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H GH ASPECT RATI O ETCH USI NG MODULATI ON OF RF POVERS
OF VARl QUS FREQUENCI ES BACKGROUND OF THE | NVENTI ON 1.

wor@sa2mb3 t he | nventi on The i nvention rel at es POI/ES2004/025406

met hod for etching features, such as high aspect ratio
features, into an etch layer. 2. Description of the

r eHAMGHIASPE CTHRAATOSETICH USENG I MODTALATEON OFtRIE POWERS
formati on of sem conductor devi ces Ntﬁ !SS known to

apply plasma exci %YW@@EQEQU]? BBt f er ent
frequencies to a region of a vacuum chanber for plasnma
processi ng a workpi ece, wherein the region is coupl ed

to a gas that tBACKGEROTNIDOFSTHE INVENIRONor ocessi ng

pl asma, The rkpi ece is usually a sem conduct or

waf er, l-orFl?}fl\é?g@tIPY@t‘ﬁPate and the plasma is involved

in form | [ ' t : ;
wor kpi SRS o ki fof ERRMETRuRS I 4y g agpectratio
t Ratursspinds fil etick fdyef.r equenci es are supplied to the

region by a pair of spaced electrodes in the chanber

or oneZell¥serRfym qfithe ratehathber and a reactance, in

the fo e0i ], ' ]

et | S Pyl ol AaLES UL Sl pcrhepRRty Mg

i N sonk i$ kisdvantoepphyesadnisexcitatiat Beldabtswoeldifierentefpapictaes to a
on the workpi ece. H gh frequency RF p\{{)ﬁ\/}g, (havi ng ..
f et @V ac i ghgakerdpr RlaRaRIORESEIE WREKPiers, Syhesqip (e region is

t i . i "
R ol B R BB, DSt
(uguatihe sedivgadudtorhifek bz dictecairgila iandthel pladidzis involved in

typically controls the energy of jons_in the plasm o
R tedypirquifceqiirer on deseworkpiecn e s lyp fherpigsma excitation
feat.ur ' : i

SR L AR SRR bGP PR

otletth&iep iagerhphbEas Dnb gleatrody ik phecambAmmbs teattagce, in the form
| asma paraneters requiring precise control are_the

p . .
pb5a peil, depatadsautsidg the shambgrp dde grcifedplasmgrapicaldy ¢y etches the

speci es),.t.h f j .

SPEBERY A Rpk e S AIELSY s b1

f etiiees HAES frafebny$ RFGPowre hakaicel fréfusndyninfeabss odbpproximately
of integrated circuits, w ndows involved in processin

t he MiBokppicdlly eonérolsetby densitsi g fhe plisme, 1.oinibe @lasmaHirg while R
B b SRR SR RYBL TR BB E  RE5P ity

f eatvame) tﬁf)iéﬁﬁy ol Y bi@ERHt iSnd BIthe pMsMBbed irkident owitle

the use the same reactor, i.e., vacuum processing

cM@FﬂtIB(vC,e- for different etch applications. H gh-aspect

(r)gte In io n g\'é'%ﬁé 5128 gtn the gg’atut}gél gon?inﬁésgtg d%greeans!e,n ﬁlepeea% Iﬂlc"reoansed
requirements for precise control of various parameters of the plasma processing a

workpiece. Amongst the plasma parameters requiring precise control are the plasma
chemistry (i.e., types of ionic and radical species), the plasma flux and the ion energy
of the plasma incident on the substrate. With the shrinking feature sizes and use of
new materials in fabrication of integrated circuits, windows involved in processing the
workpiece are decreasing in size, while pushing the limits on presently available
plasma processors, particularly processors for etching. The shrinking feature sizes
and requirements for new materials limit the use of the same reactor, i.e., vacuum

processing chamber, for different etch applications.
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di anmeter ratio. A mask, such as a photoresist mask or
a hard mask, is used to provide an opening pattern h

wo b@sppsel fication and clainms, a high aspect rBCT/wS2004/025406
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feature is defined as a feature with a depth to
dianmeter ratio greater than 10:1. As the integrated
ci rcui tﬂlahmt 19te (Hﬁﬁ)mnosmngsi@vmlwmdep@ to opening

C it T oA gtk s B AR DB et ¢ B Pyl BBt Lmprovide

i %n@b@ﬂlﬁc%bﬁtte@n %(ﬂlib spEBRicHRdr HdTIdiRA] HKiBR abfcRPra@iBeature is
bott om profile angle, bowi ng and nécking) of the

c olnfinest #s\4 fgathr withl e depith to Flmmemr a@trragtpat@p@an ied. (e.qg.

I t
G ot v Bnoieried o Shsarpt Sriskey b CPadn DY pepteol along
| €81 the btchR@pdh Bi@CIshb@ rARS &ntRt holb SFRRIHB6 e erl BRallenging
substrate etc.). wever, for the sane substrate

ppogeen iediclectis githa Jima Vpnmpsdmtue:s (toprapd boiltcbm GIyrprofle angle,

| h h
" Bor e Roel g Godre it g aebd Bon dfeme Brprg i oo
eﬁ)ﬁ@lﬂa‘”ﬂl@mﬁ%yt R8s feReelal fidd,ich éﬁeré}l"(ﬁstﬁg{lﬁ&l ét@§ i@ S§ssirate

that |eads to either etch stop or taper profile etc.
Tipoapertidsd depimigilen] obﬂnchdue;lmhlsc materiah tdn@elrautemféhie $ubstrite etc.).

ehen depth and Lequired profile providing an i Iproyed,, o

f QLRGN Ah, Aot FIRE GRY )da@'?ﬁ@hl tagbeEﬂ%uQ HBI&Q&%’c&fmé 151% gresses.

present Invention, a rethod for etching a high aspec
r athisocaisstalowet ¢k g asthaagiect ntio ofithedpdss ihaedzes tat haedis to

oV a substrate is rov The substrate ce

i ﬁﬁéerpeﬁ%ag%%tﬂa%? ey Ao dreiBang goshes s RESe flored to
ét 1RHerfh & 'ié‘»%‘m n}% aaugncy
e?en? t %%ﬁferéfﬁ%?t é%b ncq%gé]‘{je athird

f r equency d| ff er ecBUMMARY OF THE HﬂVENd‘I@Ncond

frequency gas .i,s provided. 1o the process

et chant
chanber DT S @{%ﬂﬂ&f@é iR %ccalfd@vwd\@aﬁ th bl the present
fi
rlﬁe\%hté{)llg %qﬂaﬂg(y fdr%t@ﬁn dfugfl At e@ 5 féa?ﬁﬂ'@ Ig“t E%? 2 Eﬁglg B a layer
f te e ewnhyd (I)VEer atsulastltal’ﬁ i @rpadeer 1]}1e\seﬂ>stravd1@ peacad il £pidtess

two of the three powers are greater. than zero, where
t FBambgrsyhich atable ierovideRdbpqiyes af f firsh &refugnsey. 4 togid frequency

o S 9 e, o SRS o i, st and
peeend feeincy! M aeaonngasfis prpvatedyo il prbcess Ehdnibier.pAWRSt etch

l evel,, and the third frequency is at a sixth power
| 8trelis Prapiisiedi whete theofist frefnenetis pha lirs apwer lﬁﬁ%l P seqend

PO 81850 08 R 9000 e L L B

f fahigrd dides3t mdooﬂxhe tiree powat ae@r&iternBin 2220, Mghepelthelfirktetch etches
the fourth power or the third ovver not bei ng equal to

t efeafjsetip ﬂp?olwéqr to jipy éWbed toet Biskdnnth. ef spcoad erdissternis provided,

SR ] Pl Py S g s

OfpotveElevely ait the thirdfte@RBey Rlatis sike pdBierhévey valefraﬁfaure@st one of
in
the fourth and sixth powers is greater than zero and the fifth power is greater than

rthfg&? pgwer level,

zero, and where a condition is selected from the group of the first power not being
equal to the fourth power or the third power not being equal to the sixth power, where
the second etch etches the feature in the layer to be etched to a second depth greater

than the first depth.
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an etch layer through a mask over a substrate is
provi ded. A plasma processi ng chanber conprises a

webasizas2yal | form ng a plasma processi ng chanb&r/us2004/025406

encl osure, a substrate support for supporting a
substrate within the plasm_processing chanber _
encl| os it anotherppanifesiption elfhe dtvention an eppaiptas fergtebing a feature in

R PR e Rub b AR o TRl R BREE Rt cBusing

PLREFer ROMPESE A\habibe el fRREAOS PIaSmh BfocesksiAéHaiber énclosure, a
plasma, a gas inlet for providing gas into the plasna

p selestratsi supprh Envisuppasties o substrateayithim thyadasma preeesgigg chamber

exhaustin as fromthe pla ocessin hanber .
oAET et &b s ST L e SR Y BROGH prpccssing
t BRarBIe ehélbflire, Ahdakt Gile dMAWBHe £ YPiGRIIRE PYIvELD tROPREMa

w thin the chanber wall at a first frequency. A second
pbvesesssp thember encleiere foowstaining Riptespiaea gﬁﬁaﬁé@ fonpapvidiae gas

a.second frequency different. than the first frequency.
A R eSS e s B0 Des vl Natricu Rb S oo
Weidoln @k poashidipréteksifsl biemener ehdlbRESNA chaduré id Rt connection
frequency and the second frequency. A controller is
conthrtbe Basiblet.c rfireicuoacer sourchproyiiss pewet withindhd ¢hagtber wall at a

