METHOD AND APPARATUS FOR PROCESSI NG A SUBSTRATE USI NG PLASVA BACKGROUND OF
THE | NVENTI ON [ Paral]ln the processing of sem conductor substrates, plasm
processing is often enployed. Plasma processing may involve different

pl asma- generati ng technol ogi es, for exanple, inductively-coupled plasm
processi ng systens, capacitively-coupled plasm processing systens,

m cr owave- gener ated pl asna processing systens, and the |ike. Manufacturers
of ten enpl oy capacitivel y-coupl ed plasna processing systens in processes
that involve the etching of materials using a photo resist nmask. [Para

2] | npor t ant q\qﬁggﬁ%y%ggm&mﬁmmémmh AURIBSTRATTE Nvol ves a

hi gh etch ratea oto resist selectivity. A high etch rate refers
to the rate at which the target UMN& PRASMAet ched during pl asma
processi ng. Cenerally speaking, the faster the underlying | ayer nay be
etched, a greater nunber FAGEKFROUNREY THE INVENIYXEd per unit of time. Al

t hi ngs being equal, nmanufacturers desire to process nore wafers per unit of
time to i nghedde walhelie poesingof seopicofiductor sabtptes, Phgbaprossssingtis oftehect i vity
refers to th 1, SEd L ' - ' i t he

under | yi ngtélf@? gt Elf’g{/gep?&ggﬁ?‘?rqg?gl\to@ﬁ?%gg&[tnggao%e{‘%gd%hccwC%&leg’ggrm ty

i ncreases, exnnnlsf aductiveb-eouplpdrlassgpracessing s KeR3Ft Yy -FWPIA] B2ieat er nunber

of ) devi ces pﬁ@éssihgﬂygterﬁi %ﬁcr&ﬁhv&-@&eﬁ@& Blasmalficedling BRlenfami e likeNSi ty requires a
t hi nner phot o resi st

| ayer. The.thinnerphoto resi.st layer, in turn, tends

to be noreMapdapes pie %81°B§?pﬁﬁ"‘feﬂ'é°tﬂ°9§?‘fpé"rﬂ“f’ 9‘08?3%%55“5%‘9‘ PORS™E result,
manuf act ur emasineviskesatihing obinsterials using e plasd esipmasgessi Nng reci pes that may etch
the underlying | ayer at a thh etch rate while avoiding danaqf to the photo
resist maskPardar a Wportent opmyiderarion for plesraspredsesingtof prbpifes Mvelvesd Welicr ease t he
pl asma dengich parehd & ﬁ‘i?h ﬂlo@oﬁgﬁm BARERSS imggh chof rite RAPAC gteirgteitwma thal ed hpl asna
processi ng system asnma density may be increased. by increasing the power
of the hig Ff"égEt 'F‘?tg?fbgﬁf?g}edﬁ#“%’i ‘é‘ﬁﬁ'% gr.“élfﬂ"%‘ att rfﬂfya g Wst?:%@%f@% Figure 1
shows a pr usdertging lapad iiay bd areredi @ poytecmiphen of watetsynay be prloesdseg ipersmi or ocessi ng
system 100y, R GRERLAICy SR DERE RFIdAE RSB bRkiEaH dn 181! oyed to
process suB?'rgggﬁggﬁg S %%ﬁ?ﬁhéug.S?,.ngﬁ%#?%requency?caﬁacltiver-coupIed
pl asma pr oénsssienvgfes procesrinalediiring: | Rhaesesigt seleativife referpty g fiscAMineatiedi sposed in
bet ween an p4RRGhen66 FdsRARask B REhderyiRWR et RlyEGlfiRkchig6

[Para 3] As circuit density increases, manufacturers are required to etch or to form a

greater number of devices per unit area on the wafer. The higher device density requires a

thinner photo resist layer. The thinner-photo resist layer, in turn, tends to be more susceptible

to being inadvertently etched away. As a result, manufacturers constantly strive to create

processing recipes that may etch the underlying layer at a high etch rate while avoiding

damage to the photo resist mask.

[Para 4] One way to increase the etch rate is to increase the plasma density during
plasma processing. In a capacitively-coupled plasma processing system, plasma density may
be increased by increasing the power of the higher frequency RF signals. To facilitate
discussion, Figure 1 shows a prior art multi-frequency capacitively-coupled plasma
processing system 100, representing the plasma processing system typically employed to
process substrates. As seen in Fig. 1, multi-frequency capacitively-coupled plasma
processing system 100 includes a chamber 102 which is disposed in between an upper
electrode 104 and a lower electrode 106.



[Para 5]1n the inplenentation of Fig. 1, |ower electrode 106 is provided
with multiple RE frequencies, such as 2 Megahertz, 27 Megahertz, and 60
Megahertz. Upper electrode 104 is grounded in the inplenentation of Fig. 1.
Mul ti-frequency capacitively-coupled plasma processing system 100 al so
includes a plurality of confinenment rings 108A, 108B, 10K, and 108D. The
confinenent rings 108A-108D function to confine the plasma w thin chanber
102 during plasnma processing. [Para 6] There is also shown in Fig. 1 a

peri pheral RF grounded ring 110, representing the RI ground for the plasma
generat ed whatn chamRemn rmauant;@om@habeerra&emhemabpﬁﬁd@»ﬁmldpw from

upper electrode 104, ul ati 1 t A
simlar i ngﬁfraqltewsrst’% f%ff’gf"?”ﬁlagg{e ﬁ‘éodo%eg%/rﬁ a‘g‘tpé %&é‘tqu'lg‘ject rode
106 from an gRtun@ﬂﬂundnmbﬂeﬁmgt&nmoﬂgspﬂ a&r}&frprmmsspangyel}t-MPiRFPimner provi ded
to lower elgelif dsgsté‘nq @?O%S'i&cﬁtﬁ%sﬁépmélﬁgoﬁ% ?&Q‘j\{hgﬁqokﬂﬁ%ﬁ: hagthada 102,

t her eby ge’f’tera to etch a substrate that IS
typically m@paéeebnﬁmmeemtgs HIBACIOER dmctiqdo panfipgsihe plesmavdthigshardsoun ¢ o

sinplify Fi@ dubidg pldsRamoédség di scussed earlier, it is highly desirable to
etch the target %ayer on the substrate while the substrate is disposed in

