an n-bit variable, where
nis an integer, e.g., 12, 13, 14, etc. In various embodiments, a frequency of transfer of data
of & variable is a fraction, e.g., half, third, fourth, etc., of a clock frequency of the clock signal
302. For example, for every two clock pulses of the clock signal 302, a data bit of a variable
is transferred. As another example, to transfer 13 bits of data of a variable, 26 clock pulses,
e.g., edges, elc,, are used. One clock edge to set a data bit and another clock edge to latch the
data bit. In several embodiments, the clock signal 302 is a 1 MHz clock signal, a 2 MHz
clock signal, etc. In various embodiments, the clock signal 302 has a frequency less than 500

MHz.

[0087]  Figure 3B is a diagram illustrating a difference between a full parallel
transfer of data and a PSP transfer of data. As shown in a parallel chain 352, data is fully
transferred in parallel, with each bit of data sent over a different communication channel. For
example, when a variable has 13 bits and four variables are to be transferred between the host
system 102 and the RF controller 252, it takes 52 communication channels to transfer the four
variables VR1 thru VR4 between the host system 102 and the RF controller 252. This full
parallel transfer adds real estate, e.g., semiconductor chip surface area, ports, etc., on the host
system 102 and the RF controller 252, and also adds real estate, e.g., wires, etc., between the
host system 102 and the RF controller 252. Also, the full parallel transfer adds to noise, loss

of signal integrity, etc. of signals transferred over the parallel chain 352. When 52 bits of the
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four variables VR1 thru VR4 are transferred at a time, e.g., at a single clock edge, etc., from

the RF generator 252 to the host system 102, a full parallel data set is transferred.

[0088] Comparatively, when the four variables are sent with less than 52 bits ata
time, e.g., with 4 bits at a clock edge, etc., over communication channels, a less number of
channels is used than that used in the full parallel transfer. For example, four channels are
used to transfer four bits at a time. In the full parallel transfer, 52 channels are used to
transfer 52 bits at a time. The reduced number of communication channels reduces real estate
used on the host system 102 and on the RF controller 252 and also reduces real estate
between the host system 102 and the RF controller 252. Also, the reduced number of
communication channels reduces chances of Joss of signal integrity, chances of noise, etc., of

signals in the communication channels.

{0089} h" should be noted that bits of variables, e.g., the variables VR1 thru VR4,
are sampled for 13 times to capture all the 52 bits of the variables VR1 thru VR4 when the
variables VR | thru VR4 are transferred over four communication channels. For example,
four bits, one bit of each variable, is sampled at a clock edge, and four bits are sampled for 13
times at 13 clock edges to sample 52 bits. When the four bits are sampled at a clock edge,
data sampled is less than the 52 bits, which is the full parallel data set that includes the
variables VR1 thru VR4.

[0090] it should further be noted that the numbers used herein, e.g., 13, 52, etc.,

are meant for illustration purposes only and should not be understood as limiting. For

example, instead of 13, another number, e.g., 10, 11, 12, 14, 15, 16, etc., may be used.

[00911  Figure 4A is a block diagram of an embodiment of a host system 400,
which is an example of the host system 102 (Figures 1 and 2). The host system 400 includes

an FPGA 402 and a microprocessor 404, It should be noted that instead of the FPGA 402,
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any other integrated circuit, e.g., ASIC, etc., may be used. Moreover, instead of the

microprocessor 404, any other integrated circuit, e.g., FPGA, ASIC, etc., may be used.

[0092]  The FPGA 402 includes a multiple SPI (MSPI) 406, which is also referred
to herein as a PSPI. The MSPI 406 includes 27 pins, which includes 9 pins each for a PSPI,
For example, the MSPI 406 includes the PSPI 210, the PSPI 212, and the PSPI 214 (Figure
2A). The MSPI 406 receives data, e.g., power read back from an SDO port, frequency read
back from an SDO port, real portion of load impedance read back from an SDO port,
imaginary portion of load impedance read back from an SDO port, variables, etc., from the
PSPIs 203, 205, and 206 (Figure 3A), and sends the data to a soft-core DSP 408 and/or to a
high-speed port 410.

