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have becone a primary conponent in nost of current

el ectronic systens due to a | ow cost, high

reliability, and speed. Fabrication of the integrated

circuits begins with a substrate where each substrate

is subjected to steps that formvarious circuit

structures on the substrate. Typically, plasma (or,

ionized 10 gas) is used to perform process steps that
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20  manufacturing yield. As the substrate diameter tends to increase and transistor sizes
formed on the substrate decrease, the non-uniformity has become one of the major
complexities in plasma processing systems. Thus, there is a need for a plasma
processing system that promotes plasma uniformity over the entire surface of the
substrate. .

25 [0004] Modern plasma etch tools use multiple knobs to control process
parameters, such as plasma density and uniformity, chemical composition of plasma,
ion energy and ion energy distribution near the substrate surface. New generation
plasma processing systems require tighter control of these parameters in order to
meet the requirements of technological challenges, such as shrinking feature size

30 and new stack materials. As such, there is a need for an advanced plasma processing

apparatus that allows a user to have an enhanced control of these parameters.



apparatus that allows a user to have an enhanced

control of these paraneters. SUVMARY [0005]
waecosndionyy t o one enbodi ment, a device for conPCHUSPOH015928

capacitively coupled RF plasma (CCP) formed in a

pl asma processi ng apparatus includes an inductively

coupl ed RF plasma source that has a dielectric support

ring surrounding 5 the upper electrode for generating

a capacitively coupled RF plasma, and coil units

posi tioned on the dielectric support ring. The coi

units nmay be connected to an RF source and generate

magnet j d electric fields around the capacitively

coggﬁégﬁﬁggblasna so as to confine the plasma. The
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apparatus nmay 1 nclude: a first radi o frequency (RF)

souhedielestrihsuppogaing nsirefirsy noih Weund emusiddbe fatumagigtic core and
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f ertp QEREARLd £1afPirfy force on a substrate mounted thereon; an upper electrode

25  positioned over the chuck and including a surface that faces the substrate, the lower
electrode and upper electrode being adapted to generate plasma in a space between
the upper electrode and the substrate upon supply of RF power from the first RF
source to the upper or lower electrode; a dielectric support ring concentrically
surrounding the upper electrode; and a plurality of coil units mounted on the

30 dielectric support ring, each of the coil units including a ferromagnetic core
positioned along a radial direction of the dielectric support ring and a first coil. The

- first coil may be wound around the ferromagnetic core and coupled to a second radio
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positioned along a radial direction of the dielectric
support ring and a first coil. The first coil nmay be

wowwstdi@edund the ferromagnetic core and coupl BCI/US2087/015928

second radio frequency (RF) power source. Upon

recei ving RF power fromthe second RF power source,
the coil units may generate electric and magnetic
fields to reduce the nunber of charged particles

di ffusing away fromthe plasma and thereby confine the
pl asma. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]
FIG 1 shovvs a partial cross secti onal view of a

vention aral |l el e capaci | ed

o1 oS RN deviobe Urpnoair ik BF peusighimdhe scoond R power
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in the conventional node as depicted in G.

Fl
[ oofhateedpagicisisligfusing pyay fiam theghagmy mvlwrebafrponﬁne the plasma.
exenpl ary plasna process apparatus in accordance wth
an enbodl ment . FIG 4 shows a schematic diagram
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pardppatangiih agvédandeowith bin ehdoliftaett!l i ve RF source in
FIG 7. illustrating the electric and magnetic field

gerlRPLiledFISy 4 HowsrisRbEpEC Areesa of he Fsbiny Offb apparatus in FIG.

Showprant@pzi ook sGhtodlasdhd er nati ve enbodi nent of
t he mduc%lpzveé F sosﬁgr&ce 32‘2. cted in FIG 7.

[ 00999 21F| BIG-1sherveis g altepaiyaamppdimest of s fepmagnetic core used
al t,ﬁ&ﬁ@oﬁﬁégatgp‘gpﬁmt of the 25inductive RF source

depi cte
[0013] FIG. 6 shows a plot of time-average potential distribution within electrode

gap along a direction normal to the surface of a substrate.

[0014] FIG. 7 shows a top plan view of the inductive RF source of the apparatus in
FIG. 3. ’

[0015] FIG. 8 shows a partial cut away view of the inductive RF source in FIG. 7,
illustrating the electric and magnetic fields generated by the inductive RF source.
[0016] FIG. 9 shows a top plan view of an alternative embodiment of the inductive
RF source depicted in FIG. 7.

[0017] FIG. 10 shows a top plan view of another alternative embodiment of the
inductive RF source depicted in FIG. 7.

[0018] FIG. 11 shows a partial cut away view of the inductive RF source in FIG.

10, illustrating the electric and magnetic fields generated by the inductive RF source.

DETAILED DESCRIPTION

30 [0019] A hybrid capacitively coupled plasma process apparatus includes an

inductively coupled RF source surrounding the capacitively coupled plasma source.

Certain embodiments may provide, inter alia, an additional control of radial and
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[0018] FIG 11 shows a partial cut away view of the
i nductive RF source in FIG 10, illustrating the

web@sirive3 and magnetic fiel ds generated by thePCT/US2007/015928
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i nductive RF source. DETAILED DESCRI PTION 30 [0019] A
hybri d capacitively coupl ed pl asma process apparatus

i ncl udes an inductively coupled RF source surroundi ng
the capacitively coupled plasma source. Certain

enbodi nents may provide, inter alia, an additiona
control of radial and azinuthal plasma density
distribution at the plasma periphery, and thereby
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co S devi ce shown at .10Q and il us tjng an
B Ef B1GT Dt o risherom Sonea aiev 268 phrpllel lakor
aceApaciBivel sdupledaflagieasllicesHownldtel 00MHGRuSHROWE adledOGing 110
may i nclude: a substrate support unit 102 that .

c o%/l‘ﬁfq%ég%ﬁms“éﬁs%fﬂ‘@één pecrrdinsearithermeppadiygnt c The device shown

104 1foormipirdivie: h BEbsARSHIpRLA vh8 2R RGHrisBE Sn BRRctrode 104 and
upper. shower head el ectrodé 116. The edge ring 110 may

beargelp@%mégt%t@kégﬁﬁ@mtﬁng the substrate 108 in place; and-an upper
showerhead electrode 116. The edge ring 110 may be a replaceable component

which tends to become hot during processing of the substrate and sometimes is
referred to as a hot edge ring (HER). The edge ring 110 may be made from
conductive electrode materials such as SiC and silicon or from dielectric materials
such as quartz. Plasma 118 may be formed between the upper electrode 116 and the
substrate 108. Plasma sheaths 114a and 114b may be formed on the surfaces of the
substrate 108 and the upper electrode 116, respectively. During plasma etching, ion
species from plasma 118 gains energy as they cross the plasma sheath 114a priof to
impacting on the surface of substrate 108. \

[0022] Even though the edge ring 110 may reduce the plasma non-uniformity, the
thickness and contour of the plasma sheath 114a near the edge of the substrate 108
may be deformed as depicted in FIG. 1. As detailed in conjunction with FIG. 3, the
device 100 may be operated in tandem with an inductively coupled RF plasma

source that extends the plasma 118 further beyond the edge ring 110 in the radial

4.