chanber 10@amic] hout Therdsilyo stewmeigiFizg 1 & paipberd RF\growgdedmog b10; weiesantireask. I n the

prior art, .ipereas . e achi eved by
i ncr easi ngthf%?gr quaésgcr’gm%i@gs g%&t{tﬁ&ﬂtﬂi%ﬁ&lﬂ% £ 164 ggt'soée%% %'FFngpeakl ng, the
pl asma dengiotnd Iidfrob epiendearadeddmp msnietﬂwaslgﬂb?@W@'cp‘bt/%?“‘ieévéls‘“blﬁf t he hi gher
frequency ﬁlsu?atﬁzgﬁﬂéiﬁiémtpr@t&d wxﬁs%laéedu&ae&m@tosetoa%md@ouﬁ%w In the

context of the present |nvehnt| on, gg egulerlwé F sugsné%l I!s defined as
signal s habring Rasep Bgersties;t ﬁlRSWBY’e"tPFPéfW DA He° HEREFYS “Ch sel y, RE
?r ggﬁgﬁc\;\n t:dawﬁéadlaﬁwemmasmbah@wygaxemaggamﬁnm vithia chaiter I2do étch her ei In gfs l‘ﬁ\év
hi gher freiﬂl.l]g" ‘Vﬁﬁg@'gn’é%m?% G| Owe{ﬁggrﬁn@égﬁﬁéé@%wt%%hgl gna rﬁ(;\ré}et he 60

Megahertz Kg Bi gnal of Figure 1) it may be challenging to confine the
gener at ed Iasma wi t hin chamber 102. Even i

sati sf act otfara7] conf Andissussed eagier. §is 'P‘Sﬂ%d‘ts‘éabteﬁ%‘“gbtﬁg'rar%i Bt ?’f\;‘&% during pl asma
processi ngs@kt&@eﬁ&ﬂ%liheldﬁﬂ@ﬂite isidiEpdsedin cﬁdﬁfbenpi()asu‘ﬂﬂimd emimiytdgmugidgther chanber 102.

It has been found that as ensi t s are | ost
to the grofy¥g¥gs %Ifb" s ity H%{S‘EE" gﬁ‘o? & %86‘2@’3??6"33‘?%&5%" E%r?n W

mul ti - f r equesbigveddp rcietsingsheplasoa density piﬁasmnpwd@%s@ﬁﬂn@"}sapsatkem the0, thereby
causi ng { NGl RlARATRY HENBE hitetbd dY iR LORLIRE howldienli 8 hE Aghtr fefiBhdyfipt | ON poi Nt

Beyond the” sat ur point, 1ncreasin P wer of, t he hi gher
frequency segnalsitoshare Pﬂ’ti'égd ta dwer pleqtiedes k06 hiﬂ“ﬁ?ﬁé‘ eIt he el ect ron
| oss out pa&@ﬁﬁ&dﬁ@@%@%ﬂﬂtﬂ%ﬁﬁdamg\ﬁtshm’ag*a@e]q&w higkermag aboliniOr easi ng t he RE

power to t h%g{mlﬂ% %ronierrq%gul%lp g"aﬁ with '%‘r]]“aénges ba]%w 10 Megahertz are referred to

herein as Low Frequency Signals.

{Para 8] However, by increasing the power level of the higher frequency RF signals (e.g., the
27 Megahertz RF signal or the 60 Megahertz RF signal of Figure 1), it may be challenging to
confine the generated plasma within chamber 102, Even if the plasma may be satisfactorily
confined, electron loss to the upper electrode during plasma processing places an upper limit
on the plasma density within chamber 102. I has been found that as the plasma density
increases; electrons are lost to the grounded upper electrodes or other grounded surfaces of
multi-frequency capacitively-coupled plasma processing system 100, thereby causing the

plasma density within chamber 102 10 reach a saturation point. Beyond the saturation point,



been found to adversely affect the photo resist selectivity. At a high RF
power |evel, the photo resist mask is danaged to a greater extent due to

i ncreased bonbardnent, which causes the photo resist nask to erode away at
a faster rate, thereby negatively inpacting the etching process. [Para

10] Figure 2 shows a prior art inplenentati on whereby one or nore high
frequency RE signals 202 (e.g., the 60 Megahertz RE signal of Figure 2) are
provi ded to upper electrode 104 in order to provide additional control over
t he generation of ions wthin chanber 102. However, the inplenentation of

Figure 2 spills gmmtveﬁd?ltﬁé@n%h@ﬁre%{\:é%ﬁ(‘ieﬂédapcf&ﬁno?h@@isﬁ'ﬂk@fasxﬁd asma density

saturation poin fect ower f]evel of the higher frequency
si gnal pro%"él&'cﬁ"l%theﬁﬁ“é'f"“QSWW%@EW'Q"Q“Pd?ﬂseased t he aforerrentl oned
saturation t ef is also o rved nsity and
consequent Fprag he el% ePRice '“‘Efﬁ‘*}”(S'%gﬁ?’fr?&“’%’é? he gwgreédggcryr es tﬁi\ge of the
i ncrease i beeh foand apervely affepy the phato tekies sﬂmywer Pftlaétﬂ]@ﬁ@ywﬂﬂe"s}i BRal s. [ Pam
L Addi t1 opld, Xﬁrst%ta&qg ddifl Hiol atbTRARTEL oM AR BN ARG Wich BiRbe0! L he

phot o resi ectivit ng the tenperature of the._electrodes.
It has beethepomugsistimesk tpﬁ@dwwam:ﬁqﬂ%ﬁm%mﬁbbr‘?‘a’?%‘@’wﬁea"f’%%?‘ M e of the
el ectrodesppgessri nimal Iy effective in controlling the photo resist
selectivity. Furthernore, the approach of controlling the tenperature of
the el ect r frdesi0foesFipot 2 stdes @ psortall mpiérametienvhaoe dnqr olsredighof  pl asm
density Sal’ren%?ﬁc K %‘B&IHGZ?{}%%EGO I{Ag@flétzgli%]m Q%?f-n@&r@ﬁ) Nepbaue 1@f or ement i oned

pl’l or art 1 ONsS roven i neffective in i ncr easi ngpetch rate

wi t hout adwwm@f‘p’ét!*tqfcl?gwd’l""’ﬁﬁlaﬁﬁ'%ﬂnﬁl%@}’%P‘@ﬁ‘hﬁﬂﬂ'ﬁfﬁ“?%@l‘%“%‘ ectivity in
capaci ti velpmsauph. %@v&sm@mmmmmv@mmm s ﬁdt@ﬂ%ﬂies that involve the

