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Met hod and Apparatus for Preventing Instabilities in
Radi o- Frequency Pl asma Processing FIELD OF THE
WOMMBENFION [ 001] The inveniion rel ates general PgTUS2006/042737
control systens and nethods, and nore particularly to
a nmethod and system for controlling Radi o- Fr equency

power SubNié@ed Eﬂd mm%.l PaSentRBARGRMNE G THE

| NVENTI ON e T owWave
(herelnafter " nor%r#%%%ﬁﬁ i pment is

sen1conductor and industrial plasma

IWELBﬁggEé@%%§ﬁ5ﬁiﬂa Nma processi ng supports a wi de variety

of applications, including etching of materials from
[001]s Uths irvahiixs, redep gsﬂetdll@mo SdntroBdysteingd hisd Iﬁéﬂl@clicsﬁﬂbﬁﬁérabﬁﬁcularly to

| eani ng of. subst faces, and no |cat|on of

ametfpf idsattem dorpapalife SaioFreatteh efra sonistin s plave Gad

enpl oyed vary wi dely, fromabout 10 kHz to 10 GHz, and
BACKGBROUND OF Nt ISVENTHIN nuch as 100 kWor greater. For

sem conduct or processing applications t he range of

fr e QeI SHBEES nt,k Y.
[002]pr§%0&£% glgchueﬁc or. rm rovae (\%1 relgﬁ@%g%‘ ) Wi%spg\%?é%’at}ogﬁa}uﬁﬁlent is
widelfyruesi ia bﬂnnboﬁkﬁlcﬂéi*hld mdLBtrl@Bplﬁrli’a podtssif, Wlismaﬂﬁodéyﬁﬁng supports a

r eS e roce Sl n
wide JE RS apycations: Pt PR oF BRCRRS BO s s atapsiion of
materidd &1k AbstiaEsOlekninCaBubshgte sﬁlﬁ&ei}@hd ﬁhlo@ﬁyfat&ﬂlﬁf BB fte surfices.

ddi ti on r strunenfation is I
The Rty B R EOH1E SPokHE! X e BpBBAoPU BT RS 1 hGHz and fom
a fewmf@tﬁslm as hO€h dsMPG UIN6r&tter] PAGEMABE LR PRI eMrzhpBlications, the
sma can vary considerably in response to variations

range; qﬁ Fﬂf&?n@lé%af}dé%??“’ﬁ@ presgptiygised @avéasgia BRicESSHgcqHipmsRtds somewhat
narroRb2 FABIng S8 Abbut HEKiny & 245 Gz RV W DBRE RS F&p éh‘@i%lgt her
vari abl es. The dynam c electrical |oad presented

t var i npedance qof a plasma | gad, _and t hese
[00310{%%@?&@%0?53&%@“1?@3# tieally CiTgTR PTPEisiAR RE signpl gepgrator, a

matcKiROhdrObrkPEBRAE rziﬁd ﬁl@ﬁol%}a&ﬁﬁmﬁﬁp ah a8digsh, E%isf?ﬂ‘?ﬁgtmmentatmn is
004]. In today | asma processin equ&gnent such as
usual erﬁ%r@ﬁ RGP %Wgal ppVerirgaching éhe glingpegance éloads
assocﬁt'ié&% d@%‘h%ﬁ VH&%Bﬁs%e?abl}e%%sgbﬁs'e ‘Bcgva‘?ﬁiﬁbﬁs 1ﬁ‘§ﬁe%'3§rebﬁ56
| asma density and/or |oss [lasma al t oget her".
Varlogs §46 suppbsirasanacters phasan dpnsity Hisheer¢hRY apwéri priessuretppd other varlables.
egul 005]
e RRNGAR N B POVEE 8400l L o d Bl
other yhrigbies, qon setssigificeniotabiitdcatroRFolone for plasph generatlon
equlpb%gg\llar to those skilled in the art, is depicted in
- 1. An RF power supply 10 del i vers RF power

through a filter 12 and to the process vacuum chanber

[004]1 gn {piday’ & plebrag pregessing e@pipment, such as semiconductor tools, it is often

observed that the process becomes unstable, exhibiting oscillations in plasma density and/or loss

of plasma altogether. Thus, a need exists to prevent these instabilities by changing the way RF

power supply is regulated.

[005] A known plasma generation system including a typical plasma processing tool and an RF
power supply, familiar to those skilled in the art, is depicted in FIG. 1. An RF power supply 10
delivers RF power through a filter 12 and to the process vacuum chamber 15 via cables 13 and a

load matching circuit 14. RF power, both forward and reflected, is measured at output power
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| oad matching circuit 14. RF power, both forward and
reflected, is nmeasured at output power _ neasurenent
woabests481 near where the poyer enters the proeesaIS2006/042737
vacuum chanber 15. Feedback from the out put power
measﬂ%%%#tr é)t% % k& dvl‘?eréfﬁg ﬁm‘bé}%lﬁ eI'sC{het, ﬂ%cé%@%ﬁuﬁ%ﬁ&h%r 19, rée@vack
'e contro Power re ation
from mlmrmmmt pawarqeasurgméng 1§ ersemté?laﬂg/to d@sl?%éﬁlpp ]&p@rcétn@le&sthe
as possible, to maxim ze control stability. A
cmm?OBW% | power supply control loop can operate as fast
as a few hundreds of m croseconds, and is usual
[006 1 Bvingnegulatioh eptdimizeidyingentely disigacd joparatesdast aﬁrposmble to

maxi ezretz:%gt%lg{akﬂ vy %@%@1 }?Jerp ?%% abéoﬁtrgl' l&ﬁ)dcah ‘Bﬁé}%e 868 A few

Spee 'asma
hundepen of mtcrcisacomsis erdis usslly idpsigned amyommlzeérm aﬁw qfatfeed lpgd, or

‘ perha[pﬁtwv\@ﬁg'rmgre egﬁ?mbpeof\{%d 1%‘89&%@%%\/\% ded%r ﬂn@@oﬁm loop, e.g,ina

I on spee r sup
plasretegeelati@dsyatemy i, lmnwd by lfidtsmand maltqhmgumamrla d@lastss pm’eﬂr measurement

. d th t h
oG B A AR LR DALY ol
intro@ass bddltwheﬁdeﬁyﬁbi tle cantrel bbpﬂﬁ&ﬁa}dldﬂmmdbfmasultam dnstabe system

i nco [007] . Howeve man ower re tion .
behiin P SESE 261 S PRI BE. 5F Do FEm e g opasent
plasma as a part of the power regulation control [oop,
[007P | Hewevel, siA® pbﬂﬁﬁd@.ﬂﬂ@nicsmmbinstabmﬂbmh e Mirilpited to having the

e CEUE ML AR T LT RN R et
Mor@ﬁjél(t:iﬁbeﬁlyc %giﬂldlﬁ{pe@@ﬁ@ (i fluhction of the Aoyt af paEva &ishvered the plasma
m Xture

reover, the re n chem str
s PSS Y PRI LT B BT A T0 s B HEG fgeectin
chenf&tE) dn@REPradsuFcSariablel ¢ SépeRMEupon Plakind dérsay emt teinpéf&ture and
dependenci es) of their own, These jnertia tines

also hayetipratia datend tigre dependrnaics) bty %S%ﬂfﬂ“ﬁ%&?&ﬂ%’s e “é § range

of fr&th $rittBLRbHsRE ﬁiulm{ec&?ds' SASrRERARTE By v pRSesdés fudBiaon
rates, punping speed, ionization and chem cal reaction

diffusign eafes, pyroping B8 1%%?6% andhspicebigeqtiog 145 816r i s
i ntroduced by the gas supply system 20, which

[0089f Aﬁ&hér% tph@a?m £t iffrodue&Pbyahe bdsSupMisysteid 30, @dusch oftentimes
Supply con op 22 connnnly controls th

has aseagiplloemot itk vk Siscios 1PPIY-EOBHOIAFPR A SRERISEP efm%E%]é theegas supply

to th%ﬁ‘a%ﬁg? 'ﬂﬁﬂa‘ise@g’n gﬁﬁrﬁ‘belsﬁgﬁﬁﬁtrﬁeagﬁ%&ﬁ b3l @ﬁ’i@ separaicddbntrol loop 22
e specific and (ésten1|nert|a delayﬁﬁglnes

can etenidibe gpecifie ansbiystew inesija (delay} imennh dicqesrensritiphyysisae hundreds
o Gy ATRS0. T DU RS (BHORL by ke Sy

w1th| aregpousz] tlrmdmtervasthsi iswlewet thamormqual dutie swischingefireanprey it thy

frequenc e
sysors SRR Pl 57 S B dne U R el nyencn & the pha, i
potepliaiyrmagne to snspbllignt i al [y prone to instability. [009]

FIG 2 illustrates the power section of a known power

[0093 u @Rlﬁé 151&&113939 ltl%q%v‘;ep?e'étl&%f A& oRT ﬁgwer supply technology that can be used

with a system such as the plasma processing system illustrated in FIG. 1. A power supply 30
(e.g., a DC or RF switching power supply) is designed to deliver a constant power output value
to a load 40 at the output of the power supply. DC power 32, e.g., from a rectified bus or 2 DC

power source, feeds switching transistors and reactive elements such as inductors and capacitors,
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with a system such as the plasma processi ng system

illustrated in FIG 1. A power supply 30 (e.g., a DC
wonroRmpssmt chi ng power supply) is designed to #@erivsennems2737

constant power output value to a |load 40 at the output

as is @owh fthB skAUR BleYart, PowBONBS1y 38 ge&regly defﬁéi’mcﬁstant current or
rectiftied bus or a DC power source, feeds swtching

constant apkigs 0o peimersdale Bzt 3/me ingareal) fostenban the raspanse tipe &f its
contrcﬁqgopqgom ¢ thIBCI?Ul ?ﬁcdé% sKRRYS atcﬁn'&olﬁ a1 9 th8 ?b\k/!:r s'ugbl? B®based on

er al vers onst a
mformanmeenelwd ﬁomrtht &ndbaab b(tnagblogm33a ©f epmrsscraivesr gupply. 30 cap also

dehv%r gﬁnslta&t l:lPr}e% gta%awﬁegt glli,]et o oltlglo 15 %%P%gﬁge&s ﬁ(?r rQIferehée such
powe€ Qupbliesl aresregamﬂ td @ ‘tcbmtqnbmnen@f u)p bdoyxstatﬁt vobizge] typns below The

