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WD 20081091309 PCT/ US2007/ 022468 RF POAER AMPLI FI ER
STABI LI TY NETWORK FI ELD [0001] The present

di scl osure relates to a systemand nethod for 5
stabilizing radio frequency (RF) power anplifiers in
a plasma processing system BACKGROUND [ 0002] The
statenents in this section nerely provide background
wnfogroma®i on rel ated to the present di scrowTR@7/ands my
not constitute prior art. 10 [0003] Pl asma processing
systens are used in sem conductor fabrication. The

ol act 11 car FeERATER AP STRALT IR 21 (<. o
silicon) to manufacture: ] conductor conponents.

Exanpl es of such cogonen S include transistors,
medi I#03hd Theaprgeant slisgloaure Telgles dp 2 syrtem (ﬂﬁﬂdﬁ%‘b%‘bf%
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perform spu ring, plasma etching, plasna
deposition, and/or reactive ion etching in the
manuf act uri ng proces|®ACKHKRDLUND n operation, the

I
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ipiosrsation eolatagh tortFe presow disglesuse amdfnasarp@ pmsyiumrpomr to
the piodsi™ MR SirocetBRg Rﬁrsféﬁiéerar@%sﬁhaﬂges%nﬁdaﬁdaﬁﬁ

froma g seous state to Iasrra | asma conprises:

lepecation. cHig %YS@H’a?'&éwsu %H@smmiambsa@? Mapgeschep sieaigeal
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SRRt Bafpied, BE R 0T rBot Bobde Behiirg Hediin ahd
largepsia&nmduqi@aoB]mrﬂebmwmgammndommslmepom i Ghs
Bperte LHRAGR ol BT BOAEARE Mimaclafii sfdbneidloiton
¥y Lﬁaﬂ'\ter!@i’h%t?@t‘%l"éhema"lﬁ@%if\"@ €t°°€$§r r ent (DC) power
S UDptoowjr O\ d@&ammm- p%sniaqmarhwwds tacaenﬂo%nddofbrs@ﬂe

a swtchi
R 158 1 5B PSSR Tingta Peper il W prRee. An hP
haween gesdraior aﬁpléem ppsert theth&iplaspavahamber. aTbo Rfapoer
Hphdct o s, i o 1 PR B BURbREL =
Q;qzctnqqtbg(:j@fggg ipfft AT fegot with exposed regions of the sem:conductor
work-piece. A combination of these operations is performed on the work-piece

to produce a pariicuiar semiconductar 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 oufput
transistors 12. A direct current (DC) power supply provides power B+ fo
transistor 12. In some embodiments the DC power supply inciudes' a switching
power supply or power amplifier (PA). OQutput 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 oulput of impedance matching
network 16 communicates with an input of a piasma 'chamber 20, which typically
has an i_nput impedance of 50 ohms. Some installations include one or more
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network 16 conmunicates with an input of a plasma
chanmber 20, which typically has an input inpedance
of 50 ohns. Sone installations include one or nore WO
20081091309 PCT/ US2007/ 022468 di ssi pati ve bandpass
filters 22 that connect in the feed |ine between
transistor 12 and a |oad, shown as plasma chanber
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I nput ance lations contri ute to
[Feauency| gves @ mv%%wé%%%v@u%ﬁf@muenw fo. A vertical axis

represemts power coupled into plasma chamber 20. A peak at 44 represents
desirable power coupling at center frequency i. The plasma chamber input
impedance variations contribute to peaks 46 at frequencies above cenier
frequency f, and peaks 48 at frequencies below center frequency fp. The peaks
46 and 48 indicate power at frequencies other than the fundamental frequency
44, such frequencies being generally undesirabie. FIG. 3 depicts a Smith chart
50 illustrating the varying nature of the impedance maich between transistor 12
and plasma chamber 20. A plot 51 of the impedance match crosses the real



frequency to and peaks 48 at frequencies bel ow center
frequency to. The peaks 46 and 48 indicate power at
frequenci es other than the fundanental frequency 44,
such frequenci es being generally undesirable. FIG 3
depicts a Smth chart 30 50 illustrating the varying
nature of the inpedance natch between transistor 12
and pl asma chanber 20. A plot 51 of the inpedance

(hor’gﬁéfré{ﬁ %89 oF %?nlil‘h Ehé@@() atzpcflﬁfér 57 QA8 D). Tk Tredsityy indicate

I'nts 53 and 55. The crossings indicate
resdheawandmmhierc’ﬂhnber 20. [0009] Referring nowto FIG

4 -Limting exa f t £
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requency range. Fidelity:genera L9
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| und%fo?‘@%l O&Bg%gélt%nt& thBRF POWEr RbmRtasRor ﬁhﬂj‘f@@rm@ﬁ of Plesma

axl s represents frequency, and th
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repr??%&fﬁ@ﬁ(‘f‘&? o JU',I\rb‘fytt{ggf@“EZék"ﬂg@gF tslﬁ\ﬂr dtcﬁébtlfﬂ goours at center

freqhiohdyt B, PRaKedfhdopeak 58t thlrmpeemsﬁSn@ndntoegbr peak 6meg:yr at
of. center fre uenc

incrersing g;'geg@rh |9f ggnte&ﬂ“ HJ héj d Eﬁtﬁjggg of second

r eShdt t Beak ®WObid reésifélySiespdhim the
peagﬁ@éﬂgﬁ eﬁlStbh?]geEgﬁtg F)eaa 56, tﬁ?(?gd Sélaky58 g
ampflituctet bf frshipes S diErerasat Mg segpnd RPE%@E NA%P%%E and

fou Iﬁ:{e%F(t ﬁ@ ﬁtﬁ% (%Sg@’ilt ﬁ{}: cr%\%rwmbnﬂubeagglddééf‘%i p?lasma '

iS t erefore less than id

chaPubMER Wil adiditionalditteringun € be fidelity & thereforalsse ctlnarbndeai
the present invention, there is provided a radio

frequency generator f or appl yi ng RF power to a | oad,
“conprising: a DC power SiUppiARYat | east one sw tch

that generates the RF power at a_ center frng {;é%; .
an 0040 dn-gsesesianeerwitina distasnest kT HshRESERY! here is

ool 05 BRUE 3PP, BRIGHRG S8 LRy e pBdcR 5 toas

confgrigftige AadYC ;tdmﬂsmppgass lctast oie awvich ﬂatwerqie@meﬂ?ﬁgmwer

at § hvle GeanoR e A oo Bwihes, B JUERGK, { R cldtPBltween
the 'Ijé 3;0 %@RBW é\gtggg@@mﬂdh Rid IRdvitdia fivet toloffainetudney that is
less than’the center frequency, the low-pass terminated network providing offline
- impedance control at a frequency less than the center frequency; and a high-
pass filter inferposed between an output of the switch and the load, the high-pass
filter having a second cutoff frequency less than the center frequency, the high-
pass filter providing inline isolation of the switch from the load at a frequencies
less than the center frequency. _
[0011] In accordance with a second aspect of the present invention, there

is provided a radio frequency generator for applying RF power to a plasma



filter having a second cutoff frequency |ess than the
center frequency, the high- pass filter providing
inline isolation of the swtch fromthe load at a
frequencies |ess than the center frequency. [0011]
I'n-accordance with a second aspect of the present
invention, there 1is provided a radio frequency
generator for applying RF power to a plasma. 3

