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RF POAER AMPLI FI ER STABI LI TY NETWORK FI ELD [ 0001] The

gr esent disclosure relates to a system and net hod
28§%13¥P ng radi o frequency (RF) power anpli fP@F@]SF‘Ww&ZZ“S

pl asma processi ng system BACKGROUND [ 0002] The
statenents in this section nerely provide background
information related to the present disclosure and may
not constit &FePOWDBR WPLIFEIEGOSIABIIIA&“Nd\lﬁm.& ng
systens are used in sem conductor fabrication. The
system enpl oys a pl asna chapimip t hat changes the

el ectrical characteristics of a raw material (e.g
si |i (@01}t o Teeuarasentr disslaguee ralate® rto cad nystRIAt gnd method for

SFRERRNT ekl iRHGEN 6T IRl BPUAIS R Ra B Bpessing gystem.

random access nenory. The plasma chanber can perform

sputtering, plasma etchin asma_deposi tion, and/or
reactive ion etching i nBv"&;Kgﬁ@J-ﬂ Bturing process.

cem (0997). Lo EorBmenS BLIRHE SERAI The i cfice, pgokoround

infoenaticrs raateashees gaésdmmsucmﬁel afd My Rbt §ewRitute prior art.
generator applies ower to the plasma chanber. The

RF p0R93Ichaklgsma thQ§>§§Sfﬂgorﬁy§tQjﬁ%e@[% ysed e In o semiconductor

B 11 BB p BTN 2 st EhalrkRr st ABIRER hF Wectical

chardctérigties . ofAac Wi matdrian (efg. tdilksm) e rnudaiutes semiconductor
perfornmed on the work-piece-to produce a particul ar

cemponentsu c tampes ehawch ¢aopenemsfiseiudadransistors, nedium and

hoe” Sl houilond SHRlchRondksBay oo Rl nETTRIE Softss, Py, e

pRisnial tehiahsisr 6Aperfo?m Spdité@ty, SlHEMaNktching, Hlav®a deposition,

suppl y provi des power B+ to transistor 12. 1n sone
a@ﬁ%dﬁﬂ@ﬁ&loﬂtﬁécmmm MaNPACUNEPIP§esSa swit chi ng

P00y s ndane). FERb S e Y sormganqyey wore
pRateRFGES iy theti @@duddd intbah&ipldaxne chamiiew it (6w psessure. An RF
power generator applies RF power to the plasma chamber. The RF power
changes the gas from a gaseous state to plasma. The plasma comprises
electrically-charged ions that react with exposed regions of the semiconductor
work-piece. A combination of these operations is performed on the work-piece
to produce a particular semiconductor component.

[0005] Referring now to FIG. 1, portions of a typical plasma processing
system 10 are shown. An RF power generator includes one or more output
transistors 12. A direct current (DC) power supply provides power B+ to
transistor 12. In some embodiments the DC power supply includeé a switching
power supply or power amplifier (PA). Output transistor 12 develops the RF
power in accordance with an RF drive signal 14. The RF power communicates
with an impedance matching network 16. An output of impedance matching
network 16 communicates with an input of a plasma 'cham‘ber 20, which typically

has an input impedance of 50 ohms. Some installations include one or more
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wi th an inpedance matchi ng network 16. An output of
i npedance mat chi ng network 16 communi cates with an
wo paosh a pl asma chanber 20, which typical | yPOEESZN7/022468
i nput i npedance of 50 ohms. Sone installations include
one or noredi ssipative bandpass filters 22 that
connect in the feed Iine between transistor 12 and a
dissiphtiveHmandpass filtassn22 thatrdoanecin thedes] lime habierrvirangistor 12

typi cal |l enerates the RF r at a single center

al”%eaqf? cgh%df‘ %’iﬂ'?ﬂ'&a_ @F&%Q%ﬁft he input inpedance of

pl as Gganbwar%%taﬁrﬂzew&mr‘yl géﬁélﬁa&é/s 3ng RF power at a single
aneou f the pl

spon sly due to natural "properties o pl asma.

cehtes drequaimcy i fap dlaingeopenatiani tha snpuluistpatiames dfrplasima chamber
ower. coupling efficiency between {ransistor 12 and.,
MafieS catiipuBuSly. ARt ceRanIAReOTI i 4o, Betikal; Brebetes of the
C - ; f inC i
Pt ERETpE IR G CAFeRpRy cheditiorouping
effinienrcyi batnaein fragsistor tiReansbplasmaetharsbgr 8¢ stldwe inpdt impedance

RTS8 B (v B e P09 e ARG pRamber 20 back o
tfan3AYGN 2. € Fhe Yefdd6d FiF é‘n&@Z%&ﬁ%L@E iﬁﬁﬁbmféﬁiﬁ tAk power delivery
center frequency f0. Exanplés of filters 22 are

systenh caretl daynagieawtamsistorall2. i Filters22 Pearertie Nsedstol dissipate the
ent i

st ensrly thel cacl Rl dieTins LR 3 Rofstaril of centered at
cbﬁf@ﬂ}e uenePRl.| ERAMBRS oHftess B3 dre difcRdedasy Bhatla et al. in U.S.

swi tchi hg power supply the reflected RF energy can

Patent Naubel 8745 H amtitleduibfarmanic Bed dubhatsoaid Eilter’, assigned to
Exanmples of filters, 22 tp address such situations are

% Bchighen ob neppresent Evenfioti n' 1S “patent No.

5,74 . e | iRt PSYo? r itehi

St abii??g?jng gMaPEﬁ&al\t/lbdg% g@\%‘%‘% g?: Pl arsdr;é:g1 B?o%essvglitcnhémg power
supplysiheRegflactechdim@nergy ERG. algo, causeothe pawer isypply to become

PRBHR. SrarBaleS o TeR S T8 dadress $hof Etigfions s Bogipsed by
FoMersdtadli i Wsobatdit Ry st a7 s Aritient MethAsd and Apparatus for

represents frequency over a range centrally I ocated
Shabilindg HvitakgMedePawered Re Plasmaé Pagtaessingsr esent s

POV OSHE" il Thfa AT, HITS aZRanAoBik Slarie of a tes
méRAnement fifustries Rifid o hdeDQariAtuHY that the impedance of the
plasma has on the stability of the system. A horizontal axis represents
frequency over a range centrally located around a frequency f,. A vertical axis
represents power coupled into plasma chamber 20. A peak at 44 represents
desirable power coupling at center frequency f,. The plasma chamber input
impedance variations contribute to peaks 46 at frequencies above center
frequency fo and peaks 48 at frequencies below center frequency f,. The peaks
46 and 48 indicate power at frequencies other than the fundamental frequency
44, such frequencies being generally undesirable. FIG. 3 depicts a Smith chart
50 illustrating the varying nature of the impedance match between transistor 12

and plasma chamber 20. A plot 51 of the impedance match crosses the real
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I npedance variations contribute to peaks 46 at
frequenci es above center frequency fo and peaks 48 at

wo c@guersed es bel ow center frequency f0. The peBKEULR07/022468

and 48 indicate power at frequencies other than the
fundanental frequency 44, such frequencies being

generally undesirable. FIG 3 depicts a Smth chart 50
(horizcsttalpaxisgott Bmlﬂnamha'rh §0rettpoirtscf3 ahd 55pdtanressings lindicate
bet ween .t r ansi st 12 and plasnma chanmber 20. A plot 5
r‘iSQﬂa”Fﬁénlcﬁ‘B match crosses the real (horizontal)

axi S gjml tnﬁ efdifnd mdwalo RGNS ﬁ%@‘ﬂr fihg E?é%m le of a test

cros I ng Icate’resonance in c
niRefstrenegt ilostratesrarCexdmalenoihhdinmortic nlgstemanpltbatocfatme a loss of

test . tIItt exanmplL.e of harnonic

UERY dPne e Pomer ovab & fog sy JRnpR Gy ighnergefers to the

u%‘%‘i“értéﬁ’ Fo;% fahS@‘é?ﬂ?é’R r frorf &t dﬁsYst?ref%T@{Hgmgut of plasma
refer

istorted propagation o
chamiber r2zhsi ’ieohofi2ontal eis regresemts fpewmypiambthe 2értical axis

reRIesPOts o covtBt Bk BORETemPUIETR oot REAK shEsurs at center
f%gﬂlehf:y §1.- A\sbbbsd Bp%%ﬁt §4Th%° éélgsgh ﬁlgt Rurth’ ﬁé’éi?’é@yoccur at

A setond peak | rd fourt eak
irfeasingrinteger rmmlaalesn@f cemtegéreqnahd:y fJ. eT hef amphtludes of second

p%éﬁﬂgégﬁfvrgﬁgéagﬁq R ARUB0 peak BPcgyRepLIgjErSVeiyciess than the
hg%ﬁhdé%f Ziﬁ@i 5;5 ﬁ??gErﬁérggtatF}ﬁéks g%@seafhli&Seak 58, and

ond pe eak 60
fourth qmadxs60hatd|¢dies RﬁapdherREopbWebeledt betdldta{ted at plasma

cRafERT 2) Wi eeaibal Tt nihe ik 'S otRiareiassdiap ideal.