G0 LSR5 ML SSRGSl s
outpu€ Ob1EIza bf cietehr @hlke fwey ﬁlipb@gﬁ) tM”tﬂainthilneha:dnsimsd);bov‘}eo oputs In some

stungopf B 0 FROIL A REAT T e IrPLRL b PLEBROTRR

vol tage" types, below. The control circuit 35 uses
[0010‘] eeﬂiaaﬁde & dxampietolikngWraischaologyviara ‘wemsut eant” RG pewsrsupply

which 5 6 RS- PR PR e AR O QP BT
tempérafed (FEtehirtfgatd ©RS “ﬁd@aﬁve(raeﬁ]sterrﬁs’l) ) it isiknowh &iat mppkyntgra@:bnstant

e g S5 S 5 BB Skl sy toins

somewh &8 h3tualbllagRsistd?C power supply which is used to
power an arc-type plasna |oad. Since plasna resi stance
rqops at hi gher t eratures (oft n refer
o1 G cPpmonBonni R Sny ity it Rialfe ERaPVE B rigugion
(“PWAPNSHAR] nfetHdde MhedeDeBdye Bs PolRySioRartesmidthal 436 wigabkita bifectively

plasma, | n _such syste ly functio
susta B A RSRRIE TR0 PR PR P ASE Db e nif) §0op{ ipeoipr. pgpplasma
systeﬁl@ %%'w)éred%ﬂlyan% @Mefr §Lﬁ]ﬂp[}9:oﬁﬁ’(\!ﬁﬁolﬁéiﬂﬁdré Efactibfed sﬁhué fhe phase
nmodul ation (™ ont r ol hod. . These_ beh

of thets leipd Regest Stiified v SR A s Toh 0 S 0 LP)ef PEBe gy hat it

is dliﬁ&’tﬁ{ (ﬁ"l @ssﬂ)‘féyl%tehéi@e Lifst SdsARE6r ﬂg@ﬁiﬁp&r&ﬁ%m@ resistance, as
E contr ol Oop reover, when p asma syst ens

vwwqi %oxp cdwamwr §pply- SuciRpoplene pregspselally pronewsed fr éwegwperatmg
at hl%xrﬁ?e ﬁ%ﬁﬁfe@ rf Tl‘ﬁ‘ilae I%ﬂ;/ Ronlde i ?lﬁﬁsr@nééfof 4 Reris &fd et ed

abl es’ and filters
to such an extent that it is difficult or

SU“é%ﬁggéﬂ% HYVERSIPY eit her positive or negative
apparent plasma resistance, as viewed fromthe power

[oomunp&%rcoﬁmﬁes@ bRBlR¥BwWR & RERAGE Rblelthdd DR S&M1y Bdt merely
ystens operating at high frequencies, gﬁhh in the RF

provydéw@ﬁralqt. Vogage qr goRstagt ?%g*eb'&ﬂn%%ﬁzs cRAehle SRMIKESPTIESH
consfah{%owé'}/ﬁw Spbh 18P %}?slenI WHRNEY SPHIE oﬁé?&ﬁﬁ PRI AR cavbt
need IS nore than a power supply that nerely
mamqtai@dur@@sd@@ néteﬂﬁ@tlowbm epedBKe PR PlesBR-ent , but
instead i s capabl e of dellverlng essentially constant
[001@]%%& sbéhlﬁ&us)p@ﬁht EsORBdANSE BBIhoMIRT DP¥ratik tHat €antR&E& b @fntrol

pl asma _can be
the amount of power provided to a dynamic load, such as a plasma load, in spite of varying load

impedance and resistance caused by the plasma and/or other system components.
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\ [001559@9 pepeet of thedmentipn fepgiee an

mai nt ai ned regardl ess of reflection phase and
i npedance of the plasnma. [0013] More specifically,
woheis/oss9needed i s a net hod_g@nd appar at us t hat PCaushm6/042737
used to control the amount of power provided to a
[0014@ @?Pegen{ ﬁl@éimoﬁ B%}c&ﬁes@he@!: ABRmk 3z a powS Rl Jﬂ%ﬁfat comprises a

npedance and resi stance cause

substq@n@lémnmxp@weroaon@p, agd opidonaliy ﬁﬁ@Wé?ﬂan"E‘dM@at'Fﬁ@’ldes a constant
powelpsruggls B ard é'l?! Lﬁﬁd QUE] £A PRk HeS Elaﬁﬁap leRrusing a
supp at ‘conprises a substantially constant

ower source, and optionally a slow feedback | oop that
gﬁ@ﬁ}‘@r Py for Pryidipg E%lvyer toa

dynadbgI §5ha, L %@aé?nao LaRpRidgh vkl SRR (ARDRYRERY an ih R p&er to

aspect t hé |nvent|on features an RF power
outpus R ppyerf dihe pesericéighasdae ptored caerely RERTAILY aadbe orderad afew

m1cro§e<‘B}x<%?§s IR PR S bR Sf @t&%ﬁ‘éﬁ%\éf inrtﬁi‘él}cuft QbestRf Ml?é'rfe&nxgltlﬂﬂe

ower to output ower circuit has
contrdlowbrht}o r'Bu centenl gyc;ulgamadeasl al opnigal sighal t@ the@owerf cirguit gayegulate an

con uch t n
R S LA S e L e e
generatba i blsd includésen ﬁrsmlmxlt that proviil¢s apnairdment af emimputgiower, which is
used o &ﬁ%lgﬁm? £Q h&}&o togheC Ilaor\ge%gr%uio ! gﬁs%” ! efh%?r\}%l@ B%er%’ WeRr
poweLaIpPBIid Mns inbiataied ppi t@staanoRFsuysasiaby cxmstaht angjugb
i ncludes a flrst CIrCUIt that provides a measurenent

[001 63 EEaﬁwgfl e%% ni;] V\s/g?onc IC}r%ud : é }ﬁ?aesgruﬁgo aqqlltﬁﬁ‘? E)O\LQ%] QIP&&%R lof the

RF pgyaaneuipplyg whivé 1REse¢h m/mn;anapml thte pewvet horsrobrsigmd af axedomsitrata. The

t ant t L.
e A A b P b,
sw1tcb)1blg poierBOpsy that feeds ]ZOIEIt:lm:Hnt 0fthd RE p&ierpoppy. Eurmﬁhyqre a weighting

h is used to _co te th wer cqntro

factotin 56 Bed o Grare e STHIES P pereal e e TS THE PR the RF
powep QpPRtah 8¢ Bsed T@@lefgliesd plésﬁ{aeloa'dan correspond to a

frequency of a swtching pomer supply that feeds DC

I to the RFE power su t her nor e

001 ] it i e feipbo e Ra s BT b e spiphing
regulit@r RBodk RALRTOr PO siviichisesore supplyfandd@tditvetirowt oﬁah&nverter

RF power supply can be used to enerqi ze pl asma | oad.
ora srv@ehlvg Dot kP L1 18BHH PPV At Be HEasPBY 6p adisUGEY Gorrespording to
each ERBATAM swildK@k b@*fver YChkhd Mgt §M§r<§st§nﬂlg:aﬁ ‘Bl tHeadueyd,at @

boost regul at or sw t chi.ng power ﬁﬁ éﬁ g
differgajiratech-§- v@t &readh Ctyd@fof £he SPHERE RS SUpRLS ift SERT FY ?ﬁgwis the
contrSIERRhYis updied ARHSy RO s@ﬁt@h@%p&&&%ﬁkﬁ&ﬁ viile @ bth@d UeNEK.

correspondlng to each cycle of the switchi ng power

The out put power, sjgnal can be neasured at

[001g |Tfph13 iRk POV e imeasugerpent cande #%Pm@s By pgespEng? to{'fﬁ gharge that flows

throughVhd EBISRPWST the YRRERIng pdwed QUPBIyRINPIAL bAPRRY Se.t TR first rate can
control signal is updated each cycle of the swtchin

adjuspbaepwernopiryl signpl anee Pt caelnand teseqogd fet is sfopgn thay thfigst rate
and sh&ﬁ&' 51s<{99éﬂﬁar ggﬂa%h P§e t&?e"cﬁtiﬁe A S MR TR s PRRATHE bithlso

rough an | nput term nal of
be SIQWFE‘ thapjatredponsg tlgmswé e gguwpgv suitieh fgt eviehesdlcglectricph oad.
first rate can

