* IQPRO\/I NG A RATE OF TRANSFER OF DATA WTHI N A PLASMA SYSTEM BACKGROUND

[ 0001] A master device and a sl ave device of a communication system foll ow
protocols to comunicate information with each other. For éxanple, in aﬂ

i ndustry standard serial parallel interface (SPl), data is

over a single wire fromthe master device to the slave dev "ﬂmﬂ"{*@m’!ﬂw@ her
exanpl e, a clock signal is comunicated fromthe naster device

devi ce. [0002] However, the serial transm ssion of data“has~dfaﬁﬁééksr_one
of thembeing a low data rate. Wen one bit is transferred at a tine over

the wire, it takes a large anount of tine to transfer information between

the master device and the sl ave device
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 example, 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 anotﬁer example, a clock signal is communicated from the master

device to the slave device.

[0002] 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 large amount of

time to transfer information between the master device and the slave device.
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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, €.g., a process, an apparatus, a system, a
device, a method on a computer-readable medium, etc. Various embodiments 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 setting to the RF

generator. Moreover, third, fourth, fifth, and sixth ports of the host system are used to
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* SUMVARY [ 0003] The present disclosure relates to inproving a rate of
transfer of data within a plasm system It should be appreciated that the
enbodi ments described in the present disclosure may be inplenmented in
nuner ous ways, e.g., a process, an apparatus, a system a device, a nethod
on a conputer-readabl e nedium etc. Various enbodi nents of the present
di scl osure are described bel ow. [0004]In sone enbodi nents, a bus
i nterconnect for interfacing a host systemto a radio frequency (RF)
generator that is caupled to.a plasm cha r i 'S provi The .bus
i nt er conn erc?fe'YerfJEE‘erﬁibSBgJ? é{arf:?f)(‘isr PR %Vlg&o VhEeEE 'mslger fus! m%of"?ercs@g[éeﬁ g Cgldgseac ond port
of the hosf, syst d,t I r onent. Sek Ll Aand a
frequency ggﬁ%gﬁgﬁ%%égf#ﬁﬁgAf%“?hgxﬁggggﬁggﬁﬁggﬁg%%?eové?, tﬁﬁr , fourth,

fifth, and o%ie%'(tr%ld po%El{ﬁalQef #a‘_jgg é@@%‘éﬁ)’s%ﬁ& BBk afie U3 %ﬁie hé& S)';s%gtf"i fhe baur

di stinct v%rlab es that c tirme. The bus 1 nterconnect further

i ncl udes a,pkddh@kdihdfudef 2 QERRE &tk inkQFated with el Hositsys2nf e $EGMdirRARE of the
RF generator are used to send a power read back val ue and a frequency read

back val uecdnfglréifroR@shle SigsdLMihe thid, PoLSth] IS LEPHRR Gbrid JTChelbOSsyders ANP! er
circuit integrated with the host system The sanpler circuit is configured

to sanpl e sl@RadlcocRleddeho tipurél opdraing tstuite did bhthe PrAms ickinbepaiid the HF t he host
system at sel ected clock edges to capture operating state data of the
pl asma chapdaesaroand t he RF generator. [0005]1n sonme enbodi nents, a bus
i nterconnect for interfacing a host systemto an RF generator that is

coupled to a p|[@(ﬁ)§? Cﬂﬂm elmgﬁdugén(?svla(ﬂgsdl te%la&ealfﬁrdiin{akgcﬁrfg%%st&ﬂ% udes a

. o n
first set of host ports, wh are used to provide a power conponent

setting angn RF %%:r?eﬁdg%pﬁéf i§ QSGB%H%‘E p?ag;ng icﬁ'agnl;epjstﬂi'g'vicﬁﬁ gﬁ@%@gr%rconI&g ports of

the first set ports are used to receive distinct variables that

change ovelnckldiB firstR& oPHSst pdHs SWIGAHNRE6ded Tolrb i@ a pode} LiipSncat weme Rtk set  of
generator ports used to send a power read back value and a frequency read

back val ueftduedd)@okifsnbntSMEALIBhe THIEgdALISto. IR MOANGTARY firkiel UGS portsSadTpl er
circuit integrated with the host system The sanpler circuit is configured

to sanpl e sdegnalrscent disaget P@nittesQhattdidngtidvet imet Tk melieat@ded Ifatlr edges to
capture operating state data of the plasma chanber and the RF generator.
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.

[0006] 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 to the host system. The RF generator is used for generating an RF signél
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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“[0006] I n various enbodi nents, a plasma systemis provided. The pl asma
systemincludes a host system for providing data signals. The plasma system
further includes an RF generator coupled to the host system The RF
generator is used for generating an RF signal based on the data signals.

The plasma system i ncludes an i npedance matching circuit for matching an

i npedance of the RF generator with an inpedance of a plasma chanber. The

pl asma system al so includes an RF transmission line coupling the inpedance
matching cRE Glhiol hﬂ&L&%g%f HJ!?,%/IP@ES usd 16 RLAS ARinE NS AR DUS

i nterface connectin systemto e RF generator. The bus interface

i ncludes a;fl rf b§sq]f1terqgnn|@c9§r¥cllﬂgsr ts@cona_ Eb‘? 01]c éeﬁe?&toﬁ)%f'ts &Ed {39844 a%GVEISreddS used to

provide a power conponent setting and a frequency conponent setting to the
RF gener at gy v;ﬁh@ ahd hSteqa@ily Rhd BRS! vamQrtB Shd fiostSREnt OThEGRI MRrhmtd NCt

vari abl es that change over tine. The bus interconnect includes a second set
of gener at QfjuRQlatsempieCrchi@ ind@RfbdawiRONe host SRnDatte MapleeciREd istustd @quency
read back value to the host system The bus interconnect includes a sanpler
circuit in{agleaigsls W thé pdrRess R First Syt edRciedtBcB adgpd Bf capiude GgérhtingStaused t o
sanple signals at the ports of the first set at selected clock edges to
capt ur e opédadfirgplshatiemtiataad dé RFgenepkasma chanber and the RF generator.
[0007]In a variety of enbodinents, a data rate transfer systemis provided.

The data rate tgpast ef, ; L0 énmsé@% afmqu}aﬂsfwaén ReIMRED FrehOSt system

and an RF generator to transter of data at rates higher than that

al | oned US§fOLR o3hRD5RieW ihGudel Rhiupr ﬁ&gl Hetweéh amlﬁn§§tem £nd%n REtBESRor foOUr,
five, etc., of variables are transferred at a tine, e.g., a second, a

mcr Oseconﬁinall@\l/ GansfeP S MR RN ale D Bighto fhn S} SIS ARMg 8 BinfEwHE N aladiple, Jhe

vari abl es may include power, frequency, real portlon of load inpedance, and
i magi nary pofdet, 0R., eel foex, fiaaelc.| TPRGEBRE e rABfcaBOitAme sxXAMBE@®Nd lahe vari abl es
may i ncl ude frequency, vol t age nagni tude, current magnitude, and phase

bet ween t hgicy®bdoad) €tca Bélwe ittt sysiedDM8 hRE @enetaror. SEheanddbles map thclvent s, t he
nunber of variables transferred between the host systemand the RF

gener at or pswek.ifieidead, reel pgrtion bbloddimpedav@r andlirhagnanfrovion vhthe bbd es, si x
variables, etc. The Iimt in the nunber of variables reduces a nunber of
comuni cat inpedanbea Msehethds exampden the Mariahlosmaysipdudsiieayedcy FatagEmggaitedeat or . For
exanpl e, the nunber of conmunication channel s between the host system and

t he RF genewrmnhignagnitidd anéphasclretfeer the Meltagaandshress is | ess than 32, 64, 128,
etc. The reduction in the nunber of comuni cation channel s reduces a nunber
of ports on a pevod] | ellssah kakrapadbabil@hts, idtrRnba e v4RSH gansférddlberwBast syst em
that are connected to the comuni cation channels and reduces a nunber of
ports on ath3Bit spdent bl REREP@BREAras lilnhal, e @) & hieanaddbied five vafiebles,iTUNi cat i on
channel s. The reduction in the nunber of ports and the nunber of

comuni cat vahbleharnelte nadinces nimtzl of gdrables @rucas & hiupber @f gommenicatier
including the host system a chip including an RE controller of the RE
gener at or . clentels Mywepo\tby host hpstaneduc the RF gemetaive  rfiormoxamplsf theornmihei eht i on

channel s reduces
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 parallel 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
3



‘noise in signals transferred on the conmuni cati on channel s 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

| i mted nunber of comunication channels. The nunber of variables allows to
det erm ne whether a plasma chanber is functioning properly, e.g.,
determ ni ng plasma unconfinenent, arcing, etc. [0009] Moreover, in sone
enbodi ments, there is less tine spent in transferring the variabl es between

the host SXOE%CSIIFP,SI%E’?%&&QE d &e{ﬂg rg%fugtﬁnitépﬁﬂ;chtamts a%@‘g%gceg%il Qe&%@%?%f zation

protocol s, ernet proto rnet for ntro ut omat1 on

Technol Ogysi‘rﬁ% ﬂ%@:‘éﬁ@ thP 62 RC %é‘e m§§r ﬁ’ot b!e L néﬁ%hgck%r i Blelgteérn§§vhci,nrlhé/ arious

enbodi ment s7 her CAT protocol  1s slower, e.g., has a | ower frequency

of oper at i Qfhalst B EandiefeardvePhOlRREQ nufBR df @SmBdnitdien Eaflels. ARE nexsRl €, data
rate of EtherCAT is 1 kilohertz (kHz), which is less than a data rate

appl i ed byyifaglePaRIwsPoOdeReine WhSthaNPipeha @KaRGR! 6 f@cthcﬂﬁ,fig prepehere @f data
bits are transferred via EtherCAT ports than that transferred via ports of
the PSPl . dhempiaglotlsing atcofihePEia60), &care used to create data packets from
data that is to be transferred between a master device and a sl ave devi ce.
The packeti zati y j.mi t Y] that is
coupled to a p&@@%f?zg@?ﬁ%ﬁg%éﬁgﬁgﬁaﬁﬁF%%fgﬁ%ﬁpg%%g%pgﬁL%?ﬁgﬁﬁéﬁﬁ%ort, an
Et her CAT pgrt,. .etG. eyera| di Spit i oLpa izalion

per f or med ?lﬁ ‘%ap ggr%és%f gért{rglfeﬁg%ﬁtg hlgosbgg}%%b%ﬁ%ey we%(r?llgrt O}e§?1agstthgs;€a§‘fq1ter%§lgérld the RF
gener at or . pfRQLHA $Rochd SLMEEGERAIARRLE, HhedlealbStddnabl Vakdhuio: 0.,
mean, medi an, node, nmaxi num mninmum rolling variance, standard deviation,
i nter quar t ift @nd1SdYABHEACAR) pro®kls, et It M6k beha@Hhiti® Mrfoleenmtdindhls &ge and t he
remai ni ng val ues of the variables are deleted. For exanple, a nean of a
vari abl e OE@ErCAT! proBcolMsniadNet, e $., Bt LlowerTRduabdofvapbies, theea PSFI f@b®! M ne t he
nmean are deleted froma storage device of the host system [0011] The

det er m nat afpliedby th&iBSH1 &bi exhnplaldardadieiof BidCANés dialobérizqkHOf whilleis¥a$ ues saves
menory space and provides feasilibility in determining a fault within a

pl asma systhemn datFore applzdpy ée PPlgmotadol. Atwmotheal enasplaradess pwawr ofi dataibiis t he host
system on a cloud, etc., a nunber of the values is |large and can be an

i npedi nent aeotransfemsif g Bher€AE peat Wles thet waelnreievinogoks dévhe ESPL eflhe  When
statistical values are saved in one or nore storage devices of the host
system t heacketgajostireiedols\ast uwd o 6P Yalr @agkerdivpy el hacie 19 Rafansiaed occupi ed
by all the values. Also, it is easier to transfer the statistical values
over a net WBIRED amigter devigs apehp slapedevicgn Theypackgtiggtion ggay be ligipd Bgsedion
transferring all the values. Lesser bandw dth of the network is used when
the statisPidyratefjafewor Batds copledip A @ackeyzaion prgpcol wisgacinesr A FhRE val ues

are transferred . : o .
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.



“[0012] Sone advant ages of the above-described enbodi nents include the
transfer of data between the host system and the RF generator faster than
that provided by the serial conmunication of the single wire, the savings
in real estate on a sem conductor chip, the renoval of need to check signa
for integrity, and the transfer of the data wthout a need to use the
packeti zation protocols. [0013] O her aspects w il becone apparent fromthe
foll owi ng detail ed description, taken in conjunction with the acconpanyi ng

cravi ngs. 1881 FEDERCRLR QN OF. LhE: ROV, L0014 acl s, erfggien s of

t he presen Osure may eu

F st 00d terence to foll ow ng
descripti og L@Kﬁ&ks a3 h&ggatae% lmqaetdnnetnma @aﬁmqmangs B N Rvork
[0015]F|gure Is a Ilagram of a systemfor inproving a rate of

transfer Oglewces, 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.



‘data, in accordance with various enbodi nents of the present disclosure.
[0016] Figure 2A is a block diagramof a systemfor inproving a rate of
transfer of data between a host system of the systemof Figure 1 and radio
frequency (RF) generators of the systemof Figure 1, in accordance with
several enbodi nents of the present disclosure. [0017] Figure 2B is a
bl ock di agram of an enbodi nent of a systemfor inproving a rate of transfer
of data between the host systemand the RF generators, in accordance with
several enbodi nents of the present disclosure. [0018]Figure 3Ais a timng
di agram for il ustrati ndBRIEE BESCRIPFION OF FTHEIMAWINGS synchroni zation with a
cl ock signal of the systemof Figure 2A, in accordance with sone

enbodi ments of the present disclosure. [0019]Figure 3B is a diagram

il lustrating a[ei1af er ¥acds babodeeits Paha plegdnt dischingt eay bdst idahderagod bpar al | el
serial parallel transfer of data, in accordance with some enbodi nents of

t he pr esentefetkins€todgUfbléowing 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 disclosure.

[0018] Figure 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 parallel transfer of
data and parallel serial parallel 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.

[0022]  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.



"[0020] Figure 4A is a block diagram of an enbodi nent of a host system in
accordance with various enbodi nents of the present disclosure. [0021] Fi gure
4B is a bl ock di agram of an enbodi nent of a host system in accordance with
several enbodi nents of the present disclosure. [0022]Figure 5 is a diagram
of enbodi ments of graphs used to illustrate that the variables help in
determ ning an event of plasma within a plasm chanber of the system of
Figure 1, in accordance with several enbodi ments of the present disclosure.