[0093]  The soft-core DSP 408 includes an RF transmission model, which is a
computer-generated model of the RF transmission line 130 (Figure 1). For example, the
FPGA 402 implements an electrical circuit that includes elements, which are electrical
components, e.g., capacitors, inductors, etc., of the RF transmission line 130. To illustrate,
when the RF transmission line 130 includes an inductor having an inductance of L Henry and
a capacitor having a capacitance of C Farad, the soft-core DSP 408 includes an inductor
having an inductance of L Henry and a capacitor having a capacitance of C Farad. Moreover,
the FPGA 402 connects the elements within the electrical circuit in the same manner, e.g.,
serial, parallel, etc., as that in which the electrical components are connected. For example,
when an inductor is connected in parallel with a capacitor within the RF transmission line

130, the soft-core DSP 408 includes an inductor connected in parallel with a capacitor.

[0094]  In some embodiments, instead of the RF transmission model, an
impedance matching model or a combination of the impedance matching model and the RF
transmission model are included within the soft-core DSP 408. The impedance matching

model is implemented within the FPGA 402 based on the impedance matching circuit 120
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(Figure 1) in a similar manner as that of generating the RF transmission model from the RF

transmission line 130,

[0095]  The variables received by the MSPI 406 are sent from the MSPI 406 via
the high-speed port 410 and a high-speed bus 412 to a high-speed port 415 of the
microprocessor 404, Examples of a high-speed bus include a bus that transfers data at 500
MHz, at 400 MHz, at 300 MHz, at 600 MHz, between 5 MHz and 500 MHz, etc. The
variables are communicated via the high-speed port 415 to an SDD logic block 416. A logic
block is a computer program that is executed by one or more processoré, e.g., the SDD logic
block 416 is executed by the microprocessor 404, In several embodiments, a logic block is

implemented within an integrated circuit.

[0096] The SDD logic block 416 applies a statistical transformation over a time
window, e.g., 2 microseconds, 10 seconds, 5 seconds, 5 microseconds, etc., to variables
received via the high-speed port 415 to generate statistical data. For example, the SDD logic
block 416 generates a mean, rolling variance, median, mode, standard deviation, maximum,
minimum, interquartile range (IQR), etc., from variables received via the high-speed port 415
to generate statistical data. To illustrate, the SDD logic block 416 generates a mean of
multiple values of power received via the communication channel C10. In this illustration,
the multiple values of power are received over a time window of ten microseconds. As
another illustration, the SDD logic block 416 generates a median of multiple values of real
portion of load impedance received via the communication channel C5. In this illustration,

the multiple values of load impedance are received over a time window of five microseconds.

[0097])  As another illustration, a first weight is assigned to a first variance of a
first variable value, e.g., power magnitude, phase, etc., received in a first time window. In
this example, a second weight is assigned to a second variance of a second variable value

received within the first time window, and so on until an Nth weight is assigned to an Nth

29



variance of an Nth variable value received within the first time window, where N is an
integer greater than zero. Furthermore, in this illustration, a first rolling variance for the first
time window is determined as a sum of a first product of the first weight and the first
variance, a second product of the second weight and the second variance, and so on untl an
N" product of the N weight and the Nth variance. It should be noted that in this illustration,
the reception of an N-1th variable value by a PSPI of the host system 102 from a PSPI of the
RF controller 252 precedes reception of the Nth value by the PSPI of the host system 102
from the PSPI of the RF controller 252. Similarly, a second rolling variance for a second
time window is determined as a sum of an (N-M)th product of an (N ~M)'h weight and an (N-
M)™ variance and so on until an (N+P)" product of an (N+P)" weight and an (N+P)®
variance, where P is an integer greater than zero. Also, in this illustration, the second time
window overlaps the first time window. Various other examples of determining statistical
data to perform SDD are described in U.S. Provisional Patent Application No. 61/737,623,
filed on December 14, 2012, titled "METHODS FOR COMPUTATION OF STATISTICS
FOR STATISTICAL DATA DECIMATION", which is incorporated by reference herein in

its entirety.

[0098] In a number of embodiments, the SDD logic block 416 deletes any values
of a variable received over the time window except for a statistical value of the variable. For
example, the SDD logic block 416 erases, from a storage device, within the host system 400,
values of imaginary portion of Joad impedance except for a median of the values. As another
example, the SDD logic block 416 erases, from a storage device, within the host system 400,
values of frequency except for a mode of the values. As yet another example, after the first
rolling variance is determined, the first thru N-M-1 variable values are deleted from one or
more storage devices of the host system 400, where M is an integer less than N. As another
example, the first rolling variance may be deleted from one or more storage devices after the

second rolling variance is determined. In some embodiments, no decimation is performed in
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the host system 102 (Figures 1 and 2). In these embodiments, all values of a variable are

stored within one or more storage devices of the host system 102, within a virtual machine,
etc.