20 which tends to beconme hot during processing of the
substrate and sonetines is referred to as a hot edge

WO 200g/0(UER) . The edge ring 110 may be made fr oP€T/US2007/015928
conductive el ectrode materials such as SiC and silicon
or fromdielectric materials such as quartz. Plasm
118 may be fornmed between the upper electrode 116 and
the substrate 108. Plasma sheaths 114a and 114b may be
fornmed on the surfaces of the 25 substrate 108 and the
upper el ectrode 116, respectively. During plasnma
etching, ion species fron1p|asna 118 gains energy as

t hey cross, the shm h 114a |or to | n
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pr L: conventional node as depicted in FIG
1_qﬁéﬁﬁgﬁﬁ§€$hggd in FIG 2, an etched portion 116a

| 0daozsj a}m} 3‘ sthSt eheroeﬂ:mtmm) vb@wbﬁamexiemplaey plasma process
directi

the surface ubstrate 108
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the normm to t Surrac sucn, .a ective e
s el ot e A0 eial oS SHpice L IhE SRS (R Shgm at 300
t r angy fichsdel ﬂ@sﬁnﬁawéﬁmrcan@ahﬂ&s 300 @835rhvidlifg 1o pressure
shows a ér oss sectional, view of an exenplary_ plasmg
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substrate 310 nmay be a wafer made from vari ous
25ptREPFeEs €as e A caracitivaly spwried BF plafined. cEhe ¢hanhpy pressure may be

Met@hically i @RIrGh S0t 6.1 PORPREIHSvEREM, RHcudflump 333 may
withdraw gas from the bottom of the chamber 302.
[0026] The apparatus shown at 300 may include: a lower electrode 306; a base 304
for supporting the lower electrode 306; an edge ring 314 surrounding the substrate
30 310 and the chuck 3 12; an RF power supply unit 308 (detailed description is given
in conjunction with FIG. 4) for supplying RF power to the lower electrode 306; a

dielectric ring 316 positioned beneath the edge ring 314 and configured to conduct a
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may i nclude a substantially cylindrical chanber 302
for providing | ow pressure therewithin. The apparatus

wGhasni@ed 300 may be capabl e of introduci ng a pPCDUSNE7/015928
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gas into the chanber 302 through a showerhead

el ectrode 332 and igniting the 25 process gas into a
capacitively coupled RF plasnma. The chanber pressure
may be typically in the range of 0.1 to 1000 ntorr,
wherein a vacuum punp 333 may withdraw gas fromthe
bott om of the chanmber 302. [0026] The apparatus shown
at 300 may include: a | ower electrode 306; a base 304
for supporting the | ower el ectrode 306; an edge ri
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Pl ForerljsstihigQBe é;ﬁfcingslkl Ktﬁvbl ¢y thel oﬁldﬂﬁéﬂlmg: ritfes @4t @taiBdDdescription
a tenperature controlled to ate 4; an

coRf tireRanetive g souse ﬁ%&ﬁﬁ &gﬁp}”ﬁ{? ITEEHGE & E{g n&nent

ri nee273 24T @ipasdtis Méveh itPOORhASARIEL icR@leGPEriddH IBB coupled to
and confine the glasna wi thin the regi on surrounde

d
t hdhewRPeagiEciraps 832 Bt erscensratingel Bode.dhe syich 4p f siaydopnect the
”e%??ﬂ" R tank 3320 3l HDuhAIT M8 PBAE) thE 1R &R dldB @r(]lﬁ may be the

conftnenment rings 324" Detail ed description 10 of the

i noowersdeslgptrarsiand<oas @ dapagiiivaly copplpd plesmadistwsesngthe upper

Fl 5 S thD8Witch 33

" Gchoed 22 o TRSARRAE S 7 DRy Gk s
332nayl couphethepppet ¢loctadderfid@ap anbibes REtowe3 38pphspnit 336. Detailed

CONRES o RO S TS B R A i o
el §0028jdEhaphhsinarconfineap@aings\3ek wre shopreshrpduasling the plasma
DS BSHRRT Aoe L EEL TR 08 SRL AR A eea
COuphRiall GvithofRepect ke the @ ARalIXDs 340 Gttt Betstidte Pr0VEThe confinement
S e e LSCE o B s R4 o educe
the number of charged particles flowing away from the plasma and permit
uncharged gas molecules to flow from the confinement region in a generally
horizontal direction. The neutral gas molecules may flow through one or more gaps
between the confinement rings 324 in the vicinity of the periphery of the
. confinement region. From the gaps, the uncharged gas may flow in a region of the
chamber 302 between the confinement region and the chamber wall to an outlet of
the chamber connected to the vacuum pump 333. The confinement rings 324 may
preferably include three grounded louvers (not shown) and made from silicon

carbide doped to have a high electrical conductivity on the order of 2x10° ohm-

centimeters and able to withstand the harsh environment of the plasma. The



(0028) The plasma confinenent rings 324 are shown
surroundi ng the plasnma forned between the upper

web@svrwde 332 and the substrate 310 and arr anpEeru®07/015928
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coaxially with respect to the central axis 340 of the
substrate 310. The confinenent rings 324 may include a
structure, such as ring shaped | ouvers, designed to
reduce the nunber of charged particles flow ng away
fromthe plasma and permt uncharged gas nol ecules to
flow fromthe confinenent region in a generally
hori zontal direction. The neutral gas nol ecul es nmay
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pl asma and the rate of gas flow fromthe plasma region

t o ctrAelay platg d Rruvppes siecirode 32 gy hawg othsr aliernativg shapes. For
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ement ring arrangenen ound 1 n comp
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s EYDIRR GrERE atle s Shehg i ot g el Jpe outer
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neakn bb olf inoaintor If@weRH U ENPaBRt NG 6,824,60TY MO is incorporated
the upper electrode 332 may include an inner el ectrode

25 vp EESAN RY defersnes ihis enteElst al silicon and an outer
el §6603190& arious types of gas injection systems may be used in the apparatus shown

at 300. For instance, a showerhead assembly Exelan 2300™, available from
assignee Lam Research Corporation, Fremont, CA, may be installed inside the
chamber 302. Another exemplary gas injection system can be found in commonly
owned U.S. Patent No. 6,508,913, which is incorporated herein by reference in its
entirety. It should be apparent to those of ordinary skill in the art that other suitable

types of gas injection systems may be used in apparatus 300.
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20 nmenber made of a single piece of material, such as
chem cal vapor deposition (CVD) silicon carbide,
wa@emwglheoes ystal silicon or other suitabl e natePCHUS2007@5928
outer electrode nmay be a continuous nenber or a
segnented nenber (e.g., 2-6 separate segnents arranged
inaring configuration). Further details of the
st epped el ectrode can be found in commonly owned U. S.
Patent No. 6,824,627, which is incorporated 25herein
by reference in its entirety. [0031] Various types of
gas injection systems may be used in the apparatus
t 00., Far instance, shower hea nbl .
877,786 #ites Bosior Resis PBcI 081 Bhe Eohizar e @R Agpent Which can