etching of materjals U|n Q resist mas

i npl ement atfesmeryong Péob o ‘%tpﬁé'g? ﬁ%’?‘gaf’gtémf’?i‘ ]t E’B‘% 0(‘5"\‘?\/er‘;e]el ectrode
may | ead t of theiighef frapereptigod protidsitayppmsodecrade lﬁﬁlsmq%eddhe pl asma density,
and adversgly aldg #sa&jggorpglﬁntlgffécﬁéhﬁé ob%g*/&cﬂhl\ﬁhﬁﬁzeplm%ro%ﬁsﬁy'aﬁﬁ the prior art
i mpl ement 1 e Increase In RF power to the uplger el ectrode
may | ead tgonsfmvmla,tthwhgm through the rasgetiayen iresnecsve oftlip tnpreash the RF e prior art
i mpl ement abg,vgaepleqélt&mslﬁ@@rhbc[&% fmhat ure of the electrodes is nmininally
effective in controlling the photo resist selectivity while providing no
sol ution f grantihg pl asdmonaBnsthérprsedtimpleinanation hasaded o SovbRIRDIGE | NVENTI ON

[ Pam 13] The i nve Il 0 processi ng
a subst r at ESHFiTeIE wg’bgyc?of’ f@téq het:%@ ﬁ%ﬂggﬁgg‘h% regcfég%sﬁjﬁégmé%q%aﬁ]mEMhl ch has a
pl asma pr oemps@rng cotimitive theggmperturd ef shptelegiodapip evm@vlbf@ffﬁﬁi'd%méﬁerf%ﬂgomer

el ectrode. thI?ﬁotékgatsE@&.e@ ﬁ:uﬁhéﬂ%eiﬁe @Brom%fb&lmumgdhe&h@&ﬁemdmmbng pl asma
processi ng i ncl udes pravid ast, a.firs ll_gnal to the

| ower el ecele@igdes dpppiotgddiess W@F‘f_’ﬁ?&?“eﬁa glﬁmf"if PléstmalﬁE"W é"ﬁ'ﬂﬁl}?&vmn he first RF
signal coupées With a plasma in the plasma processi ng chanber, thereby
i nduci ng an i nduced RE signal on the upper electrode. The net hod al so
i ncl udes r grata 2yi ngTheredore, iverinse afoRMentiogeririot ¥t igwleaenrtationghave poven ed RF si gnal
such t hat Fnré'ﬁec'ilﬁeclh rIc}eg ch%étg&ﬁiloul SivE PafRerfigldr iﬁ@ihﬁiﬂhﬂg%&ﬁ%h&tﬁ%ﬁlsﬂegat ively

bi ased. The net urt i ncl udes processing_the su }s)tratle while the
rectified thecgwgnapappgtwﬁllytpgt‘xﬂgcplqsga pwsgwmry%ﬁeiﬁg at involve the

etching of materials using a photo resist mask. In the prior art implementation of Fig. 1, the

increase in RF power to the lower electrode may lead to unconfinement of plasma, saturation
point of plasma density, and adversely affect the photo resist selectivity. Whereas in the prior
art implementation of Fig. 2, the increase in RF power to the upper electrode may lead to
saturation point of plasma density, Furthermore, the prior art implementation of controlling
temperature of the electrodes is minimally effective in controlling the photo resist selectivity

while providing no solution for the plasma density saturation effect.
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[ Para 14] The above summary relates to only one of the many enbodinents of
the invention disclosed herein and is not intended to limt the scope of
the invention, which is set forth in the clains herein. These and ot her
features of the present invention will be described in nore detail belowin
the detail ed description of the invention and in conjunction with the

fol lowing figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ Pam 15] The present
invention is illustrated by way of exanple, and not by way of limtation,
in the figures of the acconpanying drawings and in which Iike reference
nunerals refer to sinmlar el guRpiasre0E INQENRION: [Pam 16]FIG | shows a
prior art nmulti-frequency capacitively-coupled plasnma processing system

repr esent] e PLARIRGRASERS! Hin SHRKANL ¥ S trfiRbaugd {0 pr ocess

substrates: ) al 2 shows a prigr art inplenentati on whereby one or
more hi gh fubseiedme japrtively rae Y R‘ﬂﬂ'@aHPW?I%%S‘%WS’FS@%E‘FPES’&?‘P% of der to
E era ]O\é : % e gdél'laﬁabé}@ﬁd at @e@ﬂ'falli @ pestetrodelaad mﬁaww&um Ofie subsarste vsi didpbsed ahanber . [ Pam
a_ shows an .enmentation. ein. a rectifjer. ci ' s enpl oyed
to rectifyth e ﬂﬁﬁ&%&g(}?ﬁ A PRRED "% & §th8‘hm§|‘5‘?oeéinl°glfhélg% {lgagieatﬁ It i ngp pl gsma

pr ocessi NQRF signal to the lower electrode. The first RF signal has a first RF frequency. The first RF

signal couples with a plasma in the plasma processing chamber, thereby inducing an induced
RF signal on the upper electrode. The method also includes rectifying the induced RF signal
to generate a rectified RF signal such that the rectified RF signal is more positively biased
than negatively biased. The method further includes processing the substrate while the
rectified RF signal is provided to the upper electrode.

[Para 14] The above summary relates to only one of the many embodiments of
the invention disclosed herein and is not intended to limit the scope of the invention, which is
set forth in the claims herein. These and other features of the present invention will be
described in more deiail below in the detailed description of the invention and in conjunction

with the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[Para 15] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:

[Para 16] FIG. 1 shows a prior art multi-frequency capacitively-coupled plasma
processing system representing the plasma processing system typically employed to process

substrates.

[Para 17} FIG. 2 shows a prior art implementation whereby one or more high frequency
RF signals are provided to upper electrode in order to provide additional control over the

generation of ions within chamber.

[Para 18} FIG. 3a shows an implementation wherein a rectifier circuit is employed to

rectify the induced voltage that exists on upper electrode during plasma processing.

[Para 19] FIG. 3b shows an example RF signal.