BelredBE S SO R S oD AMLE e e o
PEQLAE HRuSRY dHRFRMiER the BeaRlegudRyl A thilipeleE UMWREd (HE%ides
conmput er readabl e code for introducing an etchant gas

t powegwithinghgelmniber sta]l at e Hpwt feequercudiferent hde tifedfirst frequency
performn first etch step. and uter readable .
C ot T oo raurity: & SouBHEr s eo- SR SOt T Ffe Sppigter, the
SRR pEREPEIUPES tHY BVl Jo e B&Ir8Y, ahd 818 thi& pbivESdouR@MaThe
source at a first power |evel, providing energy from

t hentsdleo panpises at kastrone paicessos embetadnmpeveradableahediandhich

providing energy fromthe thir ower source at a

t ﬁ?marlﬁéwempv@g efadablp gpdg for IWOﬂH&ng AR §I°8ﬁ8\ﬁé§ aigdithe gos

a ' I :

s Mmplle! EaBBIECad P orfi Rl LA Fph 18P af Pl fupytcr readable
t bedd fay providing e sefoati etthtsepa Thic fisst ethbptdp. cobgniset providing energy
readabl e, code for perform ng a_second etch step,

c gwmﬁ?@ SESLPOWET SRUEF & RdEEiPIES Ve @rqvﬂflgg CRIRE Frogth}? gesond

a I rovi di ng. r

2bofel i BRI YRk 1B B SO0RENEEN, A5 B power
peatelatrighed pogyr fevelnwhbein inithelfipopererdew] ard éie third power level
sixth power level, wherein in the first power | evel

afts greadern than gerpowkereindhe firsheteh irusad & otelhafeafe én the layer to be

(DEDPLD S, A LBl B ed LR Wl s
| easpriel @rofiding @nérgyi ok hB dirs ipsiver e at lacfueitis pdser level,

greater than zero and the fifth power level is greater

t RERYiding energnfonHbe s¢cand Pewpiciotcsmt p Siftharoser &Yeg aproviding
t he fj . 6L I

DB B o S BRUET hBEg?B L PRI b e

b gdveDarRiciathitdidveor Sévet Hrelp@odedr theeMgto, wittedigthe fitbeetch is used to
second etch etches the feature in the |ayer to be

eelchadeatarean seccloyies telbp etshert e st dapéln viliseein at lsast@apohthe
fourth and sixth power levels is greater than zero and the fifth power level is greater
than zero, and wherein a condition is selected from the group of the first power level

not being equal to the fourth power level or the third power level not being equal to
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These and ot her features of the present invention wll

be described in nore details belowin the detailed
walemsn2ss on of the invention and in conjunct i BOT/E1004/025406

the follow ng figures. BRI EF DESCRI PTI ON OF THE

DRAW NGS The present invention is illustrated by way

ofheemethppwel lanel, Wb@rewhwagcood etchefchas thedeating in f layer to be

t co s and in which |ike
tgﬁ?cgﬁ’@eseﬁ?fﬁgqegﬁg ng g" git‘ilrﬁiiy\‘ﬁieg ‘el enents and in
Wh' ch: Théds and ottfer feaRBEd bBthé Yre8&l eMRAI6n Fi1RBE a8BcAbedin more
vacuum pl asma processor in accordance with a preferred

edtt@ldls badon i um thetdetnilpd deeniptipmofthe imventien @id & eAUBCion with the
kﬂock ram of the electronic circuitry included
ﬁo%n%g YF5l ler of FIG 1 in combination with a

schemati ¢ r eppRIEMDASCHIPPION tfr BHEASRAQVIRRES s of the
vacuum processor chanber i1lTusirated Tn FIG 1. FIG 3

I's a pdhe peesént Isvehtomis iﬂusita&fgﬂamvm}f ofésmmmancpnmay of
0CEeSSOor. I.n .acco ce W th another enb ni‘h‘ﬂ %
PG i b 087 o ooty g AV aPart Bt sherefifence

an%@féfs%%fe%‘%@&rﬂﬂﬁr é@m@ff@%ﬂ& MEwhicaf the invention.
FIG's 5A-D are schematic cross-sectional views of a

subst r 8@ Wit ln partieliy lscheaydic diagremwbf ehvaeuhingplastep ecocessor in
ratlofeatuels et che FI G A-C are schematic
c ProLdagge it ﬁaareﬁ%%mg?dlglegub@b? Biegent fiverfidt-easi ng
aspect pi@ts 94.0f tdrhea fbﬁﬁkl{ﬁﬁgﬁtﬁ JiMfe elcthiolt REE 1nclu%ed in the

progresses. FIG 7 shows t pl asma speciation for t
s aoreratlee i UGy 1 ancossigatipovwerth laeschbraatas rdpuesettation of iR electric

ety %85’%155{ﬁrs%fqiﬁaﬁegﬁﬁﬁa%eﬁ@p2Sa? "ai frerent
frequepgdes. IRFI Eamﬁll?@gl?%ldft c & %fhte 6f 4 %ﬁﬁﬁt flasma processor in

system whic nment 1 ng

C a¢tiot drinbe tvith RidiAtil drbbddnBER| IF ThdPresant iEivIEntRREF ERRED

EMBCODI MENTS The present invention wll now be

descri B 41haa@lﬂéwel WPV PhRE 08 A FFRAESY W5ed 1t BPBPRABIeRIERS the
eqRediigents thereof as illustrated in the acconpanying
drawm ngs. In the follow ng description, nunerous

speci f FIGdet/aD Se aclenet cfas-kéctionaloniéeey oft Dsubkidate ehéthaan etch
thoro@g}h under st andi ng of the present invention. It

wWiayer B0 whishadygh aspestadiiq featige Eistdril led in the art,
{12t BRGS0k PR T 5P BEL1 G MBI crsing
| Bsfean@es ofﬂ@lfbatkﬂé@wlwtac@@aem)mesam/ or structures
FIG. 7 shows the plasma speciation for the same chemistry and same power
levels as function of RF frequency supplied.
FIG.'s 8A-B are graphs of ion energy and distribution at various powers at
different frequencies.
FIG.’s 9A and 9B illustrate a computer system, which is suitable for

implementing a controller.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a

thorough understanding of the present invention. It will be apparent, however, to one
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have not been described in detail in order to not
unnecessarily obscure the present invention. Reference

WO soosomeende to Figure 1 of the draw ng wher ei PCPUSENR025406
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processor vacuum chanber 10, having | ongitudinal axis
(i.e., centerline) is illustrated as including
elskidied il el ayt, whtheProsert imeentionviayl beactised woffkput some or all of

el trod od nbl
s SPe e TR M oRRESHBe o REP SO n BRRER el Sidotures
1 havd¥dd bedr dbferiBbPuNTEeS! inlor@or to Abt UdaedddsShrif obRURS 8O pRosent

potentials. Vacuum punp 9 maintains the interior of
ch@vﬁu@pnlo at a vacuumon the order of 0.001 to 500
torr roceSS|

el uddeereR aaY ras e et Dhf Bentr e Boplagy processor

bedpeah ¥hah®sa 0! RaviddelohgRidias axifi.Hodcnmi)) 8¢ ti§ DRStrated as
assenbly and a top boundary close to the bottom face

ofmcﬂ@cimg elsctricaliiecanslyeling metaliwall h2, bottdm deniroda a§semfoly 13 and top

d f
sotebhfrBelblae ubiofo 35PAR SnrneryPe caf favity mdis 11

aswau hotd gmﬁdeacw OADC hiid RP 2XferhcdbdtBntdXd, SVﬂﬁdm! Famp 9

secured to electric insulating ring 17, which in turn

i snageionsdlk mbermebédzharrgxen Ut diealvasasm cmfthc hetebef 0.001 to 500 torr

El ectrode asse ud I ar entral netal

BBk Birberi i fubia drengbr bR aretpparsion s
SYEfAGR af BftofsRnYAR) 1R & e %p’ifac@’@f BRids BlediBode assembly 13 and
typically a sem conductor wafer having a dianeter

sasp aowndaty glosgudle batotthfacel Dﬁmptedaerctmﬂe astmblyelde ttersodke

SPH%%F 2l R Bea AL PR B B dnnect od 1o a
DC chugkitfagy ¥19+&0Q19 %ss%ﬁﬂ')‘i}‘?% Sffkﬁherﬁﬂﬁ}\é@heﬁ 98 afd BERI Glectrode, is

wor kpi ece to electrode 16 U g el'ectrostatic forces.
Theaﬁehwﬂhakmﬂéanduﬂkantduﬂﬁcaﬁcamdhﬂnghpgéaﬁwhmhu1umnm
controlled in a manpner known to those skilled in, th

afECusa OdRfat BTavgdeebase iy obehanebesdly glegtrpé@?%ﬁnbbfol@ “ncludes
S ROV Bt ?ﬁétte{l%ge%trpae YhaPls cS?SHglh Uk 2ad 1‘1’%*1?’ 52%1 upper

responsive to an electric sig at contr
d enifye@sfor mom&mg@ns&uta@ Moﬂ)placet ISoppicatiy aeemei)nmmtcﬁﬁwafer having
the controller by set point source 25 and

lied t
( z)do %n'l%éé plantgllyaqualta ﬁlﬁeqhameﬁeé of metahglegrqdet 0o g henyyorkpiece

[
20 e R Ay B0Gn 8 LNREIRN HOTBRL Tl ERGRR feiop be
13omhezced to alIid ebuckirgotoliage sdised @bOshokin) GordBampivp matm@ce 18 to
made of quartz. Ring 28 is secured to the top face of

i FigiradeFo pringelectros aéi%f@r&sﬁ alhefermeraiire obelectrads 14rnd
! Q\Qﬁ{)ﬁng%egf?gr% ﬂ&?@f&h%% gpann r el?lg)%tottﬁosé *;1%11‘3&1 ﬂg@te% 1 bg;

t RennsetikP heltien kSurps DPR 'ci bégio‘ﬂ (ﬁbtas(h@wn}iin@@dt@abﬂls bl A&y of
i nner $er| phery of ring 28. The portion of the to

f gerdw 2} puegvadia 22, a@pﬂmwge tp@npirgtrichugral gt eentrollers 5)4 fergves in
agreespggéleet ?‘P) b‘éémp Isa!tjurg rpogﬁt rslgpp%led%] ﬂqegt;on{f'gﬁerq)y set point source 25

and (2) a measure of the temperature in the electrode, as indicated by a signal derived
by temperature monitor 26 embedded in electrode 16.