Haf PR mp RGBT S DY poePCopIEr a S4Bl Yreqaenaditansistor that
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STl aptrrmanee Wiy, (i H gt he Bt Bftention. there is
proﬁﬁ@&ré‘t Qkid HeqBBREY | dihehtor Menedpplyingd RIF asomer to a plasma
- chanber, conpri smg: .radi o freguency transi st t hat
chagdres; aomprFngotastio teqaen@é#@@ﬁlsfq%d%@n%%erﬁmggwer ata

i ssi pative tern I - '

cerferaF gy kG BEafs anlfabANRRGLAS SRinteTT beween
resPEMRE SMay ofshe arahsistorsoand rassocinted P&n POMEE SOMCII- and a

" po i gnal based . Adi
cormBeL R Henpraes SnoRe, Ptk a9 asepatl W RF baferom the

radBPRE GG Ardrftb@adher@RAhIRT pbwet bignabiw ppplied id therload;
I sstpative term nated networks have a. first .cuto

and wbeuemity opeRaseics s ETEE R YR EEHE fifst cutoff
011 l. ' h

e R S ety eonect of the
o A e[ggem]ylngme_rcﬁamne with adpyitly RRgedrof Haseresest lventainghere
. Chanper, c i Sing: di V: '
e s Y
chdrhbdre bomipAsimg! r&io Wréduehey edisistersRRapgeeerate ¢ih phwer at a

transistors and including a fir ;
centemfrequeencys sighhpass filkersd ts&riels v?i%h ?égp%fc i\tre]c rR%qHSvr\]f%y 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 fréquency transistors, wherein the RF power signal is
applied to the plasma generator.

[0011c]' In accordance with a fifth aspect of the present invention, there is
provided a radio frequency generator for applying RF power to a plasma

chamber, comprising: radio frequency fransistors that generate RF power at a

3a



frequency; and a conbi ner 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. [0011c] In
accordance with a fifth aspect of the present
invention, there is provided a radio frequency
: gener at or for applying RF power to a plasnma chanber,
cent%%‘@@ue%c@ iRef [HRA\GRNEIES ARSRE (pdinter tdigal gﬂBed atrethe
a center frequency; a conbiner
RF mreeWmnemeaadmrwmrcystrégﬁwtorsa%@a@Fﬁh"ﬁé NERON, dﬁ}%‘l‘d'ng a
m t he .radi o u n
righReRHT TR Hithg e L ahaRHd MY b Pk 1 2
outpﬁicopﬂiéefaditn &eh@émyeﬂanﬂsmk ol$|e higlo-pass filtet baving 2ofitsh lg‘.ytoff
of the radio fre enc transistor, the high-pass
frequericy éesshhan e ﬁe'gtﬁfgr? WeRD f. frequency | ess than the

S@b?ﬁ]afFr ?néﬁéas[ Qﬂla%ipn&mﬁt?ewmarb@asmf apparent from the

. ["i'cab become apparent fro
desatiption |mowdad mewndeli should ke yndespignd dhﬁhthﬁwaﬁ?%rtpé'% and
t he descri f nd are not
spedi; EXABIFor hUnp0aEs 10 PufREEE o AEKAARYTork Bnd
interiRld tollifiietheedope of the pretshat disdpsuref the present
di scl osure. -3b WD 2008/ 091309 PCf/ QS2007/ 022468
DRAW NGS [0013] The draw ngs descri bed herein are
for illustration purposes only and are not intended
tolimt the scope of the present teachings in any
way. [0014] FIG 1 is a functional block diagramof a
pl asma processing 5 system according to the prior
art; [0015] FIG- 2 is a test neasurement of power
perturbations due to the . out-of-band interactions
bet ween the output transistor and the |oad; [0016]
FIG 3 is'a Snmith chart of exanple power reflections
in a plasma processing system 10 [0017] FIG 4 is
test measurenent .of power coupling due to harnonic
di stortion; ,

3b
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[0018] FIG 5 is a functional block diagramof a

pl asma processing systemthat includes a stability
network; [0019] FIG 6 is a functional block diagram
of the plasma processing 15 systemof FIG 5 wherein
the stability network includes a high-pass term nated
network and a | ow pass harnoni c | oad-isol ation

I 0020] FIG 7 is a schematic di ﬂ&h"
%’ ﬁgﬁﬂ'ﬂiﬂ{/ network; [0021] FIG 8 is a SQ)E»E fm% of
power reflections in the plasm processing system

with a stability network; 20 [0022] FIG 9 is a test
nmeasur ement of power pE&RAWINGEI ons due to spurious

' npUtE med"’rﬂggra\m{ds%hédﬁﬂéd hé?elﬁ a@ BETEsraitAHReIosd 4l @
stabl ity network; [0023] 10 is a test

rADS SR RRtERNdsd o ipitdhe %%?Be H%?‘%Bﬁ%ﬁ%‘“ LRashiIpgs IR 8P Wik t h
i nl'i nponayde FAIGO1 & h Gincisrehl Blook tilapratn bias pema processing
t er,m_nat er? 024],. FIG 11 is functional block

ygtﬁ?‘aa 0 m%gpusﬁ"oﬁu i plasma processing system
[ 002550013](3 Fi2 3 is adest measurement obpeyest peitiibatians die to the

and
O T A O R

pr ocel¥81¥g ﬂ%t%rﬁ' a3 GmilAhar qtnﬁ"?’i“B‘Pep%(/\é?ﬂecmns in a
il prédeSsingts 0081091309 PCT1U520071022468

DETAI DE | PTLON [ 0027 foll owi.ng description
of vaﬂbﬁfﬂs ?ﬁf%’ i rESEeher a1 povs eI R e o
afdortien;i n no way intended to limt the present

t eachy

spoct PR, | FRERY 8 rRfonal bioll Borarl bOXBAGNE didtoSging
%Stgmﬁ*i'atéﬂd"éﬁ%@rﬁﬁ@@ynﬁ@’e@s] Referrl ng now to FI G 5
one veFﬁd @@‘@ﬁh@ﬁ&l&)m& diagrdph B51HB pRISAE vt

: tef%% R e }’?ﬂm tﬁmw?ﬂ?edg
Setviotinann lpwwass sanmphiy loadvidoiion filter;

[0020] FIG. 7 is a schematic 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 variafions in a plasma chamber with a stability
neiwork:

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

[0024] FIG. 11 is functional bilock djagram 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 sysiem
having multiple power ampiifiers.
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pass term nated DC feed network (LPT network) 101
infline with the DC feed 10 couples B+ to a drain or
collector of an RF transistor 102. LPT network 101 is
reactive in-band and di ssi pates RF power occurring
bel ow a first cutoff frequency ffl. In various
enbodi nents, the first cutoff frequency f 1 is

‘?enerall less than center frequency t?%ﬁvﬂz@l&mk

B1%E % 2scri bed below in nore detail.