A radi o frequency (RF) generator for applying RF power
to a plasma chanber includes a DC power supply. A
radi o frequency transi st oBUMMARM es the RF power at a

et vl U0 & cedio, Tedehdl IRF hespelie (i amvnadRERower to a
piafs‘?t'i%?'&‘a?r‘ibe?nﬁlncldé‘ébugeBC]?PB\Wé?tsu@H [ Bf Y ré?%iﬁ@%eﬁ@aﬁransistor

I's less than the center equency.
ggberates othef GiF appiei rj RFcpoteer frequengy. as e lowepaser dissipative

tqcr?rﬁﬂ&!eéf %ét%lgt%%agﬁgqgaﬁét\g\v%rénst%pb& pgwéra gIu[f‘))plfylra(EnCHJ ?ne ¥ransistor
and includes a first cutoff frequency that is less than the center frequency.

[0011] An RF generator for applying RF power to a plasma chamber
can also include a DC power supply, a radio frequency transistor that generates
the RF power at a center frequency, and a high-pass filter in series with the RF
power. The high-pass filter includes a cutoff frequency that is less than the
center frequency.

[0012] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure.
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the RF power at a center frequency, and a high-pass
filter in series wwth the RF power. The hi gh-pass

wo doBe913dNcl udes a cutoff frequency that is | eBGI/UkENT/022468

the center frequency. [0012] Further areas of
applicability will becone apparent fromthe
description provided herein. It should be understood
that the descri pti on and BRAWINGS exanpl es are

: 2: g:ﬂ&‘iﬂf’]{ ng O\ff’lﬁéso glﬁétl)éﬁ h{a?gtérlm %%g&htfusﬁpa%o%rp?urgoses only
ﬂbseﬁé oy Trﬁe%ﬁ’\ﬂﬁﬁ‘ﬁ it 199 %é&)pér BPt d@ggagﬁegegﬁgb ki’ﬁgn}% way.

erein are fo stration are
i nt eff@@tA)t o FiGri 1 |sm;f|sm1mabfolcbdkediamnof faeplabmagprocessing

in ané Qj%ng;} é FIG, 1 is a functional block
S)ﬁt&& ) 10198 REIOh e essi ng syst em according to the
pri OIOM 51 [P isth %st%néésﬁeﬁfeﬁ‘t oF?_@%/&E?@ﬁUFbé%fons due to the

powel perturbations due to the out
outrbkband interadhensdetwedre theuoptput transisios aod thadoad)e

lrg?ld&(ho ﬁg] 3 'rd Gap|sa§rr§"ﬂ§b bgglca reé‘?g{%%x&f liﬁf?qv-\q%réns in a

faRNt of power coupling due to
ﬁaar FTDEI C gl S@Ofitl on! [0018] FIG 5 is a functional
bl oc k0@ Agr anGhf4 & tnalsasrmsymwmessbhgowgscelnpltrigadue to harmonic

includes a stability network; [0019] FIG 6 is a
deGWE‘PPonaI bl ock di agram of the plasma processing

syst FI 5 e r i
Sy E@g@es 3 iG55 8 e ¢limctional %‘i&fg&e?v\gyirﬂ 68" Klasma progessing

i ncl hi gh- pass t erm nat ed and a OW pass
shistenptiiat inchadkes 3 stadiilitpmetworker ; [0020] FIG 7 is a
FI G

a1 s 1B, PR o gl et Bl o e epmesgoessing
AP IS G ot BT AR it
netveork@arsha lovopass ﬂnpunonmﬂealdmm:éaﬂmiilb&rt ons in a plasm
Chan?&ézd’f t hFI%-} 5} isa scheymatlc diagram of a stability network;

[0021] FIG. 8 is a Smith chart of power reflections in the plasma
processing system with a stability network;

[0022] FIG. 9 is a test measurement of power perturbations due to
spurious input impedance variations in a plasma chamber with a stability
network;

[0023] FIG. 10 is a test measurement of mass load harmonic distortion
with inline mode isolation and a offline harmonic terminated;

[0024] FIG. 11 is functional block diagram of a push-pull plasma
processing system;

[0025] FIG. 12 is a functional block diagram of second push-puil
plasma processing system; and

[0026] FIG. 13 depicts a block diagram of a plasma processing system
having multiple power amplifiers.
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network; [0023] FIG 10 is a test neasurenent of nmass
| oad harnonic distortion with inline node isolation

w@arwsmosdd | i ne harnonic term nated; [0024] Fl GCI/LS1087/022468

functional bl ock diagramof a push-pull plasm
processi ng system [0025] FIG 12 is a functional
bl ock di agram of second push-pull plasma processing

system and [0026] BECEAII].BDCIBESQFHPEI(DNOCK di agr am of
a pl asma _pracessi ng system havi ngbnul t| ower

anpl [99%#ds . I'RkWiRE SAeFFstIoN 0’2‘7‘?” h%m BimRAtafs merely

eQ@r%ﬁ)fdtrgtlh%tgfe éﬁ&'lgqﬁ FITORE el dcﬁéi ol |te{hzé ?@'@H't fédchings,

'n " no way I'n
application, beasbs ngrhroaghoutcthis specificatione dike Tefevegdeonumerals will
this specification, like reference nunerals will refer
rqfgr &9 $imilgr elaresmift s. [0028] Referring nowto FIG 5

oyet BOZo TR NP oPER:. 8, BhnP sRieS SohBBdiments of a
ptmmebﬁrcgmsem@t Sybtdm 'leomw ghdwn. d@ed?wt/ (ﬂ!rrétnlldD[())érvfdﬁgge B+ can
ass erm nate eed
bggqtnfﬂrétga gﬁl&%‘%&% o@or .f]lvwf)h@dgﬁ EWittRBgmOWRIesHPPly. A low-
p%%%%rﬁ@?% Bc?&é’élcg n%t\%rkc F‘C‘fﬁ"’s@?ﬁ Ggﬂ dlﬁfngr\ﬁﬂ%'tﬁé BC feed

cduples (B¢ &3 aRfragrooecobeator of ag R trawsistdr 102. Qﬁfrohétwork 101 is
frequency fc 1 . In various enbodi nents, the fir

’W'U?ﬁ”‘@ﬁ@am”'éﬁtqsﬁﬁé’i‘?é\feélqcﬁ?uif@@squ\é(@ Wé"hP'éHOff frequency
f d
T3P Sy g B FEREEES, REAONA e

cemtleg frequeney fooXiRTEnetwark 0 1fis eledcritfdcbélov ianmrosd detail.
( MOSE it should be appreciated that other

h
{1 ani90Ad, Z?“r%?ég?fem@% iAW p a8 Aoingle SR Cpede-Shigpn fild
0
oA TS PETI oRNeh Tt ol BE, BFEIRCHALA that oiner
transistal asrrmgmnelmtstaxrctwndgr mgkbaredﬂmweml tFoy eexaemple stransistor

the other two term nals Transi stor 102 may al so be
1DZpnaBAEEY threetermingl seatisendieipioieice whgre oge ©f the terminals

controls a conductance through and/or voltage across the other two terminals.
Transistor 102 may also be implemented as a single chip and/or a single die
MOSFET transistor. In some embodiments, transistor 102 can be implemented
as a multiple-die kilowatt power transistor (KPT). Transistor 102 may also be
implemented as one or more insulated-gate bipolar transistors (IGBT). The
selection of a particular arrangement and type of transistor 102 can be based on
factors such as a desired RF power magnitude, the voltage of B+, a frequency
range of the RF power, the ability to dissipate reflected energy, and so forth.
[0030] A gate or base of transistor 102 receives an RF drive signal 103
at the center frequency f,. When system 100 employs FM, the frequency of
drive signal 103 modulates above and below center frequency f,. In some
embodiments, the range of modulation is between about +/-5% and +/-10% of
center frequency fo, but it can incorporate larger ranges according to various
embodiments. A source or emitter 104 of transistor 102 couples to ground. The
drain couples to an input of an output network 106. In some embodiments,
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MOSFET transistor. In sone enbodi nents, transistor 102
can be inplenented as a nmultiple-die kilowatt power

wo e@sddsvor (KPT). Transistor 102 may al so be PCT/US2007/022468
i npl enented as one or nore insul ated-gate bipol ar
transistors (I GBT). The selection of a particul ar
arrangenent and type of transistor 102 can be based on
oufmitaretwetlc 0B presateas lfidellitRFofﬂ%Ev@o\Amglmatt isdyenerdted at the drain