DETAI LED DESCRI PTI ON [ 0023] The fol | owi ng_enbodi ments describe systems and
met hods for improving et LES Bl S FTRSS

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

a rate of transfer of data.

[0024] Figure 1 is a block diagram of é 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 example, 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 PSPI 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 via a
7



“a rate of transfer of data. [0024]Figure 1 is a block diagramof a system
100 for inproving a rate of transfer of data, in accordance with several
enbodi ments described in the present disclosure. A host system 102 incl udes
a statistical data decimation (SDD) nodule and a VME nodul e 106. As used
herein, a host systemincludes a controller, which includes one or nore
processors and one or nore storage devices. In various enbodi nents, the
oper ations descri bed herein as performed by a controller are performed by

one or mor g, rﬁu%ﬁ:gtlo%qlrnﬁ 1?1 % gt?@ Igg \%‘1: thc[%ﬁloéiﬁe %ﬁQCID&EQ%B’M processor

may be a cen ra rocessi ng un m cr opr ocessor, an application

specific | ?éfq %lﬂéhqgc&llngcg t(g f’éﬁlog) 60 ﬁifﬂrl@%emblllgviaQQbEmQEl&luQ@hl(lPL D), etc.

Exanpl es of the storage evice include a read-onl y menory (ROM), a random
access menpfgye é |%Aé\fﬁ)l’e N cBle GRTRINARL RO PSP £Rfher @@mﬁt QhALRicHE Vil s MaYy be a
flash nenory, a redundant array of storage disks (RAID), a harg di sk, etc.

[0026] A g8, pr@dscol € 8 atIRS-23 2 hrothddE la WARSrs 1 Be ANBLE(USBY howas]atc. OF @
conbi nati on thereof. For exanple, a nodule is inplenmented as an integrated

circuit, e.g. r ammab rra FPGA), an A whi ch
processes data[&ﬁgiangwﬁégg %ﬁ gahﬂﬁqléaxcgmwgﬁnp “é?mg%?Fﬁare progr am
that is executeg b ro roces 0 othe on of a
nodul e i s m?n en gzgg%angﬁﬁ % @a?F&ﬁ%?gghﬁ? gnﬁéanot tmgmgg%#gn of the

modul e is Flﬁtg{ﬁHéggcupMZ@ iqla]q{ Rﬁ{uﬂgﬁﬁ)ﬁ edluinopz%7l h@ab§DQc rrﬁlglﬂfe e;‘i%of ncl udes a

2 Mz para erial para Interface (PSPIY, which'is an' i nterface that
I's connect efh i Qofediedtb tﬁflmﬁed%nmtJhﬁig'cgcjltr @@W%nac%n{n%)cauon medium 124,

and the RF generator 126 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 maich 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



'genetator 108 via a comunication |link 110, e.g., a cable. The SDD nodul e
104 further includes a 27 MHz PSPI, which is connected to a PSPl of a 27
MHz RF generator 112 via a comunication |link 114, e.g., a cable.

Mor eover, the SDD nodul e 104 includes a 60 MHz PSP, which is connected to
a PSPl of a 60 Mz RE generator 116 via a conmunication link 118, e.g., a
cable. A cable that connects one PSPl to another PSPl may conmmunicate
signals using a protocol, e.g., an RS-232 protocol, a Universal Serial Bus

(USB) prot ,%gg:?éfn &S ggéﬁ% @s%@ ﬁg%:%e% s g&ﬂ% Q63 frl&ﬁncajsé%gmﬁﬂg th Hifk ffze

connect ed i np circuit 12 r exanple, the RF

gener at or %%%I%?h%%ﬂﬂ?%%ﬁQMEQthe i npedance matching circuit 120 via a
m , €.0

comuni cation nediu ., cable, etc., the RF generator 112 is
connected to the inpedance matching circuit 120 via a communi cati on nmedi um
124, and the REGHneradgalmal BoeHAm@Srbel Rk apiipEtralie 8 PRETCRi ng
circuit 120 via a comuni cati on, medi um 126. %OOZQ%In sone enﬁ dijyents, an

i npegance PRARt @P RIGVIdSS fhe@PYerTEiPeIE'S A4R Ve PAN YD tr%{‘s’lﬂ(?gda%’ooﬁ] ‘{Pead to the
i npedance matching circuit with i dance of. ource. al so _connected to
t he i npedaffe& Bt N%ﬂ“&??fﬂf%?l@%Wg%EEﬁﬁﬁéP“F%@%F%%Bﬁbﬁégeﬁﬁ?gﬁﬁng circuit
120 mat ches_.an i medance of a . 8 i nageted to the

i npedance Wﬁ%bh%%ﬁm@ﬁ%%J??ﬂ%bgH%?%mgﬁggﬁﬁﬁﬁgﬁﬁﬁi%gﬁgﬁdfﬁﬁggléog&ﬁ}h

| npedanc €S flifi?eré;?% Egnag RN ﬁﬁ)g&aﬁiez :ﬁchi ]c?rcuifa% gl’ll@impt:c[ﬁlrl&q}{aﬁ&ﬁ{g cffkodi nent s,

t he i npedan ng circurt i n¢ludes el ectrical conponents, e.g.

capaci tor sy s@ﬁjd'é(?ﬁeq{nﬁ)’liﬁﬁl,tIQF sigr]faphm%qmt |2 e 8% trahni¥sih 1AL 33 nent s,
an RE transm ssion |1 ne includes an RE tunnel that is connected to an RE

strap, whighishearpested to an RE rod. [0030] The PSPIs of the SDD modul e
104 sends power set points, e.g., power,

[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
matchiﬁg 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 surrounding 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



‘etc., and frequency set points, frequencies, etc., to the PSPIs of the RE
generators 108, 112, and 116 via the links 110, 114, and 118. For exanpl e,
the 2 MHz PSPl of the SDD nodul e 104 sends a power set point and a
frequency set point via the link 110 to the PSPl of the RE generator 108,
the 27 MHz PSPl of the SDD nodul e 104 sends a power set point and a
frequency set point via the link 114 to the PSPI of the RE generator 112,
and the 60 MHz PSPI of the SD nodul e 104 sends a power set point and a

frequency Sheot esp com uter 61%}):;(3)0 enetW(l)(rk13'118f_])3118m% ,S%théaclp of t[ﬁl,e C}ggr RN RLAL or 116.

[ 0031] A di ssor enerat receives a power
set point Vv f o dEd one or nore
transi st or@gcqm{j)gs(PS Ih%?%f{fqg(ﬂ;%gll‘grﬁg%nég b é g‘"ﬁl\r/nér enerat es an RF signal

havi ng power indicated within the power set poi nt . HP|Ierr coupl ed

with the drlveﬂmﬁﬁbl|FV@%S?H@“NPt§Fgﬁ&¥eﬁﬁﬁﬁbF%W?%é§°¥H@ iSRRI 9 RF
signal to the inpedance matching circuit 120. The i npedance tchlng

circuit 126nEamasfeed@otshyym ¢ Thecropirel 25 derd rechXGH RE O AET POFRSH S45554 e RF
transm ssion |i e 130 t he pl a fna chanmber } (%0032L8|nllarl t he DSP
of the RF HENEPLR B SPade; p% TYUER S & %e IPYSATOEH RS 8 the

frequency se;q%pmd}terté) ;[n e q)rfl v%rrocofsctatseaﬁFdquinﬁG%ﬁg mgnﬁ%%ag VgL generates

an RF S|gn51 aving a freqguency AN Wt hi n cy Set point.

An anpl i fi gy, ugg,meﬁgn V\ﬁFHa Lt rhqgaﬂwﬁ; <A5R), nblafRork rséaﬁnﬁ&:,ﬂ) %alzrgéng) ePr OVi des

t he anpllfle ance mat c circuit 1

i npedance Eﬁg&r%ﬁehﬁ%r&lhéegu'ﬁe i‘g@ 1ssv§)tﬂﬁ§d Iohﬁe éﬂefa'to%dldg': 1 152' gaal1sRavhdg the

frequency via the RF transm ssion I1ne 13 o the plasnma chanber 128.
[0033] The phRsfee shaihedicdieBol ncl udes an el ectrostatic chuck (ESC), an
upper el ectrode, and other parts (not shown), e. g , an upper dielectric

ring surroundi el ectrode, e ectrpde exteps

sur roundi ng thg&HBEerH§£%}%BF?§E“¥ﬂﬁﬂpﬁ5dF§§E t%”@P%SFFF@CFWHE‘%ﬁ?rounding
a | owner electr de, o e ectr te 0 rroundi ng the
| ower di el @Il:thy @ g E‘E geﬁeﬁat(ﬁlcmér ﬁgck%{ excf”ipslfson RF3: "aSI(’BE% Fmpe "H]C Ia Igower
PEZ t Th th
L2 TI0D Bl RRPL ‘§V&%f%9¥%‘8?$ 1St S8 SRRSSLA Ao fafd 0 e

sem conduc , ported on an upper surface of the ESC
Integratedbg§rgﬁ$§imegﬁ§m”m&ﬁxfrgzt|on specific integrated circuit (ASIC),

pr ogr ammabl e |08IC device (PLD), etc. are devel oped on the work piece and
the integrated ! ﬁ%bU|ﬁgwawéwn@@anBﬁgawv&Fmgﬁvﬁawmgw@&fﬁoﬂw&mﬂﬂ@wg e.g.

cel | phones, taplets
P reflected power, compriﬂ?( voltage, complex current, etc., 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, complex 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

10



'phones, conputers, |aptops, networking equi pnent, etc. Each of the upper
and | ower electrodes is made of a netal, e.g., alumnum alloy of alum num
copper, etc. [0034]In one enbodi nent, the upper electrode includes a hole
that is coupled to a central gas feed (not shown). The central gas feed
recei ves one or nore process gases froma gas supply (not shown). Exanples
of a process gases include an oxygen-containing gas, such as 02. O her
exanpl es of a process gas include a fluorine-containing gas,

e.g.,
tetrafluor Q%SFE%EWQ Ghdh ph&w vhgsh DELRLkE UOF g& #ﬁf@g 89%@% lhwa@ﬁ@wane

(C2F6) , er electrode 1s roun I's coupled to the RF

generatorsvaﬁgﬂm&;%mm@&qm;$g ngnkg@ i npedance matching circuit 120.
[ 0035] When the process gas 1S supplied between the upper electrode and the

ESC and when the RF generator 108, 112, and/or 6 su nal s via
t he |rrpedance A&3ghi nl &9mec ﬁ‘P‘EOdT‘f@‘St H‘etYf‘é‘al?lﬁ\/\éarlC“ e@ctppgo‘és of ta'P\ SC, the

process gas %gnlted t.o gener Iasna 128.

[ 0036] A sei‘ﬁfiéf‘f‘jrrat PR PY R A flﬁt%?erﬁ%ré’éedfaé erir/egrv aaao‘i%g?pg;zd"&qmﬂbor war d
power, T ef | ?’g I oq t&% fnogu?enp(he)%o}/ e)!a¥nag the va rrB)llese c)(alc%fé{ed %nta’DS?’to? tHe lgﬁsed on RF

signal s trans erreda over comunication ne conmuni cati on

medi um 122 %1%1%%":1(;820@ ’megstuﬁ:d ’bigg&gor oP th %@Q’g&‘fa%g lf)gjarg |ﬂ, sﬁe?r@cjsf%m Q’rSprarml e, a

sensor of % gener at or measur es “a conpl ex VO tage an COI’Tp eX

current baggd. op g!ﬁaal%} Rk Snd mg% tﬁeezﬂMﬁyisgmtome@@mhﬁ%Aon medi um 122

bet ween the RE generator 108 an e I npedance matching circuit 120.
[ 0037] A DSP mﬁthln an_RE generator nmay deterning, &g %I ulalgf
[0039] ) 'signa e

conput es, In various embodiments, a transistor-transistor (1" is provid
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 sigﬁal 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
signal 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.

11



‘etc., other variables, e.g., delivered power, conplex voltage and current
(complex V& ), gamma, |oad inpedance, etc., based on variabl es neasured by
a sensor of the generator. For exanple, a DSP of the RF generator 108
cal cul ates a conplex V& based on the conplex voltage and the conpl ex
current. A conplex V& includes a voltage magnitude, which is the sane as
that of the conplex voltage, a current magnitude, which is the sane as that
of the conplex current, and a phase, which is a phase difference between a
phase of the c ex voltage and a ph of. 1 he. L eX. R J&Nk-ind 0038] I'n
sone enbodinen?@?kkherV%F?aﬁrﬁg'@%tﬁﬁﬁgﬁgéTg?mﬁdgggRgg an%ﬁé generat or or
measured b 006K ub G PLeR hoidls Sourtel AR ERECHd \HeBuAcL U &Spondi ng
link to a ¥¥%V§§#&iﬁglgﬁﬁﬁﬁggﬁpe 1%%?9 Srtgxanpﬁé,lf e V. ?igﬁlé§ cal cul at ed

by a DSP Oa‘fglgi}ﬁuﬁ'éetq)%&@reé& Qla Ofl&ﬁneeﬁonnﬁa,sw.,eaq Eer: SER&A6n, Qb Bl ARF

gener at or are transferred fromthe PSPl of the RE generator 108 via the

link 110 t g LG aVidB Jomiekidal a tehiel é@@ctmgyi)zﬁalﬁp&nn&g(g@ oLl @ MRE QS

enbodi ments, a transistor-transistor (TTL) signal is provided froma Sync

QUT port ofmthe Ra generat @or 188, b tee By N@endrNRUTOP 0Moredverd he2RiMIgener at or
112 to synchroni ze operation, e.g., to change a state of an RE signal

etc., of thenREvRREaes elixRx) pdi ofhé WMERoddle WBNHEisall ar rah€iBit sdt Pois’e wEher

enbodi ments, the TTL signal is provided froma Sync OUT port of the RE
gener at or thi?pdver andSyeqeentNRUT c@medtionf 36 the pRE ege ghreateoportl EdetCaATpprichr oni ze
operation of the RE generators 112 and 116. Al so, in several enbodi nents,
the TTL si gnabf theRPigeneiatted1Z.r Hlw.a ByWHdz DigfsnpdRecein (TxRx) Rett gethe VMFor 116 to
a Sync I NPUT port of the SDD nobdule 104 to informthe SDD nodul e 104 of a
state, e.gmoddké {06 isusedao tringmitsetatomts diliey thap oowesr agd fequendy e HEARBICUST at e,
etc., of RF signals generated by the RE generators 108, 112, and 116. It
shoul d be h¥t e rdfat-gt Fempigiors EderAdr portheichplgthe Bovasperapraltls- 18 sgmgt gt e of
an RE signal that has a higher power magnitude than that oflﬁhe | ow state

or the | owepbriErentst deel ion partsy el e Vaih Spdue PR sendndae e gRBIPISW Eches

bet ween the high state_and the | ow state, [0040]1n s enbodi ts, data,
e.g., vari &sfi fﬁ@t@?§DBéW@P%ﬂQﬁm%PFhFﬁ"ngmgﬁﬁhﬁgaﬂﬁg?fﬁﬁ%e%t8r@% wi thin
t he SDD nodul e 104, L or ived.by a, PSPl of the SDD 104 froma
pspi o an ettt AP0 1 and FEC B sRbT D e PR 8t TThd SA nodul e
104 vi a. a (I‘?éj&eg {eorgcelt'?o%’of %atg bi tlfaénVﬁ}Srﬁ?olangtIOg Pr&'ﬂ%ﬁet Rpgenepap) sEfdg?{l%T .
connection, & B cOnRectT on. A serial connectron, a para e connecti on,

etc., to an, | nput of the VME nodul e 106. Data received via the SDD
| nput may pe stored within the VME nodul e 106.