Transi stor 102 is shown as'a single

met al -oxi de-silicon field 15 effect transistor

( MOSFET), however DETAME&DEBQ%P‘&!W eci ated that other

tran t "ﬁdﬁ&l y
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m‘gf‘ﬁge across the other two termnals. Transistor

{Milay IYNYUS-i npl enented as a single chip and/or a
si ngl[poz8je B&eh@ﬁﬁ% ta &G Stone . of | severainembodimetitsrehtas,

AR TRt B e b R cu B bl e
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%@sote%maﬁarm el rn%tvidr@ﬁr nem&k) ﬁﬁ' Al Wih Bk BC feed
parti cul ar arrangenent and of transistor 102 can

68“%%1%%11*%“’%&8!‘%“% GERD 5‘5 t “ﬁfétg’i 1&g LR nedrey 101 s
e@hvd inBand &dﬁ!&irﬁé@ate@%‘ e Bdcculing below am&ycﬂ&f fréjugacyof

he, RF [ ed
ol pYpR Eheoiis. e heb¥eyhth FUBEADT 5o bty B than
cestarsiiesiuency 10 2 PT ot s ddrerilidi bel@wsm gweel dete@3 at
the Gggegr ﬂaﬁﬁé&@rﬂ o tsosno\%e& 8 é{%ﬂoﬁd@én%r? figh]

the frequenc rive sig 103 nodul at es above
P T S A G S DA
&r@ﬁsll%&/@fangémémﬁ tu.h@ty]p@m ria§ bb%tmmed abeu&xaiﬁmé%m‘aor
9 nter ,fregue

82 bpube aplirs B SRR iion § e e o g derminals
enfaimdh areoductadicesthipugie aod/oevnliage aeré4the fothier wsiegtioals.

r I Qi | ' t
;r%g%@g ﬁ{)@ﬁr{a& gaéé% tSbFExﬂ;l 6@?1% & Q'smglgﬁﬁij@ dgf%%/&r% Qﬁbs% B(%
MSIRED gm@@wpdwaomsmwﬂm%sanw poe canhemplemented
ag %Srﬂﬁlh’;ﬂ@dlfal Kledatt Yovidr nBﬁsuﬁaM@aPn h@fankistof) BEEMAY 8o He

et o5 S a0 sl rin, o b orE R e
sﬂmtbn iotaparticuldrtaivasgenienpand tpfe &f tlangifterpi@asan be based on
?al&br?é\fcﬁ%' Cdésﬂ@&j 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 gaie or base of transisior 102 receives an RF drive signal 103
al the center frequency f,. When sysiem 100 empioys FM, the frequency of
drive signal 103 modulaties above and below center frequency f;. In some
embodiments, the range of modulation is between about +/-5% and +/-10% of
center frequency f;, but it can incorporate larger ranges according to various
embodiments. A source or emitter 104 of transistor 102 couplas to ground. The
drain couples to an input of an output network 108. In some embodiments,
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isolation filter (HPSH filter) 108. HPSH filter 108
passes frequency conponents 5 that are greater than a
second predeterm ned cutoff frequency fez. In various
enbodi nents, the second predeterm ned cutoff
frequency f'2 is generally I ess than center
frequency fo and nay approxi mately equal fir. Details
of HPSH filter 108 are provided be|OMI R&ﬁ%ﬁnuﬁe

Wé’rzg?sf’? BY transistor 102 al so communi cat es

offline 10 short 112. O fline short 112 operates at
a frequency typically less than the center frequency
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ﬂaQ@ Iéé?nasé}fﬁ?nb%m?%“ ‘?tr%twdrf( 10$ pmtde%cm y s¥r@c:ursed
onent to transi stor

ed
e ﬁ@mfe%"aeath wﬂur?n ReAblossw {sGheTEY I esdane Ctp! BS
parisistonl 10g. quTeﬁétwmelwumrm tratafuncidnowie HPEH fiket Wos. K

% %Iéi tf IR%' @Fﬁ {owdte% apnrlg%v dsg Clil'&]?tel]q & wﬁﬂh%rﬁi'-n\ghich isolates
the load at sub—ha:momc 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 neftwork 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 wansistor 102 through LPT network 101, Further,
HPSH filter 108 may be partially or enfirely integrated into cutput network 106 in
order to provide impedance matching functionaitty.
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WO 2008/ 091309 PCT/ US20071022468 [ 0033] The
configuration of FIG 5 enables transistor 102 to
operate wunder a controlled, |ead independent, rea
i npedance in the sub-harnonic region, as inpedance
varies in accordance with the frequency. This
prevents high frequency, sub-harnonic resonances

created by the |oad, plasma chanber 5 1 r i ng
YPaREPE T ed to the out put node of trans}g?lg%m%gf&g

This effectively isolates the |oad, plasma chanber
110, fromtransistor 102 bel ow the frequency. of
oper @036]1 IrBTcohﬁguratmd dePEE B iehatdes 119Biston 182 ¢mopesetat e

e IO Qe SRR, AbaIPRBEEREL N0 Y SsRAARRS

‘ urt her o erate Wt
mn%meﬂawrvam% i %FGP@W%WWBE drepyesy-¢ fBis prevents

I];uﬁﬁ’ aeqRmey, alib- hérﬂ’fbﬁicﬁ’és%&larti&g caeﬁte’ﬁtbyih&b&ﬁ lpR8 ik &hamber
[ egque C| es ur
b6 St ding YeayBed P e Gass SREPRPPLIE. B deiPl:

Bolate meolbads elasmalchembeydit beins traxfs:stqg rioz bslow thg frpwensin

&P{Jpargt@ %{ hnd ﬁﬁé?bﬁms gl Al AT ﬁlﬁ bls, EPT

0 and a | ow pass arnDnl c | oad- at| on
stabilitg jof pr@marsmg.qut@nﬁ 0@2%1%%5’”%@9&&“!%@1%9%@%@& s

L BT Y BCaRUirH stk 168 oA neP8dnaRBK thbGRpedahtd atfiahdisr 122
connects between out n rk 106 a HPSH filter
Feigpe birba %

Fogb-NAETORIE {RRHAECIES b EPTRSSIRAIRY PhRIPCHENE! s
Systenti emmenci es above a third predeterm ned cutoff

freqi@éﬁ% Reﬁemn ?u e, eqpodi thﬁ seR:Qn%E tetHbF){ﬂments of

pred Lol 4 /e uehcy f genera
pnoe@psmgqysteahw isf shownt \(ﬁiﬂrzﬁmfgmmqﬁ termmaéﬁﬂ n%orba(@%s

C o % ‘Fﬂf&g@ﬁaé%@%ﬁs@%&ﬁc tbsgﬁaz@aagﬁ igtéf tLlpmfe@ebeitzsr m:med

PRSWPikh 10 SRIBESF 1y rﬁ"@d OBt Pt F oYL JIERYR %?gﬁ%ﬁ%fc’ 8\‘

t:&mecté Befédn Wzblieégﬁﬁ apalahy mmaitrftm N el eefwatk 120
net I

besonkl B s g ool B 8 oS8,

c@blf detiiarey \isr efresereel empodimenise thet ﬁ!ﬁ’ﬂl H"?‘iﬁ*ﬁﬁ@ﬁ% rautoff] ¢

ﬁ’ﬁtg}éha/ £8s gé}g—: §§r99#et$x\én%n 1344 |2h,e QPHmlibhﬂzq:fahses

AL U RN e A T C N
Udtdls teftdodinerR ginaGodth brbaetsmmnmmfmﬁuen@l G is Gyremer
(B e e SRR A e T tgh o
ogthutarekvatil 106 P SHPEEr 108, tHT netwurk 1_20 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. 8 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 individuat 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 fideiily of the output of processing
system 100 while requiring minimal additional filter components. In some
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108 provi de sub-harnonic isolation to transistor 102,
HPT network 120 and LPH 30 filter 122 cooperate to
provide isolation to transistor 102 above the
frequenci es of operation. This cooperation inproves
the fidelity of the output of processing system 100
while requiring mninmal additional filter conponents.
ln sone. 7 WO 2008P091309 PCT/ US2007/ 022465

G Rt s, HPT network 120 and LPHI f i er e

operate in conplinmentary nmanner to provide high
frequency i npedance conditioning and term nated. The
synbodimeots, HPG. ne@vqus Mhar@b LEHiicfilien 322 epanate fith eomplimentary
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malntaln a genera Iy consi St ent Cl enc over a
@n@lele.i Progespingclysiemelfl dn mainiain a genanly GPnsieend eHTReLY RYW

taquge{oqangeoqueglgé)@g@tl c di agr am depi cts vari ous
enbodi nents_of the sta

o o] Fefering s PG Toa PehiiRfcsiagiam SHor RO
le'&uboﬂxﬁﬁnamf tHedstakilos ndiWork. NBPT asterokdon dcludes amingetdrd g,

LA Eéca%t.ﬁc? cmr&g n&cﬁ,f Lj4 ﬂ%vgm?mhéme%nﬁ SO,
eandn a cap ac capacl tor d
memqategrwlmrmwe eﬁldsﬁéﬂﬂdégf%’ehﬂ%mq o Fra ‘aﬁpzqtof 923

%8 | i Ten bt 2RShcRorCEP 86 @rto%&@um e&eb%mmamﬂzr@wd
and the junction of _in Fﬁi a%:él‘l and 12 rgn{re of
SPREReN b and 2 panerlar §i2 gaup eengIpunda g B jgion
sntiutoh & ahigei p@bwm@embmmmts ogsistartH ingayelte mplaced with 2
tedfre uenc [ 8o, nt say
6;8?%’?0 Sakgtsy S50 éf’ erélﬁ” I gtc% ?és&?& %‘?\:ere?eac ive
dissipative element may be prowded 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 1.3 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 .