[Para 191 FIG 3b shows an exanple RF signal. [Para 20]FIG 4a shows an
exanpl e plot of electron density on they- axis versus el ectron energy on
the x-axis for a hypothetical plasna etch process. [Para 211FI G 4b shows
an exanple plot of electron density for electrons having various el ectron
energy |l evels when rectification circuit is provided to trap nore electrons
wi thin plasma chanber during plasna processing. DETAI LED DESCRI PTI ON OF
EMBODI MENTS [ Para 22] The present invention will now be described in detai
with reference to a few enbodinents thereof as illustrated in the

acconpanyi fag. dhAW NGS. 4alshovlsaq efatplePrd Bt RRSEdehiifylon e yDaMIRJRLS Specific
details ar@gréet]aforth iar? ors ere atgeg)r ovi de a hotrygughyunderstandi ng of the

present i neeSHOR eNSTEY PR thiiiais i a hyotiedstt Plaspg i) 81°¢¢5t o one skilled in the art,
that the esent invention may be practiced wt. t . all of these
R e R Al

speci fic dEfEP _ ri process $t'éps and/ or
st r uct ur esvarianselenmdn doergnlevibswhen bedfidationchirput ik piopidesttd &rap mere gletrodhnecessari |y

obscure thvgmﬁllq ﬁgﬁ?‘%ﬁ“%\éﬁ@%’h%@és"[;ﬁg‘;“t@séﬁ] Vari ous enbodi nents are descri bed

her ei nbel ow, niques. It should be kept in mnd

that the invention m gﬁ#?%l%%‘?@%@%ﬂ%’ﬁ@%%a acture that includes a

conput er readabl e nedi e instructions for
carrying out enbodigents of the ingven e te \emﬁre?ergn%é)trcgqewThe

i hnj
conput er rié3@aH e PIEMRHAYE R &8‘,’""? %‘F“ﬁ’ﬁ‘;}?ﬁf‘gﬁl SRR CEREUE DY, magneti c,
opt onmagnet émbodi@fhis d@teof a8 illusttdidrin tho sacempmihyicpdpeingy In thafdlovmgnedi um f or

storing coppULeL, [ EAJARLEALAOUR I LISH:ip bIOE: bONGRL L ABrolBY. al SO cover
appar at uses T practicing e Qél ment s o? the invention. Such apparatus nmay
i ncl ude ci understarglinghé thie orgsantinyantisro it ywH b prpaieatohaveverdo eagskifledinthedis ks

per t ai ni NGy LSRR IHERN0S mef bd PR abARRbI Sine SP5ABTh&S spekifis ddilsampar at us

I ncl ude a general -p;rﬁﬁgse conputer and/or a d%gl ca%e congoegtl{&ga“dew ce when
appr opr i at &hej 5B RO FIEPS AR BT U TR HANE RS PEEB qess Ve !

conput er/ ciispiet oot wilrackssilpstdocete pradesdiventxgr ammabl e circuits adapted for

t he various tasks pertaining to enbodi nents of the invention.
[Para 23] Various embodiments are described hereinbelow, including methods and

techniques. 1t should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which compuier-readable
instructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
maguetic, optical, or other forms of computer readable medium for storing computer readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
invention. Such apparatus may include circuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus include a
general-purpose computer and/or a dedicated computing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of

the invention.

[Para 24] In accordance with embodiments of the invention, there are provided methods
and arrangements for controlfing the electron loss to the upper electrode such that the plasma
density may be increased without the need to unduly increase the power to the plasma. By
increasing the plasma density without a concomitant increase to the RF power requirement,
the target layer may be etched at a higher rate without unduly degrading the photo resist



[ Pam 24] 1 n accordance with enbodi nents of the invention, there are provided
nmet hods and arrangenents for controlling the electron | oss to the upper

el ectrode such that the plasma density may be increased without the need to
unduly increase the power to the plasma. By increasing the plasma density
W thout a concomitant increase to the RF power requirenment, the target

| ayer nmay be etched at a higher rate w thout unduly degrading the photo
resist selectivity. In an enbodi nent, the upper electrode is configured
such that the upper electrode is negatively biased, thereby allow ng

el ectrons Q&QFARL 1d dh drldBdiRbASHBuppEIAERRSde tsL oRfuFed Bisth 1RehE Gspe dikteodepper

el ectrode and trapped wthin the plasm chanber for a | onger riod of
tinme. As tHaesiydx ﬁm'ﬁhe&%P'b‘@ﬂ"geqﬁ)eéﬁ?‘}s(ﬁﬁée"é‘r“éhetpfaéﬁb8'8"*35'?‘9 erlegeﬁach peri od
of time, th6mMeape darngde ind tiafpet Rixhie degthsmd Mamber 2olaGagarpatiddofspeaki ng,
durin l.a [ogessin e [ I ctrons to be
e R R

emtted fr S r el ectron [oss to the

upper el ectignsithes incmased t he i ncrease in plasma density since the el ectron

| o0ss creates saturation point effect which Ijmts the plas density
LR

i ncrease i FeERSbet | Genently sasekingrdysipaelasiA RSQGEHIG thedompred R an

gnbodi rrenL caut;daeiei::ﬂﬁlumd eﬂgwfrgﬁaie smtrataeamese@aeiet, El@(fi&nikm lbelmlti fied, thus
i asing the upper ectrode nor.e ne ivel.y. Ac i | ectrons are
repel | ed fPQﬂ"’f\p{???E"%ﬂ‘Sgﬁs m@l“@’&?fed'dgtaf“ﬁ&ge%sét& S6f° tgéeeﬁ%égﬁqig%é%mé %Lgﬁ% o the
upper el ecpoinffect mbshlimitntge ialnsnatdgnsjaatneteaaemﬂsmctiwfoféie&'wmﬁsarﬁwe@We pl asma,

ther eby | NGRSk G LilGnRhiRRABE GRSl KF ski 800L hr SORORIITRBIGealdR Tecti fi ed