[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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'[0041] I n several enbodinents. a 2 Mz Transm t/ Receive (Tx/Rx) port of the
VME nodul e 106 is used to transmt set points other than power and
frequency, e.g., a tenperature set point, etc., via a connection 134, e.g.,
an Et hernet connection, an Ether CAT connection, a USB connection, a serial
connection, a parallel connection, etc., to a port, e.g., Ethernet port,

Et her CAT port, etc., of the RF generator 108. Mbreover. a 27 Miz
Transm t/ Receive (Tx/Rx) port of the VME nodule 106 is used to transmt set

pOi nts other t T@Jﬁﬁogq.ﬁng e];alioerqluﬁxge cortltﬁ)llg‘rR&%p er;(g.l%ble qpe l%ﬁigeﬁ%rgt 10%0]"[ e.g.,

Et her net port, , ener at or so, a 60 Mz

Transm t/ Re ecg \G cénpé 15@)2 Qvﬁ[c%n 1n% udésqq’syi\%3n%péo€er]19§ﬁ §en¥%§glf20 transmt set

poi nts ot her uéncy via a connecti of to a port, e.g.,

Ether net  pQr;ges 5%5&{%{ E&Eocp%kh 1rPc¥u9 sa I%fPI id%eTlﬂ:Rﬁgé?.@Ja%F 6 incdfies 4 N sone
enbodi nent s, the Tx/ Rx ports of %e VME nodul e 106 send data, e.g.,

varlabIes,aﬁ&ghrm&p@gkyﬁgmgéqmgpﬂﬁ7SDD nmodul e 104 to ports, e.g., Ethernet
port, EtherCAT porfs, etc., of th e RE generators 108, 112, and 116. In

vari ous enbodlnents he connec 1 138 facilitate reception
of data by the A8 | E\Eﬂ @Stfé%“’?ﬁ §s ‘R]‘—'“&%H‘(S?‘%‘?g‘?g% FILAFLIGRd 116.

[0042]1t shou rﬂld(VR'FAPgC?n?rf)llergﬁé 'lgll w&pﬁgwﬁe‘z%mc u gbaﬁ_izgﬁpwﬁiqp?qhnem S are

dﬁ;calbed\ﬁ% resp iy énerators, in sone
enbodi nent g g\ ] r of 2 MHz,
a4 Mz efr:lxélr 3{] Of&%g%%eﬁﬂfkggﬂﬁ%&(ﬁg %ﬁyfahr%%?gdmh%{%dmﬁig%gany nunber
of RE genefiggﬁlrﬁz TRYen REan R Ghie e 2 1 of 688 F0LfnakRNARARE gener at ors,

one or two generators nmy be use 0044] Figure 2A'is a block di agram of

an enbodi Mol 268 BASIE PG 14 Vhich aeoarn%ncwe & thedoan@f pSpi anaé evpof dat a
bet ween the host system 102 and the RE generators 108, 112, and 116 (Figure

1). 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, efc., 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 to 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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‘[ 0045] An RF generator includes a controller. For exanple, the RF generator
108 includes a controller 202, which includes a PSPI 203. Mreover, the RF
generator 112 includes a controller 204, which includes a PSPI 205. The RF
generator 116 includes a controller 206, which includes a PSPl 207.

[ 0046] The host system 102 includes a virtual nethodol ogy for advanced
process control (VMAP) controller 208. The VMAP controller 208 includes a
PSPl 210, which is an exanple of the 2 MHz PSPl of the SDD 104 (Figure 1).

The VMAP cont cl ude a PSP 212. . whi ch n e of the 27
Mz PSPl of’ "i?ﬁl %f%t‘i ‘?ZL“OO%’E“‘“‘El1t #’% ““‘C?‘1°8Fha§6"élc?ﬁ°c“l p"c‘j”érsrea{J PSPl 214,

whi ch i's LN Rs) olrteofmce Pg?lellgo % Pl)te(?ﬂch ttégﬁveﬁgg%%gglao&gg'%nﬂa‘ 2 Mz power

set p0| nt serral data ou port o sen S a power set

poi nt Se“ﬁ’éulvéén‘(dr@ara W@Meﬁ@cﬁéd%w@rhﬁ@%hd tedofe®@ itk 13 sWenFBQWﬁl'én@et poi nt
serial data 1 nput B port of the PSPl 203. Exanpl es of a commrunication

channel lngw@p&re@melmdmepowexrsﬁgpne@s)can ﬁﬁmerit&l tb W pRsi @hA6Qh28 €. 9., a
serial protocol, a differential protocol, etc. For exanple, in case of

di fferenti gigusd 9ad rsﬂec&dcp@mm@estmoﬁbw@haﬂawd bhdkGlouieSplism camies.  Wien
differential signaling is used, pin count of data ports, e.g., set point
ports, reatkghacdtdsay RBgeneh@r., used to transfer data signals, e.g., set

poi nts, read back data, variables, etc., increases, e.g., doubles, conpared

t O when .di f f er ﬁ&hb ! g B\aelrluq ar{oﬁs en odllflnsegtgj aefreﬁuengy r%gd bam g% f t he data
signals is inprove erwi'se, In anpl’e conmuni c |on ‘channel

i ncl udes OpgpWhf EnasMe g&%@;mdlﬁg égnﬁeq%émpgf ORI Bpovar BedMiid dy SGMENCY Set

poi nt SDO port of the PSPI" 210 Sends a frequency set point serially via a

comuni cat jQf. RaRBEor (8 FiQurd 17 rMdendy o@&ﬂ%o@@méﬁﬂr&%y%@éns&c& theof the
PSPl 203. [0048] urthernoré, a power read back SDO port of the PSPl 203

sends a pope geﬁe&aﬁnmﬁe efthy of a‘iecmrv d}d}w@@&ﬁmﬂ@@-@ﬂl@ﬂ’ HyheRS@RAGAGr Of the RF
gener at or (Figure 1 refl ected power neasured by a sensor of the RF
gener at or 1@8etc chah & M(ﬁ{rﬂﬂucﬁwﬁhalﬁiat@rtﬁh Regliency read back SDI port of the PSPI

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 real impedance SDI port of the PSPI 210. Examples
of a load 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 to, e.g., reads, etc., data from the

VMAP controller 208 and/or send data to the VMAP controller 208. For example, to select
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'by a’'DSP of the RF generator 108, etc., via a conmmunication channel O to a
power read back SDI port of the PSPl 210. It should be noted that delivered
power is a difference between forward power and reflected power. It should

be noted that in sonme enbodi nents, forward power includes RF power supplied
by an RF generator to the plasma chanber 128 (Figure 1) and refl ected power
i ncl udes RF power reflected back fromthe plasna chanbers 128 towards the

RE generator. [0049] Moreover, in various enbodi ments, a frequency read back

SDO por t OtLe f’é}ff 25)3S !'::I)III SS2 solgnﬂﬁggeglgvig‘thfe%Or?rHl?rﬁc%}{ﬂLc%mief@?. V@heg}_tgéjsg’%?pcy of

forward power nmeasured nsor gener at or Figure 1),

f fl J
requency sg;ectécglaisggrng%n DLt w&?%ogg%%@r r@fdrlﬁaffrcgﬁ th B?PI%S generator 108,

frequency ower a DSP of the RF generator 108,
etc., via ' ] u - | port of
z‘%ﬁfgg'fggg gx(% ]‘ﬁ%}ﬂef)&aﬁﬂéqg @lec@seﬁlﬁoﬁ’d &BP&%%&W&G&H@P p

t he PSPI so, 1h several enbodi nents, a real inpedance read

back SDO pgystan®the b6 265RE imdAdnaRA IS sRighB seRQfidd @MnuBicdion cli8sdl El@nce, etc.,
of | oad inpedance of a |oad via a conmunication channel C5 to a 2 MHz rea

i npedance Qi a POMHZGE pbrh@ftﬁ’eﬁ%l’l 2{00 a BX 828900 bf e PS03, Mdrbidler, @ne or nore
communi cation mediuns 122, 124, and 126, the inpedance matching circuit

120, the REletraab@itbsmitorthipionevhicBthe RFenplliasitl acdhaerPSH 2028¢ or a conbi nati on
thereof. In various enbodi nents, an inmagi nary inpedance read back SDO port
of the PSPmpR@Bnsdnds sgmlisragiviaarcymponitatiomchasneyC25 framaz 6@ e SS porcof, of | oad
i npedance via a conmuni cation channel C6 to a 2 MHz i magi nary i npedance SD
port of t hie PERR120A.27MHOSSH phhief MEPSPI20D sends a sl ave sel ect (SS) signal
froma 2 MHz SS port via a comunication channel C7 to a 2 MHz SS port of

the PSPl 203 t @38 €Ch cRciSE§HFORAUESR in RATBRNCHDLAIK fdieor B psptinOl | er 202
and the PSPI 203 are inplenmented. An SS signal determ nes which of the

PSPl s 203, vi2® Sommiiiiafén cBbhhell G85h @NRF Cirl-ELK port SfRIRASPI BI3C Alsofadreuntir om t he VIVAP
controller 208 and/or send data to the VMAP controller 208. For exanple, to

sel ect 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 PSPI 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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‘the PSPI 203, an SS signal is sent via the comuni cation channel C7. Wen
the PSPl 203 is selected, a set point nay be sent to the PSPl 203 and/or
read back fromthe PSPI 203 is perfornmed. As another exanple, to select a
sem conductor chip on which the RF controller 204 and the PSPl 205 are

i npl enented, a SS signal is sent via a comunication channel Cl6 froma 27
MHz SS port of the PSPI 212 to a 27 WMHz SS port of the PSPl 203. Moreover,
to select a sem conductor chip on which the RF controller 206 and the PSP

207 i t ed

oo O AR A A AR S, 2
C

90521 A1 gk SLAPRe B3 A S0 s posieol.he S

Al'so, a grﬁﬂﬂﬂﬁﬁhgpﬁks B-184 (rifrd B§f €rence signal, a zero voltage signal,
etc., is comuni cat Betmeen an'RF Grl-Gound (G\ND) port of the PSPl 210

and an RF Crl-G\D port of the PSPl 203. The round s establ i shes a
reference for a$955k; glfardous empedimpentsy ?0"5“‘8106‘6‘19 'lwﬁ?\‘%ltf‘e i’%g%rﬁléeﬁ"gd bet ween

he VNVAP [ 1
e D O A0 A ROl 200 205 S0 2T, Lo S oty
are commungat edebetueen Lhe PSPl 242, AR b1, FSPL205: iR rRprARN cat i on

channel s reover, ghal s simT conmuni cat ed

bet ween the P3Gyl e AR Lhe oSp Cgaa{ha AL G EihetssRoLhe PSPI 214

and the PSPf?39 25 conmuini ¢at i on hnel s n sever al

embodi ment amhélebrﬁjgézl;géz{@' &ﬁnbﬁa& eQQﬁﬂ?QﬁJe%sﬁ 210 bt SRnRleB 1d ACPsEdeeh Wi thin a

cable, e.g., an RS- etc. he communi cati on channels C10 thru C18

are incl Udelqa%t&/bﬂk%n@ﬂ@bﬁblégi@lﬂl)te:onxﬁctgd 1o 1R PSBRA3I% LRM B Bk Goin-dnd the
communi cation channels C19 thru C27 are includes within yet another cable,

€. g., an R?)ngt%gmﬁl@m:a%on Rlicces (BrQQ'rSﬂln])anlﬁy&fcomﬂwﬂ_ ddiios tigRadis C1shsen?y froma TTL
Qut put port of the RF controller 206 to a TTL input port of the VMAP

control | er p@&n thethoStR@dntl o@nddé RH gédaators Joe, 204, End C0E qothparpdbota lanktht he RF
controller 206 is the sane as the Sync QUT port of the 60 MHz RF generat or
116 (Fi gur ef algablanétwbik@selTha hampatk. port of the PSPl 210 is the sanme as the
Sync I NPUT port of the SDD 104 (Figure 1).

[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 PSPI 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 PSP 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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*[ 0055] I n various enbodi nents, communi cati on 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 exanple, the PSPl 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, swtches,
bridges, etc. As another exanple, the PSPl 212 is not connected to the PSP
205 via a network and the PSPl 214 is not connected to the PSPl 207 via a
net wor k. Tpx%mBlgltHé[ pd QR)%% {%pﬁe%%%glstglﬁgls&ﬂcé’ng WG ERo st 2 PR € | engths of

ru

conmmuni cat ron” channel s etween the host system 102 and the RF

gener at Orsiuﬁy?é%‘{e&%%gvjtllﬁﬁ%d%pgnﬁc% RloPhig, ndtnd BHFL 4 i0fmAenfiel iR L MO k used

in a networ n sone enbodi nents, there Is no packetization, e.g.

gener at i ng, FhherAgb Reekels, generating Ether CAT packets, etc., performed
by a PSPI. In various enbodi nents, | ess than 32 parallel channels are used

to transfer data signals between a PSPl of the VVMAP coptroller 208 and a
PSPl of an RF ¢¥R8k at B’r"aﬂ?iﬁf?‘B‘I"{‘]‘B"r“.ts’ 574 ek piy @naiis e 32 paral | el

channel s are used t%}transfer a gﬁ’lr read back signal. a

wer set point
signal, a PPEYRRSHLY ™ &&a BYRRes feFread 5t PO!