[0037] COutput network 106 includes a capacitor C5 that couples
between ground and the drain of transistor 102. An inductor L8 couples between
the drain of transistor 102 and first ends of a capacitor C7 and a capacitor C8. A
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el ements in LPT network 101. A capacitor C3 couples
bet ween ground and the 25 junction of inductors L2
and L3. A capacitor C4 coupl es between ground and the
junction of inductors L3 and L4. The other end of

i nductor L4 is the output of LPT network 101 and
couples wWth the drain of transistor 102. The val ues

i nductors L1-L4 and capacitors Cl -
W&éf“’é’f"i’r? hed in accordance with the sel gi?l gzﬁmg?w}sm_
.30 [0037] CQutput network 106 includes a capacitor C5

that couples between ground and the drain of
sbdicﬁxﬁsénﬁtoﬂbaﬁhﬁﬁ)r Oncduplesi ad grouct & segind snd of oapanitor Clie

| n of tr it or
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one end of an i nductor nd provi QS out ofof
BUERLLS e CRPaSYSCS FRPeS, REOR grard A dng SRt
tﬁ‘aﬁﬂﬁbﬁﬂlzt Qndiied 8 anf 0838kor Of6f thirme sbimd net\nmaszto isherit lidfe s

r|es resonant.. c

i SiaE ! 3 boeuciah fefBh DR A fuRlmonicl BAUCHEA oL
sob#hapmbmofo 5'far anﬁ%tmdemmmeﬁ nfdm@w M3y abRi %’%ﬁ%é'i tor
aggor& a\f\thS@éHBLs NRLWR'dndi®ralonat Fir exﬁMbI&e Bémé Qower

roun

qyg:rhﬁpr g@msagfigtt)r: %Wg%x&gn@fre OMBS |n a 7 r;;redetermmed
HG8&RIear Bhdafd if rdesik@RCYo Bytinke saﬁihetrecﬂﬂnmes In some

d th
SRR o o VAR 5 oSS
subisl et ireidctout 5 ane SapdcitraCs iresghate at HrSsdetRiGn sepicts a
{ECMERH 8 onfihdtha, 6 HEP b alapiel bl BRGifinG YAk

reguencil es di nents he val u
11ﬁd u}cm@tﬂ ipshawsithehe/iine st U@ qggﬁra[%%}og? 8?@“5?&5%’8?{"5

§ b,ta,g,t]dlnductor L5 and capacitor C6 resonate at
1. ' FIG 8 de

derTDWQ§$]at ﬂ?&lrnl n%gpaﬂﬁsgiﬁ:[prreé\mr 1%01§\?Iydes a ca1pa¢:itcr

©f, ki d&ﬁaﬁhmts Hnd hldpadiopCdd canmectsthineeriehad reisien ik
FPah e B EhLR 19E ek e AHBRECTI s I
weblen bRiweaD glotee gak dedurciiph ef sappeitopts3 agd 83?5’51‘?&%‘4
1§Js§me%o@mféﬁ@a Fdsis@r Flftay B Apldcedl withn a Seitdkies disshpative
rIeen%’ller'fcf togerratmg at a presalected frequency. Such dissipative slement may be
provided by suitable selection of the reactive elements in HPT network 120. An
inductor L10 couples beiween 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 cizCi14
can be determined based on f.s and R2.

[0640] HPSH filter 108 includes a T-network formed from a series
connection of a capacitor C10 and a capacitor C11. A center 1ap of the series -
connection couples with ane end of an inductor L8. The other and 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 ouiput of HPSH filter 108.
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coupl es. bet ween ground and the other end of capacitor
Cl4. An inductor L11 20 coupl es between ground and
the junction of capacitor Cl13 and capacitor Cl4. In
some enbodi nents, resistor R2 may be replaced with a
suitabl e dissipative elenment operating at a
preselected frequency. Such dissipative el enent may
éWg{rowded by suitable selection of the reactive
Ht€% i n HPT network 120. An |nduct8Fwﬁ¥3mggM%Ies
betmeen ground and the junction of capacitor Cl2 and
25 capacitor Cl13. The other end of capacitor Cl2 is
t he i[ogpa oltPHHthem'@zmudeaa@induth LSoarcananitas diSneduator
% HS@QP&LQ NREHGHA LS ljsé@ [eore 3 %Bﬁilp&%ﬁf"&' cIuﬂ:fu? network
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'Ehmeolshreoneeem ob Eapagithr €9end e imnmm Ry 10B. g%m.r effthef
' C10 th t of HPSH
?gﬁfﬁOQﬂﬂ%@&eﬁﬁgj rhg: end B? caSaLP?gr 811 is the
out pUpo4zl rﬁs&qiaﬂw faspits) gagnongtraiptheriiggityenesp of the system
Reddribls? Alih Gt 245 B putl iR édancd- Rilof fhi Istabiity ndBvdringd ssbpspyan
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captpt 2 G S R o e R AT BB A8 Y
@brrexpbpding wredrmbialed féed trerhalipg aderghtrHR S, fifd X, 674 L,O& A,

o : o of
B [<Spe D Ltiomth s R JRIBbPbooel PERARSY. 1n®
ls8me cimmiations thesfirsii and ssconddutaffdiequencigh é- pad thoay A 5et
@ oleRkllankiithd Birdledd- foﬁitﬁ&ﬁ&f‘ﬂe@@ﬁ’cnéﬁ fcg ARG ﬁﬁy b@ set to

connects to one end %l tor "%ﬁ"hl &
e[ fo- 1 JiEmoYing RiRIRE CE%EP%f‘ o%‘aﬂlﬁst%} 9‘865? é’? ?98
@taating wa{:é)uaﬂalvewmﬁtata @itput oHiiPSiH filthe MO SThednfimite-fveone

7/ “Ve” S She ta%’*}@og.\éﬁ?ﬁmwﬂea%b@?&sgefo 84 "l wiehe

brii network as seen
blylterrmﬂateﬁ mg fingt is purgiyzeactirean rﬁiﬁceta"@ﬁthééﬁ ACWET- ude

repl a[wgt PhaSMBinFBaRREUs shidlatiths, Bt ﬂxe%&(résﬁﬁ&ﬂéﬁztléw the

e A 2B oy
g naBieat SOt HPSH fir@ntoaraldo esipseio dgoldte thel unternsinated load
romémsagl?tgp f'q%;tt n'ée ig@es% heque cu§§ 0&‘3%3&&9@4 Z Erroﬁgéwdpﬁy &S