Bottom electrode assembly 13 also includes electric insulator ring 28, typically
made of quartz. Ring 28 is secured to the top face of insulator ring 17, is coaxial with
axis 11 and has an inner diameter substantially equal to the diameter of workpiece 18

so that the periphery of workpiece 18, when the workpiece is properly in place, almost

5



metal ring 32, respectively. Insulating ring 33 is
overlaid by netal electrode ring 34 that can be

wa@owsned2dr coated with a [ ayer (not shown) of PCT/US2004/025406
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dielectric or conductive material. Electrically
conductive ring 34 and the layer that covers or coats
i abuis therimnier nsfipheryaf ang a8. Theporderof thettop &ive afitingd é outside

+ B 2P S R Yad Bfrife PR cblebE B oo i grounded

S %[Bteﬁ MWL RfspectivBly, ThsdlaiilB$ing 38iid bERMid BY ffalalebty®leting 34
ring 34 is a netal covered by a suitable

néirt conbaeiveatd argontad etithal layaRitay SBawn)sofeilée@trlp onpongductive

| nﬂgag‘?rgﬁ efﬂ t‘flgﬁb’g @Hgléﬁqﬁe"g é@%ﬂl é ﬂ} ttg% é:ggeergﬁgcoats it are made

eb%?ﬂa‘té‘rﬁhﬂ kAt 0RNRE t&farthPal B Bistesstiy B8thad %lddﬂﬁ@ﬁ rédidies. Such
ci rcunst ances. Rings 33 and 34 are coaxia axi s

12 maerihl éxa emtabtamelaz@dyéaighyconémmém sethisonducter, eggéntgfisic

bot t L tr
oSt SEREEE G e R R ot B b7 Ssuit e RErod R ating
ai‘ﬂa%eriaam %ﬂg‘@ﬂrigel@ctﬁeiﬂyqﬁhﬁﬁ% ﬁ%ﬁ?grﬂﬁ%d%etﬁl 32 AdikMctric,

conductive intrinsic Silicon that does "not contan1nate
t subhiegirsgR wilet deetaipl cGrsmmsiancaesagi elecBically ewmecidé to grounded

i ncl udes .i nternal passages.(n S and. nuner ous

SRR Cparis B ERGE. S, Tt STRKAL P 4 11, and
flelieHq Bbﬁ%rﬁﬁl ét\%hnttﬁe @ut%fjédgﬁ Bl ﬁoﬁ&i’H refe%trége 2keRbYABSHd ring
gases that flow through the showerhead openings into

régi on 8 where the gases are converted into a plasma

t hat processes workpjece .1 El ectr.o Lncl ude .
hoat i g ORARGRIS SSFPR PGS FRE Acagp dheoraar yilaads 11
eLeghidif §'b9ﬁ§h f&%a‘}%{l‘% g‘? bleBticatly SoBbiRSintsic sﬂlcon that

arrange Vi a I'n response to a set point
sidgesadot supinede the chémistgof thelplamaliy regdn PoEldctrodeid € mcludes
25, as, well as a signal .indicative of the tenperature

ﬂntéqnéhwasw@s ot shavnyand pagerys shapehead prenBan ot s@wm both
| £ u%g%grlh ?luﬁfﬁg\ggéﬂtl(gng’ﬁo a’%ﬁﬁ@lﬂ‘g gé(ur% 59 of }g}%(l::%ég hat

axtirsugh meeh@wahbad di@dﬂlg@intq t@l[cthS szihelreah@ s mrﬂtoeh‘yerted into a
aligned with ring 28. R n has _an inper perip
aBliEmRikatPRReCE e é\foﬂﬁ‘é?qeplﬁe rE}ecéqode ndpcpdeg |aé1@%f%9é1d§6 cooling

I
5B 0 g ol ey o enaess spgya e

ofarragenhent 45 via I8¢ %111&‘6@3011§E6tolam&ep01n6§i'g1m stippliet t@t}ﬂ&ontroller
wall 12 so that ring 40 is at RF and DC %round
p&Y epitnoant sowee 26 oasrell asrmidgnal sndécagive pthalterppeiaiumef edectrode

CQYels e 1Q/¥d 8}/ Fe% eré‘t%le &aﬂ% uéga d&e 1% alg's]emtszg g.cars I es

an e rlca REoh € éle

El ectr @c&eelﬁbl 944\25(1 1ﬁc1adéshﬁ§um@1aﬁ1@gi3 snand:l@w[ Al 40.t Rirg 38 is
| ayer (not s of conductive or insulatin g mat eri al

t ﬁam@ldféléh e lé,dm:f&rﬁbham@dq denperaped mpr@ﬁlm ahg@dﬂvlth ring

ﬁg%%ﬂgog%gasv\gl]l n Té)egy guc[&llg g‘ﬁ: d)uger s l at gf’ centr%malectrode
d@lemiétﬂqll{g 40)98axif1GHitISAAVN), ha umbmm%tmﬁphenes respectively

abutting the outer periphery of insulator ring 38 and the inner periphery of side wall
12 so that ring 40 is at RF and DC ground potential. The lower, inner face of metal
ring 40 is covered by electrical insulating ring 41 that carries an electrically
conductive electrode ring 42. Electrode ring 42 is either coated or covered with a layer

(not shown) of conductive or insulating material that does not contaminate the
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certain circunstances and is electrically connected to
ring 40 and wal |l under other circunstances. Fromthe

wo eoosgeiensy, confined plasma region 8 has a topPODURIIAS/§25406

determined by (1) the bottom face 36a of el ectrode 36,
(g% the bottomface of insulator ring 38 and (3) the
iy aﬁféle @iasmae@ regeied.r Ring 42s el@ﬁ@lcallbmsul@w from ring 40 and

UL R P B 08 e

i B&%@El@é’urﬂidtﬂ@eg&@@ @leciicalli Corineptedl &CEn@E0 @ﬁ@%n e9@nder other
ring 34. Mtor 43 controls the spacing between the top

ﬁldcmamﬁ boundari es of region 8 by noving the bottom

20, bR B LA AR Rt Mot S BB el

48y (H&H@Wﬁ)nﬁ acd 38h BN él'ectfdd@%cflf)&ﬁ@ddt@hl Bde bPinS@htok FiAg 38 and
spaci ng between the faces of ectrode assenblies 13

ah’d tllmb@ttonafﬂce X)ﬁ eletiedaring 42, ded ebeitere dovpdarndetewined(l) by the

h
oRbBESe RO Re Tk o RS BoRoca I B GheToP BB R msutator
D aHE OF aR@ (3)TH@to§,l fH@sofflectofd fineds. pi\/ﬂﬁédfﬂBf&ﬂtr@B tBe #aling

bounded by spaced, vertically stacked | ouvers 44, nade
obetsvemm thertbpand hettombesndages efongianiSiutreoving thefhottost fage of top

f. the pl 8. The a4

o clehr g asrorny e ot rellite fo B Ry e naheliohg Setfode
( RésehBI ya@ M(ﬁofj&?fe%‘ 5rfds@o a §1'gﬁ£1 fﬁﬁn gotRfdie) 29 fo §6@ V‘@ﬁémg
el ectrically conductive (e.g. silicon carbid hat

t hetwleaw therfacearod ekkcrede aseahblyes ddwed éd at ax e)tpleumentally determined

5 Pl e s Hotlile Bt eis %Q%Peqﬁre g Prsgesing of
t Woﬁg{ﬂ&et 1R€aSAQHR A BRLYRL BoinPBESS (4. However,

un-ioni zed gas in region 8 escapes through the slots
bet weehe sldveoﬁcodcmine@p}aaga tagiod6s ane bohuddoldry dped;adewmcally

wal | and ring 32 and i ed fromthe inter
C koY GRhrs 6 St RS Dt SoUpBAlfoLe Fhthisty of te
ﬁlasﬂng lr'ﬂ’?er n484 PhElohb ek Xreslﬁé’(féecﬁ frﬁ%hﬁ%ﬁii iOLRRE eleBtrically

e verti direction by a suitable spacing
arrrsahgng@ﬁfe(erbdy a dietastr]c, sundh aanqaardz)loremnawhamdhcdmaﬂy conductive

Gt b HEoR TR o 1 Hle I sEs e 8P CaBIPY A dlhelectically
" 80O Buicl GBI ERSY !B 1 AN tcEnS QSEALLEH Bt Bt plsma

pressure set that set point source
t fowsrirongt e sis betdreanloaudrp M Hogradr, mﬁ-lcpnml%as & reglon 8
gauge 48 in region 8. Controller 24 responds to th

p P%ﬁfeﬁrthr%léh ﬂtf‘oil?ﬁs befieeer FRuVBisHidle regighae Mgthapbes &ijﬁziween wall
I V4
R4 S S O AR O RSB OB Y8 grove

4én&ﬁ&nﬁﬁﬁn@§@nﬁa@a9of el ect rode assenbly
13. Consequently, the pressure in region

mai nt al-aBERH4 ﬂWeﬁPfEﬂdbS%?@ feqan epsdi qther ip élm/‘éqa%caltdlrmt@n bya
t o&lga@ es\dP 1l(ﬁgn gem knoﬁ rwc,n) a%d al% drftRY %p and ‘I5RR W3 fve to each

other and to bottom assembly 13 by motor 47 to control the pressure in confined
plasma region 8. The pressure in region 8 is controlled by a pressure set point that set
point source 25 supplies to controller 24 and an output signal of pressure gauge 48 in
region 8. Controller 24 responds to the pressure set point and the output signal of
pressure gauge 48 to control motor 47, and thereby vary the spacing between the

bottom face of the lowest louver 44 and the top face of electrode assembly 13.

