Dl STRI BUTED POAER ARRANGEMENTS FOR LOCALI ZI NG PONER DELI VERY BACKGROUND OF
THE I NVENTI ON [ Para 1] The sem conductor industry is a highly conpetitive
mar ket . Accordingly, the ability for an EC fabricator to mnimze waste and
maxi m ze the real estate usage of a substrate nay give the IC fabricator a
conpetitive edge. Substrate processing is usually a conplex process that

I nvol ves m”MEﬂF!@B‘ﬁ?F?} ﬂi'wmiowaﬂgmamwwe FOR LOCALY7ERE; my depend

upon an | C fabricator’ lity to have hlg y granul ar control of the

| ack of uniformty during substrate proce55| ng A factor that may inpact
uniformty is the distribution of power to the processing environment.

[Para 21To facilitate di sgu\gsmg{@ EIb@bF FArSROWS1908i npl e bl ock diagram of a
sinpl e power arrangement V\'/ﬁ a single power source is connected to

a singl e &hectir ode Ihewoticcaducm IRF*S‘U adﬁnﬁﬂ‘r aereneye) Mrbtie Acsugpiely, that
suppl i es (@ﬁxzf?"‘%ﬂt‘ qhn@axo%'{g%tuﬁ?\%}e% L& 2GIHG Kini A RGeS élﬂ@ Js}{u ?el power source

is Iocate ance fro asrra processing systent |In order to
send t he «pbmn xﬁQO cathe RFfa(madwr@ cbmequen@slgt @@hﬁrt&tmpmmﬂ: tosaligat chi ng

network 118 e sent via @ tr ual ly,

t r ansni ssf’bwef‘ PRE ‘“eI; f@‘?ﬂ;g@%@%} q"%r%llﬁeaﬁg‘mﬁéesﬁbgﬁéF‘q plgémf B“Alﬂ‘ %%V\‘%t h}L‘}JI\? ef erence
to Fig. Ideptriapon mrgimﬁbﬁ@mek abﬁmoAa&é hipiety lﬂﬁulﬁ{&;onhe ofeint differeRE generat or
104. Wthin RE generat or . i onverter } irrgy% nver.t t he

i nconi ng P PORSTII DS df l"%’B’tm’él‘j‘?“P‘éh “"? oty ! e YhEE P8R Fower has
been convkibhgekbsirfte pldtesp@Wen Rmyr (e niak axlﬂﬁioﬂﬁxﬂ&iﬂmby isahpovebugmplifiphiver  110.
To nodul ate the convened DC power, power anplifier (PA) 110 nay enpl oy
filteri ng“‘(}?‘rjl’&‘)‘“t‘(')““r‘é‘l"rﬁ‘\}lé“%‘bur| ous noi se conmponents such as high frequency

har moni csipaj ngl de REQARAL ALAKsidD ¥R BLS0a DRpR WQRIQY bt 188plewhi ch
maybe errpl oyed to control the di f'ferent processes that may be occurring

with RE gemer srasecnion [8hg stich hiiers Byesr spwep B xpwiersd dotidiotiectopgr a
4] Metr ol agy;, ArQh8: ddio ﬂ?c}(xexl?c‘?} g@@ér sggﬂﬂ@@ml?%tupﬁi@ N}*]J%Wet Qaran(}'}&%@n&nd of the

transm ssion |1 ne, which ical in I C manufacturing) or
75- ohns  tahagls iiradiionlly i‘ﬁkm{"t«‘wpéalﬁ lrvfnu%wﬁidesﬁ ﬁuam)hc NBEPERLFRE t he

g‘[}? g 3: ¢ g;a\ ROV, &qgﬂqg S&Htﬁp!‘gctw%g trox\{l% tﬂq?ddz@'lngfu%pﬁ gc-x{gglﬂj;a 10oRa HI%XMR@

network 118, the power may be sent vig a transmission Hne 116, Usually, transmission line
116 is a S0-ohm transmission line.

[Para 3] With reference to Fig. 1, incoming AC power from AC line 102 may be sent
to R¥ generator 104, Within RF generator 104, an AC-DC converter 106 may convert the
incoming AC power into direct current (DC) power. Once the AC power has been converted,
the DC power may be transformed by a power amplifier 110, To modulate the converted DC
power, power amplifier (PA) 110 may employ filtering (114} to remove spurious noise
components such as high frequency harmonics. Inside RF generator 104 may also bea
controller 108, which may be emploved to conirol the different processes that may be
occurving with RF generator 104 and to tmerface with external control.

[Para 4} Metrology probe 112 may be configured ai the input or output end of the
transmission line, which may be 50-ohms (typical in [C manufactyring) or 75-ohms
transmission link (typical in communication), to identify the amount of power being
outputled, voltage, and/or current that may be outputted.

[Para 3] Matching network {18 may be employed to match the output impedance of the

RF generator with the tmpedance of the processing enviromment within a processing chamber
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[ Para 5] Matching network 118 may be enpl oyed to match the output inpedance
of the RE generator with the inpedance of the processing environnment within
a processing chanber 120. Matching network 118 may be configured with a
nmet rol ogy probe to nonitor the power, voltage, and/or current in order to
performthe matching. Power is usually nonitored for both a capacitive and

i nduct i vey2en¥ifanBREvorHOVEMES be MAELASEWHE 2 htRbBal bivbeNhbfethel N a
CapaCI tive environnent and current Ts_nonitored | n an i nductive

envi r onneRtver. MR, BEPF e ot Ckig & PreforB il magnnREP PSRBT TRSEEr red t o
processi ng; ﬁﬂ@%c;ﬁ?@al}dllﬁh&ﬁ@e EXRIRhE Offo @y, vollage R QERES) ASnihaTRer 120
is an asymmetric chanber, i1.e., the ground el ectrode has a different
effective @p@gs\@@mm«@epmr@herrmweﬁoret@ee@itm sdwdupppesyerongilanber 1. 20 may be
a symet r[;é C(ﬂarrbei:mtﬂ 13@9‘?& ﬁ&%go 19"9’5&; Aer R AL B LD R»%S%éuﬂlétm%acess' ng
chamber vi‘a an upper e ‘ectro such as a capacliti've el ectrode 122.

Pr ocessi nigfic haatrbemn@motang icaparssmg vf@nétleeb?t()rx@eke*t%lmnenaycmnbm e&.-thar al | el
plate arr aﬁgﬁ%!a“tmde‘ttaw Etﬁ%};eny _‘c)(:t:iveo gﬁ)’e tg(ﬁ;eﬂmﬁ ééé?qrtngg 1%5'&9\ the
processing C 6r via a 'sin I'n own. by Fig.
1.13. [ PahanWdARG empat weiuyctrs&tgtmtttc zmm a’omnqnh\ebdadiisicxkutdﬁ agr am of a

sinmple capacitiv |l e ) ngl e power
source i S‘P ‘B%Fbé?"ﬁcg’ﬁx‘k’(éﬁ%? # mé‘ﬁ}?%lﬁ “T“mc‘ nff‘ggd? %i‘%‘ﬁ “y\{lc—"fémkl “Shows a sinilar
bal anced fasd-angesmntbereroapd cdph@ipoielirods [ENGENMeND alpSmHﬂ pll'miamtng&tﬁem

arrangerrenlt I.n a ba_l\anceg\;in\ ronment an egual  area o set of. el ectrodes
130 (Fi g. Mfsemyfivgy. Bevgeay Wh‘é‘“i"s * PHGET BF Chét’é’“ébﬁl"‘u‘é& “p‘Bt‘é“Ht‘r al
negat i velaeand: @Os hbweby Fal el t aneously. Thus, the net current to ground

is zero_ Thi s arrangenent may reduce probl ens that be associ at ed with
ground réfarnland AE§FrMEEleEiEs b‘utlt‘%‘ﬁl‘*ri’@"ﬂitlﬁét"‘]rrﬁy"‘éé’dﬁr‘ SERPIp PR EE g