0.5%, due to the effects of offfine short 112. The impedance Z rises again
between 0.5*f; and 0.6%, again due to LPT network 101 and HPSH filter 108.
Between 0.6, and 1.66', 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 stabiiizes at frequencies above 1.66%
due to the dissipative ioad provided by HPT network 120. LPHI fitter 122 also
helps isolate the unterminated load from transistor 102 at frequencies above
1.86%f,. Various simulations, therefore, demonstrate that the stabiiity network
provides an unconditionally stable ioad to RF transistor 102 for frequency ranges

10
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to 0.6*fo, and the third and fourth cutoff
frequencies f,3 and fc4 may be set to 15 1.66*fo.
Renovi ng pl asna chanber 110 provi des an

infinite-to-one voltage standing wave ratio (VSWR)

at the output of HPSH filter 108. The infinite-to-one
VSWR presents the stability network with a worst-case
|l oad since the unterminated feed line is,_purel
e and reflects all of the RF pomePF.T%f;’@Uﬂ%’J‘“
According to various sinmulations, at the | owest
frequencies, the 20 inpedance Z renmains relatively
ct@lwt farend dibevet fes. 1A érediesisiep etiveen f.oant fartbe Stdbility bgtwolkPT

Y fandQibr 4 tgld' é%ﬁ%mﬂéﬁﬁ' so helps to isolate

e

the unt er m nat romtransistor 102 at the
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' 'ne vary ance Inthrs uenc g
dreau@ncien pther H‘ea m@v@s fhat %u‘ﬁf @EW?fo'Stq*FéOfFeéa%i P‘asma
[HBdr 2Bhernk MRamAR GG 2 RORkiBs &h ARirbicARAt &ler the fidelity of
fre uenC| es abo Eﬁ’g 66*fo due to the dissipative
s Fr&@&mﬁ%f # network 120. LPH filter 122
al so [o%]heﬂpierﬁngmbatceﬂmeo Lanti &y way oft red-firding ekanopie, a

tstiéﬁ laslgrgﬁweﬂtq her oa; r&%%f?&én?ssuu%?y%Q tr?ehlggtcﬁ E}ay%hﬁdﬁﬁ:

I ons efore, denons
Slistastion with nw@emdwsoiqﬂo@\an@ effiing fagrisreiminaderh) A Jorzeatsl e
|32 Jerir8sdhs ¢ S %m&é?%x.fs rdeRE PERENCOLABY BB pldstha\O

2008/ 091309 CT/ 82007/0 21 ?el owf and above fa.
APAIPRL A% nt 60 BRSFRILI i A?roa ’shp?%e 3[RERIF &) center
RRGMENCY f). COSERLES pédkat’ispberrs 402 harmopic drsreench affpeand a

Ref erri w t
?ve;w R o Brpeas o phelfer Haidrl J étrertrogBly BY MiEIothus
eletnodstratasttse eﬂfécmmneast efgha comigiRechininegord iseigtionsand offine
%ﬁﬁ&ﬁé tbmat%dﬂaﬁecwuﬁelaaﬁ.oesﬂaeesan% éiﬁér!t oY cdribirikte

e e e e el
Ghradia@dd. 20. A first peak 156 occurs at center
SCUGREY | R FPR o ] RSR By AL e
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 fo FIG. 12, the stability network is shown applied
to an RF piasma processing system in a second push-pull configuration. First

11
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chanmber 20. The fidelity in FIG 9 indicates an

i nprovenent over the fidelity of 10 the test
nmeasurenent of FIG 4. [0046] Referring nowto FIG
10, and by way of non-limting exanple, a test
measur enent for various enbodinents illustrates the
mat ch | oad harnonic distortion with inline | oad

i sol ation and of fline harnonic term nat mﬁ?
WP PIBIYal  axi s represents frequency. 1%qver TEA

axis represents power coupled into plasma 15 chanber
20. As can be seen in FIG 10, a first peak 162
wps@r 4020 comrectsrwittf 2 St owipyt fepvoria 18640 1FECYEaKANSSIgr
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aaams%fr %H %snsﬁar%w and! SL60 mtrﬁgtor [1@%%&@8@@%@%
own

air stabl ity networks is s
@BECF'%-QT@QMP"FF’% asrra processing systemin a
pushg ugubj Foef 19 déméts @powdr E;érﬁéiét:onthsyaé?l 0dbr fodding
row es a nnect th a first
4§ AR FRERGE TN A Rubith & Prier PR RE 155
pzzov ol I7RE Power ahBliecke §i7ane 4 72 tandf 172pvap egshesgli be
dehiicied! Jsacféfv c%&jq{swé%feﬂenc§ﬂﬁrﬂg% 1ob & ﬁé&% @ ar;H%? s2and/or

connects econd one the st

ﬂwetcm‘mgtlm o ATGH 1160906 1B ﬁwnﬁqﬁéolt@efﬁwm ”I°H%JF 174
FBAGA! gn RbutlVaRagiituprdhiSto Qach Bﬁpé\&eﬂbirﬂﬂhﬁers NEZaNaris aagd

""%‘)L'g%éw SRR BRNEE SBER " 14 22t ofth ST p R i
\tdltagﬁémbﬁmm An(plAs) thémbeirio pergraiean eepiFieGouipat appleg to
Eri lg' f7 g S \A%Fn%r 1%63&%&@3@[9' gperg:ﬁfé BBwEFoRbAS B

SPEm in°a second
opifiegut7Rai dﬁzb Fandsﬁ?2cland/\gem@lgﬁ@9£3\o@ input to plasma

b2 7A€§%gté§\8conﬁ'&@93?§ Gererdif? cdnt@P BIgRs © Minirdl
Irst output network %ezﬁond transisior . 102-2

e neves amrlifers, g@éoﬁ@bolﬁ"ﬂu e®ltor'R SPE.. M
ﬁeﬁw&m@t PIPLIE UarRl/ o refdivest moritodngs eigoais foot pach of the

rga rek[%?w]ér ampf:ﬂersa%a %bt Qnd Pﬁdt |§ptﬁfvol%le)éﬂrrérﬁ deﬁQ
174, and combiner 176. It will be understood by one skilied 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 naiure and, thus,
variations that do not depart from the gist of that which is described are intended
to bie 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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bal un 160 communi cates with the inputs of HPT network
120 and LPH filter 122. 5 An output of LPH filter
122 communicates with the input of HPSH filter 108.
The output of HPSH filter 108 comuni cates with the
i nput of plasma chanber 110. Drains of first

transi stor 102-1 and second transistor 102-2 receive
B+ through respective LPT networks 101. - 00491 FI G
WO24H1%¥t s a power generation system 17 007/022468
providing 10 power to a plasma chanber 110 utili zing
a plurality of power anplifiers 172a, - 172b, and
172c. Power anplifiers ¢Z&ms 172b, and 172c can

general | nbodi ed as depicted using reference
nunbé’?h %(??adff‘ ‘ﬁ PGS. 5 and/or 6 and/or the
configurations of FIGS 11 and/or 12. An input -

vol t age/ c o o a load,
vol t glge/ cﬁr%@%?rem%gsag%w{)g%%@ anpl ?flﬂg?’gMNZa
tgapisingnd 15 172c. Each respective power anplifier
172a,, g g,vergﬁygbhﬂ?Zc recei ves the input