RF signal IS’ ied, thus driving upper el ectrode even nore

negat i vel ybiasihepngpreieciseds S1oE Mesrly yAFFRTAING!s e elecronsaretepiiled PR ISt  he
target | ayggpet QechbddiiRvad biRind QGicKILTbsthd BB ufef fedirdderesubingiRa pleatrs unnecessary
to increase the @‘powsr ta acht' eve .t he .hitgh 1I eve ns?f %Iagggg density, photo
resi st sel BURREGPLAPC®s Hhe Rlaina, WYY A7 PEng Wy PPE AN L ale " deYr ee as mi ght
have been embddingenp theoactifadtRF dighalri aan@@ifitd ¢chua buwiegs thewppenrejeciredegveaagnard only one
of the man di ' Lon di sal ll;hetg,@' IS not

i nt ended t%eg?%f}t Hﬁﬂhl}(r:@%se"xa% n#géﬁ?%@%ﬁ%ﬂ%ﬁ& ﬁﬁ?gﬁ I'S gtgafy%?grt h in the

cl ai ns her edhigve i desiseddigh etahtiate- $ieqediis wipewsssapyieinpieess 88 RFiPVEHP I on wi || be

described jdhieVPhehigRled bf NERWeishy, phsio AekiablaritgR w6t aiideRnffodtedtbe i nventi on
and in conlunctl on with the following figures. [Para 27]Figure 3A shows, in

foll
accor dance ™ SEeeIRIYE fRdeg fhﬁB'g?ﬂaEsent i nvention, an inplenentation
wherein a pgctjfierrci [ j AAY tfgduced vol tage
that exi ot 3876, pporsp S sbraiad sy S RIP RSy %E%gpp%’%?%';%?‘ﬁaf % the termis
enpl oyed hiswesition dipased lferirand dsynof iafeaded ta imit the sqepoefakednisntiqneyhieh gt or
el i m nat i ngnh REMPAS G ht&in CYekEan binb ¥8ankfes Tt PAdserk RéniBX Wb degribbaper
el ectrode 302. [Para 28] Wth reference ft[ﬁ Fi % 38,..an .exa.r’rRI e. RF signal 350
is shown. 'PHger gilbglow in the detailed description of the invehtion and in conjunctioh with the

following figures.

[Para 27] Figure 3A shows, in accordance with an embodiment of the present invention,
an implementation wherein a rectifier circuit 304 is employed to rectify the induced voltage
that exists on upper electrode 302 during plasma processing. As the term is employed herein,
rectification refers to the process of reducing or eliminating the positive cycle of the RF

signal that exists on upper electrode 302.

[Para 28] With reference to Fig. 3B, an example RF signal 350 is shown. The dotted
portion 352 and 354 of the RF signal 350 have been rectified away, leaving solid line 356 and
358, representing the negative portion of the RF signal. Since only the negative portion of



portion 352 and 354 of the RF signal 350 have been rectified away, |eaving
solid line 356 and 358, representing the negative portion of the RF signal.
Since only the negative portion of the RF signal remains, the upper

el ectrode 302 tends to be nore negatively biased with respect to the plasna
that exists within plasma chanber 306. [Para 29]In accordance with an
enbodi nent of the present invention, electrons 308 that are emtted from
substrate 310 di sposed atop | ower el ectrode 312 accel erate away from
substrate 310 due to ion bonbardnent across the substrate sheath or the

| ower Sheaiﬂlﬁds@“@rﬁlﬁ;ﬁ%@udp@r Mﬁo&hOMndsQob‘drﬂ@é hdehtively®iasedAith | nst ead of
being i medi ately er el ctr ‘13855 (as woul d be the case if

upper el ecf‘?SB‘?S‘bmé‘ﬁ’Z’ ﬁs’gaéf"cﬁi‘ﬁ é"’b‘h'"fp Fm‘b the negatively biased upper
el ectrode 2 ul d, repe | .eqt s 308 to
be trapped%IQ tmegna%&réﬁg‘%vg é@?ﬁﬁﬁ%&%ﬁ&e@&?o\kﬁ?@ %cg%ggé%% for a

| onger per iawdmisfed fioprsubsiate § 19 disppsedatopllopprleceds H 2 agegigrate sWYSIRIh t he

mechani sm %bs&ﬁ@m%@ghéﬂ b%was}dmah §&$s§ e SubdRfe et &Ml@d"lbwéﬂsizéétﬂ(@%r to RF
ground 330. However, the_ | aonger resjde ﬁctrons 308 within

nc .
pl asma chaffisath '%'U’S“@Uﬁﬂ#“b‘ﬂ'f%@o@é\) alnpif gpe"ﬂﬁ 5‘51‘?@“8'@ SHEYPRE t hout requi ri ng
a Correspor@itige BOPisRamil Heltheldae ifupperretectadde FU2Rs grouweled, Serprdnpbxl tieo pl asma
processi ng ch 4 may be
Bonst  uct oA R R R eI vt AL 5%’3%‘%?@&89?5@%‘5 rggfbrly |
exanpl e, pddkwp meEDEdﬁn betweamrupperislociode A2 and bawvet dlgcrpdedil 2 fonp {ong@eerfqgr t her

includes ape ﬁlﬁ@lll & bQQLM%t QJeﬁﬁHly thFoleﬂQet: m@dﬁlﬂi{sn?bﬂrﬁﬂdﬂﬁtcﬂhﬁJS@GEQﬁini' ve cycle
of the RF signal but also to f or to reduce i tude of the

negative pdPEareaveniallyyest 'RIBFC%V‘&“€31% WFWWe"Wﬁ%&a tl"i‘?‘ﬁfelte%me?mt rol the

anpl iht ude abs iten pe@RlchattbePSIGchRAbURs td ahlﬁgtREplSslnglﬂadsnjr fritkout equifins pE gvi des
anot her contro engine ar a
311For exaﬁ?)rfeépm?f’gfngre??ﬁmte‘fr%&f"q? T ere H’g‘ff"g Iraér{']agpéﬁcrse&gggmrﬁbg%er ener gy
el ectrons Bopact the etch process in different ways. Trapping the |ower
energy electron requires, in_an enbodinent, that the u r electrode 302 to
be negat i vé?ayafﬁ’i]ase@e'teﬁl“&ﬁpeﬁlﬁ%%f“%é%beﬁﬁ“s\f'dﬂ‘qd usifg %Bﬁ‘f'?l‘ﬁ" hi gher ener gy
electr onls l’r%ﬁﬁ%aﬁ&ﬁctrcﬁlﬁy a;&uﬂmg,qet dxenple, pbhatmomTummrememﬁém eettifire |
negatively Dl a tlv suc e volt or
negative 66'(5"“{}2’5%“8?‘?’%&8& aélaWB ’cﬁ'lcﬂﬁu' 3%H‘§ opty eoT'"ﬁte“hggs'tgﬁe¥§yqel ectrons
i's bel i evechetRF sigpalibernbitcinliff gro phot tenmglitgde of dleaegalivd foyption eftheRBct ur er s
may desire S$ doV B Yo RS oHRPRSzatfle BGLEPGRNIE2 L O cause
mor e of théH}'t g%agﬁerﬁeyagglﬁgg%ﬁst %om - ?a ega gara 32] Fig. 4A shows
an exanpl eS'ﬁMbi ab?mﬁp%lf?w@ﬁf’@@w&?%?"ldiﬁ"btfﬁ@h?mm‘&iﬁ f‘@s%er dee@reetiPbn ener gy