CobEé’érﬂé héNdurlrigpreBéssingdf arﬁﬁlbstbzﬂe ané k@hbgded RSefRreddh6 as a hot
chanber. 302. Anot her exenplary gas |nJect|on system

c afdgeripg (HER) nThoedgsHing Bownar e madg from capdudjye electrode
6, RBfe s suéMHscé}d a%d' éﬁ%&ﬁ@&ﬁ didl&dié Hm’?éhaﬁ@&ﬁ:‘hedg‘ﬁ%artz

inits entlretty shoul be apparent to those of
5 or d’mn@pyd@kuls of the etiaerlagﬁ l'& kan befound in gomumerdy oysed Lb. Patent:

@%‘éﬁ‘ wiXG E:’TﬁcJPB rafld Hé?ié%ﬂ b&%ﬁﬁ%@@%% ertfildty.

hé& “edge ring ocus r
r e ;pmms]amm ohodpahbmay\mn amrelc;amstaec chackh oAltdmatmg}y, the lower

o ogecﬁ%’lfiggggznaﬁy t?]egabr?ah%%i %gleé ggéatmnghdm% gﬁﬁéc%{)? a DT chucking

nadzeltbg@mmamdw: shoven g lirewhichdasertiedowat slestumde 33035 Bhrinclude an

and silicon or from eIe tric erjal s..such as . .
10gL arEpE e Fot ot ET5E byl vig triaipepdo s being
f oypRgcdsteCBNPREMY i©Miathakib®r 328t Biuch MXas§ 1BObvE? 2lectrode 306

which is |ncorporated herei n by referencigln its

entgnfdehyck phhmay berfarmaed exoneieomRanept Af %e&*&ebﬁlaaeﬁc

Chgdotrofatie lchadit ¥k Ye UsbeiflR¥REd. el ectrode 306 may be
arran ed as an electrostati c chuck connected to

hUBRFHg A ibaisecd semeatheipoEBwrALe 15 AT (1 et elgerreds306 may
15 O LA RRIAP e Bk 85 b RPGRTRBl 69k e

strate substrate
31 @ubstrette BihQ by renerizing theprptess igas 1mﬁqt¢\celm¢1 theishanpep302. A
In S 8f fid %bhé %gd p%{eseéu% X(%% a%(aGel ,%lﬁe Eljagma may
na orne nevconpohen er han™ an

el qﬁss dsbagh meccbuﬁhemam rivegs l3§édmdfthcdues |dlseﬂargp(i‘ﬁﬁmheﬂcshamber by
di scuss

above, the el e ode 332
C eV S %eyaau%yuw S e e EE RS TR A pre iy peduce the
20p| afinEbdyei sRaRet bertichpeatiffading hwvag ErodBthegrisknhd)d.c. the charged
substrate 310 b nerqi zi ng the SS S in ecte
hiReines i nsabe Sosuehtisdiet BBrt fccantipmegLates 524. To help
partdLihe Thafies PadicldsonBhianBe FlaS®h r&isn afd tHeP&ypﬂo&S@iﬁbe the number
nay ass throuqh the confinepent rings 324

Ihrers dmaghkl ehditumiagsayay Hiomdle Ripsppdhe Fh%ﬁpmufce 330

33%a§f be pSQBBhék%E%ﬁhd tdY8sn324s dtSiQr ith YefeRSiE & FIGS. 4-11.
20 nunber of charged gartlcles di ffusing away fromthe

25p| dgﬂﬁS] iF1G. 4 shew's erigheaatipdiagiam ekthe wicuideycfijbe apparatus shown at
thrgitpfer EH&ﬁ%P%gR%E% 1&18% Iﬁ%é & féei?ltd crohﬁﬁﬁg%gé plajs:ﬁla As

help trap t rge rticles MAt [ asma
r eqlepictadidhe lmmtp}eomdp 886 mytbeecqmmﬂdetp thﬁ Rﬁmvge @upply unit 308.

par oflek bl 406 and
oDl L DB P SRl 5 e o6
pl asprionaly dehpaditd 402 tahdfoe b anatcideg hetwerlc804 4 Altermatively, a
30 matching network may be used for each of the RF sources 406. The process gas
may be converted into the plasma 408 in response to electric field that electrodes

306 and 332 couple to the excitation region at one or more frequencies. The RF
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25 [00351 FIG 4 shows a schematic di agram of the

circuitry of the apparatus shown at 400 for energi zing
w@r@ses®4yjas i nto a plasma state and confi ni ngp€TES2007/015928

pl asma. As depicted, the |lower el ectrode 306 may be

coupled to the RF power supply unit 308. The RF power

supply unit 308 may include a nmultiple-frequency RF

source 406 and optionally a capacitor 402 and/or a

mat chi ng network 404. Alternatively, a 30 matching

network may be used for each of the RF sources 406.

The process gas nay be converted |nto the plasnma 408

in_r I d th C

33? & oéu) g e %teﬁa eS %ll{l:a{()ug fe:l (l)é‘ég x%q&en(scgw source or

f r anplidple R¥Ssoufdes, &k., tineel R(‘E"esoﬁﬁﬁ,s niﬁyrahﬂg at sarigisdrddaencies, e.g., 2,

1 e P e, e mB e e e 3G TciEd sppotied o

at thedbiverisletti GALBIEINES prighadily c&qtr(ﬁ the @diidite %f&ﬁ&pla&rﬁa 408, while
general , th anount of power, at h|_h frequenci es
5 H’;ﬂ%“é‘b‘"’t‘& pRYeT ghiew Byauencistieppbisd ithedPrgapiepjode 306 may

C Y ﬁflﬁhl}t Béntes Rd ¥0Y1 e‘ﬁfer 8 th pRERa 408. MQ kb Be 5n@l$1'§tood that other

anDunt of power at %ﬁg uenci es supplied to the
| oﬁéﬁu@%tm%dbe Bfmsl hvat}aeéinﬁ $aNrea 406ctorponsol thelasspa density and ion

Eﬁé} 8 wellGs @tﬁ&%ra‘l‘@éﬂslc}f éﬁi 159“9 Q%%n derstood that

requenci es e use source 406 to
c o036l ﬂ"he switak 7338 u@wsqonyecarﬁbb umr gleetrgge 332 ipeanother RF power