_ eF“ﬁu??ﬁﬁﬁg%%§pset pSi At sfgnal, a real

| npedance IcE@%@WeﬁggﬁT&n&g O dnggt?oql%ﬁ%%el?lggghoggﬁwg%dﬁlgg PSPl 210

and the PS n some enbodl nen ntroller is

| mpl ement ego“%ﬁ] seﬁ‘%ﬁmivpa ttﬁeengﬂﬁrﬁlhﬁatfoql QY 1%9' Rs %tﬂé@éx%%@ aFr)§BIba<9(f0f anot her RF

controller“is | emented. For exanple, the PSPl 203 is inplenented within

a sem cond ?gciugrgc% fi\'J.BeHom{e@ Gia %%hm%@lﬁcd‘tign j:tm?rle?@? Wn@rﬁioﬁ%é \biitinseﬁcﬁl‘ig her

sem conduc ip, and the PSPl 207 is inplernented within yet another

sem conduch@fer & pfint vidthS@URudicaRRRMAIEN hfd ot SMMING 2GRAlhS] BJ0int08 i S
i npl emented within a single sem conductor chip or wthin nmultiple

sem conducti@kheGBhf8nicdion chafeBOR! A yet HBBIRhmpAd, Qighsis sfvplidreaintmad t hin a

sem conductor chip, the PSPl 212is inplenented wthin another sem conductor
chi p, and tiheeRBRhel2d4 d3sCS, apd E€MBIdtsgaalnbfisétippinisetansfamet i@ theskamnao@2iuct or

chi p.

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 Cl1, C3, C5, Cé6, C10,
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‘10058] I n various enbodi ments, a read back of a variable is perforned
synchronous with, e.g., sinultaneous with, etc., a transfer of a set point.
For exanple, a read back of power is performed via the conmunication
channel ClI synchronous with sending a power set point via the conmmuni cation
channel C2. As another exanple, a read back of frequency is perfornmed via
the communi cati on channel C3 synchronous with sending a power set point via
the conmuni cation channel C2 and/or with sending a frequency set point via

the CommngFZaEIIP E'ﬁ@”@ﬂlé&’s 8’%%2%%}9, s&cﬂ}og%g \%Parmécfﬁ’mgﬂlg%ﬁ (gr?glf vari abl es

transferred Via e chann set points

”ansfe”eﬁ?&hfictﬁ@f&gﬁggﬁ P2 .A@qﬁot@e% 1etei1@a§e‘k%rgmgsen@fn9n the REAd, sent,

etc syncnronous Sl gnal sent Via t he communi cati on channel

C8. [0059] k. éﬂ{rsorerapmgpgﬁpm 28, §8264 BakciSbEanavith @adl othePRAWRKo I €ad back
signal, frequency read back signal, real portion of |oad inpedance read

back si gnakxth{hMaB@{NanH@ﬁédloQ&tﬁﬁchhrﬁﬁﬂdlmd@mcl@@dz kagkcisiomal , etc. is
an exanple of a data signal. Moreover, a set point signal, e.g., a

frequency eet, cp®iaid C34. gRahothe e HMPRY the eztnaﬁlesl tPensfSiiregiroatr, thesthannels C$, (3,1 exanpl e
of a data signal. Also, a slave select signal is an exanple of a contro
signal . [008al6l aio/an2,ais, AP0, QERNC23, atd@24hand tet pyisth efimadddbesitrgnsfempd enent ed
within one or nore integrated circuits, e.g., an FPGA. an ASIC, etc.

Mor eover, bver the nensaidC] CABCI SC 130620, and CA2raee sphchtdngedFticoricakeighdsent 202, 204,
and 206 are inplenmented within one or nore integrated circuits. [0061]In
some enbodiromiteRF GirlgRdd rort of fhe PEPL 240)| Asanghergkimpi thyetnek signgissert from
synchroni zed, e.g., performed sinultaneous with, perforned at a clock edge,

etc., withthgRE| QL&Pgﬁwf therRSPIs@) b2 @nd Iaresypohignizedswitl c4pisqths sl over t he

channel s d, C3, C5 OB, C10, 17
also with the variables transferred over the channels C1,C2,C3,C4, C5,Ce6,C9, C10,C11,

Ci12,C13, Cl14, C15, C19, C20, C21, C22, C23, and C24.

[0062] In various embodiments, a PSPI of the VMAP 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 PSPI
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

MHz frequency set point SDI port of the PSPI 203 are configured to read, e.g., receive,
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‘Cl2, ' Cl14, C15. C19, C21, (C23, and C24 are synchronized with a cl ock signal
sent fromthe RF Crl-CLK port of the PSPI 210. As anot her exanple, the
clock signals sent fromthe RF Crl-CLK ports of the PSPIs 210, 212, and
214 are synchronized with each other and also with the vari abl es
transferred over the channels d, C3, G5, C6, Ci10, C12, C14, C15. C19, C21,
C23, and C24. As another exanple, the variables transferred over the
channels d, C3, C5, C6, Cl10, Cl12, C14, Cl15, C19, C21, C23, and C24 and set
poi nts of variables tr anl§fer ed over C13, C20,

h A 1
and C22 ar¥°EYSERFDRPDEAP Y Zgo%ﬁrée@i%g%?g%g?&ggn qufzdglr]ﬁnf Wé’%?u&t rl-CLK port
f the PSP 10. t h le, t i the RF
Qi Lok poRgane Py BBl end I 2 YRS B BTSRRI | 1° 2
th d ‘ t h i t a, &, G,
G oo st M S AR B ek AR B0 Wi BRARGE, O 5% T
C24. [0062)4 0 ¥ 1R ovg%g bR RDY, 2 k! freﬂﬁen&ﬂ%aw SSONkE PMier 208

operates in set poin node or in read back only node. For exanpl e,

when the 2..Miz DOMRISDSor PRH e 23R AbH elifie DAY birtROREPNCY3 Set poi nt
SDO port og‘e tlhg PSPl 210 are confi gur%ldaﬁt?g#’gend set points, the 2 MHz power

read back [BPloenfihi8d ¥ sMda afidbRd WAREHSPL @ 80l thd akHSidhwer dehgbind SHHBort akhei Npedance
SDI port, and the 2 MHz i magi nary i npedance SDI port of the PSPl 210 are
not confi gunel flequenaddt foat KDV o ie @S P 200 AtetnoecomTfired20 R cei vissetgooishe r

exanpl e, when the 2 Mz power read back SDI, the 2 Miz frequency read back
SDI, the 2frbhizherrsai 210nmpedance SDI port, and the 2 MHz inmagi nary inpedance
SDI port of the PSPI 210 are configured to read back variables fromthe
PSPl 203, the Zqjdy hgﬂ%@.&?tﬁ%ﬁ&%é}hs, SPERORE ndRE stR902 e!\g!;%hefprspma@ncy set

poi nt SDO port o are not configured to send set points to the

PSPl 203. Ef&@@%&a, i3 OOB; ﬁ'@l@@%}%@ﬁt%daﬁ RSB 2SRt JRREGORIARIch§Ied €. 7., the
RE controller 202, the EQE controller 204, the RF controller 206, etc.,

operates i p fEhostiQtéth 1@ WuYpof® dRor Sfanple, WRAGhIFCIon@dlley 20MadkihplemRhite€xAN| €,
when the 2 MHz power set point SDI port and the 2 MHz frequency set point

SDI port of tkiedASR RZA3IDLE foanf ihgusEd 10 B coitied & dperate heCiiquency oficCess,
etc., set points, the 2 MHz power read back SDO, the 2 MHz frequency read
back SDO tghaedhdvhiz equabb 1 imEpehdaaOEHZp00emier dlock aigohl tdtbe RF Mamoller@f. nar y

i npedance SDO port of the PSPl 203 are not configured to send variables to
t he PSPl 2 1ihis Asanaie) tvherinsgead nfprheRF vinenlldr PeL, 2noMelzRIp owmepller Gmtishbawks SDO, t he 2
MHz frequency read back SDO the 2 MHz real inpedance SDO port, and the 2
MHz i magi nanplemanpddanclew SOPApbe RF 6frl-Chié pRep] theXtSBT 240ds eanfigureflip €2Fra® send
vari ables to the PSPI 210, the 2 MHz power set point SDI port and the 2 Mz
frequency et fregoinay legmhangdviiiz efsendpelqpspgnabyghegher REcondightri ghyphedldt o recei ve
set points fromthe PSPl 210. [0064]In various enbodi nents, a PSPl of the
host syst ehe 11(@@1 tha 1 é/H;IZ it pecXpmpEE algiltbg 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 S).'stem 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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'212,' 214, etc., is configured to operate at a data rate that a PSPl of an
RF generator coupled to the host system 102 supports. For exanple, when the
RF controller 202 is inplenented 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 nmegahertz (MHz) to send a clock signal to the RF controller 202.
In this exanple, when instead of the RF controller 202, another RF
controller (not shown) is inplemented on a slow FGPA, the RF Cirl-CLK port

of the PSPI co t C than 1 MHz to
send a cl ock s?gdr?g t?) t EIHC{WH%C%QCDS%\@?%ﬁ%Jrgvl?%ygr%o&{ufég%gz noted that 1
Miz is an g%?m&%ﬁanhg? ¥Jv%9§‘ae&%dnﬁa&9tprdtdcm Et?dbett\Peef’r ttME'Est sysRim exanpl e,

i nst ead of requency, e. c., may be used

Lo i 11 ust  ahnb B ichiRngnse @%N@%mga Sl m,chnmga Figure 2B

is a block diagram of an enbodi nent of a system 250 for inproving a rate of
transfer of,fakaoPpiasn i aphask issisd fihid e nas s IBE meRbVplleer 252,
which is an exanple of the RE controller 202, the RF control l'er 204, or the
RF cont r ol bglinteBéhnédrb Sih@udéA) PSPTNehigyiAdIQIR ABAple B&letithe forlsitP1 higs GPey st em 102,
the RF controller 252 and a bus interconnect 254. [0066] The bus

I Nt er connettht i2hdedivitharhaResniraleg252. pr ovi des one or nore conmuni cati on
channel s, provides a conmunication protocol, etc., between the host system

102 and the RE (691 T OhsRiuAR Al S A @ﬁ&g&ﬁg@&%ﬁ o FPfrlnc! Udes a PSPI.

whi ch i ncl udes I1s fitted within the

host syst eg}'\goqanenl\!b&lgﬁﬁ@JntroltléPQSM%he'hB&%&sWﬂﬁQrtclL%gflan& H@r{nl')&j%% %mESPl whi ch
i ncl udes tiple generator ports GPl thru GP6, that is fitted within the

RE control |greighoic., bARR{] Bdr eﬁamw e PspImat Editih ak heth tReMAD2 fckdRarts are
shown, in sone enbodi ments, the RE controller 252 or the host system 102

i ncl Udes apt ARSI sendS a Have sabdﬂglgna{l Recle@it@HSPI @ited with@fthdFOT doGtrollep252€XaNYI €,
the PSPI fitted within the host system 102 includes a port HP7 that sends a

sl ave sel egdr esdb@ipairovidingsdtaget., poer RERMintffrelgtencly st pdwicrerd hethRPSRIGEd ol | er 252
for enabling providing data, e.g., power set point, frequency set point,
etc., to thahiPSRIRHdohitedler 2462 bhé¢nablingecaRback@hdatnk lgethe &xiables VROl YRY read back
of data, e.g., the variables VRL thru VR4, etc., fromthe PSPl fitted
wi t hi n t hee®REfromriterPSP] fared 30Rin thaRFanatdiler 258 x Arpiogher ¢xampleIR P9 ofthe host
system 102 includes a port HP8 that sends a clock signal to the PSPl fitted
Wi thin t hehfEsysiomtldincledes 25ort HR thyesends globlerignakia thsIFEFT fitied wilgpithedit t he host
system 102 i ncludes a port HP9 that sends a ground signal to or receives
t he gr ound ceritighesi253- r et fethpspamygle, ﬁheé’éowﬁhﬁmsttsrféeﬂkaeW%q Rogtifds2.  As
anot her exanple, the PSPl fitted wthin the RF controller 252 includes a
port GP7 t Mt scpiseerapad sigiblor eaves degeqund sigiabirom %W‘E%‘%&F‘Pn PP?Ft 0
initiate sending data to the PSPl fitted within m 102 or to
it Cﬂ“‘f‘ﬁlér el

initiate rSEBPHT ARG dataRoPsrSrmRe ST et W&H"\}ae Ptem 102. As
th the PSPl fitted t t | ud

port GPa- 1 A CPLLaEba Heslise st V%“P&Eé?fﬂ% H?Rﬁﬁg%gg R KR ER iR e

host t . yet th f t RE

R e R A TS R AR P B

receives t rth% hggt?%&q] ﬁ)‘2g R@Lnoﬁl{epépaltnplg, tﬁaSI%PI Bltédtvﬁ%m\%é ﬁf? El)n;rgl%r B%t SySt em 102.
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
20



‘0068] I n sone enbodi nents, the port HPl is a power set point serial data
out back serial data in port, the port HP4 is a frequency read back seri al
data in port, the port HP5 is a real portion of |oad inpedance serial data
in port, the port HP6 is an inmaginary portion of |oad inpedance serial data
in port, the port HP7 is a slave select signal port, the port HP8 is a

cl ock signal port, and the port HP9 is a ground signal port. [0069]In

vari ous enbodi ments, the port GPl is a power set point serial data in port,

the port (%%k i esriaﬁdatarir? ?og}e, gé?é ﬁ%4 s%ifrrét %e%%{r%]:%lbac aster%é:g%a Flg)%;[a’t.,’ tFe;E 129?[ I—H%r t G3is

a power read back ser a out “po e port quency read

back i t 5 | .port J . i d
Dokt Ay R BB S ST PR Oy | e

i npedance R&d fﬂ%%daqgets@ri U&ta R oIt,’ thd ﬁb‘?t I-ﬁgri%a SC%H)/Z séléct ﬁg%ljlgo\ﬁ‘?gng gé)r?ﬁf"S i§iagna| port,

the port GP8 1s a clock signal port, and the port ground signa

port. [007QbkhgnRbl, ilPhe ENHEY R a RRVIKI sigRPANENt setting, e.g., a power
magni tude, etc., to the port GPl. Moreover, the port HP2 sends a frequency

conponent setti e.g., .a freguenc etc to the port GP2. Moreover, the
porta 1P ¢ hr o 0ER £ ofiis cubAmRl g Suber b fetus SEPTTBgER a ot i ht

vari ables, VRl thr R4.. that change .over .tine,. Fo amle, conpl ex | oad
! rpeqance, PYOMEPEKETR « bttt 0T Radile iy s PR OFERR fenifen. pover

| 1 i1 f . : h le, i
T VA AR S P AR 1

practicali uenc con requency has a

standard dgps atrONporfonVR ida@ MR dantd &rial dbd Bl pERGNGRS dFRGs MiGQHERCY over time.