th thet i t ch the t |
art case, e U oot FORASS * Rk PEYs ot G BRARMeRHEPR) ot 1 ade o 1o

t he upper eleasihs ingpect the etch process in different ways. Trapping the lower energy electron

requires, in an embodiment, that the upper electrode 302 to be negatively biased to at least
negative 100 volt. Trapping higher energy electrons requires, in an embaodiment, that the
upper electrode be negatively biased to a higher negative value such as negative 500 volt or
negative 600 volt or more. Since a high density of higher energy electrons is believed to be
beneficial for photo resist selectivity, manufacturers may desire in many cases to negatively

bias upper electrode 302 to cause more of the higher energy electrons to be trapped.

[Para 32] Fig. 4A shows an example plot of electron density on the y- axis versus
electron energy on the x-axis for a hypothetical plasma etch process. In the typical prior art

case, the electron loss mechanism to the grounded upper electrode or to the upper electrode



that is supplied with the higher frequency RF signal as in the case of Fig.
2, limt the plasma density that may be achi eved using a given |level of RF
power. [Para 33]In the case of Fig. 4A, the area under curve 404 represents
the distribution of electrons at different energy |evel. The |ocal maxinm
402 of the curve 404 represent the maxi numel ectron density at the density
| evel Yl of electrons having energy |evel 406. Notice that distribution of
el ectrons having a higher electron energy |evel (such as those to the right
of point 406 in Fig. 4A) do not exist at a high density level in the plasm

chanmber 308, UL LB kR IR gRE: PeQiidy HE sidiblGs itk GBQFFigan iewangpiampl ot of
el ectron density for el ectrons having %gkkous el ectron energy | evel s when

rectifi cat fesHtydhat gay ?eagb}aveﬁg&ﬁwméﬁe P8P*rore el ectrons within plasm
chamber S0, quti N9 BLASIR PHECES SRl wldbAlue 304 ofeP e friphionloy OUr & 4A

the electr sit e 'Foner energy e , e.?., ose having
el ectron deegiotsyt differettederiyylevel f Ehe dosalananimase? obocure 04 repieeaBS f rom

el ectron dgAshh elebith 'denﬁ%ézz%e%emtpne& v& loP Qb diret }ﬂaﬁ%&mgy l@umabs. Y2,
0 nmaxima 4 of |

correspondi ng to maxim Ine 454. Further, I asi upper

el ectrode Nore thet dstilsgian ofpieryons bavijisabigher eeGRPEheBY ‘e%‘/ﬁ' gﬂ%ﬂ""" ﬂ‘?f@ertgy el ectrons
may Ee tlramplagn o{'ﬁ&l’tazﬁéigr%hhﬁk)mo@bﬁkismemgyd@\lsi@db\rebimshe!;msﬁhdmb'ern Fi g. 4B by
another |o maxi ma i ch_ corresponds Rl ectron densit
capt ur ed oﬁ&t%%%%fm?w%f' ﬁ%%‘gs’hoév\??'?@xmélf’%g{oﬁ {;)kﬁe]ener gy'}gd\iel t hat Y
cor r espondéedionsiafieg emioes ehgmineamerdy Byeld whep nestiBeatiorediicet W8 iy nsevaded faxi ma 462,
not only dg trn@reLlQé%ﬁsﬁkﬁ%l%ﬂ%?ha%@n%@dllﬂﬁ%(ﬁﬁbﬂﬁgceyﬁﬁgh reference 406) exi st

i gher

in the chanber at a ensity |leve ut the higher energy el ectrons

(lt hose aszmiagapdl Wnk{ik:tﬁa@ﬁ@l}'i@ﬂ@ﬁﬁtﬁmﬁom%tyaf&_aloemé ?e%meammi gher |
el ectron densjt evel within the plas rocess chanber ring plasma
processi ng?'g'?r‘ﬂ%é@a‘f‘u‘?ﬁ'g"ilﬁﬂ""e Ry Fﬁ{}?‘egéﬁgﬁ?%}’g? 'é"\/"g’lersiocg;g?]‘?' i ﬁs‘[%sefr_(?"g a hi gher

pl asma denetkdirgn densityrigvepV asnmhigheretetei degsity devel P comgspoidingte alximarté2 t o t he
target laygs D5 562 th h%%m DerelaaREerdensi ty of
Fig. 3A doé@'"ﬁg’?‘t’ ?ggﬁt}ﬁb&%{lﬁ'ﬁ%cr egge in tﬁg pcg’t\’/vegr suppl i éd to the RF
si gnal s ( shigher engrayistectponsmanbedfappedRE si gnal , the 27 Megahertz RF signal, or
the 60 Megahertz RP_si

phot o resi ¥#™3d] ect T'\?ih%r'}gr: °§“I" g’b gﬁ&%ﬁ? ﬁrﬁg'lﬁ'i‘eg‘i&?&h@a%i aég{ﬁ%%ocgiﬁ “&g.%‘;@@g leé r ete hte hat
woul d hav ewhieleeoriesoad teitle hadminh elettiog Rensitptapwin odeappéd for dsonsdetineved by
et 0l BB i A8 A e g om (e
density t omixipe éf2enas ool dathe tomeoriestronstthoseapsgeitted wiffoefefepcer4p) exist in

capaci ti vely o 25hiPheR 8RB NERFRS fle Ngné RadkDAdecbrs ke astbdlitdwianagi ng the
photo res| fe%erence number 470) also exist at a higher electron density level within the plasma
processing chamber during plasma processing. These higher electron density levels
contribute to a higher plasma density during plasma processing to improve the etch rate to the
target layer. Note that the mechanism to increase the plasma density of Fig. 3A does not
require the increase in the RF power supplied to the RF signals (such as the 2 Megahertz RF
signal, the 27 Megahertz RF signal, or the 60 Megahertz RF signal in the example of Fig.
3A). Consequently, the photo resist selectivity is not negatively impacted to the same degree
that would have been impacted had the higher plasma density been achieved by increasing

the RF power level.