7



so that the pressure in confined plasma region 8 is
control |l ed i ndependently of the spacing between

web@shewde assenblies 13 and 14. Control |l er 24P¢PEpINAG25406
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to set point source 50 to control coupling of various
conbi nations of several different RF frequencies from
s Siomsauanttya tipepressurd in regien 8 ivoemtained B4he [Bessarasespoint. Louvers

3% aiantigelo Ban RN AT RSt S G SRR R Rotor 43,
d IsB ftl?a'i ﬁﬁtpréﬂaﬁﬁq%aﬁiﬁd P1ign PSR AR ik BorkRIMed Mefd Be&&hﬂp of the
n the enbodi nent of Figure 1, controller

sépwgww?era@mtm@s asq@ntbdle$ ht ewl 14. equenC| es from

d
Sour oo CaPRgaEREads fy 16 BE P eal0 1 7op B RUP R pfverious
S @B AT oM s‘é@éralg’d%ffel%ﬂt RF GreqBerdcltR i mREbiR& 4rtat@8ment 51 to

frequency sources, but are preferably | ow power,
v atdcablie 1f6; %L&énmyl 43s éﬁHeIdaﬂfﬂbm Rmﬁe@renalbe h]g/plsdmo clectrodes 16,

arra clu a sin heS|zer
£ e DR D e it Bonitscnd R ity Bl PrRampg of the
PNREaIR %&ﬁfed%glxﬁ 825353 el AltRdin e b@bigﬁraop%ﬁtr&l@ér@4%aectlvely
power anplifiers having variable frequency pass
t hppliang tv dree freqeenties fforeguercyrangerhdnd 5$d)0ub‘1©etrodes 16 34 36
¢ FPd dn Soungh arongergglL s Ball el s 4R e Res feparaie souroes 52,

%ﬁ%ﬁh %F Sith | C%l?g(? fR&Y frﬁtﬁ% %?é’éﬁ?cé Sk 'afb%réﬁra%’f&ﬁlo%“)power variable

Typi cal reque source 527s in
r &‘I'eqtld:nbgloycﬂlmg amlgﬁnzhelty\semne Afdfhgdentdnt ﬁ]nnthdzs a tilngle low power

freqtuency of source 54 is in_a mdrange between 10 Mz
arfinthepzayihat cahdertiedhree é%}scéﬁ% 9@@%&9&% ?Elée ko7 pverfourees drive

I
:)%ésaotg%e% %FII%EE) ogvgg arra gemereftal Z)htHEFs h? S’gﬁ%%?egé&cy pass

S dhdethatede Vﬁ‘ﬂed&fﬂdhéﬁeq\mley ofthp emtrce/ﬁsymsteﬂ vxaih Ppavittaylar
27 MHz and . Various conbi nati ons of

f rﬂéw@ﬁbﬁsé@ﬂ%dT? His prsnspdh fisotuges R S8ried g9 hawl Awsgeiptgd
r %§8&0§ aﬁ& fp801r311 %ﬁe lgg48szru{d d@“’f‘é@%&ﬁg tgg ﬁ\e/%?e?@%gy scglfrci%SZ isin a

p'ré\l&ﬁ@ely veRngé B&dfeéﬁ? 00@KHS and 0O Mg tidh@equeheyyofboutdes4 is in a
plasma in region 8. The fre%fenm es of sources 54 and

56me1mﬁlg¢ betwepe 1@ %ﬁi@ giad {50 m@lqoqhaﬁ?ﬁu%@w@ SQUIEH daisdp a

SIS€ 1}/% %rlla e beﬁxeyé%! AR gﬁ%bé }Vﬁg ?«g !ﬁﬁﬁﬁl tested

S 'aﬁﬁhéélﬁshlﬂ tth@ﬁé@@cﬁg 6f §cirdcRB2P5Y AEIEW ErerepBEtively set at 2 MHz,
constant. In particular, there is an increase in the

p&r’ddhe agé 66MHZ gfarius spahinationasifdbe freanenpies pred @sﬂe @QWﬁrs of the

t 311{ Hi 3&’ g&g%l%%sﬂfeép @g?iés?rh% gﬁ%gf:cde%‘g’n}g QP plasma the ion

f reae¥e Rh@tHeanC Bids WoltBg b RRS ?I‘A§iﬁ§ inl&nfidéd re3fore®) dnd £he chemistry
wi t h vari ous conbi nations of frequencies and powers

f rofthespasneeiy 16@pn 84 and 56 enabl es the plasma to be

O B LS RULPORCS: o B B2 RLRULIS e e
because greater dissociation of the plasma occurs as the plasma excitation frequency
increases, if all other significant plasma excitation parameters remain constant. In
particular, there is an increase in the percentage of lighter etchant molecules in the
plasma as frequency increases. The high frequencies applied to the plasma result in

greater molecular fragmentation.
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nol ecul ar fragnentation. Controller 24 responds to
output signals fromset point source 50 and the RF

wouopors2of source arrangenent to control the PCT/US2004/025406

application of several frequencies from source
arrangenent to electrodes 16, 34, 36 and 42 in various
conbi NAtivivaslegddgsciondd.Bbiand 42 with earieas combinations of frequencies

SARGE B 35BS L 54 S5 R i ER: SRRl lvasons
?d_rpds@é,%ﬁg.,ftb SANEAE LB Fornd SrAPHSAUCER Platrha R flsiBN th&iergy and

rive electrode 16 while el ectrodeS 34, 36, ‘and 42 are
gholeedediragmntationl east two of the frequencies from
source 2. source 54 and 56 .drive el ectrodes 16 .an
36 whi § enaNg 2¥ e 48 RSl e Bt S Sy e R
QRIS 0 BRUERASranger@ént 30 t8EMRT (1R dpPBEatRINRELERIR HRubicies
36 or only sourcé 52 drives electrode 16, while

diauspwudesrrdemedt IPtomslevtgrenifd 8d; 3q ad 4 inctariodgc@dbingtions
dri,ven by.sour.ce 52, and/o ource 54.q9r is nnect ed
L FEEPRIOR, 8 SRATBI pmbpgIat SO AAETR O AphEates controller

fZ@sQH"H‘ et oSO B ﬁ%auéﬁ_fys,od'ut P &1 theée fréqd%ncies, from sources
frequencies F2 and F3) while the remaining el ectrodes

1%, 586nd amdrid@ electvadevidr winlesclentrodex 34, hsantdd B o igeends, (2) at
4, and . and (5) electrode 42 is I Ve sQurc

A5t i o D SFlueosds Gt PGty Pl LA g ugaes 16 and

fid \ﬁlﬁige HiaMidds 84 Eﬁkﬁéz _ e@o&?@df(@?oﬁl& BHE Gfléaﬁr%gs é%)c&' 56 Qirives

52 and/or source 54 (i.e., frequencies F2 an
viiiheeclettmdeddair 36 g orlysotuce d2 dlrivés el&drodarid, ®Bilheleetrodes 34

KPR BOP R0 oD SHISGER 2y GPUTER 82 AP sagroe 4 or i

R R e
amel/ B Botroe 84 Got. rfodtmendiés FB4hd FY wiild tW@renlabming elequedesyi 6, 36,
source 52, having a frequency Fl, drives onl enter .
erdderge V?srfmﬁ&p%%%t@%%tspwsé S S 56 and £9) dlgipde 42 s
e 1})?%019&% BYLn@br SRYEECSE s h&m‘é&‘é?lttcg obfd viaa filter having a

mat ¢ unabl e ground network via vo e, current d
plaaskaraingt theSeaaicyad sowse & hihd/a@ssoawiet5dh(@s., G2quendic6#F2 and F3)
Networ k i ncl udes vari abl e reactances havi ng val ues

t'Waite the geppipngelecodssolf, db a8A 3P RY SrEatEoUsEPRHCHDS to sources 52,

bﬁt\gﬁf%the out put i npedance of source 52 and the
expected i npedance of the plasma in region 8 for the

f r equeReyreate B advciRade2o IHARS 2lof G2 dewinges bRk @ltgram including
signals indicative of the current flow ng between
dheperiitp ohepntredlec?d fou selbtteyelr wunbingbewsiet s8sovrers 52, 54 and

V, t ut,put of source 52 and ground and
tsg)let% %ﬁe%trggés\’\gq? g4,b£§>tean% 412

ase an ween 't he sensed vol tage and

Cur r entovweegincH ot ingsink B@ﬁe@u@r&tfg@?ﬂyivéé@rﬂya%t@%@ecﬁode
phase angle signals to controller 66, which responds
tl Q%@ﬁpmoelw@%‘ pessepihly 1T ebudircgndptheswipid ef sRireens2 is coupled to

B PR AR R R B o 0, o
well as switches 62 and 64. Network 58 includes variable reactances having values
that are preset to provide approximate matching between the output impedance of
source 52 and the expected impedance of the plasma in region 8 for the frequency of
source 52. Sensor 60 derives output signals indicative of the current flowing between
source 52 and match/tunable ground network 58, the voltage between the output of

source 52 and ground 58 and the phase angle between the sensed voltage and current.
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and the inpedance of the plasma at the frequency of
source 52 in a manner known to those skilled in the

wa@edaosozdads ti onal ly, if the frequency of sour cePGRUBR04/025406
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fi xed, sensor 60 supplies these current, voltage and

phase angl e signals which responds to themto contro

t Penspa 0P apprics dwse aewy, \witagnistnhage malawerals® eagtroller 66,
mai.nt.ai n_a .substanti all reci se i mpende mat. ch.
bt Bl neha® K maAo sl e B uRRey (PRI 2a picdn 2

| FRSRARANE pRList Repdlaas@arth beReeech ﬁwxmédma bE Soudee 52
in a manner known to those skilled in the art. The

vand disl impedanee ahtheplasmarps thwolrdquessy aftsenrceal dhednanaesknown to

appr oxi . ely tuned .t.o the .frequency of. source.b52 to

ARE AkTE it D sl % e R B £ iseckOsensor 60
S@ Bsé Burbat Rolths£&id dgiM1gWhicRResHRdAEEIoRAE
fogﬁflﬁg frse_quenci es %f sdoﬁgggee?{%a glﬁud 56 spa?_ﬁat tohe o

f cenfodnibs waiable reanignses obmatshiig H6tvearls 58 i srazmainal supstantially
attenuated,,i.e. j ected by net.work 58, .As th