In sonme enbodi nents, a frequency 1s maintained constant. [0071] The port GP3

sends a Pop&iod #@fd Riklant@deHR dad obt-port AhPRREP7TTRIM Ve Y& silafport, @ the port
HP3. Nbreo@%?? t he g@%ﬁaﬂamf seﬁdg gmfréﬁﬁéncy read back$§%1%e, e.g., a

frequency, p&t Gps is b BlotkEenBIGDE, Y He @B EOLis a ground signal port.

[0070] The port HP1 sends a power component setting, e.g., a 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 254. The
sampler circuit 254 is integrated with the host system 102, e.g., is configured within an

integrated circuit of the host system102. In several embodiments, each port that samples a
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‘[ 0072] The PSPl of the host system 102 includes a sanpler circuit 254. The
sanpler circuit 254 is integrated wth the host system 102, e.g., is
configured within an integrated circuit of the host system 102. |In several
enbodi ments, each port that sanples a signal includes a sanpler circuit.
For exanple, the port HP3 includes a sanpler circuit, the port HP4 includes
a sanpler circuit, the port HP5 includes a sanpler circuit, and the port
HP6 includes a sanpler circuit, the port GPl includes a sanpler circuit,

and the p a CUI 0Q7 The npl.er i recuit 254
sanpl es s.b%hﬁggw%%%ﬁb£§r“”“ﬁ Egeﬁ ¢3¥I Igg£vﬁfgsasmm%$ﬁrm“tmg, at the

ports HP3 oth}'sz?‘?uo%é L SELRELRM qﬂﬁ&% 98 u0e S Gppiel bRl FhOSK: dges,

falling cl circult sanples the signals to

capture o p%ﬁée's ann@tleqtcﬁcuqa&@por&iﬂ 1ncllflcfe§;9 ﬁ%ﬁclrchf? %9d lhgpﬁ'g@ﬂ?ﬁclu&eb e

variables V1 thru conpl ex vol t age, conp ex current, conplex V&, of the
pl asma chapbghield@uFi gure 1) and of the RF generator 108 112, and/ or 116
(Figure 1) ?he operating state data of the plasm chanber 128 is

detected, e.g., asured, sensed sens t age and
current sensor[mﬁg oI?ﬁﬁ@m@@H§BwfzﬁS@ﬁ@?@%?g§§ﬁ§6’ Vﬁ?ﬁ§xﬁg etc.

f
erbod ﬁn??%ﬁ%g%pé?é rengiet Bl o Selectegcfggkre%t ?%%“‘S'i“%%‘ocﬂ%%ﬁp| o sore

del ivered paye @ik 0 R A30R 5P E feé rfe%g g UL Gehtl, P 2 DSP of

the RF genera 8$C %%?’lhc ar|o
enbodi ment State Elzﬂz? e%quea&e'nagloﬁigﬁp%%aqgé ?nquna@f%s Wctﬁl@{l? @ﬁlﬁéx @/oqgéeUdes

frequency, power, “étc e RF generator. It should be noted that

the host sysipemchdd REAMEOCEI @fﬁ@ﬁla%‘cﬂ&mbeﬁlﬁ(Flgﬁ’reflfﬁq'épl'ﬂ@l(Fset point, a
power set point, etc. to an RF generator. When the RF gener at or receives a

set point. éna%toRﬁ)sgmez{rﬁIopr16?@Jg§re@pweme @&dﬁ@rstaier@ﬂwemeylabm&nwﬂ the set
poi nt. For exanple, the RF generator |ooks up a set point in a storage

devi ce of 1id¥as &Fee&@,ﬂ:.egf,aﬂieQ{uretdQsed@H,Q[cmbSiQ séhBor A56,QGloRige dnd dirrgnt senkérnked, etc.
drive power and/or frequency with the set point. The set power and/or
frequency, vatage sensoh @ catenvenpnwpbwanehsat etf.y @@uBRA@yheraet that indlsdepthoRFded to a
drive of the RF generator to generate an RF signal having the power and/or
frequency. gdne@idd¢dnirolmREd ilmemntesmbpdinnits the foparaing st dish.@g., apraplex ansf err ed
over communi cation channels between the host system 102 and the RF

cont rol | er gdhs@a, camplecdaiysred povert die, dfitheelagmz ¢ratpbard 28 ndeterdencibpaWShcy, conpl ex

forward power, and conplex reflected
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
associatéd, 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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*powet. Conpl ex power includes a magnitude of power and a phase of power.
Anot her exanple of the five variables include frequency, conplex voltage,
and conplex current. A conplex voltage includes a voltage nagnitude and a
vol t age phase. A conplex current includes a current nmagnitude and a current
phase. In these enbodi nents, five comunication channels are used between a
PSPl of the host system 102 and a PSPl of the RF controller 252 to read
back five variables fromthe PSPl of the RF controller 252. [0075]Figure 3A

i's an errbo Awrg?néonsj flex o%rrnlcn.gi g:l %%m%e%@ﬁq&epngh%@%&th%ﬁrrpl I ng, €.g.,

r eadi ng, cessl n our- vari a and VR4 in

synchroni Z@Ja iR Wﬁgﬁveavaﬁll gn@dggﬂ?dsumg @s;'vagg@a,}é%mg RxEfRRESENted as an

SDI  si gnal e varl a pre ente as an signal 306, the

variable V%?’nﬂl& VBE’%E ﬁl%ﬁlﬂés%d/oﬁa%e ﬁl@gnﬁp(he aﬁhgoalag se, %%H&JEQCM?CH able VR4 is
represented as an signal 310. An exanple of the variables VRL thru VR4

i ncl udes f HER§RAECYrenPRNRItude 28R4 cuR@AtlphB. BfhdsOdsbolimRedaree, and imagi nary
portion of |oad |rrpedance Anot her exanple of the variables VRL thru VR4
i ncl udes f t@GmaRaYon chginélage usta gaivbahdEPSPLofTtieadbt sPRGN] (2ueea PSMAf pbase bet ween
the voltage and current. Yet another exanple of the variables VRL thru VR4
i ncl udes f REqonenlyr 2520@lréad dackdivp caniablenfgniht BSIE of dn&FcompllgxX5yanma. Anot her
exanple of the variables VRL thru VR4 includes frequency, delivered power

nmagni t ude, andc@ggﬂ gicg]l&[lrg%g 1§JL§; cdanSE Ommgalamgw 8 l\%&sutaﬁ;gl ~ariables VRL

thru VR4 inclu ency and conpl ex ower, ncl udes a

vol tage magnifilde, RaGHY, E&Qstsmg%gsn'o?fégﬁvan?d?éi\ﬁzlpbﬁ’i@vﬁ%einwlﬁ he vol tage and
current. Yet anot ﬁe exanpl e of the variables VRL thru VR4 includes

frequency aneh&RIRbEXIH £IORGLRH. PRVRFabldWR £ rdpRGdnkd @S ars I QIghA 364, MBgNI t ude,
a current magnitude, and a phase between the voltage and current. Another

exanpl e of mkR@iavRVRRE BFresdid ishih BDVEREnal 05| el eFiablt ¥RB@IEHesaitel LaApl ex V&l ,
whi ch includes a current magnitude, a voltage nagnitude, and a phase

bet ween t h8DLsignaE308, aad the waHabROR4 i BPréGhkdass@\SBI 8iknab Moo Ginee4iipse oftiiee

vari ables VRL thru VR4 are communi cated exanple, the four variables VRL

t hru VR4 araiablenyiRihihcaVRtindedesviranuetdcheoRSPtealdibBiof bf Igatr iep@iahceaand t he PSPl 203
(Figure 2A) via the comuni cation channels d, C3, C5, and C6 and/or via

t he conmuningginkry potibapiieddIm@BRAance4 Ancller exangle©6 the MoTabloy ¥R | thasVRhot her

exanple, the four variables VRL thru VR4 are conmuni cated between the PSPI
212 ( Fi gur acldes frgaugneyheolt@SPhagpipsie,(c@ireny magmage, gidzphash detwesmibiolizaei on channel s
Cl0, Cl12, Cl14, and C15 and/or via the comunication channels Cl11, C13, Cl4,
and C15. [ @OFR[aheYeprier eiaginilof he yarjableg KR bibghRbinglpdes ffeauePryck si gnal sent
froman RE Cirl-CLK port of a PSPI. For exanple the cl ock 5| nal 302 is
sent from BHHeTRIEPQEF Magojtpdengdicompley gpmmpsppnotbergxamnlegfithe vaugbles XR1anot her

ERGN TN NE DTN, s REL S R e
208 sanpl einotﬂer 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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‘'SDI signals 304. 306, 308, and 310 at a rising edge of each clock cycle of
the cl ock signal 302. For exanple, bits of the SDI signals 304, 306, 308,
and 310 are sanpled at the 2 MHz-power read back SDI port, the 2
MHz- f requency read back SDI port, the 2 MHz-Z real -SDI port, and the 2
MHz- Z i magi nary-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 SD
signals 304, 306, 308, and 310 are sanpled during a follow ng rising edge

of sampt i ng B eatp R B oy RalThe AHTBH FRIS | 0¥ 07

edge 312, P t) t n DI signals
304, 306, §E)§‘ﬁg§l§1§§at i mﬁ‘ﬁﬁé"é’ﬁfg“a‘%‘f‘)"fﬁ’ ggdgpélgé{)?gqé%ﬁicff the cl ock

si gnal 30 2and[09 Oif He PR OB SRR TR AL 84, (B, Rk, Moredler BEafistidt EQIpRI  sends
bits of the SDI signals 304, 306, 308. and 310 at a rising edge of each

cl ock cycl ge @fur {dn@bIed VEKnSIVIIRke BRunichtEd %R 18 PSP 3 (FBdurd 119 o8l Signal s
304, 306. 308, and 310 are sent fromthe 2 MHz-power read back SDO port,

the 2 MHz- e eSRIQUS Fiduesrh) Racke Ohupioston cliangels2C IMHz 127 Cl € ahd € Bagld/back SDO port
and the 2 MHz-Z imagi nary read back-SDO port of the PSPl 203 (Figure 2A)
duri ng t hevikilsicogmedgeoschanmel CanheC16) Okkandyibe of the clock signal 302. In
sonme enbodi nents, instead of sending bits of the SDI signals 304, 306, 308,

and 310 at the gqﬁj ”ng? ?l&ﬂ 3(?12*1 ?feigﬁqél ﬁhw%é@ha@ 9Rahs, R4, 306, 308,

and 310 at a f ing e eac si gnal 302.
[ 0080] The ééﬂ@ll‘ltﬂ(g't& P%?quop&aﬂf)lertﬂa%logpélgrﬁl ﬁﬁ@é S thgﬂﬁCtrﬁ@@K and 310 in

synchroni zation wth, e.g., sinultaneous with, etc., with the clock signal

302 i s norgoeiffiediseniolhiaie 8a5 atRh&RSG e%p&emdueg( @nam@ls\é@fﬁmﬁlt@ with a
clock signal. [0081]In various enbodi nents, durlng a falling edge of a

cl ock cycl grefn-the pek ok BEPYPE) (FOR2A7 bit, e.g., a bit Bl, a bit B2, a bit
B3, etc. of a varlable |s set, e.g., sent, etc. by a PSPl fitted within

e Eont L il S g P A A A B AR o0, ook
102. F | ock
si gnal 302 Dnnggt 3B Al 5‘{1‘8“%2?@%% 5 91%8“"‘3%19“%‘1@ Qe85 (P gur e

2R and dUsbGofeghil Ml BURPSIighle a6 ﬂﬁkmyaqlh@m 5D @rdich of e 4 RiEGIEd by a
port of the PSPl 210.

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 controller 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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‘[0082] I n several enbodi ments, 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 PSPI of the host system 102.
[0083] I n sone enbodi nents, during a precedi ng 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

£07 (P 0 s W U A a0 AR B A TP SRyl iy0, 05,
duri ng a f%LtLad%g%e%ﬁlggbl {ﬁlesb?%én %égjf %8@f Oé E_(?d ﬁb%ﬁgpﬁ&%he ﬁgzthe a bit of a

vari abl e i s Set ure during a rising

edge of thgg |26)§;t]ﬁe §I¥féJ g%als He 38y, Sod Snd b chlqgh%yed?e Dty chck the R 203. The

precedi ng edge precede e next edge. shoul d be noted that
al t hough Fig4r&n3A0b.S descrlbed using SDI signals 304, 306. 308, and 310,
in sone enbodi ments, SDO signals that are communi cated via the channel s C2,

4, Cl11, d Fig 1
(0085111 shoul dUebl: nafs @%IH%%E&%?”M%#@ i Ao S e e
I 1ustrat ed !:hr} mI Eur%th&g};l Isnrr]m agl%/o)e?l; ?Xml[-l epb dt'hnf%c ock 51§rgY3&tlpr%5re QHH?&?I" of

vari abl es,

than a sampling or sending of one variable with a clock 51gnal.