[0099] A bias compensation module 418 determines an amount of bias based on
the statistical data to compensate for the bias. For example, upon determining that the
statistical value is outside a pre-determined range, the bias compensation module 418 adjusts

the statistical value to be within the range.

[00100] In some embodiments, the bias compensation module 418 determines a
power and frequency based on the adjusted statistical value and provides the power and
frequency via the high-speed port 415, the high-speed bus 4i2, the high-speed port 410, the
MSPI 406, and the communication channels, e.g., C2, C4, C11, C13, etc. (Figure 24), used to
transfer set points to the RF controllers 202, 204, and 206 (Figure 2A) for real time control of
the system 100 (Figure 1). In various embodiments, the bias compensation module 418
provides the power and frequency based on the adjusted statistical value via the VME
communication block 422 to a port, e.g., an Ethemet port, an EtherCAT port, a USB port, a

parallel port, a serial port, etc., of an RF generator.

[00101] The microprocessor 404 includes an event/fault detection module 420 that
detects an event, e.g., a fault, within the system 100 (Figure 1), e.g., the plasma chamber 128,
the impedance matching circuit 120, the RF transmission line 130, the RF generators 108,
112, 116, eic,, in real time. For example, upon determining that the statistical value is outside
a pre-determined range, the event/fault detection module 420 determines that an event has
occurred within the system 100. An indication of the occurrence of the event is sent from the
event/fault detection module 420 via a VME communication block 422, e.g., an Ethermnet
communication block, an EtherCAT communication block, a USB port, a network interface

controller. a serial port, a parallel port, the 2 MHz Tx/Rx, the 27 MHz Tx/Rx, the 60 MHz

31



Tx/Rx (Figure 1), etc., to one or more devices, e.g., the RF generator 108, the RF generator
112, the RF generator 116, a remote computer system, etc. Examples of the remote
computer system include a computer, a server, a processor, a cell phone, a smart phone, a
tablet, etc., which is operated by a user. The user views the indication on a display device,
e.g., a cathode ray tube display, a liquid crystal display device, a light emitting diode display
device, a plasma display device, etc., of the remote computer system and may decide to take

action to resolve the fault.

[00102] Figure 4B is a block diagram of an embodiment of a host system 450,
which is another example of the host system 102 (Figure 1). The host system 450 is similar
to the host system 400 (Figure 4A) except that the host system 450 includes a microprocessor
452, The microprocessor 452 is similar to the microprocessor 404 (Figure 4A) except that

the microprocessor 452 includes a variable module 454.

[00103] The variable module 454 receives the RF transmission model via the high-
speed port 410, the high-speed bus 412, and the high-speed port 415, and receives the
variables, e.g., load impedance, complex V&I, complex voltage, complex current, etc., from
the MSPI 406 via the high-speed port 410, the high-speed bus 412, and the high-speed port
415. The variable module 454 determines variables, e.g., complex V&I, complex voltage,
wafer bias, ion energy, plasma potential, complex current, load impedance, etc., at an output
of the soft-core DSP 408 based on variables received from the MSPI 406 and characteristics,
e.g., capacitance, impedance, etc., of the RF transmission model. For example, when load
impedance received via the communication channels C5 and C6 (Figure 2A) is Z1 and an
impedance of elements of the RF transmission model is Z2, the variable module 454
determines an impedance at an output of the RF transmission model to be a directional sum
of Z1 and Z2. As another example, when a complex V&I received via three communication

channels is complex V&I1 and a complex V&I of the RF transmission model is complex
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V&I2, the variable module 454 determines a complex V&I at an output of the RF

transmission model to be a directional sum of V&I1 and V&I2.