chamber ]e%Qpieci)Eﬁ{e@-agﬂda.@m'&;m%} ROWS I s3I MRAKS ;«a&w@@@ o D gksH fﬂulF' gs | A,
113, IC, he user has |little or no control ow power be

distri butC@aﬁgwt@ni hidg pibthews i nignilen Aptpsed @i@@ﬁtl@ﬁfﬁ\%&f@@t Bpay uftafsﬂ*we@wm I'n
ot her WOI‘}Q% mkn‘?n §1$§11‘th§LIHnﬂpl Gal ;:Qe.éj&{\%%ﬁmg{t af‘x @&zﬁﬂ%m%ﬂk@% af @nﬂt@@é’\e rinto

different regions of e processing chanber in order to control
uni f or ni tw@fm Ko qaha@m;mtﬁsnd 37 dagl ltD) htlh@?@@hﬂfgm‘lhftﬁ-@%\S?i\oi‘!ﬂdtm@Umiyver

arr angemr}?tﬁu Tor ﬁsq‘ft%tbbﬁ]% ns.pcu'l:r'ggtst ) ulot‘rb‘%l kR0, Hsis ﬁﬂgtré]n%tz?{nQWéaﬁt d he user

Wthi I’]SU I ClI en con over su processi ng  uni Al so, as
the c hanhemblensathasna\tth@%mmﬂ \taﬂ}.rgamglelrmnn@nd asydebcr flvedrinott ltthﬁﬂv
af or ementcl o{rg 2! 0 Lgures, car dﬁe inefficient and/or expensive since the
ar r angement s oFER P%&] e arge matching network to optinize power
transf er.[phfasia 91Tahpprovdrdeanmemnents ondasadibedan Plaurial, it By 1Qfanpodethe user
arrangenent as descri _ . . :
g min Fttle Or 10 contmpandlww power may be distributed into the processing chamber except

in a global fashion. In other words, the user is unable to direct different amounts of power

mito different regions of the processing chamber in order to control the umformity of the

plasma. As a result, the configarations of the power arrangements as described in Figs. 1A,

1B, 1€, and 1D provide the user with insufficient control over substrate processing

uniformity. Also, as the chamber scales, the power arrangements, as described in the

aforementioned figures, can be inefficient and/or expensive since the arrangements often

require a large matching nenwork to optimize power fransfer,

[Para 9] To provide more control, a plurality of power arrangements as described

above may be employed. However, the implementation of such an arrangement may become

very expensive and complex.
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above may he enpl oyed. However, the inplenentation of such an arrangenent.
may becone very expensive and conplex. [Para 1.01Fig. 2A shows a sinple
diagramillustrating a nultiple el ectrodes arrangenent with a single power
source. Simlar to Fig_ |A a power arrangenent 200 may include an AC |line
202 connected to an RF generator 204, which may include an AC- DC converter
206, a caphrojdier 208ia @iuﬁq"&e\'hnﬁgﬂ!ﬁLif'ihle&Ewgr%gw ARG QAN ReplR 212.
Power may be converted, nodul ated, sent to a matching network 218 via a
transm ssyide siglep@is wmmpaiﬂanmmﬁfn ia\ APV EpiengnEet 28 deyartadigenent |

mat chi ng (k@f;}é@ﬂr %i‘rﬁe&ﬁ’?&'%&ﬁ O Ao COTRLBXL Wﬁ'\nﬁxmu&gm{‘ﬂ VK Korl Bre Q12881 to
generate nultiple outputs manage the nat I ng network, controller 208
may al so fb@nemltrk dY&d pomsr Bipdiirar D, andmm@kvlfazonwlml”i@af’h\\@m\ﬁm ween

gggt (/?l | e&mxe;%ﬂ%mdu% Cdxd S mqgtl\ﬁ’% ng%egtuur@”f x§§§'§@qpm%nei&est§gf PSLZd( vt
bet vveen rmtmmllrpg netavanlkip2 eﬂest;@dtdm[anm&ssumghmgam:meﬁ\ zmgndﬂfw bha may be
grounded Vi) to
Crpac b1 g el 8y dS R nLAERLDS, (RSB SRR REN { e

vol t age. r@uqtq@utco(xt\»faber LR @Rpss td éﬁ@si@lg&tz& sBRvh bylomnmk c@tﬁnhmtﬁm voI t age

out put s, matchlng ri rk. 218 may be ulated to alter th % {age

out put s (5PEAP ST g BRBBRS S cﬁpﬁe Y SFampicate s (Vpap

12] Al t er nadyl peglyduct e ARTnIROWRED FTRM it hed h@\/\b@@et{bhﬁlﬁklg@n@expﬁxta{ch@i ntad anced
i nductive antenna (272 and 274),.as shown in F;{g B.Simlar to Fig. IC,

power ar r-dﬁd%‘h@ﬁt‘*?@@“}h‘ﬁi}"%é}@“ﬁéh 108 PR dde Srpu *ﬁﬁc‘éd“‘fiﬂé‘ﬁ‘ﬁul I

ar r angenmegiee ka2 Wi buhuPal s ianapﬁ*'?’tR%cﬁl ké e xﬁéﬁ?”ﬂ&sQ@g 25adR: R8dhpotudk] 9. 20)
or a pair of inductive antenna (292 and 294 of Fig. 2D) may be enpl oyed to

create a feirtbavaltag papy (Y9 TR epbwRPlaEiZSEr TOORICH ﬁ“é?‘ﬁ’éﬁb%’i‘?@ﬁﬁﬁ’“éf a singl e
gener at Ormévt\%um'xlxeth's 2018 1@955 Qggxguitﬁég't&ﬁ ek Yhe! \Bﬁgvle\éﬁﬁmﬁ% E'ﬁﬁ&tl%ﬁ@t‘é bag (.

sel ecting ether nmore or" less current should be at each el ectrode) to
occur. Imrmt'“e%amréﬂtmh a bal anced i nductive arrangenent (as that of Fig.

201, cur r ?Q\IA 21 €T '&\ﬂ&n”@( WRGEWE 19%%‘1"‘380 b hgwf?tgltl{x oﬁi‘h aa;pttil%rf} RRudificgnabl e the

current OW Ng across the stibstrate However, steering
t he curremiuctme onghen (170 aod 2at) easahumi fndmm.@r @cteésﬂm@wh@ummnent may require

a conpl ex 1 1&:]}@)4% Ctnﬁ'q a3 brﬁlexgng ﬁmcn:[ﬁ,g A% grgdhﬁni(p ;tmbﬁ’ pf._r.i axal’gs%ﬁélﬁﬂz WAl thxarrpl e

in a bal dh e Envi'Y
pair of capacitive plates (282 and 284 of Fig. 2C) or a pair of inductive antenna (292 and 294

of Fig. 2D) may be enmploved to create g circuit.

[Para 13} The power distribution arrangement of a single generator to multiple
electrodes typically involves current steering (i.e., selecting whether more or less current
should be at each electrode) to occur. n an example, in a balanced inductive arrangement {as
that of Fig. 2D), cugrent steering may occur between the palr of antenna to enable the current
flowing across the substrate to be manipulated. However, steering the current in order to
create a uniform processing environment may require a complex, bulky matching network be
implemented.