[Para 36] As may be appreciated from the foregoing, embodiments of the invention
achieve a higher level of plasma density to improve etching through the target layer in the

capacitively-coupled plasma processing chamber without unduly damaging the photo resist
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during etching. By providing a mechanismfor increasing the plasma density
W thout requiring a concomtant increase in the RF power |evel of the RF
signals provided to the plasm processing chanber, plasma density is

i ncreased while photo resist selectivity is maintained the sane or is
mnimally inpacted. [Pam 37]Wiile this invention has been described in
ternms of several preferred enbodi nents, there are alterations,
pernut ati ons, and equival ents, which fall within the scope of this
invention. Also, the title, summary, and abstract are provided herein for

conveni enca:andcrizo gl driRing Q%neb!ﬁﬁigmff&nﬁﬁbﬂﬁﬁg Heplisin demupeiteit t he cl ai ns
herein. It should™al 50 be not ed that e@faﬁ ré al te&ﬂatl ve ways of

i mpl errent|fﬂ@‘ﬁ%écﬂ@9ﬁ6ﬂ‘ém&rﬁﬁeﬁ'ﬁ%§%ﬁ”§é prEpGRE Signals D Y&t i on. ” Al t hough
various ewmhgﬁcafﬁgdhﬁ@w%hwnﬁtyﬁs:ncréaseswhxlatpbmdeasisttsbiacttwlm@se exarrpl es be
illustrative an Lgspect to the invention. It is

therefore T%Tt@ﬁ%égeﬁmﬁﬁfmfﬁm"?%lﬂO%Ctng appended claims be interpreted as

i ncl udi ng uch : st @ hermd BtkeibiRent s as fal |
W t hin the[a%'%lygl S |ﬁli{e%ﬁmé§g§)’p€p§é t he H|§?eseent i r? %ql;iﬁ'@b%@ ALMS What is
|

cl ai med i sembﬂld’memﬂm?dfq%@mﬁﬁ%@é@yaﬁﬁ“amgﬁ%"é‘f"*eﬁis F£5°0%! y- coupl ed

pl asma pr Qﬁ@ﬁﬁh%ti&y%@n’me i, ﬁmﬁﬁtﬁamdtabstﬁbtwmmbdeéderph &snenvprecessi ng
SySt em havin Rrocess

cn | ectrode
and a | oned™ %oglépp&&élsedé%?oastglﬁ g?og? o ellarll it el S oL egﬁg 3@651% 939 rtha[a
el ectrode thré arn grai Besmnstive moyrsad sm:rhgnenmmmmghng and apparatwmf,ﬂmpmjam | east a

first RE sional, Wnsdh Qgioﬁwﬁmﬁksea% [5r5\g@ed h§|@ith fs'uft&:ﬁeﬁgatﬂie%&&mﬁléw ng a

first RE fre uency, sai rst RF si coup %Wb ‘p{#}) %sng in said
pl asma pr d@é%ifﬁtjeﬁﬂdﬁﬂ@‘“"&‘ﬁ'é’rféwﬁc‘ F%EMEY‘W@"%H“F gl gt on said
upper el echliffgs appended df@s bef lts{t'eﬂﬂ&teaaé:dclhdiﬁgkmésdcl%eﬁf @8 gemivatigenarat e a

I’ble;tslel(‘jl ?ﬂaeﬂREH%ggs[qs&aéll\v%m E\%‘&f sglglf]adldgc%%}: cl}ffti]e presen mveﬂ%‘ﬁll I's more positively



processing said substrate while said rectified RF signal is provided to
sai d upper electrode. 2. The nethod of claiml wherein said rectifying

i ncl udes renovi ng negative conponents of said induced RE signal. 3. The
met hod of claim1 further conprising providing a second RE signal to said

| ower el ectrode, said second RF signal having a second RE frequency
different fromsaid first RE signal. 4. The nethod of claim3 wherein said
second RE frequency is one of 2 MHz, 27 MHz and 60 MHz. 5. The nethod of
claiml wherein said rectifying further including anplifying an anplitude
of said induced RE signal to generanA@§$d rectified RF signal. 6. The

met hod of @halifidim¥dyerein said capacitivel y-coupl ed pl asma processing

systemrepresents a | ti-frequency capaci.tively-c | ed pl as processi ng
system 71 Thé* HERWJEF pEIceEing ﬁ‘ﬁ’f“‘%ﬁ@ f g?pﬁc"é“?%@ac‘)?{%l%(fpﬁ%/" 3 Hb@%{?ﬁa i nduced RE
signal to gewe|aideameainickly-enbled pleshaRfocessigpgistemdhayieg £ gasmaaragessing a rectifying
arrangeme néﬁambé'an%g?ﬁ nﬂvgr é?%tr&le%hm IZWMF’&@M& SRisthstrfChdidpidifGedbd angement
i ncl udes a“power .9, capacli tivel y-coupl ed plasma processi ng
syst em haviaijowerleasadn dysing plagmd mecceshénioePniME processi ng a substrate,
conpri sing: providing at least a first RF signal to said lower electrode, said first RF signal having 2
first RF frequency, said first RF signal coupling with a plasma in said plasma processing
chamber, thereby inducing an induced RF signal on said upper electrode;
rectifying said induced RF signal to generate a rectified RF signal such that said
rectified RF signal is more positively biased than negatively biased; and
processing said substrate while said rectified RF signal is provided to said upper

electrode.

2. The method of claim 1 wherein said rectifving includes removing negative components
of said induced RF signal.

3. The method of claim 1 further comprising providing a second RF signal to said lower

electrode, said second RF signal having a second RF frequency different from said first RF
signal.

4. The method of claim 3 wherein said second RF frequency is one of 2 MHz, 27 MHz
and 60 MHz.

5. The method of claim | wherein said rectifying further including amplifying an
amplitude of said induced RF signal 10 generate said rectified RF signal.

6. The method of claim 1 wherein said capacitively-coupled plasma processing system
represents a multi-frequency capacitively-coupled plasma processing system.

7. The method of claim 1 wherein said rectifying said induced RF signal to generate said

rectified RF signal is performed using a rectifying arrangement.