10 Ot U@ Bh2 386 € iie gl-' %Jlser%l 6 ré%gﬁlgludyll% rs&gge 424 and

may connect t pper e ectro to anothe
pompmorilz@lywﬂpaeltmrmzo Bidbor aTmetcE&ﬁgpmﬂeﬁtmr c/ss umtihe c88060f the RF

i ncl ude an u 424 opt i onal
capa Pyt B 3P K aap o R Bl b ieS ot sopree goerating
caaco® ot hiereHte ueneies, 304peCtivelni (n it a ddte, RmakbiHgCgetwork may be

or nore sour per.a one or
o S leg e e SRS UEA OBy 3P4 CEtlep B RGeS
15 Me{@dI7MAAE a& el iNRYG DL the ﬁ{d@kﬁ@éikp %bMY%%@BDhﬁ%H%&@Pate electric

el ectrode 3 and each of the RF sources 15[
depieldsed2 |a\adm@ne&c fiells 44Qcaeynd tbe Reriphsry ©f ﬂ%@aﬁﬁ? 408. The

: 9 e @%Eﬁficef &h@@&i h&d Magh&& A4ds 306 prRaasl edldeth8 fufther of charged
around fperl t he plasna 408" The electric

fi @B’d@l%@f Hsine ﬂﬁ’@lﬁ é‘tqn@ thej ndpsgra 40 thseughethgigeps bettigen the

th r
oL g 136 QRA VAL G5 TSP BHEMOS! Cared
20 c o pﬁnwéemﬂftther phagma 32& rmyobEt tlnmpetl)byftm tleetricciogifl |4|4é whish results in

ar tld
be e%({é%dmggh%glha ﬁ'g 1% egion | ITB(?]D Z&e in, V\H&“ﬁe KE g0 r%e %M and
extlmnd»mgdbheg phasmr&uﬁﬂ&rmw bithe mdxgmmaﬂerlaamltelmige of the

i nd squrce 0 and er eby reduci,ng,the } .
sk, T Pt R BoBee 250 B S PR B coif amits 416,
S Iu bsﬂlf édlléum;rhﬁfmlg duolliqneg Bhnsstet tﬁﬁmfﬁf) somye I4g0 lbdd &ouvad around a
p ralit ol cCol uni ts 4 eac col t avin a .
25 8o freormagneti FO0E 4K oo 2 ARAGE Ghere e 4R FHRRONIE the col
ar QAHIS 486 k&N, ONROdIBlet FicGR E)ﬁoﬂf l&iﬁ 430¢aA bdingdiRfdd ioCthe electrode
Ing the coil units 416

pport ring 432 for s
égééﬁ d/orgpthgitap plate 3%‘9&0 AP pYitablgyrangemenh Qetionally, a
m%Bﬂ&%t&ﬁdé‘@S@'v@:ﬁ&H RdReREDIAMIRY 6f‘?nétQﬁ rﬁa?ﬂ;e%?xh@d on the
334 by any suit able arr angenent. QOpti onal
cosileatde ringdg 2400 grownded to dispharge rlmrlgsrﬂaa pww*covhen the switch
30 mst?)gkg gﬁ% tg \%hgfeéie &%qu %@%{fo{lh& Md}' dét%glﬁ %@ﬂle conductor
e I schar

groun e lasma current

vmrmgm@oar@ gefenowﬂe@tf@enmmlfﬂﬁeﬁ & pmferm@tbfrmnpn rarigs of the RF
I t 3

O U A BB 31 i FRIHSE ) 2D %t povere, e

range of the RF source 410 for the COI|S 414 may be

from1l0 KHz to 1 MHz. Wen povvérge'd, t he



coil units 416 may contribute to igniting and

sustai ning the plasma 408 as well as confining the
w@b@seno43 [ 0038] The charged particl es confi nePChyS10hz015928

electric field 442 may pronote plasma strike during

the plasma ignition process at |ow pressures within

the chanber 5 302. Al so, the plasma confinenent may

reduce the deposition of material, such as pol ynmer

by- products, on the confinenent rings 324 and, as a

consequence, increase the lifetine of the confinenent

rings 324 and the tine interval for cleaning t he

conf.i nene 3 The i.nduc RFE s e 33

pecqib Bt e ag Siniiite PaERRE 204 Py GeiDing B plsma 40 Bhvell s

CO&ﬂﬁﬁﬁﬂgﬂu”ﬂuﬁhaaS t he confi nenment rlngs 324, the

10 rings 314, chuck 312, tc nj

Bhg Tgie<cheracd negclehoanbiord mhedﬁlac f&i@%ﬁ maypromote
pl PSR sk Wuripahe ?ltﬁﬁﬁrl AiffiSn 9%B‘ers§@trtswt préssues \S@ﬂm the chamber
the chem cal depositions orne on the surfaces_of

5 t hd82 Adigp thearlagme genfinemant sayirgducg the derasitiontefgmaterial, such as
gUnge\‘% ?Fr S5, e QonfenSR gpm ) agtyabheéc{ueﬁee increase

iar ged partic ’as ot her
c héhe lifgtimemsehesonineriont rings Hl4aandthedine intervalfpr cleaning the

%ﬁﬁ&%eﬁ‘ﬁ %gxgg 922Ugh8 ln’ﬂitﬂ vé E%t%hf&%(’ J&‘f?é E%}ﬂc&s' a’fool for

RF"sour ce al'so con enera
c halegeihgparious bhesnbard:ompoeents,rwnh aathescm\ﬁmemem ItitngsnB24 the edge

107 ot ST PP R T areignBY iR r Al ad gh i B affbpESo2 and

angxpanding/ ﬂkhﬂ&lﬁneﬁ%&b@ segibnl frear Shebmfmenienatings 32, ithechemical
enbodi nent c core 502 havin

S e HPRF S R1eRS 8 15 Y] OB (ORISR S Gt B3 TiEpvely removed.

f ermmeihdnreive RECRcOIED AR omeipulkaodsdfitaiding AR density of charged
i nductive RF source 330. It shoul d be apparent

t hoagicls asrlhay gthenshemica] speqies WEhEghe PleTRo? thereby contribute

15 Navh BestAhR the glatséial ThEARRIIVE RF #up& pﬁo Hagd qlso[c%%mute to
As di scussed above in conjunction wth

optgeuerating ehareed particlesgnd sdnerrayerb@alf sneﬁ@e %@tléxé@rpl@ﬁéa

COI |t 4 T t terial,
é e @l\ﬁ é&%g%‘?%ﬁﬁgw per eI ectrode %]e ic materia
t hsudomjﬂ:mwr and hayesg@iowayhapes. aFIﬁ; ystowrdeoaltegnative embodiment of
in t
e SHERS IR LEE 0159150 A LhE B SHEEHT 348 i roune
20 upples feetoneignede c@@250artbatirhay bowed ieltic indodidveoRF gower 830. It
ef fect _on t

ele tr e 306, Ag/ ve .a .
ol GEopRE Ppgreahty G AENgr AT il it P bmip e poptdaipe other
Sh%atdibléegapwszan Els@be@:sgcﬂlows a gr ﬁph of 30 el6(e)gt rical

ot istribution wthi
P haBMtIE oS drciedabore Masangsiion datfics fem GRSeTal Saiuctor ring
3101-3O|rﬂa}Fb<53forﬁmedtHé&véén&l§b Sofl QRItES BOARd &ﬂ&%edicﬁéu@[)@ﬁ rmg 432.