7 pLE e b eteneinmich TS R dhe PR P edpER oL St L and the
PehPéndel@\GaRe pRGNE Of the Yre@ferRP BF 1060 ST hdhle® knéPn to those
correspondingly varies the reactances of network 58 to

mekitted imthe ag. (1w verigdd ssacangestofi neigrork A8, whengueatbsd, efe

sour ce, 52 .and ggggoz;firnate chi ngzget \_/vegp tlhe .sour.ce H
oBPRREITAHESHITE L Bt e D AUHRE &2 &t PORESG) 19¥imppnce pat
t g the %éﬂ@éﬁ@% oPIouP QUYL both ditdctibRs MRIAhiLN iﬁﬁ&iaﬁ_@fpﬁgﬁh for the
when source 52 drives electrodes for eléectric fields
atfretihenciasedjsencss df andddrsoghB 2he regghsies of watase &4 and 56 are

el ectrodes and 36.. To thjs.end, e tro 6 is
ROy oAl el g PSR o Buds iz kiqires 52
baRARAS f felddnss 1ofibt ;C)aﬁvmag@s tRERL Sy 4 SAKAAC ¥oREYIRY 66 O

t he nom nal” frequency of source 52,” as 'set by the
operredpondinglyrvas erihn rtagtancer ofewtwak 56 He nfairdgiuene lowoifmpedance

source 52 flows fromelectrpde 36 to ground,through
£ PRiPT B ARANENYI9L80%0s 39 5%(‘0 @%@a%@é%%tshlpa between the source

T LGHUERG fanfQW S5 drfteth D Bl f 52
o R A b B ey of souree 52
sour cedt iS4swdly dsGrablédthen sduree I3 drowessleattedes 1i6tfor dectric fields at
frequently desirable to connect el ectrodes 34 and 42

t SheeeasBcyRe sgrisERd fo subsist bettvesk pieeliddes B0 28d AP 4ot end,
. oA T i .
L SIEEER SPGB0yl PRRSRH VAL S R EEA e e

P67 plesiisy a cndrfiekhaicy 24ud o tirdsnahsldtagoeeyfodsolte 8Dchs set by

DC by closing switch 72, connected between el ectrode
1 6he0Reraieto Urrsequeniy oisieiop dreafteaysneaet seukss g2 dlowsArom
dr | ' d
SR PR ET LTS RR AL B0 B pRIISHE

Wiiiel Bere 4 10€ 8orirdes! B HhAGBLERIaBerEfoiRuBkRATAIBAR0dE current at the
switches 62 and 64 are activated by controller 24 so

t BEREUIces 196 SOl oesaxcng £ 6 ddsise this/eirdqumstageg et isifrequently desirable

term nals. ,of resjstors, 6 nd ,bath_of ich have

57 Rl RoBE R B e RN K mraBiens Pl AP b rputrote
segensidgaiviicRad & &ld 716 sdspeaivelyadnastiedBEraedh dledtivaes 84and 42

to ground so that when source 52 is decoupl ed
and ground. For other purposes, controller 24 grounds electrode 16 for RF and DC by
closing switch 72, connected between electrode 16 and ground.
In normal operation while source 52 drives electrode 16, switches 62 and 64
are connected as illustrated. However, under other circumstances, while source 52 is

decoupled from electrode 16, switches 62 and 64 are activated by controller 24 so that
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fromel ectrode 16, the output of source 52 drives a
| oad mat ched to the output inpedance of source 52.

whe@sn2i6kese conditions, the input term nals oPCTIEE2004/825406

58 are connected across resistors 70 so the inpedance
from el ectrode | ooking back into the output termnals
ofwitdendRland 84irespedts chamgagsiimhiermielsrod gcstois $S@od ﬁ Pelepth of
to. el ctrod ddi tion ecause net

+ S b atiensivel § 06 SuhbORinsfTiR) SuRL §0r LadRebd terminals
ngt yaafskoé ég RAPY0 S8 oRndcRY th FRRGARE Sha bvheh goﬂir&@ S ek oupled
of source 52 from el ectrode 't hrough the tuned

C fmrruq:leqrt;od@fmn@tmtpm &8soured2alrives o hvadugticheslspb shooutpd

and a hi edan at.the fr of ., sources .54

P SR oBTeE R o et Hi RS (e B By agpvork 58
NelaMRhKediQl ShOunEsidbs a08h theSmipeliMce Fdm Megtrécfeem@@l@iﬁg back
source 54, having a frequency F2, can drive (1)

einge tlleadfbpljltﬁern(lﬂe)ls ofepwelkei®t is (dtb&aﬁ@ as (W@enlsotdee 52 is coupled to

:lfﬂgg{l‘ﬁr)%dg 3]%6 algidné}ﬂcg’}isgrnlg%% n 154 necs @%prm%tely to the frequency

eb@@&ﬁ@@'@sﬁ netvAR9s ﬁw%eglahs\@ H&Anxe at(the ﬁeg&éﬁ%% source 52

el ectrodes 34 and 22 si mul tane usly, and
elfieat ¢loctasle3d6 thnmdglzﬂﬂlestunndl digngyuslngtwork 58 h@ gmuad tlwpugh resistor

t out put of source_54 is coupled to thr osifion
ggﬂl‘i??ﬁh @meg%ﬁew he (e Rengy of ptressmd f@égé B Giepiiede 16

t %Hﬁ%?%hé t&%’d%ﬁ’cﬁl &%?1? 64 ?dj%rBangfh'réﬁf‘gh"f@él&Bf yginabl e
ground networ ks 78 at separate tinmes. Networks

76 andMid fmqaeno@esnunce a#, hamr@m:ﬂnecp]tehw FAradn diing (lalontw:lectmde
t hat netvvo d. 78 pr ov

niﬁc(ﬁ E@ggﬂf&ﬁa&% 5{%7;4%1 Rotly Flscincs éégﬁggﬁ%l&%ﬁw 3@?4) only
4455, e DL S BGT5  ls,

c bothesdécti@des %hﬂda%mhltaﬂwuﬂy,eaﬂmqa):bc&h ekttredus36end 42

and 56. Switch 74 includes a third term nal connected

t STHHLANPIHY- port of power splitter 80, having first

and se

opposi ?gﬁges%%ggéégmp&ﬁv‘}éﬁ o?? ﬁ(f’Eé §L¥11rsgroﬁ}%1%§ id Hn?& Sposmon cgixml RF

Th@itElo M agingtfiiet A ispddhd PAtHus te@fmrﬁam SeletcﬁVelﬁ Qo@0teleo drive
the same or different, dependlng upon the design and

sEvtqhiignalrle ermand petworks 76 anele/ Szt senage simespNetwaks dpand 78 are
CaRLRE cal 16 r%? la,lné ﬁ%ﬂa‘r be n&&«ﬁh?éé’ x&fpt ﬂq%'t Héi%h?sa}d ahd 78

by con sponse reci

Mpreide lﬁﬁtchhg aﬁ@ ﬁttlﬁr&bleeg‘roﬁ{cpﬂ’oﬁ the ffamemcyaif sbﬁl@e fsu r§§ such,
and second ouzt’gput ports of splitter 80 is respectlvely

s nﬁﬁw@aﬁéﬁ)w RASH pUIT amtbvw@gmt tos freguensy of sourp g but block
s, Sup Led.fro
7SR B TPk 2Pl ob s P SEM B s Hahiies i
l Eﬁ@ﬂﬁneﬂ @&Eﬂ.d@ﬂakl?zo ah i ’é PEE Kf cﬁzvé{ Hsplitt&! gOaEl@wmg?ﬁfsf et scRbsd
phase angl esensor 8 as we as switches 84 and 86,
r esiputponsednywhich et demefb@f OEpnsrtelo'tpéadsedovogﬁeo airtbe ﬁhﬁl@ﬁmgh of source
fromth econd

St ThpRw R i b orts B seitis? YO B B e of Hinferit

t @tEISEnﬂﬁ{g Won % ddstodran8Qettifg b helspRtddr; #RsBHiAB oS sPifiter 80 can be
net wor

set manually by the operator or automatically by controller 24 in response to a recipe

program a memory of the controller stores. Power at the first and second output ports
of splitter 80 is respectively simultaneously supplied to networks 76 and 78. Power is
supplied from the first output terminal of switch 74 or the first output terminal of

splitter 80 to the input terminals of network 76 via voltage, current and phase angle
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78 via voltage, current and phase angle sensor 92, as
well as switches 94 and 96, respectively connected to

w@e@dnezeehr ough resistors 98 and 100. Control | BeFULDR4/025406

and 104 are respectively associated with networks 76
and 78, as well as sensors 82 and 92. Controllers 102
aprNsA03L, re sisdid swichas 84 6nd SO rsspertieddy seleaiively eongeaded to ground

apd er at or tp cont rol ues

- AR O SRR PR Bt Ll T S otshf it of
SOMEL7 P 4r ihB sbdrd DafRt AL ofspliessy 1obBe irpuPfeminals of network
controller 66. Three position coaxial RF switch 106

r é8 pondtage cyantand pbh&yr?agb spn&@ﬁ%o%tw@l dsewizhes Yt and 96,

| h
S st iyd R ERaE S et ouB Fesfilor®Sh MRl foo S 102 ana
of on @fe\ﬁ@é’ﬂécﬁlﬁly ARbE 8D Wiﬂhtﬂeﬁﬁolﬁga@ b.ﬁdl 785 S ERedBSE 82 and 92.
operates in conjunction wWith switch 106 by respondi ng

t Govollers 1 02 parh H04srefpaprhte thetquéputee! sznsqr@ 83 end 22 anckoperator

tt h t f { k 78.t I
o BT b genio it Plicscir Y e oot REDGUBHL B Ftifing frequency
78f solidd 24 QRS §ahd Bbnids a@dscMBEER: l}()ﬁi/\foir ebutrdtiet 6.coupl e
t he out put of source 54 to networ , the controller

act i vafléseqasition co@galtRF switaheldl6 rbﬂr@ndmtqmmtrof sigrastl o

t d 1 de .34
commTogRT &8 s SoRneEt Bl ot 61 bt ioeoradp 46 or
Copr&aL 30 ofbSSL SRR tﬁ%&@uw RetwR ik Y6 N ThAbe 1BsifiDE 8&ial RF
the first output termnal of switch 74, the controller