[0019] Another aspect of the invention features an RF power supply for providing power to a

variable-impedance load that includes a control circuit providing a control signal to the RF
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adj ust the power control signal once per cycle, and
the second rate is slower than the first rate and
wehaslod4zaali so be sl ower than.ga response tinme of PCNAIS2006/042737
el ectrical | oad. The second rate can al so be sl ower
poweF ﬁ@)ﬁlﬁo Ee%%ﬁ%‘asllf‘ov&ér BRp@fleR] S8 tRURPhYwet ¥edpaddadrst circuit that
I'i es the ectrical load. [0019] Another aspect of
prowtl%@ IPEATERRERPL pib EPUROSCRIR TRk Bowser suRbp| Yherfigpt circuit adjusts the
QT sRL b U POPGTer sy #ATH ﬁ*i’it@td RANGBstddiaty EJh@t*a t input
Conrl n%\ﬁudes a c%\ﬁferroﬁppg}ll rcwrt rﬂgﬁg a %ont rol rér%%u
powet.oTheHRF R weppls easpngiuded Sp@tyé Cheuat @r posRngUL @mut pewes)at an
r I [
outp u];t) pgﬂglé gﬁgo@& B rVé/ﬁlglﬁ {% wé datggo@% ns§tS {hg\;cs\gfrit%f sfgnﬂqgﬁl%& RF power
supplp etvesecendoptey Tha fest faiter @puld be greater &eltp thstsgconth wie dniserod
;supply at a first rate to
embog r&ﬂ?sa¥h%9n hgg?vgérﬁtlsfa Sri/ constant input power. The RF
power supply can include a second circuit for

[0020dwaweighting fgtondn hausqddoequsaithe rst tatr folbe gedfater Hhan BIR spesnd rate,

and afi HQ[?htyof ggﬁl‘ﬁ RE\&&Sg%?fcatn%e %géﬁgg (@:1’362 ge 4 {Jlﬁsﬁ#ﬁga o}x nﬁl%d%ﬂ%l circuit

can bc ased, lobated hht\wnghaalaf genctakraand the l@é«i@gmdthp atasma Iqad)s Oirke power
odimen th t r is. onsta 02

supplg\glglgxﬂglﬂﬁeg é eSo a(r)lfra 1n\éeg~ﬁaﬂ g@%ﬁk‘é‘@ e W1tccf1 n&reglﬂﬁ%r %g?oss?;lelg\gl?tgr, aDC

sw1tchmg bewg*rsemlg,ranﬂ Iagatetdhee sieni nﬂ art mt/mer ansviewhingpbweit supply. The

b dt | ]
iput S Con B e oL BT AR el S Pl Fefle BafoiBms e
input ﬁ)bﬁeﬁEn@&ﬁlﬁﬁlﬁbdeor amdl ciykle of Khaﬁox(/@ s@pply.t T d@hﬁﬁll’@nbkh’ad be

r su can incl ud re nt inverter,

g o BRPacE o Beo ey g b Grooms SBBOLRer ST o a DO
switching power supply, and a gate drive circuit of an
[0021]] rThe RiFgrower supplytoat deltyepgones tosajgﬂpﬁn)a loddh Furthgriithe poviil signal can
conn 8 TR 2 P gBdor AR, B2l o amoun
of theedildtiefl chiDbe daeMinRy oh @ codle b)h@fcﬂﬂiaﬁﬁ IilLH@ﬁlle)émbEF&Iﬁxents the first

nal can be u dat for each, cycl e of

rate ag)&;\té {:h%lsca §1gn61d>cnc§ PRT S §¢5oad fade isstoper thag the Igi?st rate and

shouifl @32 b¢ SIEWEr thRim @&Wms&ﬂﬂﬁ@bﬁh&@@ctﬁ@l los@r Tﬂ@s@edsndt@te @an also be
pl asma | oad. Further, the control sjgnal can control a

Slowe;sd}agéreapa@q% et greas yeplSHIgm ot BIRELSS thedenttal bad.of
t he power supply, and the anmount of the nodul ati on can
[0022) A e L49FE AR the Anv@nGMChefuidY arC KE bﬁsxﬁ@%&n‘ératdr@oﬁ?ﬂﬁng a power
enbodi pents the first rate adjusts the contro si gnal
sourcg, ﬁ%ﬂg%% SEifelting POYYRY SYIRY - SThe SWHCIHRE ROVIeE SWIPS(BF udas frorted
circufk thraﬁﬁro{flaés@a ndosdiaidl @ tl@é lﬁﬂvep _FﬁinWgutathad"pcﬁveE 6%&%«%1 from
time of the electrjcal |oad e second rate can al so
the peyger SPRARGAIG ST Arcpis 13bimewdesi aFacastrener of ag ippl BEVEY Brthgpower
suppl, chiﬁd F&Qéd t6 %djhge%heeéo%ﬁslrs'lgh@i to kiRAdwet Q.@gl%/] at AE% RRE thereby
aspect of the’invention features an RF plasna
maintgiaigrsabspntie B priseniigpw ppwe At %wun@@deaﬁ@ecand picsuit for measuring
an ouf e erPM oBHHEB Wer Ty MHICHED 10 (P QEen Pl Yontol signa
to thegiogiemsupply at hée%@d\@te sueh thay the dirst eajel Isagreatey tlpm\mersemxtipm An
t
oupu 66 LA NG P ALy PHARS kn RE erich Sherht P st con
approach a rate of the switching power supply.
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supply, which is used to adjust the control signal to
the power supply at a first rate, thereby maintaining
weubsstiarial | y constant inpug. power. It also i RCTWSE®6@42737
second circuit for neasuring an output power at an
[0023? W Refehifs hdisr AR WE iscAUH Blude thekikst Fatd © b SRAtek than the second rate,
onpensate the control signal to the power supply at a
and agee@%pf itha Y gengeation pegtion ¢ra epergize a P‘éﬁ@a Jogd. gAélaattcévna GiLgpit can
be usw focifE 9&%&%@ RPN RUECtRh ahd e FMa! GHE RE cORYREr can include a
upply supplies an RF generation section. The I rst
resonﬂl@ttl@vectam a pikriope sitchingtregudtort hleoosiyeguw#ipi g Dfoswaiching power
[
suppipy R » A0 b Aol B lther BPOIHERRORE DR TH HHTEer can
be measured fqm gtchaiycle héthaﬁogmpm,l apf 1r5®me|emb0diar¢n§m@fgnw@pawer is

AR S0 IEACRLRS ALE i A 6 RA 0

cyclegd thersavitcling power rsa;bplxyd duainsesoembddimenieit fsewf. a buck-type
swi tching regul ator, a boost regulator, a DC sw tching
r
[0024ﬁ g@% r psa’tjpcg&e)f gaﬁ ﬁltg %go%?n@rat%%ar% bg S%%]@ﬂlﬁécﬁlﬁ}%léagg{ljngaﬂotal charge that
ﬂowscﬂmug*eanmalgmremnaﬂ of the mmmo@eoﬁuppheiupwmch smicp layd the RF
genera%r gan m(ggérea rﬁeg;?n;(g d Iegeerg{ion Sg/?tg]%’lg %g gontrgpg@%r{al {:a% d] se width
moduka:m)h mﬁthe swgdahg pawer lsqaplypdﬂtth’fchrﬁcmnt efgpulse &xyah‘.h modﬁlatldnecan be

ceterfyfiel S G IF B iR, s P RS AR T P R b b e
signatledce pefi dyeld, 4y theeasoifd rag ieslévdr alian(ﬂlibaﬁlglﬂaﬁe had sHoulavtiso be slower

t hr ough  an ut ter al _of the switc
than &IPS Ul PHE SO0 o THESRGORTEIoEn e B SPOR (i response
time bNCd d@pply HsRMMBatGepkathk eRcoi¥glieun The control signal
can a pulse wdth nodul ati on of the sw tching power
[OOZ@ Lé?eg ?%qtﬁeé gs%gteo‘f a}geglg}r/]et@tlgé fe g‘éj}llﬁqssgi nbeélgcfdgof gqogg]lij lglgérlgc?voer%o a Varlab le-
impe%&b@dﬂa&&ﬁfn@nhh@thfelstgﬁi %ﬂ prbéadiag) g vetu] sifritcim brovldesh ool signal
and the second r

onc , e is sl r than the
0 SHRF P POt G A8 o165 Pb Bt T EPRLHBN 3 Sonrol
s1gnal tof’tﬁe Sfitchihg polvecdupplsad adjiad.at 4 ARt HROABE dned ﬁsﬁ@%eﬁfn@&kumd at

be sl ower than a response tine of a gas, supply system
an inpy{ side gf the SVEIRGROVET 8EWHY bl 2]sg sempqniriehat apegond rie fdyich is

base@&p@&tcorﬁlfpomﬁthlaﬂ‘é aRbdueds & 3@5&%}5&%@@ offgk Icheﬁéra’cor The first rate is
ul ati ng power to a vari abl ei npedance |oad,
great@rc(gﬁg

ter)éhwgh@ sreondt iefss Toe fip e @nﬁgrr%per&f@ pdiequeney of the
sw1tchl?1 O%IQSYI s a control signal to a switching power
g%’ egul ate a power output level froman RF
enerator The control signal to the sw tching power
[002%u%iy|eggh‘p@ @gpugqnehg ugqd tg cayse the firgrade fohegieats tlgmft g sggond rate,
and aﬂ%‘ﬁﬁﬁ; Sﬁﬁéﬂﬁ %&e?atto&gn kiPbe a?‘blgﬁnaolgacf %nﬁ%fm‘é%ﬁr@lﬂt &lﬁ% 'ilsed

pp IS al so corrpensa ed at a second rat e,
locatﬁctbem‘a@édh%&F genseateyridd gviead. (Thapowe sppmy of tael mgthog gan mclude a