{Para 14} In an example, in a balanced inductive environment (as shown in Fig. 2D}, a
complex and bulky matching network may be required in order fo accommaodate a plurality of
electrical components, such as transmission fine straps (f1, £2, £3, and §4}, to the set of
antenna, for example. [n order to maintain symmetry and ensure ground return, the electrical

component may be shiclded by an enclosure.
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conpl ex and bul ky mat chi ng network may be required in order to acconmodate
a plurality of electrical conponents, such as transm ssion line straps (fl

, 172, 13, and 14), to the set or antenna, far exanple. In order to naintain
symmetry and ensure ground return, the electrical conponent nay be shiel ded
by an enclosure. [Para 151The aforenenti oned power arrangenent as shown in

Figs. 2A-3l), gqn b@&@mexeﬁm@@fmk&&nm%.ewm%@mm“lnqatyed 2000 Mebsogxpensi ve
to build and mai ntain as the nunb of el ectrical conponents required to

per f or m cigry @mplet ey Forgplicaed end emflcﬁmpiaew bugd gt Brifielestife ahsunt  of
power aCte‘i@lrl&( Rl BQen@We@HiteH ?(gpérfbti u c@ffi‘&ﬁ' @& ngGher&hbe ChlPEe & RS Re

addi ti onal conpon as netrology probes, may have to be included
into the m*tueimfmgwnleetcmlr bemglert‘elbgedmmsauhgettf)ﬁelemldemlmmmeiﬁm{mkﬁt o becone.

even nmore, %%&Pen?‘x éul%h' el(mgltmign dprgperx mz?\xlgg g ?d ¥e8Snc hﬁ%ﬁ Ui ﬁlﬁz%a i, x%xg}xhﬂ@ nhu ng er

of el ements two an
consequenhds yb} dmugh@ the gﬁ&aﬁ%&&ﬁ%mintﬁiﬁtotﬂ@em@ momsuslpliﬂxémikBRhEFn@tﬂM\MRY OF THE

ld:\l;/F rNIT :ouot\éé’ g%é’ﬁ,e#u%&fﬁe iétc g{}'m?wg\er gt e?etne%is 1~|> cr)]lt %r}es‘ﬁ@e{ﬂ gFP v{%“ t«ueha\s

rovi I"oCal” "power in a plasna
pr ocessi thziy&yﬁt(ﬁm-cdmﬁlcbgs:ﬁmsg_I‘iﬁgiﬁ) gmmclmnmg is ;Tdnposﬂibkt ribut ed power
arrangenent includes a set of direct current (DC) power supply units. The

di stributed power arrangenent also includes aplurality of power generators,
which is configured to r@(Béfﬁ/él’b@xlxém’-’f@fbﬁﬁ‘fh?e\‘geffff(@ﬁpomer supply units.

Each poweg,, ge ir at ‘?{m ﬁ(en%cﬂ{? e‘?.{%ér” It @ n‘%&""ﬁ{ Q&ﬂﬁhﬁ& sy bSa0Mpled to a

set of eI ec enen ere y ena He each power géner at or of
t he pl urab ptwuieﬂocpbwu ddnenatepsiste prmmmgIs»‘Mmed‘iln'otgabbweme)recdem“ver y.

[Para 17].% The dhs?ﬁm\(e lpgw T axh%wemenﬁn gldgq a \%[" ?fydun% [ etat(?{a ) f@\ \z? v lg nr\re nts of

the inventio I's" no e scope of
the i nveritmcaﬂimlmdmdqimxk,scusﬁt_mﬁm hlho inklutiéses mdnaimmt h@r@wmuéﬂmsxelnemxd ot her
features of .the esent inventi

ot i ooty RSN pak RS 1o N R SRR B b PR EafFTARE o wi ¢ 1

t he the plurality of power generators is coupled to a set of electrical elements, thereby enabling
the each power generator of the plurality of power generators to control the tocal power
delivery.

[Para 17} The above summary relates to only one of the many embodiments of the
mnvention disclosed herein and is not intended to limit the scope of the invention, which is set
forth in the claims herein. These and other featores of the present invention will be described
in more detail below in the detailed description of the invention and in conjunction with the

following figures,

BRIEF DESCRIPTION OF THE DRAWINGS
{Para 18} The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:
{Para 19] Fig. 1A shows a simple block diagram of a simple power arrangement i
which a single power source s connected to a single-ended electrode.
[Para 20f Fig. 1B shows a simple block diagram of a simple power arrangement in
which a single power source is connected to a singled-ended antenna.
[Para 21} Fig. 1C shows a simple block diagram of a simple power arrangement in

which a single power source is connected to a balanced pair of electrodes.
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fol lowing figures. BRI EF DESCRI PTI ON OF THE DRAWNGS [ Para 181The present
invention is illustrated by way of exanple., and not by way of limtation,
in the figures of the acconpanying drawi ngs and in which |ike reference
nunerals refer to sinmlar elements and in which: [Para 19]Fig. |A shows a
sinpl e bl ock di agram of a sinple power arrangenent in which a single power
source i sipapnpgCt edigl oD ahdisNGhiApie bdeld Jeb:e®iol edignpldHiariar 2bakipb@ent 1B shows a
si npl e bl qc,lg d[,a ram"of‘ _a_‘s,l_rr‘pl e power, arrangenent in whi ch a single power
sour ce i SYRIBhHEREIREOYY S4UIET HGPUECEh S Lt L HIRE. O PHFY?2. 1] Fig. 1 C shows a
si npl e bl gk, Hjagr am ok ksl FhSlc RAVRM BiHANGLIBORIplIRbER afxSleRghie pover
source |s connected to a bal anced pair of el ectrodes.

with a single power source.

{Para 24} Fig. 28 shows a simple diagram illustrating a mudtiple antenna arrangement

with a single power source.

[Para 25| Fig. 2C shows a simple diagram illusirating a balanced multiple electrodes

arrangement with a single power source.

[Para 26} Fig. 2D shows a simple diagram tHhustrating a balanced nultiple antenna

arrangement with a single power source.

[Para 27} Fig. 3A and 3B show, in embodinments of the invention, a distributed RE

arrangement in which the power amplifier (e.g., RF delivery) has been distributed.

[Para 28] Fig. 4 shows, in an embodiment of the invention, a distributed integrated RF

arrangemeit network.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 29] The present invention will now be described in detail with reference to a few
embaodiments thereof as Hlustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail
in order to not unnecessarily obscure the present invention.
{Para 30] Various embodiments are described hereinbelow, including methods and
technigues. It should be kept in mund that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the ventive technigue are stored. The
computer readable medinm may include, for example, semiconductor, magnetic, opto~
magnetic, optical, or other forms of computer readable medium for storing computer readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
invention. Such apparatus may include circuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus include a

general-purpose computer and/or a dedicated computing device when appropnately
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[Para 22]Fig. I D shows a sinple block diagramof a sinple power
arrangeni ent which a single power source is connected to a bal anced pair of
antenna. [Para 231Fig. 2A shows a sinple diagramillustrating a multiple

el ectrodes arrangenent with a single power source. [Para 241Fig. 213 shows
a sinple diagramillustrating a nultiple antenna arrangenent with a single

power  SOULG& ani 1}@@5&1 xgallﬁzigde LEnfheNsn 8 St dhagn@Rklibughrating a
bal anced nultiple el ectrodes arrangenent with a single power source. [Para

26] Fi g. 2dvdimedisrograsimplecigisgriaped for hetvpdaus tgkapasdingrede gohediopys éf ant enna
arrangenegt ;) w%%hna singl e power source. [Para 271Fig. 3A and 38 show, in
o

enbodi ment's invention, a distributed RE .
{Para 31} In one aspect of the inv ention, the inventor herein realized that local controf of

power delivery is needed in order to achieve more uniform processing. The inventor realized
that a critical factor that may impact the uniformity of the plasma being generated to process
a substrate may be the amount of power being delivered into specific regions of the
processing chamber. In the prior art, comtrolling power.dciivery to a specific region of the
processing chamber may be difficult given a single power source. Even if local power
delivery may be possible, the mechanisi for consrolting the local power delivery tends to be
difficult and expensive to engineer, especially when power has to be delivered 1o a large array
of capacitive/inductive elements from a single RF generator. In accordance with
embodiments of the invention, a distributed power arrangement is provided for performing
local power delivery and control thereof. Embodiments of the invention include a plurality of
local power (e.g., RF) generators being mounted locally or very close to at each set of
electrodes/antenna to enable local power delivery. The tocal RF generator may be remote
and power may be transmitted through the chamber, via a transmission line, if desired.