OZEHQ""S?%TO%’ 108, 0RisibcSt SplE rEHYGKOI 06 Hia firol@8RLhe IR Output
%@W@r@] 1 RrRhidASE With EaiRe & a 1I9i§hf%§' V@%R@ﬂﬂgﬁc load

rive signal 103 at the center frequenCy fO
iss)}atlcmmlle)ql-ﬁ?ﬁiﬂ dijter)F\G8.t hi# S éueemﬁ& passes frequenghadmponents

o/ A BeS Sord RS RRAT RSO Faorh varous
eﬁ%&.méhté%é%cﬂnul Retmfised eutdtf %g@@ﬁé’y ffCQ 'is kbsgnéréuy less

can | ncorporate | arger ranges according to var
tMrboelmeerfnequenc;s tuanctmay aprroxieratelgequfal 4 arﬁkatarls:of HBOSH filter
@g | es t nd The drain couples to an input of an

198t ﬁtprﬂ\é' In some enbodi ment s, out put net wor k

106 poesey ve?hé 'oqlsin' bb’trﬁﬁsé’ﬁrpﬂ)ﬁ%lsbhé‘émhﬁjrﬁ@diéé Hiftan offline

at the drain of transistor 102. Details of output
shottwbtk 106lie shortod 1 2eaperateswat @uirpquemat chalIyOI@ss than the

BRI TeiaEydh riec B SoRBsePPofiraeiS BB atpRAt & ibgnericy fo2.
CrfidePaissies 10168 Lb%neés&m&ome@*e%térh@étaﬁ”b%l&ﬁ e%? bu’édﬂﬁ'bf HPSH
a second predeterm ned cutoff frequency ft

filtar i1168s cemibauticatas swith ran smﬁntd) ar pstrex m:hamlbec uttﬁf In some
enera an center fre

epaligons, ST ipresings aryclipgTietner Sush Ak shows Gy, can be
cBubreenn%%%egwrﬂh@%S m@ﬁé% ch@fpkr 17ge drain of

transi stor al so co nicates wmth an offline short
112. [aD32]i neLElio‘retthlewbear@t EBSHt fikerf i@&@ene;ally prowde a pair

o YRRl RS R B T8 b BSO8R in Fhoviing &

c%frbllé@oﬁh@f—baﬁé?reﬁhéhc Fbéﬂ)%%é'tﬁ&t%'rfbt%f%@fe‘%f b Gﬁé‘h%es in the
bel ow. An output of HPSH filter 108 comruni cates wt

lead,i plpamat ohambevaéﬁﬁ chBrbeetwork. 101 psavidese @blos pass sstructure

ofind TR PBCHEm DA A bBbiEe, B4 Hedinghe Wipblaisicontol for
ti@hasks’ 1830 LpT network 101 works in conjunction with HPSH filter 108.
HPSH filter 108 provides a high pass circuit in inline with the RF which isolates
the load at sub-harmonic frequencies being controlled. The combination of LPT
network 101 and HPSH filter 108 allows transistor 102 to experience the
impedance presented to it by LPT network 101. This allows control of the sub-
harmonic impedances independent of load variation. LPT network 101 and
HPSH filter 108 thus act in a complimentary manner to improve the stability of
processing system 100. In some embodiments, it is not necessary to feed the
DC component applied to transistor 102 through LPT network 101. Further,
HPSH filter 108 may be partially or entirely integrated into output network 106 in

order to provide impedance matching functionality.
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[0032] LPT network 10 1 and HPSH filter 108 generally
provide a pair of networks surrounding transistor 102
W0 bas/ogsoper ate to assi st in providing a contrpdT/E82007/022468
out - of - band frequency response that is not affected by
changes in the |oad, plasma chanber 110. LPT network
10 1 provides a |l ow pass structure offline fromthe RF
pat H00B8Fh Fhabt@diguoatidr efji¢@Gcp engddarimnsistot 162 tbooperate
transi stor 102. LPT network 10 1 works in conjunctiqn .
unget na eIl dpad oipdeppRYPTY (Teal IMBBTRRER iRetes SpgtRrmonic
eBR%S o8l infptidanicB VAHds"p % ieChtel €
r @ ds ngp%ﬁ)% 8 VdHds ddrdhRGe RithMHeC eﬂﬁ@rﬁ)ﬁﬁ{ eg‘.hfé_?_ﬁéevents

oad at arnoni ¢ frequenci es being contr
higlo fiteiquehcy rsulf-haomie resoriantes raaiedHRSHe loateplas@ta chamber

1) SR DG BanstonsOtp e SRR 0! TAYItOET Doy s effectively
is@gg&dsf frle 1BAd! PRSAHPERMBEY ?1d),“??@rﬂetﬂé%%‘i"stbf"i’??%‘i’cﬁmhé’frequency

vari ation. LPT network 101 and HPSH filter 108
oft bperation. i bPT dOmpandrdtPSHyfilkemne8 thosicoopevatet toe improve the

st ke S5 LA 14 10 s copaste v

i t i . T .
LPPTSANRRPEP RS, 08 1/ EPALFAIAGR by rasitr 102

atpsutt-hatrhgnior frequeénacies; theralyr furtebri improvingpstabititt wh kocessing
106 in_order to provide inpedance matching
systRBtiUGal i ty. [ 0033] The configuration of FIG 5

enaﬁoiﬁﬁglra'it?efﬁrf?\"g Hoov 18 PRSI &, eoHBUSS severdlt ERlboBiments of

| oa pen real inpedance in the sub-harnonic
proegssing systempto@ris eshcavn adth @ highepaksnéarnvinatedt hetwork (HPT

T and BRSPS e e PSR Y R 2. e
Ak p@d“%oﬁﬁé‘&?iflﬁf friRd oLt e BiipRYIndiRERk AD6. LPHI filter 122
transistor 102. This effectively isolates the |oad,

cqrirexts betveadye putpld network 106 ReidstBEHL biterh&d&w HRE network 120
of o

frequen afion. LPT 101 d HPSH f | .
d'Fﬁ'Bgte@o ePQi’V@?ﬁba{ If?ﬁir:]%?ea‘ H&%ﬁ@??i%"’&f Iap&@r eérge%ﬁ rmined
cutpfit ﬁHg&@r% &I iRessher émbbdinsaits| Whé NAlrd coRpRIetdthined cutoff

wth LPT 101 and HPSH filter 108 to further condition

frequeeniaydesisrganenallyt inznfrequencylemgatofdute Har Adbiildilter 122 passes
A SAEreT opk e, Bt et PRGN g b0 oy e 10
vaRSULEmtR\ERhahtse RO dbiRR tive@btermined cutoff frequency fes is greater
than f, and may be generally approximately equal to fi;. LPT network 101,
output network 106, HPSH filter 108, HPT network 120, and LPHI filter 122 are
collectively referred to as the stability network. It should be understood by one
skilled in the art that the components of FIG. 6 can be arranged in different
configurations. It will also be understood that the arranging of the components of
FIG. 6 may result in different topologies of the individual components.

[0035] As discussed above, while LPT network 101 and HPSH filter
108 provide sub-harmonic isolation to transistor 102, HPT network 120 and LPHI
filter 122 cooperate to provide isolation to transistor 102 above the frequencies

of operation. This cooperation improves the fidelity of the output of processing

system 100 while requiring minimal additional filter components. In some
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processing system 100 is shown with a high-pass
term nated network (HPT network) 120 and a | ow pass
W 2008091309 | oad-i solation filter (LPH filter) BRRRUSIPT022468
network 120 connects to the output of output network
106. LPHI filter 122 connects between output network
106 and HPSH filter 108. HPT network 120 dissipates RF
erpbodametdtatHBd‘cuetsvcmk 1f20eq|0|@rld?Halsfiltﬂ:rom a)peratedn complimentary
gredeterm Et fre

o e g T guacy HBBaEnGe ReadlifoBRrand teyminatpd. The
sysfem!ot Fener .@biayeé thePichlaPBRAY tfa'm%@orof)othoaﬂdi/ezér% below the

LPH filter 122 passes RF energy that occurs bel ow a
fréquench qfr epkrationdansdpavidsst afccufqnwedy réat4mpedaneg ito Ueansistor

1@?\/?@%5@;\&@@%0 rt ! gtrl ede mg@ﬁgrgir%ltu g,f Llf-"f-IWiHSP %2 and

HRSPY ﬁl’féﬁﬁ"‘%@' ¥ §6wal er‘hBoélﬁ’rTel’%t WEH %é@oﬂhq(&é& I%ltcompensate for
net wo 106, HPSH filter 108,  HPT network 120, and

eddpHbther| altawmgm@ampimer exmtevetq/acrmem beahdbangsopdration and a

nigh Seage) Al foalk feaiafin, dael aah AR, e eana] of,pperation
anrgwea' rydegn%dmhﬁb dbhipRinents, tEMifteF QQQCHIﬁj HP‘SHWdtér 08 Cin some

rstood that the arranging of the conponents of
erﬁb@jmmma,ymagsm tdesrgn@dftroewnpelnsqiele:ayhegtw sugh as by phase

i ndi vi qual co 003 uss abaove, .
cQRpeieh. 6t VB T ImAedanp (0 1o 838 wF e of operation
rePAHin§ &omB Tk ass al ﬁFn'cﬂBntd? fréQusoyt OSUb%om\aTmeﬁtawrdetworks