I‘CSOHQiHlI 19&&1&3' ?)ﬁclpé/lp% Q\g tclﬁli_'n %ﬁét@lt 9 Boos{r ulfieoﬁ,%te])(? ?\&f?ﬁh&@ é)togver

eat er setond ra e
suppb'aamdém rrgets goiriel Tlar: laplft Ipeveranas Ye mkasuted fenvatls eychpfislnmesyitching

powe§ E\HR)II}X and in some embodiments the output power is not measured for each cycle of the

power supply. The first power can be determined by measuring a total charge that flows through
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[0026] A weighting factor can be used to cause the
first rate to be greater than the second rate, and an
woub@suws4i the RF generator gan energi ze a pl aBawuSe@e/ 042737

A matching circuit can be used, |ocated between the RF

an infiAEHALPbr A8 Sy fedbn gl rgwér supPs RANELach epd@é YeuRthed R cﬁﬁhﬁ@%nal
an 1 nc udeares i nvéerter, buck-type swi tchin

can hegddtest for each cidosfthe @@éﬂhmgmowerasug@ysw fresemegmbedieents it is not.
supply, and/or a gate drive. The input power can be

[Oozﬂeﬁy%%e%‘l?odfdaﬁ m%ﬁrde h&%ﬁ% £ é?écn‘iéaﬁloﬁd\lhhﬁd&ﬂﬂyﬁs&%\/tﬁésnﬁ WeRrtion

in some enbodi nents the out power is not
systema a@iﬁh@ epritiof Signed pancspairal agfulse pdt @wévlagcmﬂtbe POF{¢& SYpPlys The
I
i TR B L S IR s R
embcpl@ms thel it yetoadivstagheemtrobsjgriabone gendyele, angdflze se@ﬁmdrr@tp is slower
n

thn S g B B8l RS LE ol B nSELR NG FrP0rnhf Boll ol
secmﬁcﬂ@&?:]an dlbeberddweardhaarespondeuthee dfa\g'amgipa}y sg$terothat ewplplies the
that conprises a plasnma generation system and
nt rol signal can control a pulse width

nodul ati on of the power supply. The anmpbunt of pul se
[0028§ Thetrppoaius Bciudes apowebeoudest @pawersonveticrareayGhgpdwer Gyl the
sourc%a If:f)o rrlzoﬁ Ve }grgggﬁil' gr%g{l:&an:i h&p&t?&%&a&oﬁé@l&%ﬁdgqﬁéﬁ égt'cﬂ?east one
of mmlt crmhaecgetoh swntdhh@ ﬁaqnstcy,rmﬂ an Rigesdratut weaving cdystasi mwer from the

% response tine of the electrical |oad. The

POV &V r at e can al so be slower than a response tine of

a gas supply systemthat supplies the electrical | oad.
[0029]0028owEhepnappea cart besa paniidl ol rasopamfawelwu flbe partialpespagnt

onvert.er C oaver .. fr Q h ower , .

invef e e L BEERI RS R e s BN 'L SR - pived
voltaly anded sebargl crcuik ﬁm&talmﬁmngfheldﬂﬁmﬂ vvbdgteagmcmstaﬁwpotw:hlen@.

fr equency, and an RF generator receiving constant
[003 [he ﬁrtst ec?rc% %bggl\féee F})llgr?lrg\éﬁtrcﬁe% aFd Eﬂlglpeg 8%)8??2@ PO?I:{]}@'ED% the voltage
fromTlmepq&w tovade to eslena:dtvoltzrgee ﬂhesecmafniﬂcmt banciecladesi |arremst1ve load an

convert i t age, f,rom th
iyt pibieg 5he FRGTELPG dhd S et g My e BEI cappoier
periodivally etiafied @o dh@patesitagedenebiidali@habedwhartapaitor quonastris passed
The fir rcuit can inc e pl ural

tougfy i sraiti v Tepd i s sl a0 ety BonB TRt g

indudtb:0sslirBELthP MLt WIS cliddged aflé distiRéeedol t age. The second
circuit can includes a resistive |oad, an inductor

rio BB RGNy TGP Tor Deri oai cai Ty char ged to

an input voltage |evel and di scharged when capacitor
[003 LT heefotegoing dasisseidn will bergtiletstvod nese whdilyefrdno the following detailed

s B PR o085 M0 0 B PP s
whichhar ged and di schar ged. BRI EF DESCRI PTI ON OF THE
DRAW NGS

[0032] FIG. 1 illustrates a known RF plasma processing tool block diagram;

electP Zgog

[0033] FIG. 2 is an illustration of a known power supply block diagram;

[0034] FIG. 3 illustrates a power supply incorporating control features of the invention;
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[0031] The foregoing discussion wll be understood
nore readily fromthe follow ng detail ed description
wofodsis43onvent i on, when takeg i n conjunction WeCH/USk®6/042737
acconpanyi ng drawi ngs, in which: [0032] FIG 1
[0035&@1934 [s3h 8mbadikRAMT R inRIASHRCIRAE 8 $d TerwaRPbuck lrégﬁlator
iagram [0033] FIG 2 is an illustration of a known
ower supply bl ock dia 0034 FIG 3 illustrates,
[003¢] Hgwerhosigpoyres weala/ﬁﬁ? rH% 11&%%5 SPriqus feafipresotdie ippgption; and
invention;[0035] FIG 4 is an enbodi nent of the
[0037]rRIENG is@A eiB6din@hid apaftab@sdnaiitiavetteltyp&k psveeg shsplr ;
[0036] FIG 5 shows a power supply systemthat
i 4 ious features of the invention; and
DET?WPE)%{:@%BNS an enbodi ment of a partial resonant
inverter-type power supply. DETAILED DESCRI PTI ON
[003§]OBBBP ikis@ateSan ¢rhustiment efthainventivo diatrean beafsed foevercome the
problarrﬁ\slg sErLt?eg a%h\?et F@gv[bdlgge/ agg’nes%n{ AHES é)%gvglé goﬁ%ﬁ ﬁ%%%?glgcgasvc\le§uch asa

const ant

‘plasntia) carreslltdn suable aperhtixmchf tlmsyhems Uafoptuasein, the &adﬁwhnhlly siydtems

t f. t.h Unf ort el
desoisdaned S5 uend ik SodR o o mB0E g e biutops ptasma
geneﬂtiblﬁéﬂsbéme NBUGIf the réspensd ViR b eedpek Rlop 3§ icfasiel tharohes inffedance

enerati on s /St ens en, if th e nse ti
pertofapsgan e gapeyaptions St Ehapis R ol pieh s do ot
comﬂéﬁé‘até-fbpﬁr{lﬁ@ﬁlp@ﬂﬁgrﬁlsher ongoi ng variations of a
dynami c asma | oad, such systerrs do not conpensate

03y et PR EiRedomt e e i BB Ao gt Power

instedd dTWtpROYEVer, ltm&ﬁgwﬂzaﬁtﬁgm;ghtefm@aﬁy and laki sttgeca&wﬁgytaamevable
of hi.gh ef{’#ﬁ .stored eng evaﬁ%O
with R)ieﬁfl’ﬁ“%%"é‘é |tfgs= ale ISE(“? cppRlest Sé}w isfgepgplosy, the

1nvex@i@ﬂ@ﬁppﬁémnkt&§ poled @Qar&l@és%fﬁl%?&(ih ggyma 1da8ink B¥&MNksOBn a time
I'i es const ant ower re ess of changes in

Scaleﬁ’ﬁ%l%?féh? oslefi o étoif‘?deﬁﬁlﬁligé qfvde %é’ﬁ sgpplipgrove aWRCh gagy bg of he order of

sevextaﬂ%w%s%hds‘)fToséc@&ﬁﬂlsﬁ BEE Be ;Q)'vs}éf %ﬁly@b o HRP!3R6s @f&!‘ﬁ
whi ch can be of the ordér of several m croseconds. 'Ip

measyre§ApIZ anihe RCPowenh fsedieg the np\pwumy 89. Fhiginpet neses a
meastlﬁﬁ}enﬂ PP ds % !)f;gegfgﬁ%ltﬁ égntl%@ lotot;I § Wﬁés 1?1%11&1@@&11' tg gle control

e power s I'S I npu pome nmeasur enent
circuft 88d$hecangret cifcaié dardmmradtueknincmo(e g.cmp deuit heardpaanatbgs
contromroa[ns;%‘f kz:%ﬂm% (alg'itglecoﬁ ém&l&rowtﬂ (% th%?e m-[ﬁ'e art Of Ec[n%matuons of
can be an ac clrcui g., on & ci
theseb d&ing )this seahrantegyothe mnmoml dogtirqls ‘dmymt@'ﬁctma oetesn thegiotvert supply

and tgeg nlt srrr?al l%y Rt %h? g nt{oﬂ?n\ge{ht 3 t h Sfteq%)wer @erlli% 34 Fd tél§ }rm\%v?{ esupply 30.