8. The method of claim 7 wherein said rectifying arrangement includes a power
MOSFET.
9 A capacitively-coupled plasma processing system having a plasma processing chamber

for processing a substrate, comprising:
at least an upper electrode and a lower electrode for processing said substrate, said

substrate being disposed on said lower electrode during plasma processing;
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at | east an upper electrode and a | ower el ectrode for processing said
substrate, said substrate being disposed on said | ower el ectrode during

pl asma processi ng; means for providing at least a first RE signal to
said | ower electrode, said first RE signal having a first RF frequency,
said first RE signal coupling with a plasma in said plasma processing
chanber, thereby inducing an induced RE signal on said upper el ectrode;
means for rectifying said induced RF signal to generate a rectified RE
signal such that said rectified RE signal is nore positively biased than
negati vel y bi aseehs facpeavising atigsste Grstidt sigeeldo said lewsrrelegindadait §r gﬁF processed

whi |l e sai dmélﬁpﬂa\v&é ?ﬁrsHEF fiaaal, shig ARE RV iigRrkoufling it a pRges inedi¢phsnade.  10.
;I'he capamérl veIl -gouqel Feﬂﬁ(FF}‘l (sh'rlrfa prg\%eéigﬁg%%ﬁgm ofer% mrdneQ wherein said
ect i fyi ngPTPHEYISFaE YR GOEgAE 1Re PE S Fiduced RE signal .
11. The capaci ﬁﬂewelfghmmypigedd pldasdRF sigot egsnange siesifedREsiged sichtht f ur t her
T g od R B il e RARA0 Rl MIRindo0 Holeh ki@ ftrdd eCL 1 o,

sai d secon aving ‘a se quency different from said
first RE s:ngIgured thde Pﬂims,seéaﬁbd@#ﬂ{ﬁfv@ﬁ%%ﬁ)wab'élpﬁﬂl"é@rfﬁs% HRESiseRfesy st em of
e 13, e T ha. SySLom ol C1aim D
wher ei n sai“El“‘?eéf,"ﬂ“f’Wﬁ‘?}”f‘i?ﬁ?’ﬁ%ﬂ“”l“r&fpsﬂglnﬁ'gceg%ﬁﬁﬁfl ng a% anpl i tude of said
i nduced RE;si gﬂﬁécab&n@@l@%ﬁlﬁﬂﬁ p&@mdpmmngfsym &¥etah @ Asdher comprisinBhe

CapaCI tivel éa Eg’ugrf”élgi gPSCCO A5 & tﬂm%ré('%{ ‘aPadesa.‘& lsé%blml%’ Q@l@lrlfa‘/xﬂg§a' d

capaci ti vel essin em represents ti-frequency
capaci ti ve#eysndcﬁdfrﬁee\@npd dafferent ﬁpm@@@ém@' %gnslt em 15. The

capaci L vejy- cayp g&:tme@%gﬁpiéarp%ﬁ§ PGB aich h RinBRrSin Pdesing Said
rectifying sai uced ﬁ’gener ate said rectified RE signal is

per f or med &EffPfg'e'&YFSé@HﬁWH@ 16. The capacitivel y- coupl ed
pl asma pr ogessiThgcapiiveRncaiplel paism ﬂ:ﬁce&&dﬁ%rs@tm sfadaiin p edereih paid pedfyingngenent

I ncl udes afuptg%r{clu%'%ggéifying an amplitude of said induced RF signal to generate said rectified
RF signal.
14.  The capacitively-coupled plasma processing system of claim 9 wherein said
capacitively-coupled plasma processing system represents a multi-frequency capacitively-
coupled plasma processing system.
15.  The capacitively-coupled plasma processing system of claim 9 wherein said rectifying
said induced RF signal to generate said rectified RF signal is performed using a rectifying
arrangement.
16. The capacitively-coupled plasma processing system of claim 15 wherein said rectifying
arrangement includes a power MOSFET.
17. A capacitively-coupled plasma processing system having a plasma processing chamber
for processing 2 substrate, comprising:
at least an upper electrode and a lower electrode for processing said substrate, said
substrate being disposed on said lower electrode during plasma processing;
- means for providing a plurality of RF signals to said lower electrode, a first RF signal
of said plurality of RF signals having a first RF frequency, said first RF signal coupling with a
plasma in said plasma processing chamber, thereby inducing an induced RF signal on said

upper electrode;
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17. A capacitively-coupl ed plasma processing system having a plasnma
processi ng chanber for processing a substrate, conprising: at | east
an upper electrode and a | ower el ectrode for processing said substrate,
sai d substrate being disposed on said | ower el ectrode during plasm

pr ocessi ng; means for providing a plurality of RE signals to said

| oner electrode, a first RE signal of said plurality of RE signals having a
first RF frequency, said first RF signal coupling with a plasma in said

pl asma processi ng chanber, thereby inducing an induced RE signal on said
upper el ect r oderectifying arrangemeptecovnl9dyfp s 'aﬁ"-}"%ﬁlﬁ%ﬁ@ﬁ‘cmé@ﬁﬁeé‘d“t“ge%%f d i nduced

RE si Ignal siaflal gl?dﬁ%faa%aﬁi r@(in'fi&gﬁl’ &;g:gd:ts ﬁﬁreﬁiogﬂ%!y Iﬁé&é‘chhid’ti%ﬁatxgay Biagedcinti f i ed RF
signal is nore posjtive i ase an negat i se nmeans
for processi ng’"%aafﬁ”%"ﬁffé%/'f‘ga‘f“g S\&W%‘"@E gfeéﬂe‘lﬁ%f[%{: aﬁs @?‘&%g% ¢ provided to
sai d uppemp@*emmﬁﬂde 18. The capacitively- coupled pl asma processi ng

system of 51 a1 Sk loddi66 2y S8ihel SFALo Wkl BRI e ahv&mw@'rcu'lgv

configuredto re ve' conmponent sa| n uced RF signa
The capaciatrangeingnt w\u@qsemcugrya@n@gumd@w@gverrgg@yswww@ widip erein said
rectifyinggadir angenent further includes circuitry configured to anplify an

anpl i tude of sai d i nduced gnhal to generate sajd rectifi RF signal .
P 19 The capacitively-coupled pl asma processmg system of claim 17 where?n said rectlfylng 9

arrangement further includes circuitry configured to amplify an amplitude of said induced RF

signal to generate said rectified RF signal.
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