[00104] The SDD logic block 416 receives the variables from the variable module
454 and determines a statistical value over the time window from the variables in a manner
similar to that explained above. Moreover, the bias compensation module 418 receives the
statistical value from the SDD logic biock 416 and determines a bias to apply to the plasma
chamber 128 (Figure 1) based on the statistical value. For example, upon determining that
the statistical value is outside a pre-determined threshold, the bias compensation module 418
adjusts the statistical value to be within the threshold. The bias compensation module 418
sends power and frequency derived from the adjusted statistical valug in a similar manner as
that described above to one or more PSFIs of one or more RF generator controllers 202, 204,
and 206 (Figure 2A). For example, the bias compensation module 418 determines a power
and frequency based on the adjusted statistical value and provides the power and frequency
via the high-speed port 415, the high-speed bus 412, the high-speed port 410, the MSP1 406,
and the communication channels, e.g., C2, C4, etc., to the RF controller 202. As another
example, the bias compensation module 418 provides the power and frequency based on the
adjusted statistical value via the VME communication block 422 to a port, e.g., an Ethernet

port, an EtherCAT port, a USB port, a paralle] port, a serial port, etc., of an RF generator.

[00105] The event/fault detection module 420 detects an event within the system
100 (Figure 1) based on the statistical value received from the SDD logic block 416. For
example, upon determining that the statistical value is outside a pre-determined threshold, the
event/fault detection module 420 determines that an event has occurred within the system
100. An indication of the occurrence of the event is sent from the event/fault detection
module 420 via a VME communication block 422 to one or more devices, e.g., the remote

computer system, the RF generator 202, the RF generator 204, the RF generator 206 (Figure
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2A), etc. The user views the indication on the display device of the remote computer system

and may decide to take action to resolve the fault,

[00106] Figure 5 is a diagram of embodiments of graphs 502, 504, and 506 used to
illustrate that the variables help in determining an event, e.g., unconfinement of plasma
within the plasma chamber 128 (Figure 1). Examples of other events include arcing, change

in load impedance, change in health of plasma chamber 128, etc.

[00107) The graph 502 plots a wafer bias, which is bias at the ESC, versus time.
The graph 502 includes a plot 508 of wafer bias determined based on a model, e.g., the RF
transmission model, the impedance matching model, etc. Moreover, the graph 502 includes a
plot 510 of wafer bias measured by a sensor. It should be noted that a potential plasma

unconfinement is visible in the graph 502 at points of discontinuity within plots 508 and 510.

[00108] The graph 504 plots a root mean square (RMS) voltage determined at an
output of a model versus time when the 2 MHz RF generator 108 (Figure 1) is operational,
e.g., powered on, etc., and the remaining RF generators, e.g., the 27 MHz RF generator 112
(Figure 1), the 60 MHz RF generator 116 (Figure 1), etc., are nonoperational, e.g., powered
off. It is visible in the graph 504 from a discontinuity in a plot 505 that there is a potential

plasma unconfinement.

[00109] The graph 506 plots a magnitude of impedance at the output of the soft-
core DSP 408 (Figure 4A), plots a magnitude, e.g., root mean square, etc., of complex
current, and plots a magnitude of power versus time. The graph 506 includes a plot 512,
which plots the magnitude of impedance at the output of the soft-core DSP 408 versus time.
The graph 506 further includes a plot 514, which plots the magnitude of complex current
determined at an output of the soft-core DSP 408versus time. Moreover, the graph 506
includes a plot 516, which plots the magnitude of power determined at an output of the soft-

core DSP 408versus time. Based on a change in three RF parameters, e.g., a decrease in the
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current magnitude, an increase in the power magnitude, and an increase in the magnitude of
impedance at the output of the soft-core DSP 408, it is determined that there is an occurrence
of an event, e.g., plasma unconfinement. The event occurs at a time the three RF parameters

change in the manner illustrated above.

[00110] It is noted that although the above-described embodiments are described
with reference to parallel plate plasma chamber, in one embodiment, the above-described
embodiments apply to other types of plasma chambers, e.g., a plasma chamber including an
inductively coupled plasma (ICP) reactor, a plasma chamber including an electron-cyclotron
resonance (ECR) reactor, etc. For example, the RF generator 108 and the RF generator 112

are coupled to an inductor within the ICP plasma chamber.

[00111] It should be noted that although the above-described embodiments relate (o
providing an RF signal to the lower electrode of the ESC and grounding the upper electrode,
in several embodiments, the RF signal is provided to the upper electrode while the lower

electrode of the ESC is grounded.

[00112] Embodiments described herein may be practiced with various computer
system configurations including hand-held hardware units, microprocessor systems,
microprocessor-based or programmable consumer electronics, minicomputers, mainframe
computers and the like, The embodiments can also be practiced in distributed computing

environments where tasks are performed by remote processing hardware units that are linked

through a network.