[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, etc. 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 PSPI

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, eic., 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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10086] Moreover, in sone enbodi nents, each variable is an n-bit variable,
where n is an integer, e.g., 12, 13, 14. etc. In various enbodi nents, a
frequency of transfer of data of a variable is a fraction, e.g., half,
third, fourth, etc., of a clock frequency of the clock signal 302. For
exanple, for every two clock pul ses of the clock signal 302, a data bit of
a variable is transferred. As another exanple, to transfer 13 bits of data
of a variable, 26 clock pulses, e.g., edges, etc., are used. One cl ock edge

G EN I R R R

enmbodi nent s, cloc rgnaf,

signal. et %(610%%(%" %nggggfr{gg%gle% i entsE §!§o gilcﬁ)a(ljJ(thzﬁz Qgrlnmg’rggdt&'i% e frequency

| ess than gure is'a diagramillustrating a difference
between a fiphleiR3r @k l@h, 4 80 fifur) a8 \Hing uReRck GigRpier of data. As
shown in azpafgﬁﬁéﬁ’c ain 352{‘ﬁg}§ islﬁ%llym?ané?eF?gd in parallel, with

each bit of data sent over a different communi cation chanpnel . For exanpl e,
when a vari abl 40088k 15 shujddfursher be pptpd thpnplihgpghdaur yprablegyarg dlvgtraigdds o eq

bet ween the_hogt,systen110 ~and the RF c nt¥oqur 252, it. takes 52

conmuni cat FgHe dhafnare! sepofimsps ey oPHEUPRT O \APTEhT &sM RV EAPUSYRA bet ween
t he host SéFt n1%92 and the RF controller 252. This full parallel transfer
adds real &8 %t%€°%e.g., semiconductor chip surface area, ports, etc., on

t he host system 102 and the RF controller 252, and al so adds real estate,
e.g., wires, etl0086] beMeesorertiheonromtbodiyents srch@rizhleds anrebiRErgdnvhere| er 252.
Also, the full parallel transfer adds to noise, |loss of signal integrity,
etc. of si@ifaniniegenpss & ddd4oien HieURALRHIMENts ;KA RSYS ravffre At B9 bits of
the four variables VRL thru VR4 are transferred at at

si ngl e cl oeld SHake is afractionfegy hplf. firdfours figp 8tiacﬁ1°°§§2q‘{ebcyt‘1|ﬁg‘§ ’ﬁngli 59@,&915? temalOZ,
Var i abl be. 8% FeEstemile i v A PEBH i Stk S It B o NS i e at
seq t han_ BHEETHEAGNT HORRERIRT. iaair oo P e VERBp i kRkplest oar - © 'S
Cranster, 55 ERShabr ub AAR0R bl 2 Bha By e lod e Wl B O

nunber of 88?@1!%%&%%9%@%&%&?& ecﬁo%ggiggﬁgglzgeg ] m%iokgggﬂ 2901 host

system 102 and on t controller so reduceés real estate

bet ween th @logkos?gtnal§ é/t§t RThAe erﬂ&gﬁrﬁéﬁﬁ, & c]G&QIg'ﬁbe?ﬁasf%%l%que@éysl& iHah S0’ €duced

S
nunber of communi cati on channel s reduces chances o oss ‘of signal
integrity, pghances of noise, etc., of signals in the comunication
channel s. [0089]1t should be noted that bits of variables, e.g., the

variabl es VRI t[{)]&sl’%] VR%igure 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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‘are sanpled for 13 tines to capture all the 52 bits of the variables VRl
thru VR4 when the variables VRL thru VR4 are transferred over four

comuni cation channels. For exanple, four bits, one bit of each vari able,
is sanpled at a clock edge, and four bits are sanpled for 13 tinmes at 13
cl ock edges to sanple 52 bits. Wen the four bits are sanpled at a cl ock
edge, data sanpled is less than the 52 bits, which is the full parallel
data set that includes the variables VRL thru VR4. [0090]1t should further

be not ed t g')glt va}i&?eswgr{l %Rusa.%gxag?%rﬁe}igt a [ﬁ?g%g, %Isaam?% ’ClOgI &l ¢, € r, %'.Olqeant f or

il lustration purposes only an no ndefstood as I'i'mting. For

exanpl e, I@§kfg%1§%}0ﬁ%§2 to%%kgg}';sstemjlbrb?,earfull ﬁarglel dagaQeti;&anséLged. 14, 15, 16, etc.,

may be use igure 4A Is a block diagram of an enbodi nent of a host
system 400, which is an exanple of the host system 102 (Figures 1 and 2).
The host syst eM880 | herrirsycyvhpphaforpyariables 4 KpcHBeo e 3oty |t
shoul d be noted that |instead of the FPGA 402, . agx ot her i ntegrated
circuit. el ceagfirtbityala clopkRdag, gicy Qyeg COMNBKALE,C] rlnﬂé’tag%fﬂmﬁli’be? tfe

Ty be usetinTonsr e ehek bt (Al Fir B Lt SR 06, whi ch
I's alsor eIls%cli [oeuginsfer 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 loss of signal integrity, chances of noise, etc., of

signals in the communication channels.

[0089] It 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 VR1 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.

[0091] Figure 4A is a block diagram of an embodiment of a host sysiem 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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‘to hérein as a PSPI. The MSPI 406 includes 27 pins, which includes 9 pins
each for a PSPI. For exanple, the MSPI 406 includes the PSPI 210. the PSP
212, and the PSPl 214 (Figure 2A). The MSPI 406 receives data, e.g., power
read back froman SDO port, frequency read back froman SDO port, real
portion of |oad inpedance read back froman SDO port, inmaginary portion of
| oad i npedance read back froman SDO port, variables, etc., fromthe PSPIs
203, 205, and 206 (Figure 3A), and sends the data to a soft-core DSP 408

and/or to g},ﬁmf@heﬁgﬁ@gm Qi fe A Wi [eQO%ﬁ;IbsseaoMgres&a;q ﬁ&ﬁﬁ)@ i ncl udes an RF

transm ssi O iSa conplte ener at ed nD of the RF

transm ssi anzrcltpwagssc;lr%@4 Ql:)’ (ghgr?ntég}a'ted%gEuneé(gnﬁJ& &SE@ eE:P%y $0&seh Pl ement s an

el ectrical cult that includes el enents, mhlc are electrical conponents,
e.g., capacitors, inductors, etc. transm ssion |line 130. To

|Ilusérate whd$92he f#EERQQﬁﬂ%W§§@8ﬁ“PWW@e?@é”ﬁﬁ%ﬁﬂﬁ@?mﬁﬁaﬁﬁﬁﬁﬁFﬂr havi ng
t CF d

The sof 1 - B pept RS i S Do SRRAG A Bhsrh RSP REPER R or | ronry

and a capaﬁ:gt gz{ng) n@é\{'{ rﬂ%Pﬂ(ﬁ@HS%JﬁE %n?ﬁq%o% FRpfs Martheecb‘éﬂzm éﬁe FPGA 402

Ic
COI’lI’lECtS t ectrical cCi I'CU t ﬁ‘E manner,

seri ? Y. TB%R’%H ﬁk’rec 11-\'93 dV\ﬁ ﬁ@/%r ﬁb\Q’m i%}n &I{]ﬁ)@h - u%ﬁéy rgagrrponent S

are connec exanpl e n I nductor 1§ conn In“parallel with

a capaci t Ofack¥; nrgllﬂlaﬁl SbB OBE‘CJ‘I %&H&{Qﬁ&'d eldédagre!r(?’lga’ck Frbr‘ﬁ' ar §1f)b pSIQ re DSP 408

i ncl udes an 1 nduct or onnec In parallel wth an inductor. [0094]In some

embodi Ment §,,,{nBS LR &floddHBpddinck FA B4 $9MQR sHOAR, vaRibldsTRE FRIAEH: Mt chi ng
nodel or a conblnatlon of tﬁe i npedance mat chi ng nodel and the RF

transni ssi pspremEelosadng 208G geeberh) Winll RinBs thd @50 hikoft €D EIBRIsMAGor idhe | npedance
mat chi ng nodel is |nplenented wi thin the FPGA 402 based on the inpedance

mat chi ng Chigk-tbetd pofi10( Figure 1) in a simlar nanner as that of generating
the RF transm ssion nmodel fromthe RF transmission |ine 130. [0095] The

variables r ecel[&ﬁg] byTBe soft'v§ DSﬂ’QlQS %clleldeé?nq] katrarpsmlstsBl? m%@ whlcQﬁs via

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, €.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 connector in parallel with an inductor.

[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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‘t he hi gh-speed port 410 and a hi gh-speed bus 412 to a hi gh-speed bus port
412 of the m croprocessor 404. Exanples 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 WMHz, etc. The variables are communi cated via the high-speed
port 415 to an SDD |l ogic block 416. A logic block is a conmputer program
that is executed by one or nore processors, e.g., the SDD | ogic bl ock 416
i s executed by the m croprocessor 404. In several enbodinents, a |logic

bl ock is i it hi ' | | ogi c
D100k 2o LTI £l My F BAARR o los RADITHELSEP 001 0
nlcrosecongﬁmmﬁgm§ﬁgq§@s 5 seconds, 5 microseconds, etc., to variables
received via the high-speed port 415 to generate statistical data. For

exanple, the SDD lLogic block 416 generates a nean, rollin i.ance,
medi an, node, $909Fkar Gheatiblas sy RPLNIRRT 496 A Sephirom H’L"M%ﬁﬁ&{‘i‘? e range

(IQR), etc., fromyar | e cei ved a the hi spee rt 415 to

generat e slhaf"iggffi’e& rH‘gBé“ds&rlBg}l ?pFW&”Fézéan'ﬁB @%b‘lsé’&?gl q?gi?k 416 generates
a mean of nulti I Qi Ve the co i C n channel
C10. In thinécr(’pfc{g i3 4§1Jt1 F%xﬁm P %eﬁgto%h Fpi eusvlélﬁguale a%u? s Uans?gy é]aéa a?é(l()logl ved over a

L1 me o, B L&, of 889881 dovoo 2 RRL DT Mﬁmﬁga@ Nyc, b SDD 1 ogi c

bl ock 416 genera ian’o val ues of real portion of |oad

| mpedance [ SRk Eotlnfinfclifa ﬁg[rgg\g%hgﬁéea &ﬁwghedm%gw bidcl §ii6S alibdigist r ati on,

the nultiple val ues oad 1 ance are recelived over a tinme w ndow of

five m croggaafdSomufiPSéirAs tanQtRetied by dﬁ@%ﬁﬂ&ﬂe?fécesﬁ)ﬁ bk Sthe $BDGYic 1 S
assigned to a first variance of a first variable value, e.g., power

magni t ude, pPHARB is Rbited by BE HidtGflodeRor0l] Sbvekdl BRRbIMNNEARYY lodiBblbédis exanpl e, a
second weight is assigned to a second vari ance of a second vari abl e val ue
recei ved WdigMmieniel &ithih b integiated cdundow, and so on until an Nth weight is
assigned to an Nth variance of an Nth variable value received within the

fi I‘ st . time w ”%’d%] ﬁe S[PB logllc%ﬂ)cf( Qlt6ea%?hes ggt t?ﬁlgal %n@%?m%l%{l QVCI Eleng hermore. in

this illustration, |rs I'i'ng vart ance t1me w ndow is

det or m ned, 45,2 SUB Al oBebldl 5b REARUCL el SHBbkLcib YE @Mudnd Lhe T 1t

vari ance, a secord pro of the second wei g e second vari ance,

and so on WaLildg Bnd¥ikh- @E&%ﬁm% bR dNidusiig] bt rendahhle MdbIVRE: t?nﬁe I't

should be noted that Tnthi's illustration, the reception of an

vari abl e vglhies18YeRrdRes me®, rdilit vE@mbe, $48ihe Modd 2tahdaRiNbeFaddalbha@huh he RF
controller 252 precedes reception of the Nth val ue by the PSPI of the host
syst em 102 ofifi@iith lilvergReik raafe GOR), RE, Ganlirblkekcedla via BieMighapdey porfdisecond
rolling variance for a second tine window is determned as a sum of -an
(N-Mth predidadrat@ftatiica( dtdV)Tohlluseatg e SDTH0gI0 bloliM b lgenctutds ameen &nd so on unti |
an (N+P)th product of an (N+P)th weight and an (N+P)th variance, where P is
an i nt eger mghipktveluestdfipowez escaivedAliastbe cammunizationichdnod (016t Inolrs illufetisecond ti nme
wi ndow overlaps the first tinme wi ndow. Various other exanples of

det er m ni n¢hestudtiplestaluesdf pawdraretrecejpyed $vor MirBDEIndeveofdesmicioksends.nAg, S,
Provi si onal Patent Application No. 61/737,623, filed on Decenber 14, 2012,
titled " NEAMORSIFORICOVPOPRTOINIGH 45 2enpias CBediare! SRAPleSTe F@ATA

DECI MATI ON', which is incorporated by reference herein in its entirety.
[0098] I n aPertirbelioad impedenselieagivadyia tharomappicatisgickanpil Gk Inghisillygrageas any

val ues of a variable received over the tinme w ndow except for a statistical
val ue of t H& mpdivieatsiugs of iese imBedsRse are raceiuedSres 4t vndom @V%’T’S“’é"r‘:&%‘jés from a
storage device, within the host system 400, val ues of inmaginary portion of
| oad i npedance [@097ept Ak @fiotidr MRGHa86h, @first Weight & dd@gned A fafnOhdvdce dxanpl e, the
SDD | ogi c bl ock 416 erases, froma storage device, within the host system
400, val uesirsofaribble guency., greepignitate, phasmele, ofeiveh & afabtuies witlowy &t anot her
exanple, after the first rolling variance is determned, the first thru
N-M 1 vari & example.aeecond eeighd lisstsoghed roorseeoné vasiangemf @ sesongrvadabledale ces of t he
host system 400, where Mis an integer less than N. As another exanple, the
first rol | rsgfvedawithimbefinteimeyeinde. endesd of pesiroNE vighhis peizaeddp agliihdevi ces
after the second rolling variance is determ ned. In sone enbodi nents, no
decimation is perforned in 20