[Para 32} Int this docament, various implementations may be discussed using RF as an
example. This invention, however, is not limited to R¥ and may inclode any type of power
{e.q., microwave power). Instead, the discussions gre meant gs examples snd the lnveation is
not limited by the examples presented.

[Para 33| In the prior art, a single power generator may be employed to distribute power
to the capacitive/inductive elements of the processing system. Unlike the prior art, a plurality
of power generators {greater than two, such as three, four, etc.) may be employed to distribute
power 1o a set of capacitive/indactive elements, in ap embodiment. As the term is employed
herein, the plurality of power generators denotes the number of power generators being
greater than two (such as three, foar, etc.). In vet another embodiment, the plurality of power
generators may be distributed closer to the processing chamber in order to minimize power
loss and each matching consideration as the power is transmitted from the power generators
to each capacitive/inductive element. In other words, instead of having the power generator
being transmitted over a transmission line and & matching nenwork (such as previously

described in the priov art}, the plurality of power generators may be directly coupled {via
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arrangenment in which the power anplifier (e.g.. RE delivery) has been
distributed. [Para 28] Fig. 4 shows, in an enbodi nent of the invention, a
distributed integrated RF arrangenent network. DETAILED DESCRI PTI ON OF
EMBODI MENTS [ Para 291The present invention will now be described in detai
with reference to a few enbodi nents thereof as illustrated in the
acconpanying drawings. in the |bilow ng description, nunmerous specific
details are set forth in order to provide a thorough understandi ng of the
present invention. It will. be apparent, however, to one skilled in the
art, that the present invention nay be practiced w thout so or all of
these speci fi coptienshimatsh netwonks which isasefaiablas g simply fixod pRiF ]getg e eps and/ or
structures havg, poL.Re@R/isiRskvel ddintsh wiRh ald pdsflioRddwithis heNRbeeiipecessari |y
obscure the present |nvent|on [Para 301Various enbodi ments are descri bed
her ei nhel ow, i%embR4i ng met hods and. techniques It should be kept in mind
that the invention mght also cover articles of manufacture that includes a
conput er readabl e medi um on whi ch conputer-readable instructions for
carrying out enbodi nents or the inventive technique are stored. The
conput er readable medi um may i nclude, for exanple, sem conductors magnetic,
opt omagnetic, optical, or other forns of conputer readable nediumfor
storing conputer readable code. further, the invention may al so cover
apparatuses for practicing enbodi ments or the invention. Such apparatus may
include circuits, dedicated and/or programuable, to carry out tasks
pertaining to enbodi nents of the invention. Exanples of such apparatus

i ncl ude a general - purpose conput er andi or a dedi cated conputing devi ce when
appropriately programed and may include a conbination of a
conput er/ conmputi ng devi ce and dedi cat ed/ programmuabl e circuits adapted for
the various tasks pertaining to enbodi nents of the invention. [Para 311lin
one aspect of the invention, the inventor herein realized that |ocal

control of
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power delivery is needed in order to achi eve nore uniform processing. The
inventor realized that a critical factor that nay inpact the uniformty of
the plasna being generated to process a substrate nay be the anmount of
power being delivered into specific regions of the processing chanber. In
the prior an, controlling power delivery to a specific region of the
processi ng chanber may be difficult given a single power source. Even if

| ocal power delivery may be possible, the nechanismfor controlling the

| ocal power delivery tends to be difficult and expensive to engi neer,
especi al ljp,han pouer, ehﬁ%dﬁlﬁmbﬁxe%@kbzvt@%% 15Ql Rgod-éi‘rugie RFT @Ye@for may be

capaci ti ve/| nductl ve elenments froma sing enerator. In accordance

wi th embadpneadthy aghiregtvarrpmieRt PoYer seppéi 1S“t*tr |hbm @abcplaw ihe ParigeRENnt i s
provi ded I nd ,eof .

Erbod merit & 5P RY M0 B o o i P e bRl PR R (e 0. RE)
gener at orcomipain ng,; inmuarth@dnibmbaiehtytho DG/ pywer @\kmvé\emtﬂomatal@d@mi‘g@wt@f

el ectrodgs/antenna to en .ocal DO generator
may be r 33 ’3?\6 R“a%aﬁb{’)‘b\% %ﬁ%g&ﬁg&[_@gepm\’\@ ié%?flo LN&] M%ﬁ%ﬁgﬂ}g ﬁ%%it )eorla% via

t ransm ssinghifibd. e an efangés cacbdoca] iﬁéga&&mlmvtﬁalpsu@ibwmm sepwiarmri lfus

i npl enent ati ons na

however : &ﬁh%WP‘P At gaq%z @%e a%%v%bh%l 8§ G %/I“?gpc %rfcmamsf ! nven'él f)n
Ni Cr owav e Podis )nambaisteelaﬁumiuheo_fdiosemesnmﬁnwtai toreadit load Ré)garmhtes and t he

an. s 6re Buer GearatHEap bE BRG YRS Bar LP! BRI HBUEY (o he

capaci ti vefplineiuasduvg nel erenprvafl wilhe emo@@swm (Sy skEgentialor fomctdpe prior
art, a plurality of power g}enerators reater, than tw& Uerh fal% t hree,
four, et Cm)i “ﬁ‘h”;“/"rﬁ@b‘e’r‘r‘ﬁ?‘ﬁ‘yé G PV - sPIRFDIGE goxbegv%ipuxgcol Slistrguted, the

capaci ti V\%{duﬂp(#?ﬁdx MELSHRIRN $achl 1&3@&}\%‘?@5" RENencA®: KRS bt emiksiugnpl oyed
herein, the plurality of power generators denotes the number or power

gener at orl&ss it gf @apesr A HENSEM8such as three, four, etc.). In vet

anot her Q?mdzkﬁent To h&RR Ll'!f};ﬂ!t 'irﬁiyedetc; Q,@\Q@ prdERELALMFer WA ?Q@(}{Q‘\ﬁt ributed
closer to the :processing c In or er to -iminimze power 10ss and each

mat chi ng imprdbekertad lor! pew fcfhegp&z\b&enﬁ@t% TRy tftﬂ@wnﬁfﬁ@hﬂfhl@np@im}ﬁ\ be
gener ator ?npticqrﬁg aﬁl an(é%a{f ';m li‘ 1y .gclflcgtninlygnﬁ ?94; a f]lc(,Qi rgjitbl?{ oxw%xgxﬁﬂht{ nstead of

havi ng t he power gener e| ng tran over a transmssion line and a
mat chi ng met lmnﬂmb(esqjmhplametpne\mf&muynmmrwdixemumswhvéqurmbmc artthimitedhe

P tvar k. ama R B RERC AR TR ol KBS (GQURIR TSl B BRENENE] ol oD

net wor k, Wwhi't to thé set of
capaci ti \oe{xmm@hnﬁislmm 1enilmﬁ¢nt<sxpp<m frin:nan ei mesmmlponemzw i hidar mhemmtzxc essi ng
chamber . v L F 5 W o Tew sema}%ie hxec? alem?n S, e (e.g.
RE) gener SR \%@n Cé)st smlp e m'm. 'm'm emem n 1 NI @ 18w }

preferable. The matching component may be fairly compact with minimal engineering

requirements.

[Para 37| Since the power load has been distributed among many local power

generators, the engineering of the local power generators may be significantly less complex

and less expensive to produce. Farther, each local power generator can be built as a

modularized unit such that each local power generator has the same configuration. In other

words, if a local power generator has to be replaced, the technician may quickly remove the

old local power generator and replace it with a new modularized unit.