[00113] With the above embodiments in mind, it should be understood that the
embodiments can employ various computer-implemented operations involving data stored in
computer systems. These operations are those using physical manipulation of physical
quantities. Any of the operations described herein that form part of the embodiments are

useful machine operations. The embodiments also relates to a hardware unit or an apparatus

35



for performing these operations. The apparatus may be specially constructed for a special
purpose computer. When defined as a special purpose computer, the computer can also
perform other processing, program execution or routines that are not part of the special
purpose, while still being capable of operating for the special purpose. In some
embodiments, the operations may be processed by a general purpose computer selectively
activated or configured by one or more computer programs stored in the computer memory,
cache, or obtained over a network. When data is obtained over a network the data may be

processed by other computers on the network, e.g., a cloud of computing resources.

[00114] One or more embodiments can also be fabricated as computer-readabie
code on a non-transitory computer-readable medium, e.g., a storage device. The non-
transitory computer-readable medium is any data storage hardware unit that can store data,
which can be thereafter be read by a computer system. Examples of the non-transitory
computer-readable medium include hard drives, network attached storage (NAS), ROM,
RAM, compact disc-ROMs (CD-ROMs), CD-recordables (CD-Rs), CD-rewritables (CD-
RWSs), magnetic tapes and other optical and non-optical data storage hardware units. The
non-transitory computer-readable medium can include computer-readable tangible medium
distributed over a network-coupled computer system so that the computer-readable code is

stored and executed in a distributed fashion.

[00115]  Although the operations above were described in a specific order, it should
be understood that other housekeeping operations may be performed in between operations,
or operations may be adjusted so that they occur at slightly different times, or may be
distributed in a system which allows the occurrence of the processing operations at various
intervals associated with the processing, as long as the processing of the overlay operations

are performed in the desired way.
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[00116] One or more features from any embodiment may be combined with one or
more features of any other embodiment without departing from the scope described in

various embodiments described in the present disclosure.

[00117]  Although the foregoing embodiments have been described in some detail
for purposes of clarity of understanding, it will be apparent that certain changes and
modifications can be practiced within the scope of the appended claims. Accordingly, the
present embodiments are to be considered as illustrative and not restrictive, and the
embodiments are not to be limited to the details given herein, but may be modified within the

scope and equivalents of the appended claims.
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CLAIMS

1. A bus interconnect for interfacing a host system to a radio frequency (RF)
generator that is coupled to a plasma chamber, comprising:

a plurality of host ports, wherein a first and a second port of the host system are
used to provide a power component setting and a frequency component setting to the
RF generator, and third, fourth, fifth, and sixth ports of the host system are used to
receive four distinct variables that change over time, and a seventh port of the host
system is used to provide a clock signal to the RF generator;

a plurality of generator ports used to send a power read back value and a
frequency read back value to the host system;

a sampler circuit integrated with the host system, the sampler circuit configured
to sample signals at the third, fourth, fifth, and sixth ports of the host system at selected
clock edges defined by the clock signal to capture operating state data of the RF
generator and the plasma chamber; and

a plurality of communication channels connecting the plurality of host ports with
the plurality of generator ports, the plurality of communication channels including,

a first channel connecting the first port of the host system to a first port
of the RF generator for facilitating a transfer of the power component setting
from the first port of the host system to the first port of the RF generator;

a second channel connecting the second port of the host system to a
second port of the RF generator for facilitating a transfer of the frequency
component setting from the second port of the host system to the second port of
the RF generator;

a third channel connecting the third port of the host system to a third port
of the RF generator for facilitating a transfer of the power read back value from
the third port of the RF generator to the third port of the host system;

a fourth channel connecting the fourth port of the host system to a fourth
port of the RF generator for facilitating a transfer of the frequency read back
value from the fourth port of the RF generator to the fourth port of the host

system;
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a fifth channel connecting the fifth port of the host system to a fifth port
of the RF generator for facilitating a transfer of a first portion of the operating
state data from the fifth port of the RF generator to the fifth port of the host
system,

a sixth channel connecting the sixth port of the host system to a sixth
port of the RF generator for facilitating a transfer of a second portion of the
operating state data from the sixth port of the generator to the sixth port of the
host system,;

a seventh channel for facilitating a transfer of the clock signal from the
seventh port of the host system to a seventh port of the RF generator to
synchronize operation of the RF generator with the host system,

wherein the transfer of the power component setting, the frequency
component setting, and the clock signal facilitates generation of an RF electrical

signal by the RF generator that is coupled to the plasma chamber.