( &Wltdpwﬁsomtbmim cogjunctigr witke swvitel £ by)mepdqdurg toeionfyol signals
Jbt o lPend ElsB-huSY SREg bt APk ST g uRdo SeckSde 36 or
elel%@ttf&féd@ %ﬂopérﬁ‘c?ﬁﬁﬁtﬂﬁé’cﬁi ut o'fBet‘%&Q)?lE ‘78" blile4dnkaiig s ac%vates

t he out put of network be coupled to el ectrode
bywitetug4 togcesmet thb oFtput GZf Sermgagé te hetwiorlr 36, thaitquitoller actlvates

55vIE T RsaEhe: Skt OB 61 S bt b diseapde 34
elfé&ﬁfroﬂ%ca%eﬁhé’&ﬁﬁut? Whb&hbil 76 tt&b@'?&@‘l’é& {6 e?éc?r‘éflé PEiGy

fromground or to gr el ectrode 16, respective
| tausorpt svatche 12 4ngae siesiitshentputttprtinafor rswh‘mb fm, tH8 c¢1ﬂrd])1@r ¢}

coupled . to_el ectrode_ 36 by causing swtch t 0 engage
tﬂlée@é%ﬁ%h 74 (@ BrRveRtSlssIASS %fromeﬁe&gwﬂde@r@@d (2) either opens or

CPRAEHED (o0 RRRR U100 gofthof AE 501 AR
cte@ﬁaslvsm tI€ bontibllen24emeetthe oﬁbmﬂmdeork%ftb oBcoumedhth

or to ground el ectrode 42, respect] velu%/pé] If controller
22 legl Pheusng seitch4 Ffb@%gwhv dirgtouiutt gesmpnad af gwitch 74, the

LIRS R T Ak DRSS Dy EEER

smﬂw I@pzﬂs dral6hes owiiE7 Dioalebsuple elBrieddR Al fasie gftnd e td @bund
ei t her ens or closes switch O to decoupl e el ectrode

361ﬁﬁfmﬂeg mesRe@ivelyo I@mnﬁti@élere?"ewefdbe %tpu? @fgmé@l_w& tg be
uﬁn?@c{ teé{%]cgrggesz ?{6 %C ?r}g:s%vﬁsc vz%l I(; telgéalge fhe a})n (‘é.llt{gﬁtggrrminal of
78wnapm e bc&ﬁroaér @1? bpenats%tcﬁ\m(o GheRFGAd 17(1 gro?lﬂdsﬂélgctfbde 36,

t 8thrr1 gl\:)igg aﬁg >(/2)oef1ther oep%Lsr <())rdcel§se:sL Swrcg}? 71 §o6deocz)up41§ electrode 42 from
ground or to ground electrode 42, respectively. If controller 24 causes the output of
network 78 to be coupled to electrode 42 by causing switch 74 to engage the second
output terminal of switch 74, the controller (1) opens switch 71 to decouple ground

from electrode 42 and (2) either opens or closes switch 110 to decouple electrode 36
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that are connected to the output termnals of network
76 and/or 78 from being grounded. Hi gh frequency

waomso22626, having a frequency F3, can drive (BQT/O81094/025406
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el ectrode 16, (2) only el ectrode 36, (3) both

el ectrodes 16 and 36 sinultaneousl 4) on
o it growed Gulo Erendoriecjrods B6.1Pmeetivy. (Espnisalidh 24 activatcs switch

7530 1BfaRieRs s oS L BRESRIRF dfdwBEs s g 78, controller

ebegtiReaswifthaish, 42, Bl Ml 1t1@n@9weﬂt anJOfeReEEdRNES34, 36 or 42
the out put of source 56 drives circuitry that is

i thaheiecannecedctiortbeputpyt teimeinals ofmetwoBd7Gand/ens]8 Bxwmdging
t hat h@f mat ch/ t unabl e ground networks 112 and 114
a§5%8f%ted with source 56 are preset to be tuned to

t he nomigiafreducBay soiede 5, haaHE 6 Ereqfer®) FICEMIrKS (2) @ldl etbctrode
pass the current” and volta e from source 56, but bl ock

t hé, @uerlyelecknde @I (B bowh crec%@fl@s 46906 36 sinaulsmeoushyy §4) only

camra e g eHeaRe a0y R Rl o kLR ERB L Pty

O%mtetlec&r%aég ALK 4ALSRRGAHELLY, HATBESHR GlebRodbsi36and 42
networks 112 and 114 and splitter 118, having first

andndeoeswslyout put terminals connected to drive input

LI TN -
C @ﬁ&ﬁﬁ’? @cht kQurkd 84 GAPAL eﬁcﬁf;ﬁﬂ15’t&h§ nRfch/Bha BOuREh¥RIoKks?1 12 and

via voltage, current and phase angle sensof 120, as
we 14 assecigied tveitiesoul@ Gaare preget to b iuned th thegwoonal fmqugw of

t f | it 8 { |
CSHEE bt RemEhe St LEPHoqds s i BHfass THat tagiae 30, but
1%?001("[1"1"6 YRtenB AR vEIHGE %P&ou?&g sphagssamghe tﬁ@&ﬁﬁlﬁt off 3Burce 56 is

as wel as swtches-128 and 130. Switchés 122
12&1}ﬂ@tﬂto]tﬁfbeqxoe1tm spaadsliReswitchel léchaweg fjrsd:,csmmxdtaad thied output

el g e S S Songa 35 SR P

Oﬂﬂﬁhg A ;&@na'aqwgﬁ R8ls c%ﬁ,%@écf 1% @li¥re & gﬁl@%“érﬁ‘ﬁr%‘ljs of
etmor s 112 a 114, as wel as sensors 120 and

126twdrks Cl@rdadal 14n athadiritoufph? temmha]s4qf sastchall b and sppltteer 118 are

R Tl B e B e
¢ 9{1]1[11 1& %g %&Q seﬁ’gor 184 Vég r\x}%ll%l s5QitBhdsob 586k fx%i% the second
or e ec r or to nei't e ectroc?e or electro

3éntpantinidialst dfrsedtch 036 bihdsplitenxi Sire S&Wett&hlﬂétﬁmﬁﬁted to the input
sel ectively connect the output of matching networ

t deretinalee! Bplshingagbvarl 1ot vis) vokags qurrant agd p%ser?@gl%émor 126, as
e tr I r

CoRF PR, 26 RUT5h; ARG 1204 RA i Eonh Repptivey

agtlestate C(ﬁméte@ﬁﬁgﬁﬂmd BPregigmdrsL 130 -1 34, pictvebhidiniasaf value equal
el ectrodes 16, 34, 36 or 42 which are connected to the

ol Phgroutart mm%dagcwf soEraRopk Sontrollen d3G and 1 3%weBrRsPagively
gL, QUL fe% wﬁ?nedc% ﬁ% nﬁlf%,aas WhIGR nl?s%tré £ Q!Mdt 1@6t {E) control

cireul
networks 112 and 114, as well as the frequency of source 56.

Controller 24 activates (1) three position coaxial switch 140 to selectively
connect the output of network 112 to either electrode 16 or electrode 34 or to neither
electrode 16 or electrode 34, and (2) three position coaxial switch 142 to selectively
connect the output of matching network 114 to either electrode 36 or electrode 42 or

to neither electrode 36 or electrode 42. Controller 24, in conjunction with activation
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associated with source 54. Controller 24 activates the
various switches of Figure 2 to provide great

waoessaeiekity to the various conbi nati ons and PCT/US2004/025406
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permnut ati ons of the several frequencies that can be

applied to electrodes 16, 34, 36 and 42. For exanple
t 196 swiches fbeRdn 4hdchyaies Swikhero7gnéfl 1Q upreventsny ob4

i puylbt | li.ed t :
CCEOLRAR B S DB Lo R G QS SoR R g fevon

eliegth@®des 13t bedde @tndbd, adMd@ibddRasR ifi coeisdtéRReBShe circuitry
different portions of the energy at each of the

f rrespgistrdi idh efuresoift-ces 52, 54 and 56 is shunted to

ground A n onfipenment region 8 .. resul.t of

ol cot r (o BUATREEC BRTR L R L B2 o T il et
petrBtilitglo e vatiead EQRGiRatiths 286 Earﬂdlté’c?ons b eheardPatalt fr@fuencies
energy at each frequencies FI, F2 and F3 coupl ed

of
f tleghcal be tnndigd to eletedegd 6uitd 3pene A Bor anwle the lowemedium

34, .36.and 42 . f | f (1) th I th ..