fromthe suhstrate surface and X-axis represen&
250 Vpen they sngl grpungis the ypper electrode 332, the con uctor rmg 430 may

be also grounded to increase the effective area of the upper electrode or grounded
electrode 332. The area ratio between the upper electrode 332 and the lower
electrode or powered electrode 306, Ag/Ap, may have an effect on the electrical
potential energy distribution within plasma sheath regions. FIG. 6 shows a graph of

30 electrical potential energy distribution within plasma 608 along the direction normal
to the surface of the substrate 310. In FIG. 6, the Y-axis represents the distance

from the substrate surface and X-axis represents the electrical potential of the
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WO 2008/ 010943PCT/ US2007/ 015928 pl asnma fornmed bet ween

t he grounded el ectrode 322 and substrate surface. Two
webasowgheat hs D1 and D2 may be formed at thePGUUSHOTE15928

of the upper electrode 332 and substrate 310,

respectively. As the ion particles inpinging the

substrate surface may be accelerated nmainly in the

region of the plasna sheath D2, the electrical 5

potential distribution across the sheath D2 may affect

the efficacy of the plasma etching. The plots 604 and

606 respectively represent the potential energy

distribuytions for two cas

O b okl 12, B e 308 st b, Two

d' 51 Ehe @ﬁ&tﬁ&b@%ﬁdﬁj@ma& 88 Tornsdaantihe H2fices baf@alppefelectrode 332
case when the upper electrode area Ag.is la

t h@mﬂ ubstrpieid Petpsaratebodbs thedan particles doREeans ﬂfo;“gsffate surface
c gﬁxgg e BEd10raftR &arﬁﬂl V\}n A nE féi6 oﬁtth%rﬁliﬂnar dHegth Db eche electrical

ctor ring 4 grounded, %’y have an ef f ect
5 of pmmcmaéamtngumma(upﬁeﬁhe sheath P3deanpiiect dhe affisagnaf thsplasma

I.l.ﬂgtrcg%% a4 l}@gﬂg rs{dlggl gg@%qgsp%&%freyg%g@ste#{?thé%‘f%tﬁi ertfy
nomsfrﬁmnmmwoocam; Mg,= A;,;,camdaosg “a g midsudepidted in Bigh G the

e

3. tfsuppeptietecde £@s A af ldrger thai the poiesedidléctnade dvea Ap. In general,

p03| tioned on e. dielectri.c supp 432
10 Opfll Y8 13/10Gte 4 &E‘“&Eﬁ?&‘if’c‘?@?‘% Fq’fg 2{9‘6 c?%(g‘g:t%rﬁ%&l‘o when
FI @roufile@NflaPhaRidresltad 0 thotedsingithe uﬁpefrfﬁtédn@ﬂe afeat Agand thereby
di el ectric sfp port ring 432. The coil

woURICaF S e TeIRaCY of IRSANAEI SO 3792 5 Wl ot g 430 may
| N8 §hinSR dthdnlRrBmdARANEE meth SRbh 66 afhhiinuiiwiitkcarl be penetrated

the inductive RF source 330 is shown to have ei ght
cobb’mﬂtgmegcﬁlelkﬂﬁever it should be apparent to those of
y iWEIG. 3. A
i‘é@ﬁﬁ e | n uct fa\}gb gg{ sﬁ%SE%S%Eu?SJ&%? @bﬁ:%c @% wEIG. >
s h mlnglcaadp aadhi Gﬂthc aoil awagl%ﬁ may bf pohidiopedion tﬂilfv@eRFmC support ring
e 33
¢ nea e 3pPebdly i the Sl O EP FP R hoin I FIG 20l oriented

25ialhshged ta‘d&xl Bﬁesm cEthB Sixleatae mpgomermg)m @h@gmllsﬁlel may be

332. the electric netl
442"’%‘?‘% &dgr&; &%‘Fﬂl’é‘ﬁg‘?eﬁl aqqregnﬂ%ag.d croga?cé g’O‘Jf? ?oung RE power
ot h%ou&earloe e ¥1G 07lahd 3Rlvetive RFGOHirdel380ds sh@ei td have eight coil units.
ort ri n%432. The el ect]gélc fiel.d 44% ?ﬁ{a ﬁ’g b £ coil
d|r YT ih Sharld bp ppRarPRy iR thesg of greinam; kil Bt pigr numbers o
annE@imdyesH $¥2d 80 2he BushR RIBdoRaE B3GI es may travel
al on84the electrical field 442, the |&2 and el

inl8 Q]hng}}rﬁjq}&wsrae@qrgﬁl cg:@gwlqﬁyled&éog flp(liltgaww §cﬁlrce 330 in
t hepraN W ing gﬁg{‘aﬁ’ﬂm flﬁltsﬁ‘ﬁ‘iné haRrjedtdd MiPmayeticl fidlas gsﬁﬂérated by the

annul ar regqi in radial ditections of the dielectr
25s uppé\pqtlve RF source 330 around the upper electrode 332. As deplcted the electric

and magnetic fields 442, 440 may be formed in an annular region 802 around the

upper electrode 332 and under the dielectric support ring 432. The electric field 442

may be directed in the circumferential direction of the annular region 802. As

charged particles may travel along the electrical field 442, the ion and electrons in
30 the annular region 802 may be confined within the annular region, rather than

diffuse away from the annular region in radial directions of the dielectric support
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ring 432. Accordingly, the plasma can be confined by
the magnetic and electric fields 440, 442 generated by
wo b@sionduxti ve RF source 330. [00431 FIG 9 shpemUS200TM 5928

pl an view of an alternative enbodi nent 900 of the

I nductive plasma source in FIG 7. The inductive

pl asma source 900 nay be 5 positioned around the upper

el ectrode and i nclude: one RF power source 916; a

plurality of coil units 906, each unit having a

ferromagnetic core 908 and two coils 910a-910b wound

around the core 908; and a dielectric support ring 904
orting . the coil units 908. ductive

f
sg{}f‘g gggoo\%asﬂn&gﬁn BaRl qswal%erb&&@nﬁnegm gpenqiGgnd electric
( nﬁ&m@ h@bﬂ44f%£4e@te@h¥)mhaha%chp Bourb&3gh.el ectric

support ring referred frequency ranges of the
RF[00M31 c #1618 sheys Bor plomviov rFgn pliernatiygembodimest 99Gef the

coj cg\;rp gfa?1419?0\5%¥ 19? ofm'?ﬁé ﬁ'fiiluf: ﬁlﬁéﬁ %Y'Ertcg 900 ma y ] be

ano er C a nelg orlng COl 'S wou
5 | npbﬁaomodnd thetupper ¢loctt@de amﬂi 1hslugi(1m)e RIf ppwemspurce 916; a