2. The bus interconnect of claim 1, wherein the signals sampled at the third, fourth,
fifth, and sixth ports of the host system are resampled a set number of times to capture a

full parallel data set.

3. The bus interconnect of claim 1, wherein the signals sampled at a clock edge are

less than a full parallel data set.

4. The bus interconnect of claim 1, wherein an eighth port of the host system is
used to provide a slave select signal to select the RF generator for providing data to or
reading data from the RF generator wherein a ninth port of the host system is used to

communicate a ground signal with the RF generator.

5. The bus interconnect of claim 1, wherein the first port of the host system is a
power set point serial data out port, wherein the second port of the host system is a
frequency set point serial data out port, wherein the third port of the host system is a
power read back serial data in port, wherein the fourth port of the host system is a

frequency read back serial data in port, wherein the fifth port of the host system is a real
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portion of load impedance serial data in port, and wherein the sixth port of the host

system is an imaginary portion of load impedance serial data in port.

6. The bus interconnect of claim 1, wherein the power component setting includes

a power magnitude and the frequency component setting includes a frequency value.

7. The bus interconnect of claim 1, wherein the variables include:

frequency, power, real portion of load impedance, and imaginary portion of load
impedance; or

frequency, voltage magnitude, current magnitude, and phase between the voltage
and current; or

frequency, delivered power magnitude, and complex gamma; or

frequency, delivered power magnitude, and complex load impedance; or

frequency and complex forward power; or

frequency and complex reflected power; or

frequency and complex voltage and current.

8. The bus interconnect of claim 1, wherein the power read back value includes a

power magnitude and the frequency read back value includes a frequency magnitude.

9. The bus interconnect of claim 1, wherein the sampler circuit is located within

the host system.

10.  The bus interconnect of claim 1, wherein the selected clock edges include rising

clock edges or falling clock edges.

11.  The bus interconnect of claim 1, wherein a bit of a signal of one of the variables

is set during a falling clock edge and is latched during a rising clock edge.

12.  The bus interconnect of claim 1, wherein the operating state data includes data
indicating whether there is plasma unconfinement within the plasma chamber, data

indicating whether there is arcing within the plasma chamber, or a combination thereof.
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13. The bus interconnect of claim 1, wherein the operating state data is detected by a

sensor of the RF generator.

14. A bus interconnect for interfacing a host system to a radio frequency (RF)
generator that is coupled to a plasma chamber, comprising:

a plurality of host ports, wherein a first and a second port of the host system are
used to provide a power component setting and a frequency component setting to the
RF generator, and third, fourth, fifth, and sixth ports of the host system are used to
receive four distinct variables that change over time;

a plurality of generator ports, wherein a first and a second port of the RF
generator are used to send a power read back value and a frequency read back value to
the host system; and

a sampler circuit integrated with the host system, the sampler circuit configured
to sample signals at the third, fourth, fifth, and sixth ports of the host system at selected
clock edges to capture operating state data of the RF generator and the plasma chamber;
and

a plurality of communication channels connecting the RF generator and two
additional RF generators with the host system, each RF generator coupled to the host

system via nine communication channels.

15. A bus interconnect for interfacing a host system to a radio frequency (RF)
generator that is coupled to a plasma chamber, comprising:

a first set of host ports, the first set of host ports used to provide a power
component setting and a frequency component setting to the RF generator, and the first
set of host ports used to receive distinct variables that change over time;

a second set of generator ports used to send a power read back value and a
frequency read back value to the host system;

a sampler circuit integrated with the host system, the sampler circuit configured
to sample signals at the ports of the first set at selected clock edges to capture operating

state data of the RF generator and the plasma chamber; and
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a plurality of communication channels connecting the first set of host ports with

the second set of generator ports, the plurality of communication channels including,

16.