This 'remulesrlh Ligit conmﬂrotﬁ e pbh'er Semitte Itl&dd)addfecémsde ﬂueelynetrﬂne pkasxmparameters
the Ias tl otrllln

are g4 B ek S b orap [Reetae b VS r B i ey, sty ar o

the aiheﬁmbf Bowet delivgidd, a0dvieragbd @fer Ve shvdtifific imedald (@ gf,adew oad
s5e the dynam c pl asma paraneters

bec
mlcrosecon
[0040] Accordingly, the invention includes power supply topologies that can deliver almost
constant power into a plasma load on very fast time scales, such as time intervals on the order of
a few microseconds. In some embodiments, these time intervals can be sufficiently long in

duration to approach the dynamic response times of plasma or gas supply responses. However,
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are not as sensitive to current or voltage waveforns

provi ded by the power supply, as they are to the
wanoss4i power delivered, .as averaged over Vecy/Ushwsn42737

time intervals (e.g., a few m croseconds). [0040]

in allA&®6ditheE ke, polreEsup P DRHPUOTR nialfEdikies a BN anfohRiVa time scale that
t opol ogi es that can deliver alnost constant power into

is setly ﬂredgﬁﬁoﬁ tpaer eerayde povesieearilses of ehanges in plasia fupadpngs or other
load yHaRic¢al s on the order of a few mcroseconds. In sone
enbodlnents these tine intervals can be sufficiently
ng.in duratlon tqQ approach the dynam c response

10041 gl Copira i gt T CERDIIAS SABREIES Cnaghasy 8R4 fd povir

mput@héngsmcaeéda@ﬁrsﬁ the {ﬂﬁecﬁ@ﬁ&f co%ba@@ﬁapow &ﬁl;sut bBthERvRARIND @énerauy,
at a st ead anoun in atine scale hat is set b

y t

to mainpip stapifitys ¥}’<9rf%fiﬂlb@i1f§f’§‘}7°1tr‘iﬁpﬁ‘t¥ﬁéﬁ"e mﬂ@gahwbé guich fastep axhrgw

Towdr elRlafl HRBSiHL Qbes Ahd s sh 3 &% -achiORA
v Iéee aa?k (130 B%Oa eSne |§is Snlgnbtql§]I ceg%ab ofalc rles on%ﬁe%lae
power gufputeapfig] iof tb@ lmV@a@pran@f opbiieyst ptakilization aﬁ@e gystam be provided on a
fast tﬁfé%@é]p | b'u?ﬁﬁe E&ﬁro‘? Kif 1§ o?ﬁlxg cOifoP bl?ctuﬁ@% cgﬁ)gfgl oMl W&}l‘f &feakly

he I nventi on. y, to marntain sta
(ie., $1e‘ékﬂb deend @mlrtber Olm@-E’ pgwsmnqraauremﬁuS Thiesi, thia mveb@ormscspnly a slow
9m§r

respogﬁ%gdkgcg{; cog}ntlglrlo CO. @%g@ thé) 90%1’?1‘0?4@11&?#}?&)%@ Q(}]Wer supply
An actdﬂamals@npﬁtwé sucxhwtg@u/@r mpplynmthe eisytahda stablw enitionand uitd-up of the

only nust stabilization of the system be provided on a
"Past tinme scale, but the control signal 38 of the

control circuit 35 can be allowed to only weakly
[0042]iTogchiewd ’fhv\keyﬂyltsmf preridvanfion attiepondr pmtrcq:)ﬂ/\ie connected to the power

: |nv tlon us onl.y. a sl
s R R U SEPRhatyoll Rt AP SR R Bkt ftlpwgrer o
possilgle end (ﬂius mcgmmkatc.%&nctsdy tleltcﬂnlmﬂeylceMt adidsitablzna hmmmize

sore S I S0 VRBy SO T Sl
of thet dmtrolesystbms This dedign principhd is preferfed B HoechRC sﬁ/ﬁ&ﬁﬁ%ﬁ‘pcﬁ&r kgpplies
ect ed ower sectign of ower . supply 30.
and ISP gy R efiPrafS hiroBtie B ofoiPiel StiRe i b wich can
Operaka 1hh|s®1tﬂﬁﬂ§ﬁ10&5(e@0,$}1a£ IDeor (am F. hyﬁhlgm BepRnets svhei@smi y
active .or swtching devi IS deﬁﬁrable

transigERiCRPEEE ‘E%f‘l&ﬂ’“elﬁ’@?rgrﬁglpﬁ ﬁ@eg%%we if frssinmogtaRt Rigngheless,
it is aWvayk Prkdrded € ik NG e b¥sel #0thd héWer @écubh OBthE 98@&@6@19@0
the control system T |s design principle is preferred
swi. t chi omer sugflles and | owner

th
10043 B R g SR GUHEE &t QLT BRYER & i RO TG pgeasured

via m@ﬁt Ihéa@uthmml Qﬁe 1n‘gﬁ’ﬂ Me@ ﬂl@asﬁféﬁfeﬁttA? dﬁﬁ bﬁ loedted GNkdH of the
or. Cl ass | er

poweg ?L@alyeh‘&ﬂ%@oum ﬂf&aﬁﬁ dpwashsir Loy iBpye filercaparitan(ngt hesn):
Auerhamel? thé ﬁﬁhﬁ%wc% Me%u%%ngﬁ a8 %& WcBtedl &t JoRSDoinfRRIAE Hetpower
eless is al way s pre erred to mnimze energy .
supply §8.5 dongrs ﬁﬁ@aw%rnt gEipw SRR, oz aWkier Powphls prayiled, as is
knowh Q@ﬂl%le df@kﬂlh@ RO q"hgﬁ{faht SR ehddrifd gﬂé{uﬁ 53 seddd hid MR Hnation to

power power nmodul e 1's measure
the control 01rcu1t 35 Whlch then adjusts power control signal 38 to maintain the input power

plas

measurement 32 at a substantially constant value. Since the efficiency of the power module is
designed to be high, this method of regulation results in nearly constant power output to the load
40.
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via i nput nmeasurenent 52. The input power neasurenent

52 can be located in front of the power supply, but is
wehaoslod4doe | ocat ed downstregm of any input fil PET/US2006/042737

capacitor (not shown). Alternatively, the input power

[0044Eqﬁ§ P&?&%ﬁ‘éply’sgo Eﬁﬁn@ﬁ‘de' sBfafbRdumt o SRR 8RRk in bipliatetdd

ong as a nmeasur enent of I nput

reactl@qumwentwﬂvth%\gféveraw@lp@rw%@w@}mqt be ﬁl?aéﬁ?chléﬁfam%eo}l%y As
dlscugs@&’ XB?)VE Ond &Q ?Ejf%gétéﬂl Iﬂnﬁmﬁﬂagth@ bfnourdtdE eﬁé?@“&o@@ﬁﬁﬁese

asuri’ng ends this information
componnmts; @id tbusrthm amou;ﬁ of guletgylprespidin @aeﬁqp@m@ormm sufBpiert ¢ power

38 t. 0,108 [
v R 2Bl SRy P R SRR v e
energ@ﬁs‘ benefmaiyo mﬁudzﬂnga bg\nme oroond c@nstsntdéshagﬂyetcmtaod rebehéfigipl in

T

amou@ st ehérgy sdfedsfrtielplanalindes abt mtor Sghifiert giveisa iropacpart the

filters and ti t
contoEER SHARGE DS CROSTUTIT HETHo 1 losh AT brRoHE bahid, b0 pe
chang%ﬁ@igﬁlﬁchﬁt@ des IMTponer thhetraks the tapiit powdr xdth viehditteiag titne. As

energy stored int onp nts,
the g L 0P BAST QTN L G BB HpOEH B roliems als
incresdf ficient to power the systemfor the equival ent of
not nore than a few m croseconds Havi ng such | ow

[004%%%@%%55?%1? 0 lnéPCR‘tG fc&%éliacg)ﬁ%r déc M ﬁrééf Ji,?rgermtalﬁ premse

poweBhtfht@oRirél190 %a&&dempdhamabm Bdiﬂ’u@l loopBRsituldiee tamemlrsech that it has
energy amount is snmal| coppared

only a glay egttoglﬂéeocqnﬁo]tqqgatmnég ¢ cqn{ro @gltlt?lg't Tﬁegg%w 5esponse of the
feedb%blgwnirbﬂ%g;ﬁ 3 AENLRICS that ﬂ@@ﬁﬁpe@ﬁxcé BiRne@oRt dedfabiliz€the control
system and does not cause the plasna to be lost, to
loop.becone unstable, or to be changed significantly. The
RF power thus tracks the input power with very little
[oo4<!;]<’JI§IGt It PMRistrSs 4 Pt RRWNIE aQbweit apsIdl rmaseﬁmgmﬁe eabeEmtdef the

kel i hood of plasma stabili t cont r ol ns als
mventwer Adwelstypp ew&@]m%%@a%%?@ g uged 1P ﬁ‘tﬂp b‘%f%*‘él&%g’ﬁ The

inpuiGfOWef Bthd RP Qe&?atorl 1Qm@£ﬂ%ﬁ u’élﬁ% ARinphdhdsRementSe, eﬂﬁmégrator 73,
ut put control | oad e feedback contr ol

and 4 coopa@r I Fbich p@@w@qmﬂeearos Hepal ke cqnirohgcugify The ©Op gyyitch 76 is
an ac g&? %Vé?ﬂratnlé‘i@to? Ofldf H?)Ittoﬁq%t:ﬁ chdn‘% pﬁsﬁﬁ/e %‘t 4 &lbd& lof # Uént also be

OW response o con
a tramsingarr Eghe preerating @@qmmq@h@@c&sﬁm@g @ds Ased, &h@ﬁ ﬁ@mol"‘ﬁe“z‘ép“t 1S

propotl't1 Snal (LJCPtthg QIIUOJJI’R %? chaL%PtﬁQ}paf st ol ﬂl fhk ltbgnt srv@{oﬁ 96 @ao@ﬁ:‘&&lb al

epresen I Ng nbodi nent
AccmmaglyMMenmansducchg B9 prmd awirttegnatony’ 3 @y lbb gsedrto d@er@amﬁ the

amoufng t’l par é‘é‘% 2 ﬁ gpo deg %ac%l: ngn%ﬁeaé QAlof Zl‘é sztjeﬁn%@ﬁcll@ cad W¥i'be

easured usln
triggeied suheiethe amobit, of mrl{ mcfhgs adasnredma,luea rmlrmg ct"mn@ﬁwcmemy opdration,
whi ch ' '
this ig gld?Gleger Q%h déﬁl?ﬂ& ﬁ{ E( pgovgdqeg per Fhit ttIhH’IGe £8 ntthg grlno it'of fjlcl)vI?er being
provided. This measurement can then be conveniently used as a rapid input power measurement

52 to the power supply, upon which the feedforward control loop 53 can be based.