srte ctro i nn
CPBRRES shp S BuS BTyt Bate Py PP ARk 385 G g cois
whotha-9Uip voaad Rioundwke cdre 9@8; mr a tiekecininsrppodi g YMOfor
150r the oyt er COl. N the ¢ of FILG .
¢ naupiites Hreroranits D08 1ai5dnusy e REViGE SO0 et oRtaBl fnctude 2
of céﬁﬂlt}ctéﬂﬁﬁ%(nﬁeﬁ?owﬂﬁﬂm %bg%mgﬂe(mom dgelbdmlcpshﬁport ring 904.
vView o anot er alternative_enbodi
10 n&ucfeired frepuensy reRecs $6 theREseyrcs 9@“@1‘& 20800 Rffg 0 1 MeLz.
' n%@ﬁ bY theFoiROU0£S180 ly"Bi:VcdnH@été'&lﬁl seRids Rﬁttﬁﬁiﬂ’tﬁ‘e@ coﬂ ofa
1 a plurality of coil units 1006, each coil unjt

hanFrﬁQbQUn&C@é e reiehetsiwounskia thoenedigectiondpptet pays 910a) or in

\i\g%g ‘il)prﬁwEﬁcggré g?xh@% @dg% %gng‘ﬁ ﬁglptl&i ttonﬁe R’le FRHrGBurce 916 by

su prso\ntqhngg arhengewent il Whlch@@}ﬁplémicmf) s i3] @r@@eaﬂ@unaer coils 910b
t h %r e{)c%teﬁ}(ﬁfstgr 169 e éqg %he J'cgg Sg ?g(?'.og,itﬁguﬁﬁcﬁ@é‘ﬁﬁssﬁ&%%@w may

i ona ncl ude a con
FI Ganclﬁd)@ otrhesnmmbered)fomluh'ﬂs 0@l ect ri c support ring

Q@tyf r gkf;ﬁd%d fregu(?etnc %Svu%% etf %t g‘l?elflnaft aeieQ&l?odfﬁ%nt 1000 of

tive
S OUhe€ i dhoi: REgoee3B01ih AIGI D Abdepicchde theuadqnita&rm? source 1000

source. 330 with the differe t ha

neiwﬁrﬁ*g % 8ﬁﬁtfﬁeh°|1§ pllglity p 80%93%é8%8ﬁ%‘? unit having
20 OPRGRirbMaghét@Cédron 08 an®aebil ah e ivound laﬁrh.mg&ﬁe tateesd connected to

el ectric and rragnetl c fields having a erfﬂatl n

di e REcurce01ged:¢ diglsciigugport Finer ERRRngge coil units

SOUDB ahAPBsitdMed MDuHE eheOliRE eRbirb@D| 0N U doétiveRF source
30units 1006. 100451 FIG 11 shows a partial cut away

Vi 0B maheptionallE iRl RECasHERE Tinednet shopran G 40} P?ﬁgﬁoned on
Op%rléhre@&mé Ldggghrﬁﬁg ﬂ%mt hpy, d&éﬁg& frb%reﬁefés BPQ{beRF RESource 1016 may

ds gener at e I nductive RF source
25depiedred, 10tREz tad MHZchﬂq widystivelgasmagouses i@%@@y be similar to the

inductive plasma source 330 with the difference that coils 1010 in two neighboring

ferromagnetic cores 1108 may be wound in opposite directions to each other, which

generates electric and magnetic fields having alternating directions, as depicted in

FIG. 11. The inductive RF source 1000 may include other suitable number of coil
30  units 1006.

[0045] FIG. 11 shows a partial cut away view of the inductive RF source 1000 in

FIG. 10 during operation, illustrating the electric and magnetic fields generated by
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in an annul ar region 1102 that surrounds the upper
el ectrode 1002 and is | ocated under the dielectric

WG poIt943 i ng 1004. The inductive RF source 10POI/Ie3007/015928
generate inner electric fields 1106a and outer
electric fields 1106b. As depicted in FIG 11, 5 the
direction of two neighboring magnetic fields 1104 may
be oriented in opposite directions. Likew se, the two
nei ghboring inner (or outer) electric fields 1106a
(1106b) may be oriented in opposite directions. The
configuration of the inner electric fields 1106a may

5t e B S AR5 it v o

f I 1Q| aﬁiSanileG Begiouy 1 102 taeserdunds did dppel elecrdbdd 0)002 and is located

AT BRHoIHER PBPorsFRd00s  THipEhrt § R Rlce 1806 hay generate

c Oilﬁf'xbxgélé&hb Fie1daf 1 1068 204 beter eleegicr figldd i 13061>$ Alé&é}hctﬁ&)(n FIG. 11,
be applied to plasnma processes, ga h high etch rate

5 t Hbedlrgenes of e asishhunganagiicd: rgbF pyicRed & f opposite

us&‘l?édti)bng” Hh&(m?et v LElGEnBRAR Jnli’é% ésﬁaﬁt@f) e‘l’éctﬁ@ €ields 1106a
substrate. go 467 As depicted in Fl 9 and 10, a,

coli10G may be etisticd in eppesitagiseliense grhe confighyatiga of the inner
¢ o@l@?t@l'i: glid 1%53@%2&'{1{}& t?x@'r%xﬁqb'ef‘o?ﬁ{dr %B@H:s Hﬁ?usmg outside of

el ectron nu asma erturbe
th@cragmmi 102+ wihite the mmmlfmtrlcr ﬁglldsrl lo&myascrgam the ﬁlifoSlon of
| i
10 el%étrénsg t gg gnlfelﬁhorrl;sl IR)% {cimgﬁowﬁgsa%r{ ?ﬁil@ﬁal #gtgﬁ) for process
_f [ eindbmty) uTihle téefiguoatii ofitherayteb elepmctﬁwlbsemoékmneh berapplied to

nduce a chan n t fI t hr,Q
oplESB Braetay el Sl i Giind RRHAR, Wirg prasma
Theensity h§u;ﬁhﬂ5¥gﬁghem at the edge ltl&mtthﬁayntmﬁ/thb lsebatrate. ent
flo roug I i rec, 0_conpepsat e .
t nEDURP s 5t PR 7 D o 184 FyEin BrbfEA oroniagnetic core
15 t hglaohng cﬁ)ﬁﬁé@t&gtcﬁﬁblgl&ﬁirﬂigtcoﬁlgﬁdg@@s Wﬁé}ﬂﬂhb%[@&@n number density
stabilize the electron nunber density fluctuation.