a first channel connecting a first port of the first set of host ports to a first
port of the second set of generator ports for facilitating a transfer of the power
component setting from the first port of the first set of host ports to the first port
of the second set of generator ports;

a second channel connecting a second port of the first set of host ports to
a second port of the second set of generator ports for facilitating a transfer of the
frequency component setting from the second port of the first set of host ports to
the second port of the second set of generator ports;

a third channel connecting a third port of the first set of host ports to a
third port of the second set of generator ports for facilitating a transfer of the
power read back value from the third port of the second set of generator ports to
the third port of the first set of host ports;

a fourth channel connecting a fourth port of the first set of host ports to a
fourth port of the second set of generator ports for facilitating a transfer of the
frequency read back value from the fourth port of the second set of generator
ports to the fourth port of the first set of host ports;

wherein the transfer of the power component setting via the first channel
and the frequency component setting via the second channel facilitates
generation of an RF electrical signal by the RF generator that is coupled to the

plasma chamber.

The bus interconnect of claim 15, wherein the signals sampled at the ports of the

first set are resampled a set number of times to capture a full parallel data set.

17.

The bus interconnect of claim 15, wherein the signals sampled at a clock edge

are less than a full parallel data set.

18.

The bus interconnect of claim 15, wherein the variables include:

frequency, power, real portion of load impedance, and imaginary portion of load

impedance; or
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frequency, voltage magnitude, current magnitude, and phase between the voltage
and current; or

frequency, delivered power magnitude, and complex gamma; or

frequency, delivered power magnitude, and complex load impedance; or

frequency and complex forward power; or

frequency and complex reflected power; or

frequency and complex voltage and current; or

frequency, complex forward power, and complex reflected power; or

frequency, complex voltage, and complex current.

19. A plasma system comprising:

a host system for providing data signals;

a radio frequency (RF) generator coupled to the host system, the RF generator
for generating an RF signal based on the data signals;

an impedance matching circuit for matching an impedance of the RF generator
with an impedance of a plasma chamber;

an RF transmission line coupling the impedance matching circuit to the plasma
chamber;

a bus interface connecting the host system to the RF generator, the bus interface
including:

a first set of host ports, the first set of host ports used to provide a power
component setting and a frequency component setting to the RF generator, and
the first set of host ports used to receive distinct variables that change over time;

a second set of generator ports used to send a power read back value and
a frequency read back value to the host system;

a sampler circuit integrated with the host system, the sampler circuit
configured to sample signals at the ports of the first set at selected clock edges to
capture operating state data of the plasma chamber and the RF generator; and

a plurality of communication channels connecting the first set of host
ports with second set of generator ports, the plurality of communication

channels including,
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impedance; or

a first channel connecting a first port of the first set of host ports
to a first port of the second set of generator ports for facilitating a
transfer of the power component setting from the first port of the first set
of host ports to the first port of the second set of generator ports;

a second channel connecting a second port of the first set of host
ports to a second port of the second set of generator ports for facilitating
a transfer of the frequency component setting from the second port of the
first set of host ports to the second port of the second set of generator
ports;

a third channel connecting a third port of the first set of host ports
to a third port of the second set of generator ports for facilitating a
transfer of the power read back value from the third port of the second
set of generator ports to the third port of the first set of host ports;

a fourth channel connecting a fourth port of the first set of host
ports to a fourth port of the second set of generator ports for facilitating a
transfer of the frequency read back value from the fourth port of the
second set of generator ports to the fourth port of the first set of host
ports;

wherein the transfer of the power component setting via the first
channel and the frequency component setting via the second channel
facilitates generation of an RF electrical signal by the RF generator that

is coupled to the plasma chamber.

The plasma system of claim 19, wherein the signals sampled at the ports of the

first set are resampled a set number of times to capture a full parallel data set.

The plasma system of claim 19, wherein the signals sampled at a clock edge are

less than a full parallel data set.

The plasma system of claim 19, wherein the variables include:

frequency, power, real portion of load impedance, and imaginary portion of load
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frequency, voltage magnitude, current magnitude, and phase between the voltage
and current; or

frequency, delivered power magnitude, and complex gamma; or

frequency, delivered power magnitude, and complex load impedance; or

frequency and complex forward power; or

frequency and complex reflected power; or

frequency and complex voltage and current; or

frequency, complex forward power, and complex reflected power; or

frequency, complex voltage, and complex current.

23.  The plasma system of claim 19, wherein the host system includes a statistical
data decimation module, the statistical data decimation module for calculating statistical
data based on the variables, the statistical data decimation module for deleting variable

data other than the statistical data.
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