[0047] Further, when switching frequency of the DC section is not constant, as is the case in

resonant inverter topology, the desired value of integrated charge per period can be determined
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an actively driven transistor. The bottomsw tch 77
can be passive, e.g., a diode, or it can also be a
wonrersgissdor. | f the operating.frequency of thePbuis2006/042737
converter 72 is fixed, then the power input is
asa fﬁHcﬁQl? bf Bdﬁ{‘ﬁlle ifpdt H]ﬁ @m%%tcﬁlfl &BRIA& ihRadh AAR558 it can be used
hrough the top s % eac% cycle. Accordingly, a
to ma@mm Eetinpug a%wla«'fé i eelaerlgg themyverawaplaﬁo Viits Rt isrminals e
constht‘ V&'lﬁ@ dg i@ relfat f@fvmrcf‘ﬁ:gﬁlgﬁor?éﬁﬁ e %el‘ﬁfrm@@ bKa gﬁ@@f)ﬁ}éﬂlse basis, and
rovi ded each cycle. "The end swtchin
lags theeeelnenbibenly pheRpsiee (iontean cxotreofaloraiter opplr Khe fera@: méegval of
I f
such $ P Rlchfel AR o B BloR e J e of REHAREXRE. ey to,
compegmsate fori ﬁm,uency ehange fsgo serdipat-cysle ipsgratedishirpeinfrmaiioteid a
C i ent). S .
complllajtcx? dﬂﬁg%‘%%ﬁgﬁg\e rf&?rl{ebg é‘%ﬁ% r%}gaﬁlt cgggfﬁg ?ﬁeet]r% 8\?\%? gfs tﬁ% %(fal’ny;?arator 18
reachacpwhen/ﬂw oitegrdtel dherd fisoprogordonabtotthadimée tafthas 8lapsed simee the start of

rth wh i ' f f 1h
e o i FSRAFL U BB oot R b B SRSV oSl bP
i nverter topology, the desired val ue of integrated
100484 Hasqgieongles atpec ilesdrimgmn, ﬁemevmmem willfbacne apparefit to those

orrd 0 P PR SN A9E SRR SN Bt

constérh atput pownn tmmreghﬁthhae mmm catgp by mabitamed cohssant.NPurther, other

PwM SRR s BEBSsP o e S e reoBERl Rt qughes
reson&n(ﬂndeﬁgs Th&e ba&gmbladimn 1bc)latmﬂ|t1)anﬂﬂlﬂldﬁ esrt@tled in. s@nilar Ga3Rion,
. XF e of the omer sugg %% he tjne interval of such
main W@égﬂﬁtw ROYYET PR A QU %\Bul§ 8- as, e.g., one or
two m croseconds. One way to conpensate for fr equency
[00493 Fa@ OEillusrate asletatledo@nbodimdne of thé Elgér&toﬁdwmb]am@bhdes additional detail

and oL B, BB RS o 1 Bl et g POV 8058 30
such &PA kaitcHing ﬁovfee aghBd THa eiput &t@rﬁmh@lgﬁ@me% RhalySraté as being
as €l apse

roportiona the time th sjince the
ocandicgiiEe poipe of %pewewgw@ freelibe Ipeisgiaddhy ptput side,
m&h@i oRRNSIcAM 3(PAIBTe RRvarteE YL Bs Beedeavathi8spet to FIG. 4, the
[0048] Based aon the above description, alternative

input gieRwiERIREA signaliiom Pegh heroafsd Arangh andnierratos 7 and wi priny
compgtéldrrai n the art. For exanple, enbodiments include
boost regulators, for which constant input povver

res that he i nduct or cur nt . be. mai nt ai ned
[00504 %ﬂfﬁpgmemsgmlv elitferggticampasgiRy Ldupetionalifies obey cxgmele. thegput

powebﬁoﬂd S6fht mBSsul¥Richt @snal 5EEHADRCYmEARA ith h@@w&@e@bﬁgto%termme a
as resonant inverters. These can i nclude

such
caleufatedfepdfoswandreainn b Hesyerion rny kst usetby the sorol AT error is
used iEBa'dﬁEtath@bd?ﬁoPQ%ﬁﬁ 88 th t er BEPPR). 1R Biter Hh'lgfﬁlﬁnaﬁ’s E-Héluiﬁlt s1gnal
basi s 0049 ustrates a detailed enbodi
52 cagpe @m@airqw éﬁtz wéth an Ngmtlhm pelpRiesrmaiged tabbwélvalwtwerebaﬂw
outpu@fgsﬁlpﬁl% t&o%&g%v\% ?s dsege!grtﬁllng%bggﬁﬁga C as af?cé&ﬂgl\f}}/ I Eccbordance
with mﬁelrprmgmﬂs ynd Eblgolages knewrr toghy skitizdsutiseme Bitis Biput power
regul%%{r&é?ﬁ éﬁ”greﬁ? Q’g 89 %%18 n!:lﬁc%@%%sdfgi eﬁtgre 'oﬂcpe er cﬂ %yc?% 81I ttr}g power

Ioc

supplput put si de
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e.g., between the power section 30 and the converter

91. As described with respect to FIG 4, the input
worassayent signal from 52.jgan be routed throBg/uam06/042737

integrator 73 and a set point conparator 74. [0050]

[005 15%@ diATRN E§cdlm| et Q1s6ltekdife @ﬁ%d&@lﬂp@weats%ha%m the output power

unctionalities. For examnp power rom
measjmepent 1%e Ihisrfesdbrak signghran bg gor&@ﬁedo\@ﬂtfgﬁrpawwumuf sptpgint to
deterﬁﬁl\é'%r aﬁﬁltagﬂ ey dcR of6L gﬁd'@hﬁefeéﬂb&%l ool Aldafe @a@&fﬂt&f R FSkward

I's errof can used by the control
error cduy s sumn®8 by T eontselraineuif 35 wsié@mtlme thejcastrol sigaal3gn The power

outpl{% ﬁt%‘o%t fgfthg ?eehlbﬁ%k gxgx\legalcﬁgﬁ&l dn bk he gstallﬁ@ bs ﬁl@?ggéﬂﬁlgﬂoﬁn setpoint

can be conpare
for tha Ife@dfqrwtrdwecmr celquiatidetae itrem beldiffaishe I ﬁlthﬁa kasesweibhginglof the

feedtérw&rcf) ad‘idq'uedbaﬁcs uI : 1 :fan?.]{gn blgﬁ ?&HB@ Baﬁg{/ar g‘an <l %I%s ned by

Br M hed Funct T on cor
control principles and technologles known to the
[0052]Kinlike chapy tonyantionghtogtrolspiiemsy hedeedfayatdzoneel leeprd3 should be

Welgﬁg(? {oé}ltag?]?ﬁgfegﬁfﬂw 0?1%{1?\;011!%@ Wgﬂeﬂ é@% bﬁ%§ c{wr&%@ %?\qeflllﬁg) 1@%}]1?1? ?ﬁ%dback

control lbozp,ldetg ,S&dbaak cahtsd loapc8).vEhiarebwecinde Iactpcmé |by megmment

eSO BN RS SATHE e TN el BLRRRS g

fastet 1ated] @fge redtne ck of ﬂiequmt mﬁpt&,e‘md blalﬁg therresﬂ)lits oﬁhel fetelhbask loop at a
f eedback error and t rd.ecr

seconb 0BG T R S o L0 ST SE JTHEr i conteol

signall h@s &PBEE e cEhtEiB@iondI the TRAfRRURNo@Uh P reg@dnfgitiiah tHedfeedback
t he feedb%%é error cal cul ati on_ can g$ t he sa as t he
loop.,38 arddpessTRment &y Prevlent Bdpg el gs
calculatlon or it can be different. In elther case,
[0053YeA ripltici E@hlﬁﬁuet foefak erirlf the adftrvandmbaacthrakssigntk fedback

e ot P B et ST ioph 998 eighing

multipB&dhA ?r}@da?es&%ﬁ&bmﬁa@@g&%ﬁdﬂ@ﬂ kedulg @ndvei %lateagbs tle fhaiback
nore e ecC on the outpu e control

signad pififeqr resgly- Theagirar Rsut b3tk b6 9%%{31% alwgys be made to have

less Jff%@ﬂﬁﬁﬁhie SO F S tHe FQRAfOIRArd 1%@ &hé@c&tﬁrﬁurﬁ@%@ eo@@hs@aae 8is,

measur enent sanpl i ng and t hen using the results of

eventl thslapps were Sasepiebophis e Fﬁﬁﬂf&rﬂc}hdﬂéhlﬁ Pasfse H}ewyﬁl%hémg gpetor can

causé ﬁi§ b of 1AL ﬁ%usté?} fgcdfor%%ﬁno&y ®log ofbatel ffan RRWEE o?ﬂ]@ Qbﬁﬂpensatmg
usi ng e results of the feedback | oop a

feed@elc emdol l@pp»werpn thangh the) Eehdfawéd/@p@su@y@meﬂgr@} Samdﬁhe fgpdback
powet]rgg@nt s‘f%% &re séxjﬁé]lgcgatttﬂg Simb SR €in SE!% %ﬁ% iRkntS ¢ Edback

ects the contrl uton of eedf or war d oop
contmfbloep 13 epuentdightedtasudhioe eﬁ@etdba dtkhab seyp effeqt an thepontrel gignal 38.