{Para 38| In an embodiment of the invention, a local controfler, which is focated within

each local power generator, may interact with a main controller. The interaction enables the

main controlier to monitor the local power generators and send mstructions to the local
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provi ded by a direct current (DC) power supply unit, In an enbodi nent, the
DC power supply unit nmay distribute the power to each | ocal power (e.g.,
RE) generator along a conmon rail. In another enbodi ment; the DC power
supply unit may also be distributed locally to each power anplifier with
power control performed locally at the |ocal power anplifier. In an

exanpl e, @aeHetOeAlcell JERLEALPle, HRYs B8 BRIl 8L URaMLR: fensRRARAL @ DC pover
supply unit. By distributing the DC power supply unit, a method for control
is provi d@éSqi‘@i*ﬁ‘r@ﬁ]“bﬁﬂ‘ét‘iéﬁ‘fﬁﬁ’éﬁa%ﬁ}ﬁ’t‘ﬂ}’d?mﬁ@fﬁé‘ﬁ ey WICPF PPOERd to each
l'ocal RE genar fik Yain dobabiter 3Rd b cARIFHPQAL S8 Rnize A @WBbu&MBLA hbeE: (PA)

modul e (such as an RE power anpliftier nodule) nmay be enployed within each

| ocal powgsnergtersgas neiRy. dierignigthegeadice pf o dasded paares HsHPUEMEPANARON ng DC
power. Sipcg.Lhe power is being |locally distributed, the amount of power
distributed to each local power (e.g., RE) generator nay be significantly

| ess t hariPhad®]of Thefeppico pndurdvaiRieg efide atesyn: invPafoa IS TEdenatvofersthad i nput

: rrpedancewig_{ teﬁg%cg{nqgeeﬁ%y&gfmﬁI&%UP@%I}W?&\HQ&(Q’? out put inpedance of the |ocal
power (e.g.. gener at or,  a Ter Gh conponent or conponents may be

enpl oyed.[Phim 4xh enbigdi Areiniws, ke embbdimestarfpenayvintion y dbe astdd poedr mat ch
conponent that may- .be capable of.inplenenti different matching

Cechni quastmimet vty RaRs SrBbeer T 5 bl MaTEmhrERRERY

el ect r onigrafwnicaioogaand Hne bl rig thorcad 8o Phih arduiSi3ng eMahenamdcHidngy

conponent. Es only required to support a fraction of the total power and in
order to" E‘I’ﬁ“rﬁ’?‘ D EY ’:n%‘xi%f’)‘?“%ﬁgﬁdﬁ’é"t“f '“?P[?p‘f”& “ITat g’%“’h‘r"t"ﬁﬁl e ﬁé(h P each with
a few si npkecldNede plagieibsessias SysRhehei@keEretibheinfateibhngotonpassnt my be
fairly conpact with mninmal engineering requirenents. [Para 371Since the
power | odHOHEE: 'BEeh b ¥¢ #kbut ed anong many |ocal power generators, the

engi neer i{pgra0fi1 t heptQeakr RPWRnE 8DERAY AcfidBBY ALEDS Gl ibCaRbhYrligss conpl ex
and | ess expensive to producé. Further, each |ocal power generator can be
‘mlt as BeompauharPyedngi?E pewirh Notahatabeqrpisapopgierotdeier ;O has the

same con fijeg;@{ cffhtdilﬁ S iné} {x‘decbtt&? '{Vp\é’%ff g&ver! it}c 18 L} Q ﬁ@ pcﬂ%‘\ﬁﬁ wGRASLALAR has to be
repl aced,” the technician may quickly renove the old | ocal power generator

and repl aeevertioms phl mcmew Fodukeak idsstutdifon] Pemavestpplyanitéibddrsent of the
| nvention,, & @Gl SoAHEA kxﬁrg-«.né’;\ﬂbz%*ﬂ:%iz? 314?%?& gy thin each |ocal power
generator, nay interact W th-a nain-coniroller. "The interaction enables the
mai n cont{Potal 42 t olnmoribodintehe theddapoypowerplyerenat by distheted badiv At ruct i ons
to the laogal controllers, as,needed _in an examnle, % d?ltg _.,aﬁout each
ocal - poud yeiBr bt fha5msB Re BRLH ol PSR LR DoBafRPC Doy
nmoni t or tdi®d preerkupghdat@nke be dinoivaley lodkly bdaerhe itduetivend/oc ompaciold er may be
enpl oyed 59 sgnchrpni_zg t he di troj bu !ed I ?Q_al wer. g%n?pbaxt.or S, as needed,
and faci IFPEE TR EULRHEPPER- Jfonp REr g 'FoSRPP EH SFFIB T YR Fat tern to the
chamber . ghRania B%kTEheodisatus 88 @Rdr adpaninages: wfloddee pites et ldcaMent i on may
be better understood . g . v _

generator. In another embodiment, a DC power supply wat may be located near each local

R¥ generator. By distribating the DC power supply wait, better control over the locat RY

power delivery may be achieved since each local RF power delivery may now be

independently controlled. In other words, by distributing the DC power supply unit, the

amount of DC voltage being distributed to each of the power amplifier may be less, rendering

it simpler to have the power controlied and managed. DC regulation may also be performed

alternatively or additionally at the local RF power supplies.

{Para 43| As aforementioned, a plurality of focal RF generators may be employed to

distribute the power to the plurality of set of electrodes. In an embodiment, cach local RE

generator may be providing power to one set of electrodes (e.g.. set of electrodes 342, set of
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with reference to the figures and discussions that follow [Para 401Fig. 3A
shows, in an enbodi nent of the invention, a distributed power arrangenent
in which the power anplifier has been distributed. In a distributed power
arrangenment 300, an AC line 302 is connected to a main nodul e 304. Min
nmodul e 304 may include anmain. controller 306 and a DC power supply unit
308. Main controller 306 may interact with the plasma processing systemin
order to retrieve information about processing progress, recipe, and the

i ke. [Para 411DC power supply unit 308 may include an AC-DC converter to
convert the incoming AC power into DC power. Note that the |ncon1ng power
is not |initedeléarod€3 st scanfctlentedes H6) ndeanseiing envippraneat ABSFREFEL ncl udi ng
DC power (in mhlch S e S5 rHMidin ftd

di stributed fr8M 68%8“%°$&?§§%¥y%§%@§“kﬁégg%“&QEa rail Bfgpﬁﬁithe vari ous

| ocal RE gener st offegtei®12g., 3@4%4&wdm8$%§€mﬂmpﬁﬂgﬁ&§ B n an enbodinent, the DC
power supply unitmay be distributed locally. In other words, instead of a.
single DC power supply unit located, at the main nodule, a plurality of DC
power supply units may be distributed locally near the inductive and/or
capacitive elenents that require the power. Being snaller and | oss conpl ex.
thus distribution is possible. In an enbodi nent, a DC power supply unit may
he |l ocated within each |ocal RE generator. |In another enbodinent, a DC
power supply unit nmay be | ocated near each |ocal RE generator. By

di stributing the DC power supply unit, better control over the |local RE
power delivery may be achi eved since each. |ocal RE power delivery may now
be i ndependently controlled. In other words, by distributing the DC power
supply unit, the amount of DC voltage being distributed to each of the
power anplifier may he less, rendering it sinpler to have the power
controll ed, and nmanaged. DC regul ation may al so be perfornmed alternatively
or additionally at the |ocal RE power supplies. [Para 431As aforenentioned,
a plurality of local RE generators may he enployed to distribute the power
to the plurality of set of electrodes. In an enbodi nent, each |ocal RE
generator nmay be providing power to one set of electrodes te"g., set of

el ectrodes 342, set of electrodes 344, and set of electrodes 346) in a
capacitive environnment. Alternatively, in an inductive environnent, each

| ocal RF generator may be providing power to a set of antenna (e.g., 352,
354, and/or 356), as shown in Fig. 3B.
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[ Para 441Since .RE deLivery is distributed, each |ocal RE generator may
have a significantly smatter dinmension and/or |ess conplex an War cheaper
to produce than an RE generator of the prior art. The nunber of |ocal RE
generators that nmay be inplenmented. nay depend upon the requirenents of the
user. The larger nunber of RE generators also benefit from econony of scale
froma cost standpoint and the | ow cost of each makes themreadily