- Sug B e Dol BT S a4 o PEG MRS priga o
diesdcB08€£1 Oahite eRitel 8 Gb! PaM L0 268lodk) to (gBuridiectrodes 34, 36 and
di stance between el ectrodes 16 and 34, and (4) the

di4gt dhmder thesemirsnmstanesss didissenggordinds dfthe Thergyl pstagh oéthe

DG LI P SR RLSEL B Dt
elrggbh 00a% it dNeldmidficld CoupliietioRkeicdtrod FELARE ground potential

exenpl ary situation involves applying the | ow and
medelgatrddes Gdedfrinskd 2. ol izomami ef esrgyoai eadcof fitsjuercies F1, F2 and

o AP PRl B3 Batolsd et BEnEG G Ba g oo
S QuitR W ( IR ABARaRAN Beshiat WAL bR YER. BARURRARS, (2) the

ilter 67 for only | ow frequency fromelectrode to
gdotane hetxcten eleomodes\iiotani 86, @b thentistait2 batvescacldctratesdl 6 and 34,

to nect. el ectrode 36 to t 0 t erm nal of .
GBS RES s GHEF boer it 3 A i TeEBRIEs gtagn the various
Q%Qﬁﬁﬁﬁ;aﬁGﬁ&d{@i‘ecﬁ%aés%%g%tQﬁ} 10 a‘%ﬁ BodttdiBd b9 ;ge #é&‘f‘ﬁetry of the

i npedance path to groun ough net work rom
elebctroddend 6y hortott 4186 imtedalfar equency of source 54.

Because of the high frequency .of source 56 and i

rel ati %e$%901e$ @g‘fén@ﬁaém%l%w@@w @P&b@&f@ag%w ged medivm

t y ol y

L R S o N YRR BB Tanbhoy o gp electrode
r 8¢ whil8goanding gledeodesr3d! aatl i42 ahy cloaingewétck 65 ko @ 16w éfedance
density for djssociatjon purposes to the g__;as flow n

f P8 18 Bifrvededdironglh bandpgsoiiies 07 ferermdy tetley drempency fgtng electrode
t I@% t{;' glgﬁn&r ﬁﬁ&ﬁl{ﬁ‘f& g\ggéhég @% aﬂg\f i) Qre.ta%ﬂgﬂ&? % Jo?m?& glectrode 36
r S NnO ow | npedance

coup to el ectrode bécause there i

pad theatutpuld eermiigih of h&@doEOTY add theilue Bihate of fetgbUTE o ground
Net wor ks 58 and76 are effectively bandpass filters for
t Reropgwresistor B raline rlar BPedange pald)te grovpd thiengh agtwork 78

gL ORISR SRR NSRS Real, 0B oy

76feaeeuid end eRitiRElgitldse epueiChetiveaneledt@dts B6lgnd 42, the electric
field at the high frequency has a tendency to remain primarily in the upper portion of
region 8 to provide a relatively large electric field density for dissociation purposes to
the gas flowing from source 37 into region 8. The electric field at the high frequency
does not have a tendency to be coupled to electrode 16 because there is no low

impedance path at the high frequency from electrode 16 to ground. Networks 58 and
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16. In contrast to the electric field associated with
hi gh frequency F3, the electric field associated with

wo b@slozes2s r equency Fl of source 52 extends froPCT/US2004/025406

el ectrode 16 to (1) electrode 34, (2) electrode 36 and
(3) electrode 42. The resulting current at frequency
Fl76iare efeetivelp endp@sH filtans farlihologhartdheediaw fiagpetagsdbat reject

th of filt 67 t d. Co the. . .
C Pt bt ey S e Pre dhaNL S e igh frgpedance to
I e lﬁ?l?ﬁg ue%t:‘%,%%ﬁ 58 2 Pdecol PR (R Bich E‘i‘eﬁuéﬂcg Li‘r‘l%m electrode

assocrate h medi um frequency F2 of “source
exéends primarily fromelectrode 16 to el ectrode 34,

as well as to electrode 36, and tpo a |lesser extent to )
el ect r SUEOHSt tofile Fledlip ﬁpwgasw%cﬁw%@aﬁiwswﬁﬂm Fectric
e

o CEE 0GPl Lo N Qe P! QL TR RARE B3 lotRlode 16 10
r €b)i eddotrodd B4, (2 Pelbdtradd 3éXamdiB erlsctide dat Tharésniing\wesent at

appl ying _the | ow and nedi um frequencjes to botto
o PiseXe63 8 | amlepFteriociams Provghdiec P Bredpncapaty Hlditer §8 to

L B BB LR LR R BB POt o
t brerkptitrbughgueregiyni® om el ectrode 36 to ground through

bandpass fjlter . Thereby, the | ow frequency of

sour ce 159 elegtr@éifgfi ao¢ated pathyneding frequeneyi Fo%of\éomeéﬁéxtends

s 2

L FIRPETSE ASuPREFS Liathere Lol A SRER0 a6 g oo e

I sxteot toldcaotl©42.f Tlie tebdtihd ctutlers xefrpdienyy B2 inudédtaxde 36 flows

because controller 24 causes switches 140 and 142 to

eHyqueh thdow pepedapsepath ebmeteprs fatosSrowrl daswitghes 108 and 96 and
&gsg%llféfequency of source 54 is coupled to el ectrodes

1o an g'by virtue of swwtch 74 engaging its third

out put A ghirdieRahphsy ditvation fivolves hpfifing $hd I0®/@id hatiurh 0

power from source 54. Controller 24 activates sw tches

16w qemeics debetéon pigetredeel Coandghe medrnhBequsprstorep slegtrade 36

r ect i vel Y cty pdes| : 6 e

o PR EhoutPlnf it e ERLAN TR 9 P ey SR U Dhlgfdsnce parh
b@d}ﬂ@@ﬂﬂleﬂ for &lk?el(hb 160 @8 qidhcpMdnBéectfod: 361t6etduad esrodgh bandpass
and 34, and (3) el ectr%desﬁ% and 42. As a result, P

elfiter 7. cTherehyu thedowtfreguensyiafseirce 2 roypkfl e te nlasma in region 8

e b SR8 ok 2O T S A FARSRE R G oo
| BQhARS oRBRINYE $WistbEa KR b EHY BN exethp®rP S8 bbbause
and 't he” nedi um and hi gh frequencies to el ectrode 36,

whdieolksk 8¢ causdeswithea hd0 axht4? igrengratetic opan ditgiriged terminals

i.t uatd troll 24 ti L. i.t ch 4
TSR dRendnih Gpterl PR o Bap ote R iR Lo vE% by
aRfubbt sHch N8 ePstoMslits tRIA00 1§te§ﬁiﬂﬁ?$d’\ﬁﬁﬁtkspﬁ§e@$mig4%s onsive

are connected to €l ectrode 36, (3) switches 94 an
s o péweeri fnpuisource 54. Controller 24 activates switches 106 and 108 so that the

outputs of networks 76 and 78 respectively drive electrodes16 and 36. Consequently,
electric fields at the medium frequency are coupled between (1) electrodes 16 and 36,
(2) electrodes 16 and 34, and (3) electrodes 36 and 42. As a result, electric fields at
the medium frequency affect ion energy, plasma density and molecular dissociation
throughout region 8.

A fourth exemplary situation involves applying the low frequency to electrode

16 and the medium and high frequencies to electrode 36, while electrodes 34 and 42
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termnals of network 78 are connected to sensor 92,
(4) switches 128 and 130 so the input term nals of

woetdoeie2d 14 are connected to sensor 126, (5) B®U/USINE$025406

106 and 140 so the output term nals of networks 76 and

112 are resg;ctlvely connected to el ectrode 16 and
o pergreindedi frethis %\W@thre yroswlteé Régci@eites{d) Swilchss 74 ped 116 to the

&:oﬁ% %{%%EIBIEFBYL[}GI}%Q (@ \A@L 10% %n@% s) ?1% S(bu {{Qgﬁlﬁgs 6Pnetwork

COSI R4 UED ﬁﬂe)bonﬁ&@ed' 0 Mé‘cfr@@é@ﬂ’l €Y) RFitcheILBRl §62sohtﬂ§ ushut
| ow i npedance path from el ectrode 36 to ground through

bmpyé&,oﬁnthelk TSrre panmeetnd t seasrdiie (Bswaithesoz8ead 184 so the

ot R0 bR 8 oM PREERRES R0, Bt Plgn angna 140

OEo ﬁiél&l‘t?}ﬁr[ %ﬂu@a@@ﬁ[ﬂt@&kﬁ 96 bhe@ 1 P2 a&TBspebtived@tdieded tb electrode
t he sane manner as described supra for the second

exéennd apsn ¢iauited,iand (6)swiichespEdanicie4pattheingii tsrmivalsef networks

t 26 aRLLP7 s ShE 3 el T RER e P EHE PN B s
t CobdequehtBE e ﬁéqusﬁwdoﬁﬁémﬁhsmqbwqﬁiﬁeaﬁme $WdhtEdin

86 and resistor 98 and (2) electrode 42 to ground.
CQhQ@Q{iﬁe?rﬁ foygrowndgbroagh bandpebsslalteriod, butdhelfequeneiagof sources 54

f 8 .bet trod
At 3240 35 St CloR R PGS L GG 19GORE. A% 0
r esilt! the ISR HRqhchcP bl §B¥oe 20Bb@1e®fo the Blagfnﬁ'iﬁ +d261 O the same

in the upper portlon of region '8, as well as across
t henoerasalesqied isapra dér thesgcond @(dmlwsﬁuaicmctlroadmspeﬂance paths

7 PEst By e But el TP SReRr 1 B hekciviteh R @ Pgereare 36,
e'tﬁ%ﬁt:é Qﬁi&:?gh%ﬁe gﬁgmé?n regid8 Lol () At R 16T eHRRE %ﬁé}hnetwork

bet ween electrodes 16 and 36 for the high frequency of
s 36 wetdh @ oradasseored eatdr(@ieeditodest2de goaypke Cohsamenthe
out ut I rn1na|s of networ k virtue of. swtch 1
b&Fisgaksecirr dglds atithe mpdiup é@ﬂ#@% AT p S