120 and LPHI I'ter 122 cooperaté to provide isolation

enable paocassing smslerratﬁﬂ/tp maintaireq@enerally esnsigienteffisiency over
Thi s, coo erﬁtlon |%roves the fidelity of the output
a progg 100 whil e requiring ninimal

add{/\@ BT théféﬁfn ﬁ@WQBeﬂtﬁ 7@3&%’@@“@@3@%&‘ glepldt¥ various
network 120 and [ter 20erate|n

embagimenta ditlye minﬂéy netwcprkomFaE natvmfkfwéqluéw&ﬁs an inductor L1,

' d di ' , ,
o G Co T T R 8 A S TS00% B8 o DRt i seres
BaROEmaRkaRe] Qithtdife Bhewiangyctef Lapsidibhereranef a capacitor C1.
provides a controlled, real inpedance to transistor

Theother bind af reapeeitaniCt howples dergronpd. Atserias combination of a

PH filt 2 0
rSHGRFoAND. & caaior G PaiPes bV eshpubnticdng e JHBton o
in@lLBRKs L3l Ay 29 I Bsmmhbbulmemy&bgmtémampb@ replaced with a
broadband operation and a high degree of |oad

suitatllent dissipptivevelemerdboperating Bt egueiesplestedgesaiansy. Such
dissipative element may be provided by suitable selection of the reactive
elements in LPT network 101. A capacitor C3 couples between ground and the
junction of inductors L2 and L3. A capacitor C4 couples between ground and the
junction of inductors L3 and L4. The other end of inductor L4 is the output of
LPT network 101 and couples with the drain of transistor 102. The values of
inductors L1-L4 and capacitors C1-C4 can be determined in accordance with the
selection of f¢y.

[0037] Output network 106 includes a capacitor C5 that couples
between ground and the drain of transistor 102. An inductor L6 couples between
the drain of transistor 102 and first ends of a capacitor C7 and a capacitor C8. A



10

15

20

25

30

Further yet, the inline conponents, LPH filter 122
and HPSH filter 108, in sone enbodi nents, may be
wa@e®sgysw t o conpensate each other, such as byP@EITES®07/022468
conpensation, so that the inpedance for the frequency
" band of operation remains constant as a function of
frequency. Such conplinmentary networks, enable

segondesiad 0f) cagaditon GD@oupleseiongraunda @esreeoadlgnd of capacitor C8
consi stent eff| ci en

CqUPRR, Ehene £nd efoays in C(K@@?c{rﬁ,r;, %Qg :g%a)%gég Er?%out;put of output network

1 T o RGBSl W aMES) e an

I ndy0038] L Dfflime shuitidti Brintlddesa smcha:tesonhﬁt cambiration of an
i nductor L4 that are connect seri es.

indUaRl i #Nes anFANACHRE ?quctﬂ%\t’%?” Lgrﬁ?uaﬂoa%éh%rfaﬂput of
tré’rﬁs@\PF%?P' lh@ﬁctgr is Jﬁtﬁc%mfor%@f&h 8 'ttn%Tw&k]to shunt RF
couples to ground. A serres conbi nat |o a resistor
CLRre’htatodgr@u?drmgatpartlémalctrequgmwart wambrmrmnut Iaankjttm:h as a
unction of inductors L | L nb
SURRAEVODIC 0.5 hmy. bRer BERIIHNABHH MEOUBNPRLITEY Do Seiscted in

[ t ' r
AR I SEROES ot kB abuch 6 Bkl sone power
amplifiexblsgsteehse cdxhiipit aﬂnddwedemtoonaaesel atmpartcular, L;Prédetermmed

network 101 A capaci tor C3 coupl es bet rou
freqienaies,j andt itois Sirﬁélﬁ’ctt%rghrﬁ %dSLL %%&&@S{]or'” some

e GHRINE" ANES B Rd it 08 el oo choson

sddhethaitlpduct@f LsPandetapacitol €6 a@sbrzie ted. St thG1e8 deplcts a
ain of transistor 102. The val ues oI i nduc
STRChATH 104pAEMBDREAEG. B Y B oHaIDles EETgRt of oftine shor

18 CA @?%ggvglﬁég\{st fitat %ﬁ'llﬁ&tshGFl Plf2 anélrall{/ QH3nL tﬁytsBHFlarmonlcs

net wo udes a capaclt coupl es
0lsef,wegrogichund and the drain of tran5| stor 102. An

333”%55 e fie Eﬁugg oot FT Betuty TRl IR capacitor
Atga‘i)%%!}g %Edcé‘ﬁ%%%lfﬁr @74 %6Hﬁé@t%dt|ﬁ éHrfé%ndA résnstor R2
sebon

aci t or coupl es to one end
cousles tbetween @nolurpd anddbe ather end mﬁtca@acm puad. n»@m vmluctor L11
i nduct or ound

106. The other e r
couRieB Pety e sodn anarts ifefanief APl alfhitecior C14.
I 88ReNahbBAIEnt& Nresistor R2 may be replaced with a suitable dissipative
element operating at a preselected frequency. Such dissipative element may be

provided by suitable selection of the reactive elements in HPT network 120. An
inductor L10 couples between ground and the junction of capacitor C12 and
capacitor C13. The other end of capacitor C12 is the input of HPT network 120.
In some embodiments, the values of inductors L10-L12 and capacitors C12-C14
can be determined based on fc; and R2.

[0040] HPSH filter 108 includes a T-network formed from a series
connection of a capacitor C10 and a capacitor C11. A center tap of the series
connection couples with one end of an inductor L9. The other end of inductor L9

couples to ground. The other end of capacitor C10 is the input of HPSH filter
108. The other end of capacitor C11 is the output of HPSH filter 108.
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i nductor L5 and a capacitor C6 coupl ed between ground

and the output of transistor 102. Inductor L5 and
we2apaodt3ey C6 forma shunt network to shunt RFPCT/IUSBNT/022468

to ground at a particular frequency in a subharnonic

band, such as a subharnmonic O 5* fo- The predetermnm ned

frequency may be selected in accordance with various

deS|[@®4d])nsiLcH’é1Iaftlﬁeor1§2 ifrdudes anphaycteoh8, @@weacitor C9, inductor

L Eaparior 3 Chiel BT 15 DIRieiEs accoraRanan! 3t output network
fllf%$31'2r c?H'F‘SI—‘FhIté’ﬂ ESHHIANY, CRPHERS BF2 id thefstBRe a component

nts val ues of i1'nductor L5 and capaci tor
ofCBPblamnlteheeéfmcé HMDb2On dufiist teingt off imductasrL8 sormaunicates with

oS LB BB SR BB e
cﬁﬁ tPbn®EhbiohRaphsitdr d@&nd Me\rPput bLEIFENA0S. tthat other end of

't ne short 112 generally shorts the subharnonics
cdpdgitof GthDLmiemtwgro[uodSQ] Returning nowto FIG 7, HPT

net ncl es a_ gapacitor apaci tar
e 2] 20 I TR el Fre BEERR b8y P system
f to@r
dég&*f”e?\sn“‘%‘*ﬁﬁﬁﬁ‘?ﬁ?%@%{?qc RERhCE (B SEe By, oA (daseen by
transistor d020f T heagiauilation ctamrmhmﬂe:eq;&ammg)pla@ma chwnbemém with a

enbodi nent s b
QTP TRRCITG LIS RHAIGR '8P GABROB SUFRGTR! G 1B A 114 A, 112 A
€
B o B g ouvierey fo. In
sahersmuiationsHEE fiest wodkserand outoff rﬁr@a]UBOEIGEIa mtw éray be set

SRR B BTN DA BB Bhg o et o

1i68RHt HerhBlingehuBita éﬁmebF W@r&ﬂb@ﬁld}fﬁﬁfﬁmettbeone voltage

vaI ues of 1 nductors L 10-L1 2 and capacitors Cl2-C

seadirgawee catin ﬁéﬁ\N@sﬁﬁdh@@uth ofitP$H filten 048] Thegrlinite-to-one
i 108 . ies.
veWhearssRns e cnin aretbk awlfs S dilsrra CBai"Spee the

uﬁ@ﬂh@ﬁatéa%éﬂ lihd' B élﬁblyeﬁea@mﬁﬁél ireectd e o he\RFpawer.
an i nductor L9.” The other end of inductor L9

coup[(ma]o hesandingthevasions isimutations calpthei ipwesdrequencies, the

mtu:r)]gde'mnc%uﬁ rgﬁnaw\%sglgﬁvletlf Constant due to the dissipative load provided by

LPT network 101. HPSH filter 108 aiso helps to isolate the unterminated load
from transistor 102 at the lowest frequencies. The impedance Z drops sharply at
0.5*, due to the effects of offline short 112. The impedance Z rises again
between 0.5*f; and 0.6*f, again due to LPT network 101 and HPSH filter 108.
Between 0.6*f, and 1.66*f, the impedance Z varies with frequency and the length
of the unterminated feed line. The varying impedance Z in this frequency range
shows that the RF power is coupled to the load.