Other Feglgqliﬁr g%)r a%fgﬁ@gs}{ tl%nr@{}% eﬁt f’ \%1 aﬁﬁqg rqu?tg e 9 Ve will also

nlq avoring t
becofne epifeoentvéar tte dﬂﬁ@iﬂr&mmcl'ﬁ& avmagmg,hsmgemﬂdanmﬂan values, varlous

sam%%é%@ﬁ%e@ %%Ftl(fai tecﬁtggl%gp rng P@%rgshm"[ljgo geﬁltll%f thg's% ln? ?1{11%3 is that the

contiohéitcult 36 ba@ar s cohweol fsizaal 38 nove gowergnpply dasee nrostly me&a Iinppt
signa?,nb%/t glgo grie t%re ?&3§atscktpg\?verf s?gengpﬁc.: K

[0054] The response of the power supply 30 to the control signal 38 is faster than either the

feedforward or feedback control loops. The control signal 38 can regulate the power supply 30
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signal or error result. The error result fromthe

feedback | oop could thus always be nmade to have | ess
wehbmos4dnan the error fromishe feedf orward | oepT/Us®R042737

determining the control signal 38, even if both | oops

usmg‘ﬁﬁﬂs@ iR RElafidn febifhofR¥8 (fbF @%ﬁﬂéﬁd’&eq{l&c& %b‘&eﬂ'ﬁﬂﬁgl u§1ﬁ§9
factor can cause the rate

htin
ﬁeq“ﬁ%fé(d? wgpla cPiBipations terepl.n g eﬂa@mmpma DCaqvet fﬂgtpﬁ%(er supply
contr6OEREPREEL.NY feedback control |oop, even though the
feedf orward nmeasurenent signal 52 and the feedback
out put signal are sanpled at the sane frequency.

[005 ﬁr? he dHer@Rs seftink AP generaly fedapIvRIE Sprtiop P11 syelpasidbuskin

conv&fer WEl B84 R Joﬁve%é?ﬁl c%&bﬁ?éﬁ&{‘&qtﬁ Dadtifidr, @%o@r% 8thef doRbdrter
on the control her techni ques t

topolagiessepialse e psee. Elrr?owmms 'Of ihe @sve@wowlgdﬁfpwg splagmagload from
the bQ&%%PH?@QwRR&JY &n Widrine@hE RF 3)%?\12 0 nERARR d%%lb%&) bél%) Referrmg

skilled artisan, such as a

againg Fl@sS, ovavtofthe convaplier mwtldlymassqwgﬂsough tuaputstm fd‘@r 92 and then
h

can S SR LS B0y 2o PG UGS ol 1506, FELIRA b
outp gower mdasurpoens de o gndb]mleql amdsctttlgal tmad ﬁh,esui:lnép:ui plasma in a
plasnf%o%%ﬁ%)erT%h?%él oanlgngtc% PE {1%&18%%@ gelzJ %E?ed%l %veen tl}e%F generator 75
and tieoload 40. signal 38 is faster than either the

feedf orward or feedback control |oops. The contro
r005: Rkt Ak EAHLALS LNEIRGEL S HBRL ¥y BRUSLAPBUbARe D
powef s@Qmem;yt poAso btspﬂpq:ﬁdy]) ptharslncuyoﬁs dipu @rm;plamﬂmfeadfbma;rd

natl ns t usi ng ot her. known DC
measur\;c\nnlte Sien Ea?{ ] ge een 6%%]8(} snfp@tg}h 00 ng gl?ee%)vart?bg%]or even
furthélfhiewmlep bmemﬂae tcbrﬂ'arté}@l grdithe alifpyt filRe o3 (ifarconme filter is present).
section 91, such as a buck converter or a resonant
[005'@%;1%%1"532 ?}h\?ler dBQC”J%OQ,a{ 0 a}sgréamgrgtnl% 1‘12" gls Ee f%cat%gn o%her posr[ions
For emnglel itielretsispomfer nhasurdnwemeachm is lmbiamdda whetetﬂlb i dbacR lpawem
erter w ut, an nter d| at
meas(y @i de% 1915 18048 RN R it TR b TR i e
netwdrk (i pfésenb), and tiedudd. djiuetth eost, owever gt isofien oaed 3t t]irﬂs.ﬁ}ﬁﬁ of the

RE oot o BPGED IR, SRBRB11 Bt Mo P RS AEm gt GEiomsen

How@@ﬂ eﬂl@&(ﬁm’éﬁtﬁ ofihb 1ﬁvfé@tldi?1l-ﬁ1<ﬂﬁﬂe 1ﬁ0ﬁ‘l@ Eheﬁ'@éﬂ%&lﬂk%ﬁ@lﬁt m%ﬂﬂeﬁn@nt
then, to an el ectri such_as a

funceoly RoeliOREH BB afe ot AR PesemRbanaiife I Rerergrrd So even
betwéeaRhddnPrRe QBtiHIEY Warithd HRpURF1EIIE (HcBiirsd] %ﬁ?e@éh E&ﬁblh@cﬁﬂs of
40.. [0056] Although the input_ neasurenent
thesejvpyiQpstinpyt apgl %\@’%éﬁgﬁﬁ SRS ErRens lpswiops qnche t@?d t h e DC
power section 30, it can also be placed in other

[0058] Sakhle fi@wer Bafpuﬁﬁadgmeﬁwnﬁtbumqﬁ@ﬁﬁﬁ HNRIE SodB8 SHd/6IRiRknt
gnal gn be taken between e power supply 30 and

measvfﬁ@e@arﬁ? pspussedgppove,witly {Repect Qrthiaput sapreRent She Hpweysr, the

outptt B?W&Qﬁ’éé@lir%tﬁént %arﬂ-al%ek?&v@f&}ﬂﬁqueg hitd 8¢hn8id gfel fo Bhsure forward
er 1Is res
and rgﬁjecgzd power to accomphgh the objectives of the invention.

[0059] The techniques of the invention have broader applicability than the embodiment depicted
in FIG. 5. Although FIG. 5 depicts the feedforward measurement on the input side of the DC
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[0057] Simlarly, the feedback power neasurenent 18

can also be located in other positions. For exanple,
woOheosilmss91 power neasur enent .jgeadi ng i s obt ai ne#CTMUSZO06/042737

the feedback power neasurenent device 18 is |ocated

switcHihg B&Wérsuphs 8O MQFOW@ %uﬂp@ﬂﬂeashreﬁ\emt 1*8@& We Rbtplf\& the RF
mat chi ng net wor k present) _and | oad. e to

generatgs the ipyRAEQRFA0 hetuS?ds,m@FlteéwaYSo &ax @@mﬂe phembadiment ingfudes a
feedfér%rdﬁﬁe&@t@ﬁ@ﬁtﬂrat tHe iflet:of Bﬁd"ﬁﬁﬁhfn@ Bower éﬂﬁﬁli&@ﬁﬁ& an/ctput

and the matchi ng network 96 (if present
powepptsHIcment &S ab therudet o4 \ﬂ@mwvéhsupnlw@d@g Agonvisder 1. In some |
apph(%lﬁ&%bﬁl% %u@h%ﬁhe 68?1@ e{ﬁecﬁén ﬁe%@‘eél Qﬁ‘&'ﬂk ¥c3 PR3 L InQRR g

tween the out put | present) and the
embogmﬁaﬁle supply; to@n Pé”v&enerbfet d@e notthaee ode\peevided b§@cﬂ¢ pwitching

powerl%l%ge/ xlti]g,lcﬂ lé}rr%#al[r{?h tt}%rl a}%@megure%ﬂ ?fCa q)lefta{k%ﬁ ?ﬂféu? lélﬁ%ﬁ to the

ons o ese vari ous |npu
RF gamemsu apdrtbn moW@ramtplm nmsaspeemebel me de p@@mﬁasm aehe bulst ef the RF

ut p sycenent, techni qu can_i.ncl ud
sonesQ A Rl PPRE R S ML SRR S ey G g chamber
eitherahidve wvtltoht a raspkiag nétootkld®. | nput measur ement 52.
However, the out put power neasurenent can al so use

u
roosc PR Rl 5 b b CE o P T o B OO e for
the RF Igmelratmﬁmwm amplﬁﬁt@ 581 alsoHe s’umﬂhd usjogs DFDEClrenventeetmvinga
er a i cabi

topolei i AT e PR Bl BRSO RR F] orca
measﬁrelﬁdt{tﬁ r Qag shelemslope v gartiihresbiant inpaiter $003 @owével biker types of
n DCswi t chlng § wer supply 30 and the power out put

OWRARSTIFE MO ¥¥ %t t he output of the RF generator, the

i nvention can be used in other ways. For exanple, an

[0061@ fThe gantieintsanmalindesr HOfimddkon pair of swiabasr(STOSFETS210a8, 102b, an

. he Jinl et of i t ghi ng,. po S ly 30 an .

it ecbreif L B B FipaHR: oS apd it T pegration.