See
V. ofgheplasmayis pegrbed at erieraion ofithinar appylag jegiprppuch as 802, the

In Shfbrnhy GRo Whhfbd aSutsb§udabll Sthe strength of
atgﬂég%ic‘lﬁzlal&e%bgw&%EBZS | nter natol on ﬁ% Conf Se(?:ancg or?srengt °

PI dmmamhé fiedd apund tixplopationvway be eystubad, Voohmaidpee a
0 H BE Qo BoftEdnkind thihe perturbed
r ofirBE SRR AR ARG BEPoh FplERplint bllhg perpurbe
20 appaugeetic ﬁddt I‘I‘d!sa, thkichhmgt inhd he*rmttmayhewyﬂmcpmt flowmg
ch dlf & d I
B L e L R
apﬂemui@dthekehyrﬁammgl%ﬂinbtﬁnﬂeéﬂMD nh@hamsm to stabiliZE the electron
device for co plas P
o BuEber psiy AP ReREn! KA 7T Reriled: Ae-n R R <G agfgrization of
opPRGictiveln Copidd Rlaenh Dhi\en vaith Bedrin€ored act000dE ", 2005 IEEE
25  International Conference on Plasma Science, June 20-23, Monterey, CA.
[0047] While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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5 being adapted to support a substrate thereover and
wherein plasma i s generated between said substrate and
wa200d/o0upper el ectrode during operation, said dewi/U82007/015928

conpri si ng: a dielectric support ring adapted
to concentrically surround said upper el ectrode; and
10a plurality of coil units nounted on said dielectric
support ring, each of said coil units including a
ferromagnetic core positioned along a radial direction
of said dielectric support ring and a first coil wound
around said ferromagnetic core and coupled to a first

ragj g .f _ power source, wher ei n
saggﬁ@g?ﬁﬂgﬁgﬁﬁﬂég rate, upon receiving RF power from
said first RF 15power source, generate electric and
magnetic fjelds that confine said plasna. 2. A
devi ce ds #é&ws der senéingignplasmy mﬁéﬂné&‘rﬁwasi’wgessmg apparatus
C O g4 GhAMddsianthippes tleb bR orPostah vkl @stidde Csa8d Rivdrtelectrode
ring and adapted to increase an effective grounded
5 ar dgingradapied (P pePPast asyhsgate thereover and wherein plasma is generated
dey; bsste lald ShidiuPpdr clBRSRI dhrfifdl SheFRRAL 6Lifdevi
ri ﬁg&;?es’eﬂfs S{ﬁggggeﬁg%?%@r@gﬁgnet I C rlrlét ébaendilyglf tlheeVlce
f ecooypeigmgt i c cores are senicircular or U shaped rods
with the f. . COI ' .
cach f ot eleShristtobotf PR aRbRUS'ghck iy RAERAS i hpper
i n ebdcaiode;landwher ei n .t he frequency of said first RF
power source.ranges,from10 KHz to. 1. and/ or  at .
107a5t ety Prant ettt e st SRu g eP Fnyoach of said
SuRpPdnnits induding i felems gineicoae podtitreidmens aejdislatitection of said
coi]. units. 30 . 55. A.devi ce %ﬁgieCi ed in claim d
1, diffestdesurparhripg Ard a fird SR HRMIGATPYRY SUdeTERTPagcHg fore an
anctonpRE®b B fird 1ddiel fsuehsy (RO gbvict sbaicepd in the
circunferentjial direction of said dielectric support
ring. 5eWhexeipespideoihynitsggnerade,upon regeiying Rinegwesrirmspid first RF
of =R ' | dinMgnefle FieRis IRAUWARROEAId plasma.
lsmﬁg‘}egrsgﬁjﬁ% %gaﬂ:ei?ﬁ? Eelrlé{:%%a%gnen?%g cor g gnd coupll ed 1t g asta
the RF power source, the first coil being at one end
of the fer I.C..cOfl- t j ' .
an oppostt s SRRas ERRE AR £ EREURRnRla g NEldiGeTking
semsatonagd onhlseidfdielstirizstppat dng aodatiapted @ increase an effective

grounded area of the upper electrode.

20
3. A device as recited in claim 1, wherein said conductor ring is formed of
non-ferromagnetic metal and/or the ferromagnetic cores are semicircular or U-
shaped rods with the first coil wound around a central portion of each ferromagnetic
core.
25
4. A device as recited in claim 1, wherein the frequency of said first RF
power source ranges from 10 KHz to 1 MHz and/or at least eight coil units are
mounted on the dielectric support ring with the same spacing between adjacent coil
units.
30
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7. A device as recited in claim®6, wherein the first
coils and the second coils are connected in series to

wa@2@snyl9e3 RE source and RE power is supplied tPCT/H82007/015928

5

10

15

20

25

30

first coils or to the second coils by a switching
arrangenent. 158. A device as recited in claim1,
wherei n adjacent coil units are wound in opposite
directions. 9. A plasma processing apparatus,

conpri si ng: a bottom el ectrode optionally
coupled to a first radio frequency (RF) source; 20a
chuck positioned on said bottom el ectrode and adapt ed

to enerate a cla force subst. noun
t her son> nd- A device anreg Hg%fn Jrige {y %6@‘38‘&31“5) ltS are &ﬂ}’ﬁ‘gé‘a the same

t Odi‘-r&ﬁld‘n' It wice I T8eaRid RABistbANaTinOe tird@hteremid ldirection of
sai d bottom el ectrode and upper el ectrode being

adsgid dieleqrig spRnoat Bn%H| asma i n a space between the

upper and | ower el ectrodes by supplying RF power to 25
one of the electrodes by the first radio frequency

(RE) soWx Gk devicd perasited ircclgimp powhereimepchinfsaidrmaihgitsfurther

zgpne luééal %%%E&ﬂ?codﬁ& uncil around @alﬁlf%%b%rye’tﬁfco ﬁél]l(% &mgtleqd to the RF

on said ric support eac
copbwensdscs, ¢ fict ngil heingrat onmgmbef the forempgiticicoreand the

7 80508 o Y f dpipoRi Bl Shd et ShAflofi SoR ARG pace

ColrP moun aroun errona net
c Okepamtihghe dosyanddetandcdBecond radi o frequency (RE)
power source, wherein said coil units generate,
upon receiving RE power from said second RE power
source, &l RGkvice a8 nctitlEa@N it 6 Whkfiin tHefirstaifsi 2@ th@abdbond coils

pl asma. WD 2008/010943 S2007/ 0 8 . 0., A

pl AETEPPEEALR STiFSAp aaﬁ"af BF SEREaRIRY b SHpRfied t0 the first
f Uh€br PR sESInAGofls ©9AGMELcBIng drfthgBehd. i oned on said

di el ectric support ring and adapted to increase an

ef fective grounded area of the upper electrode.
8. A device as recited in claim 1, wherein adjacent coil units are wound in

opposite directions.