[0044] The impedance Z again stabilizes at frequencies above 1.66™fo
due to the dissipative load provided by HPT network 120. LPHI filter 122 also
helps isolate the unterminated load from transistor 102 at frequencies above
1.66*f,. Various simulations, therefore, demonstrate that the stability network
provides an unconditionally stable load to RF transistor 102 for frequency ranges
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108. The other end of capacitor C 11 is the output of
HPSH filter 108.[0041] LPH filter 122 includes an
WO pah8o91809 L8, a capacitor C9, inductor L7, andPCT/US2007/022468
capacitor Cl2. Inductor L7 is therefore a conmponent of
out put network filter 122 and HPSH filter 108.
Simlarly, capacitor Cl2 is therefore a conponent of
balewl f.f ahd @bovg Z.;ankit ﬁﬂRTuamiesﬂ\betweﬁn kpandff.a thewstabilityLrgetwork

co ni cat es th induct th t of LPHI
QAT Hea850 A2 AR ERGNBMERA ALt or L8 connect s o

one f h f l

o S PSP 10 panphapt i o
te§}1 rmba!;mmmegrﬁstrbrt gagegmnem*bagenemte élhstfatesveawdaek ocﬁf spurious
the system descri be r [ .
dl@@ﬂ S carasnusd o st o ficefly bdBe B Rovste: & rzontal axis
e%) nTQQre}iéJ@HWc?t | any&dial ﬁﬁﬂsuféﬁ)ré%@%&ﬁepb%ﬂéd into plasma

h a corresponding unterm nated f
chamieh@@. ngA afilsé mgak d6600bcur$/ 8t Icenller4frequemc3/ Ifo. abBdergy at

et SR AL T L e
@T@Qé??@”dﬂ?‘ﬁ(ﬁélft)( i} ERYC9GhGiates! arR MprREmEnt D9k iR fidelity of

hird and fourth cutoff frequencies
thieG@sbhmeab@ermexyt did-I&ett. t o 1. 66* f0. Renopvi ng pl asma

CRaTh 10 G ces 1 02 0 L B o,
telst 'rﬁ&{su%@@\enfr s \}d?fdu@,' érAbbEintHs V@‘éﬁaﬁé@ﬁ@hﬁtéﬂ“ RJad harmonic

stability network a worst-case | oad since
distdritomiwitht iatiné deat! lsolailomarpdmﬁlwe haanomoéemaate@f | éd’tQElZOﬂtal
to var

f th F
o P TSNS, L3 eSBAERR b L pssma

ibAS I I t 1@u d [
cfASERLD:, B8P B Jpaotiskaet Jfie by gharc o Hbpgpesal conter

fraqsmdyefopsAtsecoedlmak teﬂeapmaa'smtraahamomadrefmmcy of fo, and a
t.ransi si§é2102 at the st fre

iR L5 2PRPBSa AP NI o BOGGE TEGURRY br G 40 thus
gfno%frbféée@%hgféct%ﬁess-r e thé@@ﬁ@iﬁe@i HAline 965d #bHation and offline

et ween . O again due to LPT network
haforiodekfiBHAted.| FHB. 1@musademeatratees*ar1 ompireyemesd of gombining
vari h fre

e BT SE0r b BRo  ESHRE gA R GArgmoni

térﬁnﬁ%} _frequency range shows that the RF power is
coupled to the |oad.
[0047] Referring now to FIG. 11, a pair of stability networks is shown

applied to an RF plasma processing system in a push-pull configuration. A first
transistor 102-1 provides RF power and connects with a first one of the stability
networks. A second transistor 102-2 provides RF power 180 degrees out of
phase from first transistor 102-1. Second transistor 102-2 connects with a
second one of the stability networks. A balun 160 combines the RF power that
appears at the outputs of the stability networks and applies the combined RF
power to plasma chamber 110. In some embodiments balun 160 can include a
transformer.

[0048] Referring now to FIG. 12, the stability network is shown applied

to an RF plasma processing system in a second push-pull configuration. First

11
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[0044] The inpedance Z again stabilizes at frequencies

above 1.66* fo due to the dissipative |oad provided by
woiRDsiewor k 120. LPH filter 122 al so hel ps i BOI/ES®07/022468

the untermnated |oad fromtransistor 102 at

frequenci es above 1.66* f0. Various sinulations,

therefore, denonstrate that the stability network
trangisiodelD2ah aomoeotsi witbreafirst autpint eetwsald 108- RF Second transistor

1Al TR B bR el ARG ot s

iogt
<Y1 PRSI i ekt gt S, A cuput o

balan-160n¢arnmynicedepivih the irgutts ok BT retwork 1)‘1/60 angr LR filter 122.
o . ) . . o

AP LETHLMes SpBoananioatss Wi Te el ReRESERhenlbB. The

oﬁ‘lg)h't PP H AitbP 108RIREANhRaldLHHRNRY infut\@'HlagAh cvahsber 110.
rep | ed I hamber 20. A

resents power coup Into plasnma cha r
Drains tof fsiktras@isioe cid2s1 andcsenond frarsisionch)2f2 receiee @4+ through

at freqg cies gth than fO indicates that the RF
re_p%\%['v? gs &%%Pﬂ@f@l pl asma chanber 20. The fidelity

in FL®4 | iFc et Yepittd APHPONENBBheRiDh $ytterhi R ifbY providing
of the tést nmeasurenment of FIG "4 . [004 Referrin

poaver to a-pasmid champeby! \Raytilizingranpluratity iofi ppaywwerngmplifiers 172a,

1085 ABHCh 40ad RUPTARIATATS (JRPr o 2 (] I PHeCaTD alfherally be
elbRldRdd 85 dupicted flsinte rdtarereel surhBer 08t FIGS. 5 and/or 6 and/or

horizontal axis represents frequency. A vertical axis
thee porfiguratiomoab FIGBuUb! @adiaft t2. plAks input valiage/couentagodule 174

PSS af Bk HelpaRjed ey JoskirTh R pONsh HppRre ek, 1720, and
198E MEnich r(ersﬁsétwp!owér Amplifieyc Zod hi7ow, aaki 7Xe6reabivesithe input
at anot her harnonic of center frequency f0. FIG 10

voltage/cementsanchamplifies thef input tosgenrerateran ampliiedinutewt applied to
inline |L.gad isol ation d of fline, harmnic. term.nat
cgrm@nefo1? aus(g iS5 r%n?@sc%m Ifr H‘u\;aer{gngpe%*vec ?W%ﬁl ﬁgfp“‘s of
aﬁ&iliﬁ@rs! qFgahaf7api gndli F10 tan@ngdhéfatédd rtﬁi\ﬁirggﬁdn ut to plasma
Isol ation and of fline harmonic term nated. [004

chramber i1i§. ndwsysieml Gntidlier d 78apenerptes aenirok sigRalsvier kentrol at

Ieizgssﬁfé]q]ov\_\//\%ru%prﬁ@h%% ;‘67 ni fﬁzﬁ" gﬁﬁ?;?ﬁc? Caer?d?: | [d s%}‘r'?é ee%ﬁ@diments,
provides control inputs and/or receives monitoring signals from each of the
respective power amplifiers 172a, 172b, and 172c, input voltage/current module
174, and combiner 176. It will be understood by one skilled in the art that FIG.
13 is generally intended to show the combinabilty of the various circuit depicted
in FIGS. 5, 6, 11, and/or 12 in order to provide additional options for generating
power to a plasma chamber 110.