avai |l abl e for replacenment, thereby inproving overall systemreliability.
Want 451Each | ocal RE generator may include an RE power anplifiernodul e
(e.g., RE PA nodule 324, RE PA nodule 326, and RE PA nodule 328). Unlike
the prior art, the amount of power being distributed |ocally may be

si gni fi caReraddlessSinhaRF dplecepy is gistrimtedssank lncaliE gsomeior may Bsieg di st ri but ed
by many ls%aaﬁﬁ QEIef @ﬁrfgL@ n dddy (@%R@?@’I‘ Eﬁrlsxe'md%r E%qg&% pRB&&rﬂ}zﬁ’ar'ttn e
generator Tay generate 3 fowatts of power whereas a'local RE generator
may only gteaeot of thepdratte “fabounb@@ﬁlos&}aifvmxergmo@rthgmﬁe igplamenteheaamount  of
e 2 M BT Rl REIRRRLE! L uZST RGNS A GANdeol FG Ao e

engi neerin 1 ener at or G R an exanpl e, an
' enclosureﬂnmLGMDmLdfmhk1gmmemnsumpmymnayhb%msubguﬁnmmamﬂysé&mmfﬁéted or
made si npl e ct/che ince t o] ng delivered is

subst ant |‘“f"?§% i&%p d “é’ﬁﬁlm’t(:hﬁ“éc Bo%@m\b‘ (Mmgéﬁgnm“h%’l)? the prior art RE
gener at or{ParadREia 46achAscalrBRtckonads maambﬂuﬁmakf Revg engliidroP Apaydilacl ude a

e ot TBENERA o TR T DR BPER PEE B et

wi th the muihsting bhReaanasy obinbined K&QIBJ mRE)eg@ﬂﬁ-‘fﬁtﬁth’ lesd tharehie pridraell nent | n
the prior, art t he rr%tchln network c e bul ky and con&}gx in.order to
accomda‘ﬂ‘ﬁ‘fﬁé’”@ﬁh‘b iR g H’éf‘f‘}“é‘?““% “'v%?r FHBIETE AP A8 PEANA: PRI | ve

el enent's Ry B Q¥icdR ROMBEY §Delaltes MBRIAY ST RhREHH@ERS lodaPREF erkbfdkbnan
enbodi rrent the match conponent may be a fixed match. The fixed match may

enabl e t Habinsst tq genpesEputdOHEP éﬁtts %ﬂ?@é’s Siprarbe Heoust iR esY SEPHhy have

a plural 'IQI%.&Q&EIaYQlimsathIeQsxggiﬁpgﬂ%%(ﬁmcd ﬂw@ﬂuﬁé’@?&d'@mgﬁmaiibﬁsz&ﬁ;a@ﬁ sfz@hponent
may be a .fTxed match conponent that nmay be uséd with different natching

t echni qués simpdieddimag %aitﬂplar a anelosyr A el @*@)POWr@NﬁB} gay pegibapeiady
el ectfon'&,gﬁw(ﬁt}'nﬁqe S,B@ o@bé&@ﬁtc &@m(s LS LR %%Bﬁsm&w&ms and the

| i ke. The er ent echni ques enpl oyed are
known i n subsangintly amhim)thf Q‘P"t«ﬁé’leif@IdSb‘tﬁS@i h)rthwaﬂfdf attéi%mewn@ed [ Para 481(ne

or nore lfggla‘ll 46?'5 9&0¢ re%%’éﬁ, e%?ﬁ’m@éﬁ& éc@nga%égg\a?ixﬁﬁl%@ %n{a%hg:bmpg{eﬂp@ggg’o’
match 318, match 320, match 322, ete.) in order to at least partially match the input
impedance of a processing chamber 360 with the oufput impedance of the local RF gensrator,
in an embodiment. In the prior art, the matching network can be bulky and complex in order
to gccommodate the complex geometry of the variable capacitive/inductive elements 1o
provide power to the various electrodes.
[Para 47| In an embodiment, the maich component may be a fixed nmatch. The fixed
maich mayv enable the user to preset different ranges when the plasma system niay have a
plurality of variable components. In an embodiment, the match component may be a fixed
match component that may be used with different matching techniques, including but are not
limited to, variable frequencies. electronic switching, power absorption, reflection absorption,
and the like. The different types of matching techniques that may be employed are known in

the art and no farther discussion will be provided.
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probe 332, and probe 334). In an enbodi nent, the probe nmay be enployed to
neasure the voltage, current, phase, etc. to derive the anount of power
being transmtted to the set of electrodes. These neasured and/or derived
val ues (power, inpedance, etc.) nay be used as controlled paraneters to
enable a control schene to control the power distribution in the chanter as
desired, [Pag #gta DLEBEmbRGAT RPel¥BXod B1a@ ARG R¥REe Pirobbig dTei-&k :BoNponent to
manage |npedance di ff erences between the processing chanber and the RE
gener at orPTORRE 2 #ndinetkeritat i iBAn epbelipppie peberpels apigyedsertsiiediber f or mi ng
cal i br at i QW e € Hh8E! ANELAd RS Welahioh 699%51 e BoandmiFal @ kLEach | ocal RE
generator nmay al so Include a local controller (e.’g., local controller 336,

| ocal contlecrbiiesr 1888 megritled el deoist r‘@lwwe(pms@toi)ﬂpe gh elcgaady beamd®l | er may

i nteract ’Lomr&ﬁdgvg the sntlbr gg}éee{ ut»%@r@i ¥ é:’}ne 10%&1&% ﬁ@ﬁ‘k}g er &stRﬁLH) :?égve I'n an
exanple, main c send I'nstructions to each Iocal

cont r ol | eshamberss riemited oh@ drgayfrdm dieum@e npytbeameloyed by nhmme:h cpwpomondi ti ons

]I;(ér g;ﬁ;?; 1302 Qe ied Lﬂgdqmg {ih née{/s&eﬂ ’efag ha \Aem%gﬂgl LE’)HI%EQ?% atPlhe klf}ru@hc{?ggeﬁlﬂ}e;[‘g dl Ogﬁld
the liKke. uﬂptbn&maenfo@th prelt is L-srmmmli}cmnﬁxﬂ ml_;icetr»uﬂ@@caiﬁymzse pileronsticctance
synchronlzaélon SI als to the local controllers in order to create a

uni t br m grotegEP Ny gﬁ%lronnent anong the local RE generators. [Para 501As
can be apphecigt ed Ehetomd R ket @O0WMNGalsd ibgudh Slhed! butr@tieRE <ra.mcahgerrent

rovides a neth d S m_f or rform d | o . Since each
Pocal R GuReleanss tal o eat o8 Rothieaet v hDr B velreo iy

transm ssjpgfhcl M@nﬂﬁmﬁeo:seubz&iaaltszaith@lammataedn ah Haaplemapdi ment . [ Para
51.1Wth a local RI' generator, the anount of power, .voltage, or current

bei ng di sCAITHHRT SR gy éé}é FRSEEgrioss t&‘é;]»*@twwei@@ﬂww ARTRAPS Ry I%fémiw Wit 1y

control | ede ndihRGRAYo, REQNGS: 1Y tivh]n0&n hosal RE Qéﬂef R, &M@nﬁm&uﬁﬁﬁxbﬁﬁteoﬁ
processin Consi der the situation wherein, for exanple, a su strate is

bei ng pr dbelpsdRF swypiaalnusinedie krey ob?@i'fes\éﬂtw w i eptpanysrted g e e
gener at ory, hﬁxb 1@1%5@;“%3{o&%ﬂfépﬁﬂﬁx&%% glﬁrsﬁﬁtﬁz&}hﬁu&%bsf{qﬁafg e 1JREr ef ore,