9. A plasma processing apparatus, comprising:

a bottom electrode optionally coupled to a first radio frequency (RF) source;

a chuck positioned on said bottom electrode and adapted to generate a
clamping force on a substrate mounted thereon;

an upper electrode optionally coupled to the first RF source and positioned
over said chuck, said bottom electrode and upper electrode being adapted to generate
plasma in a space between the upper and lower electrodes by supplying RF power to
one of the electrodes by the first radio frequency (RF) source; ‘

a dielectric support ring surrounding the upper electrode; and

a plurality of coil units mounted on said dielectric support ring, €ach of said
coil units including a ferromagnetic core positioned along a radial direction of said
dielectric support ring and a first coil wound around said ferromagnetic core and
coupled to a second radio frequency (RF) power source,

wherein said coil units generate, upon receiving RF power from said second

RF power source, electric and magnetic fields that confine said plasma.
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5 11. A plasma processing apparatus as recited
in claim9, wherein the frequency of said second RF

w@oweni®air ce ranges from 10 KHz to 1 MHz and/PCT/E$2007/015928

10

15

20

25

| east eight coil units are nounted on the dielectric

support ring with the sanme spaci ng between adj acent

coil units. 10 12. A plasma processing

apparatus as recited in claim9, wherein said first

coils are wound in the sane direction and wherein said
electric field is fornmed in the circunferentia

direction of said dielectric support ring. 1513. A

pl asma processing apparatus as recited in claim9,

wher ei n each of said coil units further includes a

second N RUERSN ST d r mprisin
coupledq?o t se oﬁggﬁ€?§%§g?ﬁiéirce ?ﬁg§¥f?sﬁmggﬁfo prIsing
bea ngncaxctmmgemltmedm Sﬁiei' diglenigiscupport sing and@dapred to increase an
sec coil nd of the

f e?ﬁgcg’ﬁ'erﬁa?u i C g%?eeaa&vgtgﬁ gpés%%g%:cg%sgpar ating the first

and second coils, the first coils or the second 20

coils b i ed RE power throu

arrange g\ HES procggsin %‘?aﬁtﬁﬁ ) F‘%@ S@éﬂ ‘\r%}rg Igpg”ge’ie'“ the

as file§edricy bfisAidEeddrtl RB powkesdirte tanged frosi 1 KiHzstodr MHz and/or at
connected in series an

d
o BRACF E RS AT B PIo4 GBS SR o, SUBEL S B e same

ar g &Q@S&tveénhayaéaﬁlcsﬁuansi wound in 25opposite
dlrectlons 15. A plasma processi ng apparatus
as recited in claim9, wherein adjacent coil units are

wound i 0P Bﬁa'sﬁﬁ HbERShE Qﬁﬁarat%g 16 recﬁe@ iR 818m 9, wherem said first

processi ng apparatus as recited in claim?9, wher ei
saicdil§ anesyouRid lpdbmans@émcélqnsmd véienejh said depten @ylw formed in the

S0 %{rcl?m%relﬂmfl d&g%;tforﬁl):f {aqcf SRt gHleng |'e-frequency

RF“sources a eren requenci 17. A
pl asma processing apparatus as recited in claim 16,

|t er poskd DEIEE P ORRa e PER AR Bt SIS Sepersip goch of

uppeid il hrisdurteérdaéindetea sézond coil wound around said ferromagnetic core
and coupled to the second RF power source, the first coil being at one end of the
ferromagnetic core and the second coil being at an opposite end of the ferromagnetic
core with a space separating the first and second coils, the first coils or the second

coils being supplied RF power through a switching arrangement.

14. A plasma processing apparatus as recited in claim 13, wherein the first
coils are connected in series and wound in the same direction around the
ferromagnetic cores and the second coils are connected in series and wound in

opposite directions.

15. A plasma processing apparatus as recited in claim 9, wherein adjacent

coil units are wound in opposite directions.

30 16. A plasma processing apparatus as recited in claim 9, wherein said first

RF power source is a single frequency RF source at a single RF frequency or

multiple-frequency RF sources at different frequencies.
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18. A plasma processing apparatus as recited in claim
16, further conprising a capacitor interposed between

wa@ahod/ofdonst RF power source and said upper or PCIER2007/015928

10

15

20

25

30

el ectrode. 1019. A plasna processi ng apparatus as
recited in claim13, wherein said bottomelectrode is
coupled to the first RF source and the upper el ectrode
is coupled to a third RF power source selected froma
single frequency RF source or a nultiple-frequency RF
source. '1520. A plasma processing apparatus as recited
in claim19, further conprising one or nore matching
net wor ks i nt erposed between said third RF power source
and sai d upper el ectrode. 21. A plasmm

processiing A@gﬁﬁhﬁtpk’&e%ing eppdr@ds bdireitad M J19im 6] fukher comprising
conprising 20 a_ capacitor |nter‘§osed bet vvefgen sai d

{ hPRGORIOR B Ih i A WORFdnSERted BERYec FEE T8 IRE Power source and

22 caiBupbasdBoREPEIRESIRY apparatus as recited in claim
19, further conprising a swtch for connecting said

upper electrode to said third RF power source or

ground. 1%5%?’%’56111&!&5&@&@& gﬁﬁagéﬂug ds ?&ﬂ@{i af URiAS 6! Rtk gomprising

inclaim9 erein sal I's an electrostatic
chachkpacitor interposg@ibetweqn sedrfirg RItpesensgumgspamdsaiduppsr or lower
i é'n claim9, further including a gas injection

r eCtetcg,

syg em?or injecting a flow of process gas into said

pl asma processi ng 30 apparat us. 25. A plasm
processing apparatus as recited in claim9 .fucther . .
Rompr i SiHg b PTA A PG5 IR 2BRRFR GRETLCH ihgleim 13, Wherein said
SUbbRLIAGIaGrodaiisiclpted foi the finsl RIagetd and the lupper electrode is coupled
26. A et hod of processing g'senicogﬁgctor substrate tio]
cofp? tFHBE POSTHBOWEE AT Homd NAG I 67 IUEHBS (Y SHIGEPr @ multiple-
t NgeRLaRPRPESESSSI Ng apparatus according to claim9;
generating plasma in the space between the upper and

| ower el ectrodes; and processing the sem conductor

subst ratyg VA bihstlaGrBlSiNB apparatus as recited in claim 19, further comprising
one or more matching networks interposed between said third RF power source and

said upper electrode.

21. A plasma processing apparatus as recited in claim 19, further comprising

a capacitor interposed between said third RF power source and said upper electrode.

22. A plasma processing apparatus as recited in claim 19, further comprising

a switch for connecting said upper electrode to said third RF power source or ground.

23. A plasma processing apparatus as recited in claim 9, wherein said chuck

is an electrostatic chuck.
24. A plasma processing apparatus as recited in claim 9, further including a

gas injection system for injecting a flow of process gas into said plasma processing

apparatus.
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1027. The nmethod of claim 26, wherein the

sem conduct or substrate is a wafer and the processing
waeompni®es pl asma etching a | ayer of material PET/UR®07/015928

waf er .

25. A plasma processing apparatus as recited in claim 9, further comprising

a plurality of confinement rings surrounding said electric and magnetic fields.

‘ 26. A method of processing a semiconductor substrate comprising:
5 supporting a semiconductor substrate in the plasma processing apparatus
according to claim 9; .
generating plasma in the space between the upper and lower electrodes; and

processing the semiconductor substrate with the plasma.

10 27. The method of claim 26, wherein the semiconductor substrate is a wafer

and the processing comprises plasma etching a layer of material on the wafer.
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