[0050] The description herein is merely exemplary in nature and, thus,
variations that do not depart from the gist of that which is described are intended
to be within the scope of the teachings. Such variations are not to be regarded

as a departure from the spirit and scope of the teachings.
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transi stor 102-1 provides RF power and connects with a
first one of the stability networks. A second
W e@ssysvor 102-2 provi des RF power 180 degr eeRCDUS2007/022468
phase fromfirst transistor 102-1 . Second transi stor
102-2 connects with a second one of the stability
networks. A balun 160 conbi nes the RF power that
appears at the outputs of €bAlIM®ability networks and
appl j the conmbi ned RF power to plasna chanmber 110.
In s té"hﬁ@ﬂp ft's bal un 160 can include a
transfornmer. [0048] Referring nowto FIG 12, the
stability network is shown applied to an RF pl asma
procéssi n§ mdio efnequentys geoerhtqrufdr- ppplyingofh groweri tona load,
Firsttransi stor 102-1 connects with a first output
COBPIBIFR- 106-1 . Second transistor 102-2 connects with
a se twork 106-2. Respective outputs of
fi rstgqgﬁ ygg%&"gargut put networks 106 are applied to
| npuat leafst lomeuswil@0 thakrganerptes the BEIpoweareat a center frequency;
mmuni cates with the i nputs of HPT network 120 and
a'ﬂ‘g filter 122. An output of LPH filter 122
co Rtk T
ou{mgtrl b\&?ﬂ %%Sfﬂr?h]étt%? n? 08 coﬁ?udﬁélec%g ggmvﬁnhﬂr%sgcl Q&Nuer supply
and tpém’whcaa«mavnma first autedf treqhiemeyt thatasdess dlan the center
102-1 a econd transi

fregugRot %%?Q‘M'Paﬁ‘éttﬁﬂp @fgﬁ]efl cirbdgrgﬁ%'eﬂ'g\égfﬂﬁe fj@%?@qg@ce control
ag?mgﬁﬁg %@Itﬁ&n%Hébér‘%e”r@gﬁ@ﬁc)?raq,\dl di ng power to a

er 110 utilizin l'urality of power
anpl aftigh-pass diier mvaposmuewem an?@mmamﬂne swidels and the load,

17 .. 172b, d 172 b nbo d
B RS VS S AR B SERLLEE i comer
h t d
féﬂ%‘%ﬁ%f‘%@%ﬁ?ﬁr P SN, e IS e Bn o el SAiléh from the
loanl ateyfréquencies lass tbac theteplenirequenty.fi ers 172a,

172b, and 172c. Each respective power anplifier 172a,
172b, and 172c receives the input voltage/current and

anpl bf i esThge oAt PwErein thedoRpavst terminated
appl ?ed tg‘hgoﬂoﬁ‘ﬁ%e%o & Combi ner 176 conbi ngsLt% he !

neteqrcand bighepass iﬂt&rpareéidﬁptadrm ienablesthe78b, genezator 4@ @perate
d
at i odttey B8 AN Ear Sprby o Hhahahtbs bW R RS eilency.

to control at

3. The RF generator of claim 1 further comprising an output network
arranged in series with the high-pass filter.

4. The RF generator of claim 3 wherein the output network is

interposed between the switch and the high-pass filter.

5. The RF generator of claim 3 wherein the output network and high

pass filter include common components.

6. The RF generator of Claim 1 wherein the low-pass terminated

network includes a dissipative element.
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| east power anplifiers 172a, 172b, and 172c and, in
sone enbodi nents, provides control inputs and/or
WO e@ei0y889 noni toring signals fromeach of the PCT/US2007/022468
respective power anplifiers 172a, 172b, and 172c,
I nput vol tage/ current nodule 174, and conbiner 176. It
Wi Il be understood by one skilled in the art that FIG
13 is generally intended to show the conbi nabilty of

h i i ' d i in FIGS. 5 6, , .
énS/%?r 5" F Geererg, o, R deseh theplovias ferminated
k Brddtht® QWdﬁ&IVé I@éé’%ecmﬁbr 110. [0050] The

escr ption herein is nerely exenplary in nature and,
thus, variations that do not depart fromthe gist of

ey T SRRIEP LR PR P AL ey

spirit and scope of
e“éﬁ*ﬁ%ﬁ%@%ﬁ?ﬁg@i"mﬂ‘é H%@‘Sf"?g“%“@. wd is: 1. A radio

frequency generator for applying RF power to a | oad,

Chat Syenef e G oRBSFetop BT 1 MnarifciherTahahd L0 fraquency
nsaedL%%djﬁﬁéﬁjlt@an'ﬂ@é%é&ﬁé\Pféq ected between the DC

power supply and the swtch and having a first cutoff
frequency that is |ess than the center frequency, the

| ' d k di ffl
| mpedince TBonEFo0eReTa0Y (St GEAIRy i dUdheh, shnifising, @ dyah-pass
telrrfRtE88 CYetwdnkl c%nhb@fédpéﬁﬁné 'fﬂdn@rthé NREr ;@@\ﬁéld ap@t HeARg a third

an output of the swtch and | oad, the high-pass
cdtofft &neqhentyndghat secgraaateruttbam mee@eet&ryfrlqusn@mathet Hegh pass

G5Bl BRI enb e, R B b FoR LSS M wicn o o
frE&@é&W’@r‘e@?er'tﬁéﬁtlﬁé‘@énﬁehﬁeﬁ@éh@i frequency. 2. The RF

generator of claim1 wherein the | ow pass term nated
networ k and high-pass filter are adapted to enable the

RF gger atI'Re I-IRDQ é) eerrz‘;iltor of Claim 10 wherein the high-pass terminated

network includes a dissipative element.

12. The RF generator of Claim 10 wherein the high-pass terminated

network presents a reactance in a predetermined frequency range.

13.  The RF generator of Claim 10 wherein the third cutoff frequency is

equal to about 1.66 times the center frequency.

14. The RF generator of Claim 1 further comprising a low-pass fiiter
interposed between the load and the switch, the low-pass filter having a fourth
cutoff frequency that is greater than the center frequency, the low-pass filter
providing inline isolation of the switch from the load at a frequency greater than

the center frequency.
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at the center frequency or a band of frequenci es bel ow
the center frequency. 3. The RF generator of claiml

WO eooslgr3oconpri si ng an out put networ k arr angedP¢TUS2007/022468

series wwth the high-pass filter. 4 . The RF generator

of claim3 wherein the output network is interposed
between the switch and the high-pass filter. 5 . The

RF gé&er aﬂ'be RF geha'ratosof/\ﬁdaim 4 twieerein ihet fousthvweutrff dregjuency

gqasg ég ude ?mn conponents 6 . The RF

g‘-’éﬂ’é‘ 0 é'l”?ﬁsl FTEHENYw- pass termi nat ed

net wor k |ncI udes a dissipative elenent.7. The RF

generator of Claim1l1 wherein the | ow pass term nated

net wbG k predﬁEsgmraMthGlaanoad‘them cdneprising s shant. network

. The er at or 1 wh n.the first
ofinecremrnedionener endinehdng ShdiTpss eARtty he

center frequency. 9. The RF generator of Claiml

wherein the second cutoff frequency is equal to about

0.6 17mesThadfcgenerator eliaimy16 nheraindhebagdriasstfeequency is

f m 1 further conprising a high-pass term nated
O%eQWB?&h%S%W&E{r@HU%?W ine fromthe RF power and having

a third cutoff frequency that is greater than the

center frequency, the high-pass term nated network

pr ovn& ngAofadio edquepeyl gereratontfenpplying RE paivecioaa plasma
equenc reater than the center frequency. 11. The
b@ﬁ&o % %Zﬂ Cl ai m 10 wherein the high-pass

ter my Rt edweRlsiPply; i ncl udes a di ssipative element. 12

. The RF generator of Caim 10 wherein the high-pass

t er manecéal fresiueocy tpansisiat shat geaetates éhe Rl power at a center

redeterm ned frequency range. 13. The RF generator of

n\$?lf1ere| n the third cutoff frequency is equal

to ag%b,m %twbmﬁcm@mq:enter frequency. 14. The RF
generator of Claim 1 further conprising a | ow pass

f| lter i nadoww@@ tsmwméeﬂ ﬂa@vorb@@naadedhehwmtbﬁhetﬂfé power
OV Ps ds ilter. havi Y 8 p

suppy the transistor, the | -pass erminated network and having a first
cutoff frequency less than the center frequency; and

a high-pass filter inline with the RF power, the high-pass filter
having a second cutoff frequency less than the center frequency, low-pass
terminated network and high-pass filter cooperating with the low-pass terminated
network to control an impedance at the transistor over a predetermined

frequency of operation below the center frequency.

19.  The RF generator of Claim 18 wherein the second cutoff frequency

is equal to about 0.6 times the center frequency.

20. The RF generator of Claim 18 wherein the high-pass dissipative

terminated network includes a dissipative element.