processing results nmay be nonuniform l ocal RE generator, the anount
of power dveirpitpraingy e mmétﬂe @m@ar@hn@@Mufen@h@@t@r}b@%@"@e lavel ®na may be
|nd|V|duq>n§,§ontrolled Thus, nore power nmay be distributed In set of

el ectrodes 34Y' (mhlch deliver power to the edge of a substrate) and less to
ot hers i nPorxd& to: \slcsameaimneted mohotlhcmmsa‘srmghe idfstribloeet! Rtsadegimreatl.  (Par a

i |
ﬁgl)’l-cli_| gsl ﬁéb‘r#?{ﬁamgiﬁm&ﬁ‘ﬂ Sb}n}ﬁ‘ (In‘mu%s. Rr?g;"i’e\m@%’ iy, %h%t !a&ﬁ mgl F&oca y to

e previously
i dentifi ez&uéthmﬂwgh bt Befini noiesed, EhH(i:é‘iqu&SmémBdﬂ&gﬁﬁﬁﬂy%m fbre v texanpl e, by
enpl oyi ng }oca] ens e etch process may be varied to account for

t he non- utif’ ?@Pﬁvi ﬁﬁﬁgﬁyd%?nVﬁ%ngﬁbstrate thereby resulting in a nore
kaftan') @dtgoijng Wbﬁi Ibadl ®F generator, the amount of power, voltage, or current being

distributed to each set of clectrades or antenna may be tghtly controlled, thereby providing
more local control over substrate processing. Consider the situation wherein, for example, a
substrate is being processed. Typically, during processing with the prior art RF generator, the
plasma may be non-uniform across the substrate. Therefore, processing results may be non-
uniform. With a tocal RF generator, the amount of power being distributed to each set of
electrodes or antenng may be individually controlled. Thus, more power mayv be distributed
to set of electrodes 342 (which deliver power to the edye of a substrate) and less to others in
order to create more uniform plasma, if that is desired.

[Para 52} Thus, with local control, amount of power may be adjusted locally to handle

meoming non-uniform substrate {especially those previously identfied through techniques

10



[ Para 531in an enbodi nent, nmain controller 306 is configured to :run

di agnostics on the distributed RE generatorsa the |ocal controllers,

Consi der the situation wherein, fin exanple, local controllers are sending
status data about the |ocal RE generators to main controller 306. in an
enbodi nment, criteria my be preset to identify potential problens. In an

exanpl e, gRhk iﬁﬁ(mrﬁlﬁhlyt Q'h aSQ@mk e, @9@ﬁ}bQUIHG%QEIQO%@ME&{‘} R @Bk RisNGay
conditions within each | ocal Fs generator. if the matching conditions fall

out si de ofe \dﬁﬁ‘(&@c‘@muabméﬂwﬁf@rémﬁmW%éwtw of hepubsige. Migehyapdltns Wt ert to

the oper a,g.unBhRfSuidif {8GAk RE generator can be built as a nmodul arized
unit, mnimal tinme ahd Tesources will be required to replace a

nort - f t nciPaonfig RE gemelodivemt, ngél ¢mt!i>1éﬁgn@<st%wenfvﬁawedﬁe v daAnEEESs Po IS npoi nt
whi ch of &t\ﬂbt c}{(t p!ﬁ%dnﬁgﬁ‘h \gﬁ{}?eq cplg %x()ﬁgfqu(_,&lg d@?th mxﬁ%{lg meﬁ);li aced

bef ore the pr obl'em occ ar a orenenti o,ne I ments
descri bedexhxmpkl oREcdxarqiiveraw Yoadegstgns faat'daimnrtht)M@diFREnamomgmnt with

di screte %axf aﬁ; b(y e(n'an%%%&{l(m me&ﬁgreﬁ &}% bel';&?%%’rgﬂdeﬁk mé@xlten&;! é)qﬁl n;Dq CJX may al so

be i nmpl eneé ment of

t he i nvenda Lﬁﬂmpiﬁ. xdms tonvhliteio mcts:mgmat@d) ipower the emg}umRE\)dlamsaﬂg\ene nt

network 400, . Di L but edi ytegrated RE arral t network 4 JBy. i ncl ude a
et vor k. ofo&ioPu epiry IR e Roa R IR T o SRl L e

confi gur adﬁdnﬁﬁli@fwé hﬁ\, ghingtah abutc@ahe opdrigr. atige qroleed REeseger amRE)x babudngenent

net wor k but. a[e not |imted- ack,

xago clo a
concentri ‘2:3/‘8‘?‘ ev& \*’aﬁ MR PRe A im*&hgéf%@mw*ahg ' ’%Bp‘h %&W@Bﬂg BEr t he

si tuati onRagkRid, SEIRGIEXRIPhRY bé sl kbbitpRtholnnha@hat ed nidiias lanigament
network 400 is configured as a seqrrent ed concentric circle. A local RE

gener at or P8 Ligs etk te ¢ gringdead rlesd paiow thupablem@gcind 408). Distri but ed

i nt egr at eg,REs 1 I aNGEMBRAMASLIMD b hADD MY PRIRVIISR] RoaalveRMMRl @antrol to a
distributed array of nodes within a network. {Para 561Wil e th| s invention

has been desbyrhBE airpnepmprsididissereratciprardrrer enyedi e, lepdie are
al terati ofgeReL Ws@ﬁ)mﬁam(@n@ FAYENAbCRL Sl CPis! 8o hlkn the scope of

this invention. t hou vari ous exanpl es are provided herein, it is
i nt ended thiaklimanhelibe ewamhe&sdxﬁebwd ueragdippeenigd. . 1o an‘rmewrﬁgwmlh respect

to the i yﬁntﬂzanbuk P?I Lgm JR‘N % ggntl?nug ;M& 4@@%&“%”4;@&%11‘05 li ed herein
et Dt ety 3

f or conveni ence an to construe the scope o he cl ai ns
her ei n. Fukithegny btbm&eah@ﬂﬁa@tnod@ wr| tten in a hi ghI y abbreV| ated form and

I's provi dﬁ’d 1h e'r ein ﬁw Lot 1;31& VM GNEE changutub m?agxa&oi powe tp&t Qﬁ“ } arrangement
network may include, but are not limited to, a hexagonal close pack, a concentric circle, a
rectilinear arrangement, and the like. Consider the situation wherein, for example, distributed
integrated RF arrangenent network 400 is configured as a segmented concendric circle. A
local RF generator is tocated at each node (402, 404, 406, and 408). Distuibuted imtegrated
RF arrangement network 400 may provide local power control to a distributed array of nodes
within a network.

{Para 56] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the scope
of this invention. Although various examples are provided herein, it is intended that these
examples be illustrative and not Hmiting with respect to the invention.

{Para 57| Also, the title and summary are provided herein for convenience and should
not be used o construe the scope of the claims herein. Farther, the abstract is written in 8

highly abbreviated form and is provided herein for convenience and thus should not be

1



enployed to construe or limt the overall invention, which is expressed in
the clains_ If the term"set" is enployed herein, such termis intended to
have its conmonly understood mat hemati cal neaning to cover zero, one, or
nore than one nenber, it should also be noted that there are many
alternative ways of inplenenting the nethods and apparatuses of the present
I nventi ONuydidvell &m%&@fﬂ)?hﬁm'tﬁg &RARn fhAtn, WRhFOhRM A6, aRRARACHrBleal M8 be
|nterpreted as includin | such alterations, pernutations, and.

equi val erfe®n Gt fagrplgyed %wmnt msherids inpmded o dne BcopEoaly wHEsIPgsent

I nvent i O%}athi%xa\ﬁbﬁ né'iﬁmg kA HE ek one, oﬁwlgﬂestﬂJn' RELRHHBOVE EnAd AROSTRAG T O
provide |'ocal power defivery in'a plasma processing systemduring substrate
processi st zlwmﬁ e gl;ex wtisetapfofdhplewenizytienttb@daEpd gowstossupphy uni ts;

and ; . FindROVE

gener at Orpxgsbgt e ul)g yl 8 hepeq‘ﬁ{% mtgrﬁfgg gﬁv{ég %iio%?ﬁ dl g%#lé@lkihg%eb% %i%%&édpomr
supply u m»tns:lucmmeﬁlemm ﬁa%ommmugmnm attcbaquo*biesra pelfafilvarhal the yreospigower
generators belng,i qu, {%mset of electrical elenents, thereby enabling
sai d eacH PowEr HRREFATS W\gf‘sald plurality- of power generators to contro
said | ocal power delivery. 2. The distributed power arrangenent of claim!]l
wherein said set of DC power supply units being a single DC power supply
unit, wherein DC power is distributed to said plurality of power generators
via a rail arrangenent, 3. -the distributed power arrangenent of clain 1
Wherein said set of DC power supply units includes nore than one DC power
supply unit, each DC power supply unit of said set of DC power supply units
bei ng coupled to a power generator of said plurality of power generators.