2 2333?‘4&; Ve e e Bffrien B, Dot Sl FOGIAGS

eatrbi ner 176 conbi nes the respective power outputs of

anpl Ia;ll ! %f)sltteg'@nat&ﬁ? aawoﬁc%ﬁv]l%‘g&i %&Qﬁ@g@tp‘%ﬁea’s‘jpply

dri vi asna . A
ao:m ﬁiveowtteh and Bagen 8 fisgt eytof draapency dhad dmless than dom Peder

fbqifeicy, %ﬁ}wlﬁ%{errﬁiﬂﬁbh fhbfVok Préviding 3ffidb impuadnck/abtrol
%l I'n some enbo rgr ovi.des control inputs

ah@jir%quer*@d%ﬁs\i%@ Tﬁ%ﬁ?’tt?ﬂj"eﬁ'de V@l s from each of the
[ €5 PeCHidSash AN iniéPRadienvean hif Batputlc] Bie swichtriitajoad,

t_vol t age/ t
i B2 R 1V o e S rioft rAftendy sk (N B odidh
Fguencyl 3he bigheass titer pravidingnidéng fﬁ@iaf@ﬁcﬁh”ﬂ%%mc“ from the
h%@'ﬁ Qggﬁdgké‘is?gséatﬂ@ ¥albESrdubiyi t depicted 25 in

or 12 in order to provide
addi tional options for generating power to a plasm

chant;_er 1#Q. rEQGpBIator het éiéiﬁhcti i yiterelm theeloeipass semminateidy

exe | ar r e an i .
ROl o Bty s gt Hranaoid Bl A LSt 18 bpfide
at e carterfegoency or deand qﬂframanhrés below é‘e@ﬁmﬁfﬁ‘@quemv

teachi ngs. Such variations are not to be regarded 30

as a departure fromthe spirit and sco e of the
t eactd. ngsThelB3F geperaorRe!PRrg dolupieef £ PR network

arranged in series with the high-pass filter.

4, The RF generator of claim 3 wherein the output network is
ir;ferposed 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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CLAIMS What is clainmed is: 1. A radio frequency
generator for applying RF power to a load, 5
conprising: a DC power supply; at |east one switch
that generates the RF power at a center frequency;
and a | owpass term nated network connected between
the DC power supply 10 and the switch and having a
first cutoff frequency that is less thapn_th Senl.er
WOBWeEMy, the | ow pass term nated net vioT Szg?ow i ng

-offline inpedance control at a frequency |ess than

the center frequency; and a high-pass filter

i nt er posed between an output of the switch and the

| oad,, t 1 gh- pass_ 1] hawi S&E. etihdg
fr eqa'encsﬁ?gi}g QFE%{ t%{ ﬁiabgagﬁﬂe?%r% tﬁ? equg%gy, tthe
engdtk pasents &t inguctive bad i thgtrimsisiaie i sol ati on of the
switch fromthe |load at a frequencies |ess than the
center frequency. 2. The RF generator of claiml .
wher 81 ' (THe FFOURTSERT f S aWaRIon fig U el fpaterey o
biuaho BBSA ofs tiitdrhasetaataqieacy. t o enabl e the RF
generator to operate 20 at the center frequency or a
band of frequencies below the center frequency. 3.
The BF gdahemi genecitoralf &laim [ vherairise seenwg culeft fgaugRcy
out p getdeseri es with the high-pass’
‘PPPYE’E?". Jh%&tvi% h?ﬁgwﬁgggeﬂgérqa?%? of claim3 wherein the
out put network is interposed between the switch and
the hhgh-pasarfidnbhior & ciliie.1 Ringesemmising ®fnightasm 3

wherein the output network a Lgh pass Lilter..
el neBio FBHEE R R0 % N aeRand falid &
Gl Meduahberirahist healeovihpade venter frequetcy, ke Viighkpass

_ %%h%%g%%%%i@@d %ﬁlin@l ﬁ%&tﬂoe 13ntP 1204R1OAEROA a

frequency greater than the center frequency.

11, The RF generator 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.

25

30

14. The RF generator of Claim 1 further comprising a low-pass filter
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 iniine isolation of the switch from the load at a frequency greater than

the center frequency.
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7. The RF generator of Claim1 wherein the | ow pass
termnated network presents an inductive load to the
transistor. 5 B. The RF generator of Caiml1l wherein
the first cutoff frequency is equal to about 0.6
times the center frequency. 9. The RF generator of
Claim1l wherein the second cutoff frequency is equal
to about 0.6 tines the center frequency. 10 10. The
RO 28FEIAt or of Claim | further conpri sithfUige7ozzees

hi gh-pass term nated network connected offline from
the RF power and having a third cutoff frequency
that is gTeAREehdiaior tihEiaieett eherbin dpulennty cuttfhizequency

hi gh- pass i n oviding offline
il%%(gj&ﬁtﬁ@éﬁ%é%{ﬁ?&ﬁé#h%?ceﬁ %LW%}#?% at a 15 frequency
greater than the center frequency. 11. The -RF :
gener gf or 1Rf gEl Rh&aibP oVBREE 1Mufthe cBingiindas Shunt network

term nated network includes a dissipative el enent.
xfineziromrie RRpoyeriddpaidinga kendipass i ein the

hi gh-pass term nated network presents a reactance in
a predetermped frequ - . ] or
o PO m T GF etk ] R}t e bgﬁiauéﬁ%ﬁﬂﬁq’%? KO
explithes the edntartrequedby.t i mes t he center frequency. 25 '

14. The RF generator of Claim1l further conprising a
| ow-pass filter interposed between the | oad and the

swit ctB  t Agatiovrepeansy Gendrater FRRAPAYNG RERAYER I° B BT

fheAbSGmdiliag: i s greater than the center frequency,
the lowpass filter providing inline isolation of

the sWEERWETYRMY'he |1 0ad at a frequency greater than
30 t he rai freduehtye ety thalgaNBr2@0BE (RA BOGer at a center
RCTf US2007/ 022468 15. The RF generator of Claim 14
\ﬁr?g\"%cﬁ’at”ﬁe fourth cutoff frequency 1is equal to
abouta stalgBy oétwesk inchgiingent er frequency. 16. The RF

gener at or , oy (ds@idPndhaldd debiirk SHRBE eI vathahaIDC power
network - ) . ] _
supply and the transistor, the low-pass terminated network and having a first

cutoff frequency less than the center frequency; and

a high-pass filter infine 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 1o control an impedance at the fransistor over a predetermined

frequency of operation below the center frequency.

19.  The RF generator of Claim 18 wherein the second cutoff fre’quen'cy

is equal to about 0.6 times the center freguency.

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

terminated network includes a dissipative element.

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

including:
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5 offline fromthe RF power and including a band-pass
frequency. 17. The RF generator of Claim 16 wherein

t he band-pass frequency is 0.5 tinmes the center
frequency. 10 18. A radi o frequency generator for

appl ying RF power to a plasma chanber, conprising: a
DC power supply; a radio frequency transistor that
generates the RF power at a center frequency; and 15
WOSNEMIP ty network including: a | ow paggqué%W?zﬁﬁf ed
network connected inline with the DC power supply
and the transistor, the | ow pass term nated network
and hayhbad ibinfifdied etk borlneagu oMY fb@ase ARabweNEo
center Trequency; and a hi h-ﬁas flltgr |nI|nedmnth
PR g RRPT TredtieneY AL GEE1SF TRY Bp oor3e Tiegbehiey 0
second icw=eE ffiltér mineewity tHeeBRS pbhenthehew-pesst Bler having a

freguency. | ow ] d g pass
RGBT gy 8 T, el I Rt KB e g
netnivaidd nedwvaio and ddw-passifitpreepaprratingto CHRTOf AR Epesigpge at

j r S 8shmideti & ﬁéHé% P bpSRRMAiINE thebater
?%e:&%%ﬁﬁfaﬁgqﬁgncy. l295 F113'531 The RF generator of
@1egueRcy:8 wherein the second cutoff frequency is
equal to about 0.6 tinmes the center frequency. 20.