‘the host system 102 (Figures 1 and 2). In these enbodinents, all val ues of
a variable are stored within one or nore storage devices of the host system
102, within a virtual nachine, etc. [0099] A bias conpensati on nodul e 418
determ nes an anmount of bias based on the statistical data to conpensate
for the bias. For exanple, upon determning that the statistical value is
outside a pre-determ ned range, the bias conpensation nodul e 418 adj usts

the statistical value to be within the range [ 00100] In sone
embodi ment s IECh%fépnﬁt var1a qsear[ !:e?rg:d w1t the fl}sjf% d\eNtmedow \’Q’l §e I@‘lsggwer and
frequency BRaE oA ustedstat st ar de ‘and provides the power

and frequepey., ore%fgﬁs}%}og%@f)%ﬁ%%&%k dlﬁi’sﬁatloh.*}eﬁrﬁ'nﬁhn Sage Pﬁleﬁgs? t he

hi gh- speed p e comuni Cc on channel's, e.g.,

2, G4, Clt]'me %ﬁow gtdgtem(ngédqy{l ﬁlrr?(ﬁ‘)a’flrétlﬁl%qu& O tﬂg @r@tsw ?%ht eﬁﬁtthem?étnt s to the RF

controllers 202, 204, an Figure 2A) for real tine control of the

syst em 100, GUl €cohd proliitt ¥@hd Qk’o%d %ﬁ%%@%&mmﬁa&e asd HURRAMSAL i on nodul e
418 provides t he power and frequency based on the adjusted statistical

val ue vi a therodMEoGRONERLgRah®ife RiH0OGKarde At §hould bPRYdd thf inGthis ilREkrEbA) €T Net

port, an Ether CAT port. a USB port, a parallel port, a serial port, etc.,

of an RF ggBekgihion of an N-1th p4HA818 1lueltiea FEPT 6T e g 1620¢bni NPIPUOREe an
event/fault detection nodule 420 that detects an event, e.g., a fault,

wi t hi n t heREysireliar 200prédeilayuigceptibp of the Nth, valub by the BSETef hhasshestethd8? t he

i npedance matching circuit 120, the RF transm ssion line 130, the RF

gener at or sfraid&e PERDOS (e TR, coatradler 252n Simdlatly, b sevend olling exiamplf@ 2 sepooch det er i ni ng
that the statistical value is outside a pre- determ ned range, the

event / f aul timgwindew isohtermiohd|asa a@0ofce (M’ product bizn BIMEwesizht dadan Bt cur r ed
within the system 100. An indicatjon of the gcgurr ence of the event is sent
fromthe eW%nY%?ﬁEPPd%%Péé@@@ﬁ*ﬂﬁdﬂP@wW%@n0?5“aWVWE apdarfintat i on bl ock
422, e.g.. an Ethernet comuni cation bl ock, an Ether CAT conmuni cation

bl ock. a USWB‘a?)“Gr‘t’hereaP et ek gifeﬁfeéﬁhF’h%?é) Ay ndip Wipstratjons foe P%P“dp‘B‘i‘e[ a

par al | el port the 2 MHz Tx/Rx, 27 NHz Tx/Rx the 60 MHz /I Rx (Figure
1), etc. YVH‘ %gve&ﬁr’%erfgstd'&?.“e%dgw Saaous O] §Se°rﬁsrtgf“efrngffrﬁsmfﬂ>ﬁe RF

gﬁg%ﬁtegr of ¢ e EHOR E e oy S an e e APt O Ver . a
processor, f[%% becef%ﬂeor’]‘?r 20‘?% A Il\/[ﬁ!—&?% réR EBRIP tr,L\TF‘(SI\‘J:OF s‘f'ﬂ‘rﬁtrléss Oper ated

by a user. ication on a devi Ce,

cat hode ayoﬁ@gﬁﬂﬁ@mﬁm ﬂﬂ Y hh ls%c%g'oaréd q?}/er&g,ﬁe ﬁerélr aht e t i ng
di ode di spl ay device, a plasna p ay evi ce, ‘etc. the renote conputer
system and; gy, feci de to take actlon to resolve the fault. [00102]

Figure 4B is a bl ock di agram of an enmbodi nent of a host systen1450 whi ch
i s anot her exanple of the host s sten1102 éFlgure %ﬁe host sten1450
is sinilar to tl ‘é’shosﬁnaswbsrrﬁf&o s SHRYORRR 1 érrestawe . system
450 includes a . cro r§§ 452. The m croproce s . similar to the

m cropr oce$ aoYﬂ“ﬁ F&t R)'neé‘ﬁirbdggtex‘ieﬁ%lff’r aémr‘ﬁals‘rag'ﬁ%t %%@8‘?13 i ncl udes

a vari abl ee&‘r)n?)ye, t%e §1§6 logic block 416 erases, from a storage device, within the host system 400,

values of imaginary portion of load 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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‘100103] The vari abl e nodul e 454 receives the RF transm ssion nodel via the
hi ghspeed port 410, the hi gh-speed bus 412, and the high-speed port 452.
and receives the variables, e.g., |oad inpedance, conplex V& ,6 conplex

vol tage, conplex current, etc., fromthe MSPI 406 via the high-speed port
410, the high-speed bus 412, and the hi gh-speed port 415. The vari abl e
nodul e 454 determ nes variables, e.g., conplex V&, conplex voltage, wafer
bi as, ion energy, plasma potential, conplex current, |oad inpedance, etc.

at an outpuyt, of the core P 4 b ab es £elved fron1the
MSPI 406 aﬁah%shglstgl&léf{li%ureé%amPZ? In tg%s‘?’ae’g?:"?i ’%"r‘n‘geéﬁa“alue“’cf”m ., of the RF

transm ssi schrecgm (?hm one|:c>(r)';rl exs%n}) v1c\lvtF]nghe h%?t% %IJHP ?(ﬁ {ttfin & 99@5]\4&911{3/ a the
comuni cat{on channsl’s f A1 s z1 and an i npedance of
elements of the RF transnlssion nndel is Z2, the variable nDduIe 454

det erm nes an i npedance at an output of the RF transm ssion nodel to be a
directional sumof Z1 and Z2. As anot her exanple, when a conplex V&l

recei ved via t K08l coWﬁF‘&’%&ePﬁHOTb‘H%qﬁ‘}?é‘ﬂ%d?tWhﬂ PR Of Plassed L onpl ex V&I
of the RF transmi ssion nodel is % ng%e% : variabl e nodul e 454

det er mi nes' 5“&%1 daga (ggpmpgnsagfonile pat FoF ex?ﬁglefﬂfo‘f SFOHed SR rodel to be a
di recti onal The SDD |l ock 416
recei ves tﬁels{}??rl Y%ﬁl‘%%"tsl’(fc?rﬂret ‘ﬁée“\‘}‘g?‘i‘ Ebi%e tgel]ﬁ | 4°mpﬁr§ﬁn d@g? fe%ratc)1 ntgs a
statlstlca{ &ka to%ewu HE Wi ndom1fron1the varlables in a manner
simlar tofig 5 Red™apove *"Rbr eover, the bias conpensati on nodul e 418
recei ves the statlstlcal value fromthe SDD | ogic bl ock 416 and determ nes
a bias to appl y0Q180k hin soma srpedipeairbie biaxgmpesgjipn aodyle HEdsifrpiAesiEhe
statistical value. For exanple, upon determnin g that the statistical value
i s outsi depwﬁﬁﬁ@if&é?@?h‘?%@wnt@ﬁaéé‘%‘l Hatisiqabvaie 38 EESW?FéH?é’PWEfr?"?mduI e 418
adjusts the statistical value to be wthi

hol d.
conpensatl8ﬁwﬁﬁﬂdPémﬂE§’?@ﬁd@“ﬁﬁ%ﬂ?h&ﬁdﬁ?ﬁg gﬁéghﬁ W depg%ﬁlhe adj ust ed

statistical

nore PSPIs N{JQ‘IP?% “Sﬁqle%ﬁ‘lg’mﬁﬁa%r@%@l’ﬁ;? £ 2%#1{&? :)(f ﬁeég ég‘g 2X? AN t((?)(r)]g o
Fi 2A
(Figure ?lg G%ehgg}ntgp) tl?e con%rﬁlers ?Qwe%§ ?({6 é?rgur?-egj‘]tlor reélljt%lquﬁtg)ﬁ 5@ nes a

power and ase juste i‘cal” Val'ue an provi des

the power g hysftem feug?ﬁ ezrf %w@@w%g%ﬁ)@@ggn&,@a@go Rsaibifodlifig speed bus

412, the h|g e conmuni cati on channel s,

e.g., C, g%wdgs dlﬁ povx% afcbqggirof? lﬂe%ﬁjug&%tauéﬁala‘aﬁg bgtnetpaPl €, the bias

conpensatl es the power and frequency based on the
adj usted stahhafid6a bw&w@w\@p%nteg a}{wﬁeﬁl@trpmrunmk@@r Progksh@enta0 a port,
e.g., an Ethernet port, an Ether port, USB port, a parallel port, a

serial por bara®l fors, a MriaPdrtRitc. 2 BERAL&krator. [ 00105] The event/fault
detection nodul e 420 detects an event mnthln the systen1100 (Flgure 1)

b d t he st I 416. F
S o e AUTL TR LRISL YRS gty e ©
pre- determ ectlshan even% e%lr :_zjig%lt w1thnn t%nt /stfe%"{l()& %tre @ éé);[\he{g? lxa%ha%@r ﬁgt ermnes

t hat an even as ocCcC Phe sy di cation of the

occurrence th%nnhmncgﬁgghln%iﬁrcﬁﬁ Mo E‘l %@“Jaﬁ's%l&‘éﬁ%é f3@utl1$ Rﬁlgén@ﬁﬁoﬁ'sol@S nodul e 420

via a VME co nication to one or nore devi CES e. g. the renote

conput er sysf g E@F_ e B tlﬂg & @)an{plezgg%n dbB&ifFh: @8 %rs?atlgfcalz%e 1stoh@1d8|:

gener ator 206 igure The user views the indication on the

di spl ay deyi Feede%mfnélﬁraﬁg%rmé @ve&@m%e&mamhegummmesd@@ hfi@eh@ad ake action
to resol ve the faul t [00106] Figure 5 is a diagram of enbodi ments of
graphs 502,544 wﬁlﬂ\dth@@y@teﬂﬁl@d Ixﬁ)m'dichtlbﬁtof @t Bccui@ice bR avadtisabhi@®mhrd p i n
determ ning an event, e.g., unconfinenment of plasma within the plasna
chanber 12&vdnkiagu ﬂ@ecﬂxbn m&m&mpb e a0fMBtdienunewdintbdock A2, edearelftbérmy, change in

| oad i npedance, change in health of plasma chanber 128, etc. [ 00107]
The graph %0@mphietisn BloskaireEthddC AT convhiridationsbldwkasUSH pdrthe ndE8Q@k int@fasais ti ne.
The graph 502 includes a plot 508 of wafer bias determ ned based on a
nmodel , e. g.conttolier, Rieritlpansamasdél gort.fiedeMHz Th8x| thpdddHe Ex/Ruttedi0Handel , etc.
Mor eover, the graph 502 includes a plot 510 of wafer bias neasured by a
sensor. |t should be noted that a potential plasma unconfinenent is visible
in the graph 502 at points of discoﬁkinuity within plots 508 and 510.




100108] The graph 504 plots a root nean square (RV5) vol tage determ ned at
an out put of a nodel versus tine 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 froma discontinuity in a plot 505 that there is a potenti al
pl asma unconfi nenent . [ 00109] The graph 506 plots a magnitude of

| npedance ‘?;E/R;(( 1gu?é'I PYE t(?]:)netor}?noﬁao Llic QOLE. ok 498 t()ﬂ(%y&gRﬁAgﬂeraFgr ots a

magni tude, "€.Q., ro&t fean square, é%c., of c%npfex current. and plots a

magni t ude ?f2, ROWRY, eﬁéﬁa?§9§16E£%0teIaﬁp r%ﬂtn‘?gt@ tﬁ%pﬁggisth@remogt 512, which
pl ots the magnitude of inpedance at' the output of 'the soft-core DSP 408

versus ti ”&mpﬁ&?sﬂ&ﬁmhﬁggcérﬁ%&eﬁ%&eﬂv&?{jﬂ&%&o@ aRhiBfhoml 4 smiMYirohe, P! Ot s the

magni t ude of conpl ex current ‘determ ned at an output of the soft-core DSP
408ver sus {abREetc MIKGIPN Bferaidd 1y ak@PMARE viddG itédRfcaBor bt disph® dewdel ch pl ot s

t he magni tude of power determ ned at an output of the soft-core DSP

408ver sus tikhMecatBasad udhdidplShan@ed drfsidl bisgey RFicpanigheindiits digle@isplap decr ease
in the current magnitude, an increase in the power magnitude, and an

i Nncrease | Bevidag A displehededice iertp efidamotcoimpeeraysidpiind @fay Uévidesofake cor e DSP
408, it is determned that there is an occurrence of an event, e.g., plasm
unconf i nemenibn tokkselveefduitoccurs at a tinme the three RF paraneters change in
the manner illustrated above. [00110] It is noted that although the

above- descri beqoRgPodiFRauUS i_@ilﬂoéﬂ%?a%fahlt}ﬁgn WhitdirfeRf S 8B& System 438r al I el plate
pl asma chanber, 1 n one enbodi nent, the above-descri bed enbodi ments apply to

ot her typegnhRh isRhASTRxIPRIP e Bost SysBm: 108 (FLAS VR TRORIRS {terh 38U i Ghinhlgr an

i nductively coupled plasma (1 CP) reactor, a plasnma chanber including an
el ect r on- cychORdsQsté S SONBRGR ARG pt iIRAGE Bt syQibie 450HaElu®X @ Mddréprockfier RF
generator 108 and the RF generator 112 are coupled to an inductor within
t he | CP pl asarerhe hiadidy@dcessor 452 is simi[aP@tHelnhicloprociaubah (Biguieangekcefiaar al t hough
t he above-descri bed enbodinents relate to providing an RF signal to the
| ower el ecthe@adeombcetshedSESCludesth grighlndoduly 450e upper el ectrode, in several
enbodi ments, the RF signal is provided to the upper electrode while the

| over el ectr Od_EIO(ﬁiB]t h?hgégalglémgéuq)%g?%eives the RF HanLrQQModgmgﬂg EEH‘I S

described herein nmay be practiced with various conputer system

conf i gur at kQBSpdrGbURH mgh-fpedithul @120 daaledME SeddPok 852, BlGEQREOHESSOr SYst ens,

m croprocessor - based or programabl e consuner el ectronics, m niconputers,
mai nfrane ¢apll, €S 1oadfngedcd, bdikblex NI EMpREIVERIE Tofmplex A, B, fsndCti ced i n
di stributed conputing environments where tasks are perfornmed by renote
processi ng HMSPVAIEviAliRe high-tpad pat42 0/ thd Wi@dspbdiiriabiglz, andniethignrdpeed port

[00113] Wth the above enbodinents in mnd, it should be understood that

t he enbodi AENtThe eaNbIe MDUAY 454adeicOhiSe scatigbles ele, icofplemesl, ednmevoliideons
involving data stored in conputer systens. These operations are those using
physi cal nevafepbihsiionemergf plptmagiocatial guapit ¢urrest, lodhiynpefandehetc. oo er @ttpuons
described herein that formpart of the enbodi nents are useful nachine

oper at i ons of tihefevtedFPOR basedprsarintdésateiyed fmom thia ¥SdWAG6eand pliaracisristigh appar at us

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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for perform ng these operations. The apparatus may be specially constructed
for a special purpose conputer. Wien defined as a special purpose conputer,
the conputer can al so perform other processing, program execution or
routines that are not part of the special purpose, while still being
capabl e of operating for the special purpose. In some enbodi nents, the
operations may be processed by a general purpose conputer selectively
activated or configured by one or nore conputer prograns stored in the

conmput er V\Dgﬂl'(}ﬁev gfé?nodgg 494b<}e?elnﬂlﬂgs Q%f e?‘V@?LtVM?'E)Kt ut\AF'ﬁQRgat a is obtained

over a net the data may be processed by ot her corrput ers on the network,

e.g., a cloydQi m%'bggdﬁe%w}dféﬁ%%w&n andv&1b00114] One or nore
embodi ment s can al so be fabricated as corrputer-readabl e code on a

non-transitory conputer-readabl e nedi um a stor Vi C The
non-transitoryl %Hﬁut Che. q’%@&‘ﬁlblé’dﬁ%]&riﬁWF%th%Walﬂﬁt ‘F‘%Y%%i 2f¥ar e uni t
t hat can s%ore gata whi ch.c nlbe tgqreaft a conputer system
Exanpl es o taH% %W"’F?%lﬁ@is?% Koo} cé?“ervgﬁ foén esmaImucfle har d

d t tt t
( Ia:)\-/eRf]VB;]e rtot (a)t eggéﬁlfl %?\Pr %%530(/'\'@%_ blas%%e R:'ilat“ll\o/ll n{é%g%s@)rec%h’gs thet ic tapes
and ot her ant shga?tah?e gonnﬂpsﬁ.gg fcaohocﬁgl Gl HAL AR Fag&wqg SRy 1 el Pasmd NE

non-transi ory conputer-rea um can 1 ncC e CO Ut er-readabl e

tangi bl e fmmwlg gfméu'rebﬂhgsqd OYRL sidhisHEl WRek FEAURhAE WSHBRKLRRing W&t €M so t hat

the conputer-readable code Is stored and executed in a distributed fashion.