21.  The RF generator of Claim 18 further comprising a fidelity network

including:
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cutoff frequency that is greater than the center
frequency, the low pass filter providing inline
wo seBasizon of the switch fromthe | oad at a freCUESNY7/022468
greater than the center frequency.15. The RF generator
of Caim 14 wherein the fourth cutoff frequency is
equal to about 1.66 tines the center frequency. 16.
The Rfigepasattemiobted metwmotk tonhéated aditipeifsimdhe RFhpower and

nBUAE A Qe Tenugnon et FBRISTRAR e At TetuERes and
whergi| %%l\;r B&séf"'ﬁﬂgr ﬁ}‘_}l}@% &ﬁﬁgﬁlﬁgﬁfr bSwEr, thbl I@SV\FPé@ filter having a

center equency eq uency gener at or

fcambi gutoff unmmyrthab |sagmaiemharhmabeentecﬁenueed:y]ghemigh pass
transistor th

di
e BB SRk HPCoWaRash HESToEs a?mea%ﬁeyol af dmpedance at
tfﬁeé%%l(swr 89éﬁ"@r5réd%?érmhév‘\<n§’tfh&1u{1eﬂ\ﬂ%%ﬁsé &fiBh na’&fc% thce center

connected 1 nline r supp
freqaemcyansi stor, the | ow pass term nat ed net wor k and
having a first cutoff frequency |less than the center
frequency and a hi gh-pass filter inline with the RF

povwebp Bi g drI 6feCImV%szvl?er§ﬁlcﬁﬂed hwﬁﬁgs dissipative

frequency es an the center frequency,

teraninatedtredwoek pmslenmd reactanpaas afprbdetermumubﬁaqwe@y range of
with the | ow pass term nated network to control an
OPR{@Ance at the transistor over a predeternined

frequency of operation bel ow the center frequency. 19.

The RF generator of Claim 18 wherein the second cutoff

f req@8ncy The REweneratoabbCiait 31 wheesintthe tbigthicatoff frequency is

freque 20, .. The erator of Claim 18 wherein
eﬂHélq‘F? 4}3%&@5 Hm§§|tt&%980&rtfr@ﬂh'\eﬂ9¥ -ed network includes
a dissipative elenent. 2 1. The RF generator of Claim

18 further conprising a fidelity network
24.  The RF generator of Claim 21 wherein the fourth cutoff frequency

is equal to about 1.66 times the center frequency.

25. The RF generator of Claim 21 further comprising a band-pass filter
connected to the RF power and including a band-pass center frequency that is

less than the center frequency.

26. The RF generator of Claim 25 wherein the band-pass center

frequency is 0.5 times the center frequency.

27. A radio frequency generator for applying RF power to a plasma
chamber, comprising:

radio frequency transistors that generate RF power at a center frequency;

low-pass dissipative terminated networks connected between respective
ones of the transistors and associated DC power sources; and
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i ncl udi ng: a hi gh-pass term nated network connected
offline fromthe RF power and having a third cutoff
wo e@guersey that is greater than the center frepUENR007/022468
and a lowpass filter inline with the RF power, the
| ow-pass filter having a fourth cutoff frequency that
is greater than the center frequency, the high-pass
ter rriartfﬁmbineetmgrgemdtdso%h RIS polnielr tstgnal dmsfedad)rh nige tRF power
control an inpedance at the anS|stor over
frepeta @dd‘?rﬂf@&luﬁf‘%&féﬁéwfb’ﬁ Bihereinitha %%&Pé"etfrfég’&%% &pplied to
”{eﬂggﬁegﬁd 22. The RF generator of Claim2 1 wherein
h- pass di ssipative term nated network presents
ar ewhbeemdhertow -passddissipatine defmiegtezh ngtwarkg davk a first cutoff
oEerati%. ,&2}3 The RF generator of Claim2 1 wherein
frepgendy tnat isess than 9" reAURlet to about 1.66
times the center frequency. 24. The RF generator of
Caim2 1 wherein the fourth cutoff frequency is equal
to apdut ThE6RFi gerserator ofeClaim R7ewhersiry .th@dow passREissipative
generator of Claim2 1 further conprisi a band- pass
tgrminated Aehnededaciide HesReCHR @FSIRAtVE ﬁ@ﬂ WRiitng a
band- pass center frequency that is less than the
center frequency. 26. The RF generator of Caim 25
wher 29n t MaebBRdggreratareoft Slaifr 2quehesein 2h@. 16wtpaess dissipative
the center frequency. 27. A radio frequencg ener at or
tergnaige NGt wgrkRPressia fQ?Géartﬂea'Qr?aP@ﬁ’&ﬁ%E?'n @%ﬁﬁpﬁg%@ange
radio frequency transistors that generate RF power at
a center frequency; |ow pass dissipative term nated
net V\Bf)ks 'a'herfélétgednetﬁbweéﬁ:laiﬁsaémhereimmmﬁrsf cutoff frequency is
a and associ at egr DC power sources; anda
e% P ut R tigendne centey eﬁPeEE)\Over si gnal based on
the RF power fromthe radi o frequency transistors,
wherein the RF power signal is applied to the | oad;
and @her eiThetRE gemstramsaftﬁlaism 2t iuvther eompristredhigh-pass filters

networ ks have a fir
in series with respective F?lt—' power Irom the transistors and having a second

cutoff frequency that is less than the center frequency.

32. The RF generator of Claim 31 wherein the second cutoff frequency

is equal to about 0.6 times the center frequency.

33. The RF generator of Claim 27 further comprising high-pass
dissipative terminated networks connected to respective RF power from the
transistors and including a third cutoff frequency that is greater than the center
frequency.

34. The RF generator of Claim 33 wherein the high-pass dissipative

terminated networks include respective dissipative elements.

35. The RF generator of Claim 33 wherein the high-pass dissipative

terminated networks present a reactance at a predetermined frequency range.
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frequency that is |less than the center frequency. 28.
The RF generator of Claim27 wherein the | ow pass

waelr@siopadd ve term nated networks include a respenusae7/022468

di ssipative elenent. 29. The RF generator of Caim 27
wherein the | ow pass dissipative term nated networks
present a reactance in a predeterm ned frequency
range. 30. The RF generator of Caim27 wherein the

first .cutgff equen i u to aho oMy t he :

cent 86" 1 QhaAME gergradr of okt hheleB thetndy ShfFEieATency is

ebUABbRPATEE fnBY the 8BnieRFraqliehéer s 1n series with

respective RF power fromthe transistors and having a

second cutoff frequency that is | ess than the center

freqgygncy., 3 The RE ge at f.,daim3 1 wherein .. .

e ZcondnB R BRnP gL Ee R NS daeT omrse Hesrpdss fiter in

sbiid®NithhessEaher RF pRAE MM tiStranbistdrs aganaEalng £fourth cutoff

Caim27 further conprising high-pass dissipative

frequenciathadi ingrteatendsan dine eented frequeeeipect i ve RF power

fromthe transistors and including a third cutoff

frequency that is greater than the center frequency.

34. 3Be Rirhgemprqurrael ofiCIaim 33 Whsre thd fsurlh aloffaksguency

di ssi pative terri nated networks include respective

isi¢qsl parbout ti6erimes thescentehbbeiengyner at or of d ai m 33

wherei n the hi gh-pass dissipative term nated networks

present a reactance at a predeterm ned frequency

ranggg36. TheeRRgedRabRbe Cl&im @aunhéﬁcdm?ﬁﬁhg BaRi-pass filters

third cutoff frequency is equal to about 1.66 tines

conhrectedttor respegiiven&F. pewer Troum e deanaistoty aod iaclading2a band-

furt he{% ?onﬁri Si \&%rta Ieowtﬁasmfi I tter in series with

PRES pEEtEr JIFAHENEY At 1§ [E5H TR e SHUPLIEAYSINY i ncl udi ng

a fourth cutoff frequency that is greater than the

center frequency. 38. The RF generator of C aim 37

wher d0n t fibef & tgeneratof foff Cajoe@Oy whereiguihe thangbieass center
the center fr . 39. The RF generator

1.66 ti
frgﬂu@‘}é\lf %E@? Uigs C%%ﬁg@?nc band- pass filters

41. The RF generator of Claim 27 further comprising a high-pass filter
in series with the RF power signal and including a second cutoff frequency that is

less than the center frequency.

42. The RF generator of Claim 41 wherein the second cutoff frequency

is equal to about 0.6 times the center frequency.
43. The RF generator of Claim 27 further comprising a high-pass
dissipative terminated network connected to the RF power signal and including a

third cutoff frequency that is greater than the center frequency.

44. The RF generator of Claim 43 wherein the high-pass dissipative

terminated network includes a dissipative element.
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connected to respective RF power fromthe transistors
and i ncluding a band pass center frequency that is
wo ews/oots3an t he center frequency. 40. The RF gePEr/HS907/022468
of C aim 39 wherein the band-pass center frequency is
0.5 tinmes the center frequency. 4 1. The RF generator
of Caim27 further conprising a high-pass filter in
seri @5. wi ThetRE g¥nhepatesrofsClairal 4&rvhérem the highapassc dissipative

cutoff fr ncy that is less than center
IGTHLRRIER PR pRENReR AR deoh SPradeleined fequRphrange.
the second cutoff frequency is equal to about 0.6

times the center frequency. 43. The RF generator of

d ai #4627 TThetRiegenerator of Bipim 43 gihepeisghditbisd pataffeequency is
termnate connected to the RF power signal
e%@imp%oﬁ'gﬂ@W?ﬁlt?%ceﬂﬁ%ﬁﬁq{“?@%ency that is greater

than the center frequency. 44. The RF generator of

Cl ai m 43 wherein the high-pass dissipative term nated

net wdvk i ﬁbblﬁlégeaecatelsd)fpﬁlaimé7efuahencom$rismgea lew-pass filter in

a 43 hi gh- ,
sSSPl rocRrcp Gl eadl ahiuebidRoce TPUMR et framugney, that i

ﬁgd?é,ef#@hqh@ Atbrftk @Ry range. 46. The RF generator
g G aim 43 C%herrel(%qéhggt hird cutoff frequency is

equal to about 1.66 ti mes the center frequency. 47.