The RE generator of O aijmn 1 [ p.the hi
i Ssigat | 0 PEGRRPRIT o G wr Ao e -l ipsSie
dératriapsal rieeore perents a 3eacRbee Mieepredetayoined HeaHensf raggmeim
%)%ef rther conprising a fidelity network including:
n200_8/ 091309 - PCT/ U82007/ 022468 a hi gh- pass -
term nated network connected offline fromthe RF
powero@andrhd Bt ighBerdiof B CidlmGitvirfeteid the quenaiofitiiegterics is
greater than the center freguency; and a | ow pass
fequ%‘é‘?ati’cﬁ’F?‘ﬁ%hW?%'etcﬁ@?rﬁEqﬂ r, the | owpass filter
havi ng a ' ) :
24. - The RF generator of Claim 21 wherein the fourth cutoft 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 generaior of Claim 25 wherein the band-pass center

frequency is 05 fimes the center frequency.

27. A radio frequency generaior for applying RF power to a plasma
chamber, corﬁprising:

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

fow-pass dissipative terminated networks connected between respactive

ones of the transistors and associated DC power sources; and
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fourth cutoff frequency that is greater than the
center frequency, the high-pass 5 term nated network
and | ow pass fitter cooperating to control an

i npedance at the transistor over a predeterm ned
frequency of operation above the center frequency.
22. The RF generator of Claim21 wherein the

hi gh- pass dissipative 10 term nated network presents
¥O280%098ce in a predeternined frequency"FARYE GE
operation. 23. The RF generator of C aim 21 wherein
the third cutoff frequency is equal to about 166

ti.Mes 5 tBRLRENHEN gdreRsCALRF pbveRdgnal beselFongibe GFaricaier

f C 21 wh the f t.h f |
SR B8 JEREY BRI 4B POy S et T
Tihe Idal; generat or of Claim 21 further conprising a
band- b ngin;th%gjﬁ%pasg %as%@%%%mné@ hitRoRE nRRVE Firs® Beloff

i nclu ‘ -pass center frequency that is |ess
t fremnendydhas isressithdn e oRNRNJeOPKICY-The RF generat or of
Claim 25 wherein the band-pass center frequency is
0.5 times_the center frequencgy. 25.2 v\@ r adi I

fr equeicy THeREr gensraterod’ Gla %?r’(ﬂ’eﬁ'—" éﬁ VP &%ﬁ’aﬂ%ﬁ
cleanihaed na RS insludga raspskitioe Gisdppiemcipmbntansi st or s t hat
generate RF power at a center frequency; | ow pass

di ssi pative term nated networ ks connected between
respel®.i vahe FF geresatorf oft Bleim PAvdlesinthe iawdpasss distirdived

%ﬁ%ﬁ%ﬁ%&ﬁé&erﬁﬁ%&@mﬂ@%ﬁ&&%@ frequency range.

2468 a conbi ner that generates an R
power signal based on the RF power fromthe radio
f requemCy The FFShepbRLS of Bl a7 whekin RE fipsousoff Sequaady is S

appl jed t the | oad: . and rein the | ow pass
| o‘?@é{‘BQP?@Q-%“&}%‘%%?@QBQ'F{SQ%?&S have a first cutoff
31. The RF generator of Claim 27 further comprising high-pass filters

in series with respective RF power from the transistors and having a second

cutoff frequéncy that is less than the center frequency.

32. The RF generator of Ciaim 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 pawer 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 thé high-pass dissipative
terminated networks present a reactance at a predetermined frequency range.
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5 frequency that is |less than the center frequency.
28. The RF generator of Caim27 wherein the | ow pass
di ssipative term nated networks include a respective
di ssipative elenent. -10 29. The RF generator of Claim
27 wherein the | ow pass dissipative term nated

net wor ks present a reactance in a predeterm ned
frequency range. 30. The RF generator of daim 27
Woepss13he first cutoff frequency is edUEPSPGEIRHEut
0.6 tines the center frequency. 15 31. The RF
generator of Claim 27 further conprising high-pass
filters in series with respective RF povver fromthe

har PE | be Peinmioeke o SRFER Preoyf e Sty e

g=jnelriatbdut 066 Gnab mefﬂanwmaemcyt he second cut of f
frequency is equal to about 0.6 tines the center
frequency. 33. The RF generator of Caim 27 further
conpr 8%i nghtRGlgeperster ofd:laiwi2s driheecomprisinga losoPase filgs ik s

%ﬂé@ﬁﬁrﬂ@sﬁé&tﬁeeﬁﬁ S&&ér\fr%mm'_re PWRIord AriMhdiiihg 2Burth cutoff
transi stors and incl g%gﬁt hird cutoff frequency

tff?&t‘ech"ﬁ’r‘@&t'%}‘e’ttw WECY-f r equency. 34. The
RF generator of Cl aim 33 wherein the high-pass

i ot Bt 1 B B REREDY SEGRGLYP LSl il LRSPRELLKS
@ equal BIbaktd G timetshlee teintgpin frgauescydi ssi pati ve

term nated networks present a reactance at a

predet erm ned frequenc ran% 17 WD 2008/ 09135rr§9
PCT1UES 00 7ho BE g5geratng of GEn B SPRPERNGFNEPZPHI g

va!aﬁﬁefeﬂtéa zbhes;iehwedns woRéd frdrh awm;etd@ andfdiating @ wipdut
66 ti %\eﬂﬁs%f }regﬁaen%% 37 The RF

d@ﬁ%?’%ﬁ“’d ’ea¥e"a’ e Bﬁ?ﬂpf ¥hg a | ow pass

filter in series with respective RF power fromthe

transjstogg, g%ﬁé}lnld{j PG & Qrefﬁu inaf banaigz88¢eReY

that 1S greater he center requency.
frequency is D 5 times the center frequency.

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

tess 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 sighal and inciuding a

third cutoff frequency that is greater than the center frequency.

44. The RF g_ensrétor of Claim 43 wherein the high-pass dissipative
terminated network includes a dissipative slement.
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$8. The RF generator of C aim 37 wherein the fourth
cutoff frequency 10 is equal to about 1.66 tines the
center frequency. 39. The RF generator of .Claim 27
further conprising band-pass filters connected to
respective RF power fromthe transistors and

i ncl udi ng a band- pass center frequency that is |ess
than the center frequency. 15 40. The RF generator of
BOMEBYwher ei n t he band- pass center RAHTFRENEFEs
0.5 tinmes the center frequency. 41. The RF generator
of Caim27 further conprising a high-pass filter 20

oin seaia es mbtm: bétferdilr @FCIEIM 43 @hﬁbmaﬁd high@hssddisipative

seconc fre enc that is nt er
PR s Pores messents hepssreingt ABSeheiRef
t he second cut of f frequency i s equal to about 0. 6

times,4 heg@&%ﬁeﬁgéﬁﬂ UEBGm 432§hé‘r§in t@‘lﬁwﬁ&t&ﬁ%ﬁéﬁé}ﬁs

of Cai'm er conprising a high-pass
deasisl tp abour -66 dimes HigtceatehBRIMEIR- connected to the RF
power signal and including a third cutoff frequency