[00115] Al tBougicd PRuOREHAdd ARS IRQRAURI WalsKo1#H R Glak B&fbehddiich mRRRisig ¢ or der,
it should be understood that other housekeepi ng operations nay be perforned

in between, ?nﬁ%@sﬁﬁé JeRiBReal value RPRNWAHINQRShAFID Thabhd®hpehsadn hidadle 4132y occur at
slightly different times, or may be distributed in a system which allows

t he occurr efagepodkr 4nd GreflleRGRIBS VA GroMIBY AdjusdSatRiical GilicGuS siinfliremaviadr 8s associ at ed
with the processing, as |long as the processing of the overlay operations
are perf or meddesdiibédudockas biiecodl mageyPSPIs of one or O RIFGdendDiier contrahtens 80%, 884, ur es from
any enbodi nent may be conbined with one or nore features of any other
enbodi ment ami 20h Rigure2{ga Foi exgmple.olm Hids eompropE odmsdite 438 determingaa poves

enbodi ments described in the present disclosure. [00117] Al though the
foregoi ng embfodiemenbasedravie dperd daisial téd aphpreddrs theepwutriand Beaupngy poses of
clarity of understanding, it will be apparent that certain chan%es and

modi fi cat i elaghediéah-sbeed ppradlS e dizhisrend st thedéghespest peThé! Cathp Maget | ai ns.
Accordingly, the present enbodinents are to he considered as illustrative
and not r e8rdthegommunicatioy chapgels 8o HErfehels- Rtk Ricondlerd®2) Axftodi§ t o t he
details given herein, but may be nodified within t({% scogg a(p Eqw val ents
of the appé’ﬁ’ﬁé’& &r B‘F‘sn’ié’mpe‘éﬁt}ﬂnl%’d“le 418 provides jhe ppwer;a e gpre

| nterf aci ngcausée{giggahﬁl% aélﬁ%ng% %e%’é\/ﬁ%%ng?%gu lfll%po%¥ 4£2R§ 21 ng Q%r, g‘& ]gtiler'r[lel? at is

coupled to

port, an EtherCAT port, a USB port, a parallel 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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a plurality of host ports, wherein a first and a second port of the host
systemare used to provide a power conponent setting and a frequency
conponent setting to the RF generator, and third, fourth, fifth, and sixth
ports of the host systemare used to receive four distinct variables that
change over tine; a plurality of generator ports, wherein a first and
a second port of the RF generator are usedl o send a power read back val ue
and a frequency read back value to the host system and a sanpl er

circuit inﬁg)ggt@ttﬁg rt\/ﬂwgth irpi §1Jion %ﬁe ispla H&’IC% FBL?J ofeicroﬁl &tgrs & igured to
uﬁé g,%%ﬁ,flt,ang 'h Ps?t

sanpl e signals at the thir ourt St xth por 0 e host

system at 3fleCleG1ah ARKaRHI8SesbRe B8RRI € operating state data of the RF
generator and fhe plasma chanber. 2. The bus interconnect of claiml,

wherein the signals sanpled at the third, fourth, fifth, and sixth ports of
the host systedfUPY [ Beyrsivtdisgrap el Rpetienty pt g 30% 604cﬁ§t5§? Bsed 1 | |
paral l el data set. ..3. . The bus i.nterconnect of claim1, erein the

D Gnal o saflel Bt e BBk bgGan A ETIBNE of RUAC 4 & AESiSaraT of PASES. cer

4. The bus_interconnect of i.m 1 erein_.a.seventh rt .of the host
systemis USE e&’?aﬁrr"%\ccll? geraﬁg?%%uée Sel é‘(a:rf]ﬁessi YREF Vgﬂsslélfﬂg%tmf“ﬁgé CtEglggegener at or

for provi diigadabadcd ingt AL IALA AR iAieRE generator, wherein an

ei ght h por ystemi s use provide a clock signal to the RF
generator, wherein a ninth port of the host systemis used to comunicate a
ground si gnal WQLA7} hEhREaphed it Wafer bias, whigh isTigs 45 the BSG erasiiect  of

claim1, wherein the first port of the host systemis a
The graph 502 includes a plot 508 of wafer bias determinéd 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 508
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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‘power set point serial data out port, wherein the second port of the host
systemis a frequency set point serial data out port, wherein the third
port of the host systemis a power read back serial data in port, wherein
the fourth port of the host systemis a frequency read back serial data in
port, wherein the fifth port of the host systemis a real portion of |oad
i npedance serial data in port, and wherein the sixth port of the host
systemis an inmaginary portion of |oad inpedance serial data in port.

6. The bus| Qi & GOMYECH i Offreagé igiﬁtmhpéowfm§ nfthdd, 4nd%n RRNGL if HINQIARL. SEL LI Ng

i ncl udes a power “nmagni tude an requency conponent setting Includes a

frequency }f@e&h%ce A the-Bnéulth' ﬁleisgﬁ-%rg Bep @@8t, it]?s]c ?e&lrr%'nm that tl’(é{tlﬁg 915 &cﬁrlfb%cevar i abl es

i ncl ude: frequency, power, real portion o oad 1 npedance, and I nagi nary

port ' on of oij ﬂ%denit,ré%.e,gpa@rﬁ&?lincgﬁfinemem. T SO GG Y at ¥ Bt B9 %Wf)atrﬂ%s current
magni t ude, and phase between the voltage and current; or frequency,

del i vered powerin Reahicddasragddbsionpl ex gamma; or frequency, delivered power
magni t ude, and conpl ex | oad i npedance; or frequency and conpl ex forward

power, -~ or ir ec]li&gﬁ% aﬂgso\r(}:é%g) %%éﬁtﬁ%u%égh%;a gve{?c%\égi t;:d é)r{lbo]:i{metzgtgglgec e c%[gdd COITp| ex

vol tage and cu rrequency ack val ue
I ncl udes awftﬂ EHHERE Yo HBQ[M E)ngplasma 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 to
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 éonfigurations 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
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9. The bus interconnect of claim1l1l, wherein the sanpler circuit is |ocated
within the host system 10. The bus interconnect of claim1, wherein
the sel ected cl ock edges include rising clock edges or falling clock edges.
11. The bus interconnect of claim1, wherein a bit of a signal of one of
the variables is set during a falling clock edge and is | atched during a
rising clock edge. 12. The bus interconnect of claim1l1, wherein the
operating state data includes data indicating whether there is plasna

unconf i ”?{Tﬁﬁheﬁr&n}ﬁ' “hetsé‘&‘ eCaHgt%rrafh% Qgﬁ}?% mS@%en pbd qa‘i'l' & skrncqe(ﬂa?a DgLiaf here is

arcing w anber a co ereo 13. The

bus i nt er canAgEt gm&' R O ;be&mepupa%e«{]@ar@a@r %L@L&n &} 24 Ssglet ect ed

by a senso he' RF gener at or. i nt erconnect of claiml,

further ingdgh %%e@pnl%kés'&@é pﬁvé{;raﬁ’rf e)FeQEH?SHrHrCré\Itans”thEthﬁE‘ 'ﬂ@t‘ SrC@REGHLA0 the RF
generator and two additional RF generators with the host system each RF

generat or gEpREEANHO st el StapSyeS tof MBp¥adngNifdirhe OFRIAI Fdpds@N mhadmel s.
15. A bus interconnect for interfacing a “host systemto a radio frequency
(RF) gener ahsydineRa] the SpsQiopd Mdy bOpdcdited it @hamRiposd Iipldes kak@tivehO

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-readable
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-
RWs), 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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a first set of host ports, the first set of host ports used to provide a
power conponent setting and a frequency conponent setting to the RF
generator, and the first set of host ports used to receive distinct

vari abl es that change over tine; a second set of generator ports used
to send a power read back value and a frequency read back value to the host
system and a sanpler circuit integrated with the host system the

sanpler circuit configured to sanple signals at the ports of the first set

at sel ected cl apk, G095, 4G, fARLME LR EHALIGH 3 labainh JilenFE oener at or

and the plasma C us 1 nterconnect of claim15, wherein

the signal §,530pl8d.@1, t&ﬁer%qrgbt)?imgﬂt &'ilﬁﬁ)uﬁc Hé’p%.lttmé @ltomafh@ sE@%afﬁﬁ-Unggi # set

nunber of tinmes to cap ure a par al | data set 7. The bus

inter Connevca}lo&fenﬁl)(ﬁfn%t;&scrfﬁ/@@fnQﬂerf)résgﬁdﬁélgs'ﬂﬁl s sanpl ed at a clock edge are
| ess than a full parallel data set. 18. The bus interconnect of claim 15,

wherein the varj abl es fre rtion of | oad
i npedance, and[$ﬂﬁﬁlnéywm€b$?ﬁﬁﬁoﬁ ?ﬁﬁ%ﬁ“ﬁ%@ﬁﬁﬁ?ﬁgmﬁwgﬂnSm“e$?equency,

vol t age ma nltude urre nitude. and phase bet he vol tage and
current; of" PYRGTSH Evmyag'lmld%rétg’éd“gp“ Wet DARE ‘mt%lﬁl tce'%m a"c%%rpq%ex ganm®; or

frequency, a5l e 0 RO RN HlEope e Qﬁgpclegémln%aﬁcéom?g%ﬁﬁe or

frequency and

present embodlments 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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frequency and conplex reflected power; or frequency and conpl ex voltage and
current; or frequency, conplex forward power, and conplex reflected power;

or frequency, conplex voltage, and conplex current. 19. A plasm
system conprising: a host systemfor 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 i npedance
matching circuit for matching an i npedance of the RF generator with an

i npedance of a plasma chanber; an RF transm ssion |line coupling the

| npedance matching circuit the plaégﬁﬂgﬁanber;

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;

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.

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 paralle] 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 a seventh 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 an eighth port of the host system is used to
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‘a bus interface connecting the host systemto the RF generator, the bus

i nterface including: a first set of host ports, the first set of host
ports used to provide a power conponent setting and a frequency conponent
setting to the RF generator, and the first set of host ports used to

receive distinct variables that change over tine; a second set of
generator ports used to send a power read back value and a frequency read
back value to the host system and a sanpler circuit integrated with

he h . . ' ' ' '
the host s ré%?&l cl$§%g§ﬁg‘&t)th§féf gécn[erg%htwhgrgﬁlfagl " fish Jr the TBTRYsRnSk Q@S at the

ports of t Irst s cl oc es to capture operating state

data of thg, Bl ARUR 1GCRARPEMARG hdRr Rhedper at or. 20. The pl asma
system of claim 19, "wherein the signals sanpled at the ports of the first

set are resanpled a set nunber of times to capture a full parallel data
set. 21. The plasma system of claim19, wherein the signals sanpled
at a clock edge are less than a full parallel data set. 22. The plasm
system of cl ai m 19, ThhRg Rieftohlter of akinBl Wasrein el flid @ort bfriBchoerigyem pawer , real

portion of |oad inpedance, and imagi nary portion of |oad inpedance; or
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 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.
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frequency, voltage magni tude, current magni tude, and phase between the

vol tage and current; or frequency, delivered power nmagnitude, and conpl ex

gama; or frequency, delivered power magnitude, and conplex | oad inpedance;
or frequency and conpl ex forward power; or frequency and conplex reflected
power; or -frequency and conpl ex voltage and current; or frequency, conplex
forward power, and conplex reflected power; or frequency, conplex voltage,
and conplex current. 23. The plasma system of claim 19, wherein the host

system [nol udes, & st ShichAlndial fufpEliBkh A BOM B lNGStRLhaL ool data

deci mati on nodule for ca at| stat'istic ased on the vari abl es,
the stati S%&v&@}na%h@e aqlsme@@adem rEgaq)'dJ:kevafuganﬁ@és%tf}ea&ny)arﬁég%m& data ot her

than the statisttcal

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.

13. The bus interconnect of claim 1, wherein the operating state data is detected

by a sensor of the RF generator.

14,  The bus interconnect of claim 1, further including 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:
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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; and

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.

16.  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
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 refiected power; or
frequency and complex voltage and current; or
frequency, complex forward power, and complex reflected power; or

frequency, complex voltage, and complex current.
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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 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 recéive 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; and

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.

20.  The plasma sy§tem 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.

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

are less than a full parallel data set.
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22. The plasma system of claim 19, 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; 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 vm_iables, the statistical data decimation module

for deleting variable data other than the statistical data.
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