the pastigl Fd;sysnaa@ invert§- 1£0 abiverts te Q?)m/ﬁﬂﬁa@d infbla squifire S@ﬂ’éor other known
lcatio t eoutput of. the _converter can.th

type I e oy A2 pypateovaye|inRagsed hoabBs T eRd gapa‘fl??é 208, he

combﬁiéﬂﬁﬁ wfmctaﬂmﬁlan wmfeatcwinpé@ B§ tnaqﬁodeaymct PlOGecd%f)l@& hugted

SWItCIng power In such nmbodi nent s
rectlfteﬁ @y P30t IoTRes 5 HEFR A ang. ﬁétalﬁd ottt%méﬁesa&e DGevqltagk,t The gutput

ofthetdaalaﬁ%’r%s&%@m&% 160D RAVEHer)QYERMECHIRR D RIFBIYL tHeRF power
ositioned at the outlet of the RF generator

genewfsr/amnléfp 155 4P plihe BF pevier srrergfeirannlifisr 7t oRmehiore plasalead 40 as

descrfbed P8Fe. Br Sme thtBIGRER, &xlﬂétgfﬂﬁé net@sztkrﬁr(FW} tSB‘ & beoh eyt

a mat ching network 96. [ 0060] di agram of a
betwagg ithei Bl povess gpeeraton/ ampifies?s @d\ﬂ@rplm@dmﬂ 4(Gesrds$calh@d gbgve.
power for the RF generator/power anplifier can also be

[006? tipR bAeitdtSi0B & Rribiddy RARYELLE ﬁnﬂﬁ@i‘éﬁl%lt@get (‘Pmﬂ) QR dlscharged
plies constant power in ope op and does

Whllerthﬁwa@t%aﬁgrre@r BoeysPe v theedasmedead s . In ssme @mh,oﬁlmqmﬁoths g&asma
load 403caﬁ b ?s?oial&eﬂl w1ﬁ1ea,39£1§fb'i‘méln \E%EII}’%gaI%Q 9 cg&%%}é €& ttl;%eernergy

pes (0] nown | nverters
dep051ted in the resistive load 104 is equal to CV /2, independent of load resistance. Thus, the

power is equal to F*CV?/2, where F, is the switching frequency and V is the input voltage.

The inductor 106 ensures that the capacitor 108 is fully charged and discharged in finite time.
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[0061] The partial resonant inverter 100 includes a

pair of sw tches (MOSFETs) 102a, 102b, an inductor (L)
waQaas/asdapaci tor (C) 108, and four di odes 110BCTASDMWE/042737

11Cc, and 11Qd. In operation, the partial resonant

One ddndftddeet thbQRrtaPRYSHahSntdMer 100RIdkigy Q'tﬁ@fﬂ)ﬂi‘ck & @ndoBifd BitBut
vohm&gye or. other_known type DC wave form The square wave

YoREdeteither ¥ 95Ad Fre i nduct or 106 and capacitor 108,
t he conbi nati on of which fopn an LC filter, clanped by
[0063] hathdi@ckach diBsdiméiEare 6ol tBscapbMRcinidntiel ddvioRd above, the

) transforner rectifier, 104, and f ltered to obtain a .
invenfiQiL 1 PRy By g&%o?vr%plsmm%ﬂm M5 e Sysipmp BuRhigh

frequérRy @bwe suples, (i ar G S5iFaT poved supPREQEE eOMI®, (BF0 GHZ).
inggt of %ﬂe RF 6g§%r generat%r/a&%?i?ﬁér 75. The RF )

o0l RS A B bt e SR s b e e
prefei@t ¢iiodindhey WekduldBe ddbiStoo® by Bk Reled MHBL 8H (RS LUNRRAD changes in
r generator/anplifier 75 and the plasna

t he RE po ] ) )
form P%@ftaaldg%yﬁd’é%d@ thesRip WilBen deparignedbym the apigihnscscenrsy of thipgnvention
as defifed DO hPhERLH Ylaiitar ged to an input rail voltage

(+Vin) and discharged while the capacitor current is

SEﬁSFeq via the plasma |load 40. In some enbodi nents,
[0065{ fglahasrma | 0ad 40 can be isolated with a transforner.

Every charge or discharge cycle, the energy deposited

in the resistive load 104 is equal to CWl |

I ndependent of |oad resistance. Thus, the power is

equal to Fsw*CVv2/2, where Fswis the sw tching

frequency and V is the input voltage. The inductor 106

ensures that the capacitor 108 is fully charged and

di scharged in finite tine.One advantage of the partia

resonant inverter 100 design is the ability to contro

t he out put voltage by varying either V or/and Fsw.

[0063] Although such enbodi nents are within the scope

of the invention, as noted above, the invention is

particularly useful in solving plasma stability

probl ens for systens using high frequency power

supplies, and in particular for RF power supplies

(i.e., 1MHz to 10 GHz). [0064] Wi le the invention has

been particularly shown and described with reference

to specific preferred enbodi nents, it should be
understood by those skilled in the art that various
changes in formand detail may be nmade therein w thout
departing fromthe spirit and scope of the invention
as defined by the appended clains. [0065] | claim _ _

Clains 1. An RF plasma generator, conprising: a power

source; a power converter receiving power fromthe

source, the power converter



provi di ng a constant output power controlled by

varying at |east one of input voltage or swtching
woénremussoy; and an RF gener ator recei vi ng conspramtus2006/042737

power fromthe power converter. 2. The RF plasma

generator of Claim1, wherein the power converter is a

partial or full resonant;i nverter. 3. The RF plasma

generator of Caim 2, the partial resonant

| AMERT Blasin Gehkdl®i, cdmipkikimp: Ci rcuit for converting the

vol tage fromthe power source to a desired voltage;

and a SdovedSeWF&uit for nmaintaining the desired

vol t ag . .

gener g st oBRARPEkeRHovicF il so R A pR @ VBverter
| paiviidies a ebustalt oatdut phves canttolddsyavarding dekaft@ne of input
converting.the voltage fromthe power source to a
d@glit%g&?r\%’lltf’g‘ﬁé.ﬁeﬁ?en?ﬁéaw pl asma generator of Caim

3, WhergiRy %é}féra%&%&iviﬁg bGtdnt h%k%‘?@xﬁ%h@g&&éﬂ cohleffer,

| oad; an 1 nductor coupleéd to the resistive load; and a
c dpa it @asnoogpicsdortal Glien 1,nwher¢iorthe pdveercapeasier ora partial or
perjodically charged to an input voltage |evel and
d?@LWﬁ?r&é‘Hl B capacitor current is passed through

t e RESHIBInha SerleRAGH JTRAIMLAR, N RGeih IR SlRGAITER YR ihagRr at
a_constant power level. 6. The RF plasma generator of
Cinglydles:, wherein the inductor ensures the capacitor is
fully ¢ di scharged. .7

rge e . &he RF pl asna
gener ataroaiRe drors e A o e A e BB s o0
ededigdaofage; @hdsma | oad. 8. The RF plasma generator of
Caim1l, further conprising a matching circuit coupl ed
bet weed SepRNIRITrCYH Aot meigiaing therd@mmda\sca@gp algiconstanppoveer
pd for delivering constant power to a plasna | oad,
conprising: receiving power froma power supply;
c Ohe RFtplaxgnd fenepovert Glaioes weltbréin ol filkecipauikincladgyplyrat o
a des.li1 red puer .. .
switches and% ural diodes for converting the voltage from the power source to a
desired voltage.
The RF plasma generator of Claim 3, wherein the second circuit includes:
a resistive load;
an inductor coupled to the resistive load; and
a capacitor coupled to the inductor, the capacitor periodically charged to
an input voltage level and discharged when capacitor current is passed through
the resistive load maintaining the desired voltage at a constant power level.
The RF plasma generator of Claim 5, wherein the inductor ensures the capacitor
is fully charged and discharged.
The RF plasma generator of Claim 1, wherein the RF generator energizes a
plasma load.
The RF plasma generator of Claim 1, further comprising a matching circuit

coupled between the RF generator and the plasma load.



10.

11.

12.

13.

14.

15.

| evel , wherein the desired power |evel is controlled
by varying at |east one of input voltage or swtching

wonepwsmoy; and deliverin945he power to energi PETAUSZ006/042737

pl asma | oad. 10. The nmethod of Caim9, wherein the
or, full .resonant

PRVBR v SR st hBLe of Spliole 1 eSS

r esonamécelviINEpbWEr fr&iR A \pRWet glg,tphlge vol tage fromthe
power source to a desired voltage through a first

ci r cui conggrdngriieposientasgiveth&ondbe pewensipplide aalesized power

R s R L A T

pinpualoleige tog beficldng fielwnal; shidodes for converting the
vol tage fromthe power source to a desired voltage.
13. Theelhrpgdhe powerdp gpargize fioplasma loaé second ci rcuit

. _ et . _ g I _
8% 8 BBl AR | ARt oAl el o

i ndocdndinverttle capacitor periodically charged to an

[ t |t | I d .di scharged when capacitor

coby bt Jet b B FrBargaT v | oad

mai nt aicphwetind e dBfthd oM Fhd ABfr8burde PN VBN through

l evel . 14. The nethod of Caim 13, the inductor
eAdwsticirguit;iradcapacitor is fully charged and

di scharged.. 15. . A .net hod, for delivering constant power

Lo a pragainRy e oup S S ot €l GV BRelR

f gohdcpeuer supply; means for converting the power

received fromthe power supply to a desired power
heetgrs

| Ehemethod gf&leirm] 1. ivehearis hedersipinesic inadudss pluaksritohes anst
e L N e L
engkgeze the plasma | oad.
The method of Claim 11, wherein the second circuit includes:
a resistive load;
an inductor coupled to the resistive load; and
a capacitor coupled to the inductor, the capacitor periodically charged to
an input voltage level and discharged when capacitor current is passed through
the resistive load maintaining the desired voltage at a constant power level.
The method of Claim 13, the inductor ensuring the capacitor is fully charged and
discharged.
A method for delivering constant power to a plasma load, comprising:
means receiving power from a power supply;
means for converting the power received from the power supply to a
desired power level 1, wherein the desired power level is controlled by varying at
least one of input voltage or switching frequency; and

means for delivering the power to energize the plasma load.