The R f 7. f th | Si

| ow- RS TPPeIRF Geegeler ab Glfinh i ieteiTh M Fousosatet drauency
is &glau% Bgodt § @erttrneé:meoééntérﬁsa@é}%y that is greater

the center frequency. 48. 'The RF generator of
Claim47 wherein the fourth cutoff frequency is equal

to a 6 i mes the uenc 49. The
qonefS: or TE R gnpsor of ChuR 2 hiHeg Rl iniisio:d Randipass fiter
céhrﬁécﬂéd 36 tA8 R povidridigndtrarRPRIudthg '&aﬂ)aﬁ’dl?ab@ CeHEErTeequency
band- pass center frequency that is |ess t he
thzaénﬁ tessftham thencgntesreqieRCYRF gener at or of C ai m 49
wherei n the band-pass center frequency is 0.5 tines
the center frequency.

50. The RF generator of Claim 49 wherein the band-pass center
frequency is 0.5 times the center frequency.

51. A radio frequency generator for applying RF power to a plasma
chamber, comprising:

radio frequency transistors that generate RF power at a center frequency;

high-pass filters in series with respective RF power from the transistors
and including a first cutoff frequency that is less than the center frequency; and

a combiner that generates an RF power signal based on the RF power
from the radio frequency transistors, wherein the RF power signal is applied to

the plasma generator.

52.  The RF generator of Claim 51 wherein the first cutoff frequency is

equal to about 0.6 times the center frequency.
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5 1. Aradio frequency generator for applying RF power

to a plasma chanber, conprising: radio frequency
WO e@ssIstor s that generate RF power at a cent ePCT/US2007/022468

frequency; high-pass filters in series with respective

RF power fromthe transistors and including a first

cutoff frequency that is |ess than the center

freqd8ncy ThandRfa gemdratoer of hGlaimeddr duriserarcormprisivger high-pass

si gnal based qn ,the RE power fr the radi o freguenc ,
cslitiver B G nalAd, BRHOr CRANBBIRAT I A T | Koo 108 regpective

i S o] T |

NSRS HASFURGYE SR PRI (8808 el Sl dhan the
conterfiegqeenche center frequency.53. The RF generator of

Caimb5 1 further conprising high-pass dissipative

term nated networks connected to the RF power from

respeqt i Vanbr ARS§SACHaforatCiditl 581 iterdirs B0 GHHASS bissipative

frequency that iS5 greater than the center freguency.
téermindted rrRfwgekseinalude aofesPkaiive 8Bsipatveietennémt. hi gh- pass

di ssipative term nated networks include a respective

di ssi pative elenment. 55. The RF generator of Caimb53

wher ggn t hpehRENgERSaISH SSCRAN 58 v_t/ﬁ‘érmmmee%ig’rﬁem issipative

present a reactahce in a predeterm ned frequenc
teranigateds&eiwbHes RESgph@reacianes inGh pradedgrmihed diequehey range.

second cutoff frequency is equal to about 1.66 tines

the center frequency. 57. The RF generator of Claimb5

1 fusgher ThRF ig%in@%tbpﬁf effmh 53 Whetsinithe SBEHSS cldiffrequency

the RF power fr respective transistors and i ncl uding
issequaltd aboubi B6ftirogs threcgentantreqgengyeat er t han t he
center frequency. 58. The RF generator of C aim57
wherein the third cutoff frequency is equal to about

1. 66 51 MeHeNRF GRIMePAtor bEAHEALY1 ftﬁ%er%ﬁ%irﬁfw-ﬁhgé filters in

of daim5 1 further conprising band-pass f ers
seoes &dthelthet BF tpowaerFrorowespéctive traspistors asdtineludingtathird cutoff

BB g BB SR by e 1

58. The RF generator of Claim 57 wherein the third cutoff frequency is

equal to about 1.66 times the center frequency.

59. The RF generator of Claim 51 further comprising band-pass filters
connected to the RF power from respective transistors and including a band-

pass center frequency that is less than the center frequency.

60. The RF generator of Claim 59 wherein the band-pass center

frequency is 0.5 times the center frequency.
61. A radio frequency generator for applying RF power to a plasma

chamber, comprising:

radio frequency transistors that generate RF power at a center frequency;
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60. The RF generator of C aim 59 wherein the band-pass
center frequency is 0.5 tines the center frequency. 6

wa2008/0900 o frequency generator for applyi ng RFCPUSENT/022468

to a plasma chanber, conprising: radio frequency
transistors that generate RF power at a center

frequency; a conbi ner that generates an RF power signa

based combiner Rratpgeweratesoan thife positir sigmadeasedyon the RF power
trapsi stor and stalllt networ k including a

frﬂf’b e J2dio &?W%ﬁ‘c Y FARSIRION @9 he RF power and | ocat ed
I N chaggoiRfyREtWor incRidhiy Qqﬁgﬂlbagé fikGEinliRé '\Aﬁ’thfthéqjﬂ‘eP%/er and

transi stor, the highpass fil having a first cuto
|cfaamm Emdgose @wnmnano talmeouiput efrthferreqwehnequerw trariséstor, the high-

r equen tor of claim6,1 further
Pednfenifng Aitbaadeh ferhency BsSified e cehh Bepugncy.
inline with the DC power supply and the transistors,
the | ow pass term nated network having a second cutof f

freq6@ncy ﬂhegedmaequamymmeeatof oéqla&n@l, futther tamprisiag a low-
term nat e rk and h| ass fjlter oo eratin

Past fetbates, npheark, Eatinattetd s wihihecDEo RBRET SyRBly and the
@%@P&Qcmﬂov& gsé &ér'?ﬁuhﬁfé?f nEMRIrk %d%rﬁgd gt s%d@n@eé’utoff Jrequency

requenc eration below the center frequency.
Ieﬁsethaﬁ tgertmrmmreqﬂer(dyaltm B)vn-pa/eertennmnateei hétmerk amtddmgh pass

requency,.i s t o about O. e, _center .
kP EERRTRF NG i Re R-SRseleitated TErupHh 15 SOt eRefmpedance
f 86 BRI tKe cent
o P ol RS L A At A tho ot
frequency.ng a third cutoff frequency that is greater
than the center frequency. 65. The RF generator of

Cl aim 64 wherein the high-pass dissipative term nated

net wesk | NHUGPyehethiop idp Tlhine 68! vehdrain tHbfirsT ketdFfrequency is
generator of C aim64 wherein the high-pass

eduaktopatiau ©.6 imesrthe egntestfragiuienpy.esent s a reactance in
a predeterm ned frequency range. 67. The RF generator
of Caim64 wherein the third cutoff frequency is

equalggt 0 FipRURFL. 8@@e?atmesmt bﬁmmeeﬁefurfrree%@ﬂpus.ﬁé a Thigh-pass
RF generator of further conprising a | ow pass
dissipadive terminated network connected offline from the RF power signal and

including a third cutoff frequency that is greater than the center frequency.

65. The RF generator of Claim 64 wherein the high-pass dissipative

terminated network includes a dissipative element.

66. The RF generator of Claim 64 wherein the high-pass dissipative

terminated network presents a reactance in a predetermined frequency range.

67. The RF generator of Claim 64 wherein the third cutoff frequency is
equal to about 1.66 times the center frequency.
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inline with the RF power signal and including a fourth
cutoff frequency that is greater than the center

w0 e@guersey. 69. The RF generator of C aim 68 Wher/E52907/022468
the fourth cutoff frequency is equal to about 1.66
times the center frequency. 70. The RF generator of
Claim62 further conprising a band-pass filter
conné8t ed The RRhegeRerptonef Glagm#A2 tuntther comytising a low-pass filter

B, Wi AhedSerrarerSgnaaRd g, a fenn cutet fiaavenoy that is
W%]@éﬁ{r&ntthg d%@rfp@ﬁ,%n%?nter frequency is 0.5 tines
e

center frequency.

5 69. The RF generator of Claim 68 wherein the fourth cutoff frequency

is equal to about 1.66 times the center frequency.
70.  The RF generator of Claim 62 further comprising a band-pass filter
connected to the RF power signal and including a band-pass center frequency

10 thatis less than the center frequency.

71.  The RF generator of Claim 70 wherein the band-pass center

frequency is 0.5 times the center frequency.
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