R gefitr a5 FbeCH ARRH1 e G FROTR G R ther
Ciesiss @il theeRF powen sigiab dndiathding ai fovgthueldsdt feequency that is
di SSi ' k8 VWO 20081091309
lﬁéfé%%fgg%{)ﬂé?ﬁ%%%%%e ." The RF generator of Claim43
wherei n the high-pass dissipative term nated network

presep s ang %&Bﬁﬁ‘or o Chairk 2 %&emn@ eslrth lcEa fB§lency
range. 46. The ener ator of C aim43 wherein the

t'ﬁP@L@‘@lﬁbSFtﬂ ﬁﬁ%ﬁf Genies freguedBNial to about 1. 66

tinmes the center frequency 47. The RF generator of

d al tfﬁ FE:QQE{%O |ﬂ-92'1é‘fu R, cgl?iﬁ s el dﬁa%&-ph& filter

seri e
fmnedtedctattm Ranwqusgmﬁy amh atclud@g agmdﬂ:ésfs feemn frequency

Ctﬁé’tttfigsg thaHAs ReMer f;léauency

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: _ ' o

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 fo

the piasma 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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48. The RF generator of Claim47 wherein the fourth
cutoff frequency 1is equal to about 1.66 tines the
center frequency. 49. The RF generator of Caim 27
further conprising a band-pass filter- 15 connected
to the RF power signal and including a band-pass
center frequency that is |less than the center
frequency. 50. The RF generator of Caim49 wherein
WRIWAHE. pass center frequency is 0.5 PEHEEMT Rz
center frequency. 20 51. A radio frequency generator
for applying RF power to a plasma chanber

cgnpréssi Nghe rmdigenéréts?wermaimt Ganfitisdr occandrising ginpasat e
Jpower at. ent er. requency, - S | I n
o Pt pinated pRluplg SORMLEIC; me K1 BoHE T retoBbfe.
2angistorsi andl incdiding a decost cwoff dRGuenee ié i greatentthansthe

I . he center frequency; and a conbi ner that
égﬁ%?¢%¥¥% n RF power signal -based on the RF power

fromthe radio frequency transistors, wherein the RF
ESV\B[I'Sﬁ$I gRlFﬁé' RF YeAdtRiot affjctaﬂn 58 hg‘lefﬁirﬁ&%igﬁﬁimhﬁ ﬂ'%s_ﬁbat'rVBO
.. The enerater_.o i m wherejn the first
i rPReTEh e et HGPARBIETSE ¢ nes. t he
center frequency. 19 WO 20081091309 PCT/ U52007/ 022468

3 e PeORE el 8f P & itbrelr b M- SR8 IskiB ARG

hi gh-"pas 've term nated networks connecte
teyminated REtWerwereseniohiereanse di @ pedeteimingsifeausnsy mge.

i ncluding a second cutoff frequency that is greater
than the _center frequency. 5 54, The RF at or of
Ol ai 1853 THfdRepenerHel o) Cirt BAESIndas fhephd, ot reduusnoy
tiesihna beslt 18k ek heicastbudruenayespect i ve di ssi pative
el ement 55. The RF generator of C aim53 wherein the

hi gh- pass dissipative 10 term nated networks present
a reddt antie R geneprterdd Claimish &diher eopeping lownagetiters in

series with the RF power from respective transistors and including a third cutoff

frequency that is greater than the center frequency.

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

equal 1o about 1.66 times the center frequency.

59. The RF generator of Claim 51 further comprising band-pass filters
connected 1o the RF power from respeciive transistors and including a band-

pass center frequency that is less than the center frequency.

60. The RF genefator 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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56. The RF generator of C aim 53 wherein the second
cutoff frequency is equal to about 1.66 tinmes the
center frequency. 15 57. The RF generator of Caimb51
further conprising lowpassfilters in series with
the RF power fromrespective transistors and
including a third cutoff frequency that is greater
than the center frequency. 58. The RF generator of

- WO 206800137 wherein the third cutoff frequEAty2PE2240

equal to about 1.66 tinmes the center frequency. 59.
The RF generator of Claim51 further conprising

band;RasBinkt InbEsherdisN A AFabweosihe bifedrmnas HF guwer
respective transistors am? i ncludi ng a band- pass

Fentherradie BBIHSATK ARSI 87 ess than the center
fr eq eeRBYiy nRvdi0inciliting Rhiggerss fieoininefwitllitzs T power and

Lhe t
PRECT ey P2 BB e et GARERTNhS: BetidfE?
pass figpayingig ﬁ:RFcM\ieequteMA%E [thesi e ceplsr HPRMTDRY |

conprising: radio frequency transistors that generate

RF power at a_.center frequenc 200810913 9
PCTI 882007 (3B isesugnay fIpRRTRISF © ’%[‘FFB'P %g IPfeaRnRg

émﬁm&ﬂhethaﬁcecsbnamédw pilifFwittower DC foowen $upplyrandi toe

re uencgeggran& Orst%daﬁet%wﬁk ﬁpdngsg Pﬁ%ﬁﬁrﬂé&u%%r

m@si thah tieadeatbr rtmqmrogehqa lowxiags toyminated netviatipand high- Etfﬁé
Lt%g cgodaeFa?ﬁéj %lﬁ? the! IB@%?&%%mat&@ Retbril il cgflt@?éﬁn'fpbﬁér@é

cuto frequency | ess than th
&l 1bey trengistor @/Rr aﬂﬁﬁsiefeafained Frﬁwaahepr&@q%ﬂ B?‘B“F ceé‘i‘eéu m
RdgueH&t her conprising a | ow pass term nated network
connected inline wth the DC power supply and the
transistors, the | ow pass term nated network having a
secor&d cUthefHF @Er@tﬁiﬁ‘mf)@!éﬁr@ alederairhthe fitsheutefé feqiency is

a0 4 Mo eI "W, T The T o pass

term nated network to control an inpedance at the

trangiySt OfnsOME  geheRid? A8t @la.m Be duittice GumpaINgO® high-pass

operation bel ow the cente
-digmpatwe terminated network cormected offfine from the RFE power signal and

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

65. The RF generator of Claim 64 wherein the high-pass dissipati\?e

terminated network inciudes a dissipative element.

86.. The RF generator of Claim 64 wherein the high-pass dissipative
terminated network presents a reactance in a predetermined frequency range.

87. The RF generator of Claim 64 wherein the third cutoff frequency is
equal to about 1.66 times the center frequency.

21



10

frequency. 15 63. The RF generator of Caim6l
wherein the first cutoff frequency is equal to about

0.6 tines the center frequency. 64. The RE generator

of Claim®61l further conprising a high-pass

di ssi pative term nated network connected offline from
the RF power signal and 20 including a third cutoff

f n that is greater than the cente .
égg%ﬁﬁ%ﬁéF generator of C aim64 mhereinﬁgﬁéﬁﬁ%ﬁﬂgy

hi gh- pass di ssipative terminated network includes a
di ssipative elenent. 25 66. The RF generator of C aim
64 wheBei nThehF benpatpag SlalingGd pdhencempisgnme inmrags fiter
NEHND With RICRE bie sl hd fiefaing Prolih? CRbE FBIRAG) that is
frequency range. 67. The RF generator of Claim 64
wiEsater Hap e ceRier BPBPITf frequency i s equal to about
1.66 tines the center frequency. 30 21 WO

2008/ 0913 PCT/ 05200710224 68.. The R

of CI%%N16 eﬂﬁ?@%ﬁ%ﬁ@gﬁ@ﬁ%@ﬁﬁgwgﬁ%%&Pbggg“gﬁﬂﬁéghQ*W
i s eqoel tevabdut 1.68 tiiRes the wenterdiegnencyand i ncl udi ng a
fourth cutoff frequency that is greater than the
center frequency. 5 69. The RF generator of Cl aim 68
wher ei7f- t HEwefRILGINRaqrobEaim p &w%ﬂwmmgn%a pand-pags filter
abenHectdd &Sthk I HFESovidd Righ&NinAlindiidiryUe BaNG-padd centéreirddbrency
gener?tor of 62 further conprising a band-pass

b
f et e ess@@ﬂ#@c‘feglf?%‘éq‘{eﬂ‘@" RF power signal and

i ncluding a band-pass center frequency 10 that is

L e R i SRR D, Tt e

pass center

A ! quency
i fequebcyt is ABdimen dhecasnieeiredquerejuency. 22 _