4. The distributed power arrangenent|



0.., wherein a DC power supply unit of said set of DC power supply unit is
| ocated within said each power generator of said plurality of power
generators. 5. if he distributed power arrangenent of claim1 wherein said
plurality of power generators is a plurality of radio frequency (RE)
generators. 6. The distributed power arrangenent of claiml wherein said
plurality of power generators is a pjupakity of mcrowave generators. 7.
The. distributed power arrangenent of claiml wherein a power anplifier is
| ocat ed wWWidiirelgmidiiseach, power generator of said plurality of power
generators. S. The distributed power arrangenent of claim7 wherein a

.mat ch conponent is located within said each power generator of said

pl uralityi.of digoiveed g@mnan@em,ems‘apw\ﬁhti@lal o deienty heiphgme orfcesginged t o

mat ch i npe ..generator with inpedance of a
pr ocessi ric’égghqu yei ‘ub UUlteatpl %“1% SR %!%%esm ng system. 9. The distributed

power arrangenentaidfrec@bmamﬁ)ﬁ‘/mmt:mpslamdxtmm&h corrponent |s configured to
pertermdlfferegt mat ch inclu

el ectronic swieHihg™ ""i‘ﬁgueﬁﬁ‘é‘mélf s?’&i"h‘b}h@d‘“d’é’\)\%? 52F {“é}r‘l” STt {O%ﬂg meﬁ? S and
wher ei n geRheewksSHan tst;ﬁﬁ &d of DCgiver Q@ﬁ!h upmm;@emtiapmm &f:n@zamdvf[skmr aI [ t y
of poyvereuge erators. |. The dIStI’IE d)pogxa1 (é@ ent q;‘ §m10
wher ei n SEFE B POHEYS SETHYT BHPREPPEILL * PR Vi “gézﬁéf”' A Béwer
delivery ¢hid e8@i hveCher@fat@lodid hicalinlf@EREt @nerators to control said local power

delivery,

The distributed power arrangement of claim 1 wherein said set of DC power supply units
being a single DC power supply vnit, wherein DC power is distributed to said plurality of
power geperators via a rail arrangement.

3. The distributed power arrangement of claim I wherein said set of DC power supply units
includes more than one DC power supply unit, each DC power supply unit of said set of DC
power supply units being coupled to a power generator of said plurality of power generators.
4. The distributed power arrangement of claim 1 wherein a DC power supply anit of said set
of DC power supply unit is located within said each power generator of said plurality of
POWEL Zenerators.

The distributed power arrangement of claim 1 wherein said plurality of power generators
is a plurality of radio frequency (RF) geuerators.

6. The distributed power arrangement of claim 1 wherein said plurality of power generators
1s a plurality of microwave generators.

The distributed power arrangement of claim 1 wherein a power amplifier is located within
said each power generator of said plurality of power generators.

§. The distributed power arrangement of claim 7 wherein a match component is located
within said each power generator of said plurality of power generators, said match component
being configured to match impedance within said each power generator with impedance of a
processing chamber of said plasma processing system.

9. The distributed power arrangement of claim 8 wherein said match component is
configured to perform different matching techmques, including variable frequencies and

electromc swiiching.



11 The distributed power arrangenent of claimll wherein said set of
electrical elenents being a set of electrodes. 13. The distributed power
arrangenent of claim 11 wherein said set of electrical elenents being a set
of antenna. [4. The distributed power arrangenent of claim11 further
including a main controller, said main controller being configured to

interact tﬂn? afﬁ ofbuRl &Uﬁ qwq%e%?e%tmﬁxst\@mw;&@@%&!u;a&rﬂoaymg Hpower
arrangenment o aim wherein a | ocal control f | ocated within said

each powarwegwewatosp! @fd Watialtypif pewd geyergpspowner gener ators, said |ocal
control | er, Rl an %ﬁ@ti kxg\lﬁlgr%glaﬁ Sl &{c%ﬁ) iW\&th@reﬁﬂaﬂi ;%e% E&ﬂkﬁ@hlt&{t’ wher ein

interaction inc eceiving instructions fromsaid main controller. 16.
The di st rie'taumxe@mpcwdriocﬁYwcawgé«rtemv tofaid ketiofiele@rivhhelesienissai d mai n control | er

|s confi gltu’r el?? SII%HS%D {%8 power 1%‘1‘%&@?\1&{11\/];%&?1%1(1 1%@\%&1@ Y@Jel eeﬂ&ﬁ?citapéle;péfwr ecei V' ng

status d T8ar er ass
gener at orheink 4, seildfeledicatcsi but ed power arrangerrent of cI ai ml wherei n sal d

each po or .of sai r

nodul ar i zedgrgﬁﬁ‘t”“h’gﬁfléi‘“égd’ﬁnﬁbwlm ‘btem’ ‘gt 6‘5“‘:]%&”‘%&6‘?0% - Légé?‘g%}ﬁge of a
power anpelrziagts dfegidhen. a match conponent, a pr obe, and a local controller.
18 The distri butebgpgwer arrangenent of ¢ erein said.pl urgl ity of

pover gendr B ASUERE BAYFIGURBETIE Srkiid fF‘%‘I&‘élll’% R EER PO

di stri but,ggy adt@YetfeindQd@Suidd B i RedctRatvIdpiasma prokh&indi ssiteh out ed pover
arrangenent of claim| 8 wherein sajd plurality of power generators is
conf i gur ed- d¥e dissiyita RPBEr LEAEBIHTT i Ly iél“é‘c‘%‘élr"é‘i“r‘ro‘é‘”ﬂbgé?‘“\?&ﬁer ator is

posi ti onegyal «KRGRL POJE Rherdidi & gdfdwrmh%eﬁwr y@erMbrs NARESeal 2Rirolibie
di stributed power arrangenent of claim18 wherein said plurality of power

gener at ortinggonimtddfaiEeragiavits spidarain ForgmbleraperRigdpBret oniAErEs fog v péwer
gener at or, i, s . posict Loned,al saghenode of said distributed array of nodes.

16. The distributed power arrangement of claim 15 wherein said main controller is
configured to monitor status for said each power generator by receiving statos data from said
local controller associated with said each power generator.

17. The distributed power arrangetnent of claim 1 wherein said each power generator of said
plurality of power generators is a modularized unit, said each power generator including at
least one of a power amplifier module, & match component, a probe, and a local controller.

18 The distributed power arrangement of claim 1 wherein said plurality of power generators
is configured to enable local power control to a disiributed array of nodes within a network.
19. The distributed power arrangement of claim 18 wherein said plurality of powes
generators is configured as a segmented concentric circle, wherein a power generator is
posiiioned at each node of said distributed array of nodes.

20. The distributed power arrangement of claun 18 wherein said plurality of power
generators is configured as a rectilinear arrangement, wherein a power generator is positioned

at each node of said distributed array of nodes.
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