4,f S
0 0 T, SO P e
pbmimi ot ddnndietimibeti@cinrtbelegped poriod of Gegien S,w&sst@erslaaidsy the center

T oo eion, s e el ep shectiotes S0t oo
S 5 9Py L ol PO TR

aThefktihine kenmprhpedynsd patiabét@sen élbﬁrdd@y\ll aaand B@ﬁjrlm@ 111gh frequency
frequencies of sources 52 and 54 are applied to bottom
ePERAUresi0 hesausgrlscirode dhisoiecaunied framdhe quipudgrmainals of network

5 9B 51858 D S SO 2085 M ot 3

ehet 84 astehd Bigh \Biigh&cg lof Sduree ﬁarsfsua{ thathe GiRBEdaaBElfdd Phe high
71 and 110. Theplasma in region 8 is thereby affected

bjFeqrracy élwasmthﬁ@&nsmmbﬁma@mr@ées&ﬂ g Pode guks@naﬁlév ggater

i
Pty e, BB PRt B o ) QPR TR equency
Pbasdcd 56 £fE@tOMe BlasSa MOfegafnf 83ﬁ1ttﬁ§| sztiﬁ{e fafndiaglescribed supra for

frequen2¥
the second exemplary situation.

In a fifth exemplary situation, the low and medium frequencies of sources 52
and 54 are applied to bottom electrode 16, while each of electrodes 34, 36 and 42 is
grounded. To this end, controller 24 activates switch 106 to connect the output of

network 76 to electrode 16, while closing each of switches and 69, 71 and 110. The
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of source 56 for the sane reasons set forth in the
third exenplary situation. h other exenplary

W@ d0aaricens, controller 24 can control the varPOLES2004/025406

10

15

20

25

30

switches of Figure 2 so only the | ow frequency of
source 52 is connected to el ectrode and neither source
5plagene 18 spiered 5ehpisby afieréet wothe dovaayd mediupefrequencies of sources

elg¢ s In _such a sjtuatio ontr.ol | er cl oses

oo 33 BE et BN S R b Toe BRI B or e

S ging whahpREY §Thiati¥e TROPREma A fegloR @ik U6l ffectd!Vy the hgh frequency
24 can connect the output of elther or both of sources

591 sovdcEH fay thmsamsf readose set detdsinitbe taul exgapiary situaticor

exanpl Lt may he desirabl e C | e the.high . .
Fr equentsgtnsy SRbeptay it B Sl Bus el shllfoy iy hsions switches of
WHidige € @4 BhiytHe ld’%ﬁfr@?’%i@nlﬁﬁbif JoRftdeGY c&fne@t%ﬂ k& EleStfode 16 and

a

bet ween el ectrodes nd 34. In such a situation,
c anttlhasperee 24 npn Jousgsaifsis sonrtectsd S0 gy ofthe elpotreded. Inmench a

Skt 43006 P OSSR 1 o L0 o RN GO R ot Rpicce
I a$p@evhieiimARRnh@del 0ltdpitivelyCbsttAles 20 bar @WnnBitkiEe dilput of

and 14, (3) activates switches 108 and 142 so the
ogtthertos both efsoutpek 84 781 Sttd any o1 glectrednsiécdbPotay 42. For example,

l.Lectrode 36 4 ] t i tch 106 d, 86
CHiaRey e astipnis bRt e o RS heE sBREm R fpetrodes 16
gLR4nE. &Hl@é&@liﬂgﬂ}’&ﬁé‘dﬂlﬁ ﬁ%ggerfc?%if sbte 94béteeh BRctrodes 36 and

medi um frequency of source 54, and (5) activates
swit dheshbituatioh, todtrar 24 €hepiess switdws bPpddaherd P, I(2)

- adrovnisaer o ot gnd Praiaal 198 gl S outpuis of

C@@ﬁ@@é‘ﬁf‘%ﬂ&’% %3 ?&E}Fé.tﬁftefﬁiiea%hﬁgdht%;iﬁptﬁ%ﬁﬂh&ﬁ BefetlBrks 78 and 114,

region 8 for ( only requency of source 56
b3 vaetimates seitched @88 amtl1B6soahel o(iP)ts@ingtwdnkes Teatiduhh4 are

E%S%fé”%tytﬂ Blecthde F5 (T HACTRIOES PO F1 B B s
Pl PEe AR R ARy B P AIBIEY nloRERS 6| Bitor o4 for

r dlgd madi@mbeéquercy e seatce ddemdl(6) avtivafes sichdasd0 mmd il 24rs0 there is
frequency, Because there js no | ow inpedance pa%h t

o) .
grRoRMdNPFGIReR PRETFSHElegodedd to igeotp dhrople gefaoe; | b and resistor
* R Pt RO pishitiaens IRo RO 30 S0bh B GGl ig Heftisird Habiiched
elieedgico®e for 34) atig tlizthigh fredqugney Sfsouzels® benokenstaaddésiat and 36
sui t abl e bandpass filter ci rcuitr% simlar tot

h
dés¢ () sedy theangdiym diedusney of spireseo bbgivegeeieqtindes 38 and 36.

k) o o | |
RGO TGS P11 SRR, LBRLES: B medim

S@refediry @ ecurcs 59 thardmaae stiestdnt@glelectdc dikld dyeablisiaad in@egion 8
schemati ¢ di agram of a second enbodi nent of chanber

1etwra closbodesndrandgto oy hameedgun frequarcy aPegayse Histe is no low

ﬁ'ff%SQdaﬁ‘é‘é‘ ﬁatﬁfto b o %iogﬂ echl{{odte Igg fgrnt?lg ﬂirgerﬁ%etl%uglgcf af3ble %6, there
asta nuch T arger volunme plasma confinenent reglion

t hafo Qibsents! dietehasasr hahighltqanttyaeblidi2d in region 8 between

electrodes 34 and 36. It is also to be understood that suitable bandpass filter circuitry

similar to that described and illustrated can be employed for providing a low
impedance path between electrodes 36 and 42 only for the high frequency of source
56.
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Consequently, the enbodi nent of Figure 3 does not
i nclude | ouvers 44 and the pressure of the plasm

wEe@sesseng wor kpi ece i s control |l ed excl usi vel pCbyS2004/025406
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usi ng pressure control for vacuum punp 9. The entire
bottom face of metal ring 40, the side wall of ring 32
and t h@xefqrc@eu@nowmnafdad@ Fighres} dfthpalrdwing, zschemptic diagram of a

DR SRR ok B 3R, he bABoRMBTTRIR a1 gy to e

- eh®olinehe B Fiz0RM Gt theQpibdminiak bpplgme 3 he PhasRrek volume
any of the bottomface of metal ring 40, the side wall

ofplasimagogfinement megiomthet extiends do Flzeeben fvadli I@eanddiase 12,
a of these surfa ar cov red with tes 1 e

o Copftaurnft Tre e EEn i T e S HRcat it o et 28 a8
S&B?é%sﬁ*@ off ﬁlﬁbﬁh&gr@bésbﬁ%@vorﬁﬂl@ée 1898 oI 11d QREMBIVBRLS using
the chem stry of the plasma in region 8. Because Side

wapkdssurg costrgldot vashumpangl QsTise entiné botéone fidcerod gietal ring 40, the side

ts:}gaéle od| nt ﬁ%’m?r?uégqf%egtfﬁﬁiﬁﬁ@ﬁﬁp@r at u %rfu%d?!ﬂg%d define
desgs bpﬁg bBﬁ’t'id Bt Q1 Rfna@bRE ARG 'ﬂtihé/ Gl’illﬂ'odlﬁlehb@f Figure

enbodi ment of ?Dgure 1. The el ectroges in the
e b dahi prevint oherficglroata@niastenrythopkime of wys@&tbe bottae face of

 GHABGIECR. e HI Bl BEPE 2 Aths St 51 Taca S0 Vel % all of
| fndsh ?ur‘ﬂl%mrco%r five I?at%s fid f8de SOMSIESH ARy eohdRve or

the electric fiel s I n the chanber of Figure”l because
ofdidléréri¢ anatpeial; slichnas iatrthseoilipoaxthstriee nof cankeniphtadinachemistry of
confinenment region in the, Fi [

. 3 emhodi nent . .
M2 iRk (Rscause el 1 ?e@tpéﬂgﬁ thada A epdingmgnt region

S .
OBl )0 A IO M Aol
Finganhessithilantd tRat deb&@ibed fBrcoatd] ORlédidods hgsatdlyal 4 in the

comput er system 800, which is suitable for
i epibefEpet kG BUht rol | er 24 used in enbodi nents of

the pr 1%%560'&13}{%11%1 tﬂ@emﬁcﬁpe%fﬂ e ; %q g@ﬁ?isvglt@ tsc?']veeral RF

physi ca formo he co er sys

C draquéicssng o oityd daaiea:rinsam yupirh yis¢omakctionrwigh F@ngés rngand 2. The
froman integrated circuit, a printed circuit

ar@éﬁcglfsfﬁmld# (ofinchvenepr 06 ieste £13 HeocensHsgRbS ipeythe clecric fields in

e
Ul G TRUE AL O O R TR B £02 e plasma
K Q:&Sbﬁl@d‘rﬂerﬁ #&biorainctha Fifus 8 eBbadiniehs KHSddver,sha electric field effects
conput er -readabl e nedium used to transfer data to and

f r%lrﬂl‘%:B]ﬁﬁmﬁ are sopemdigt govlarndhe gmpbedimsnt b g tafthoge described
b 119 ?J(l)(lﬁ%%lgfagl{ %%fﬂ% er%%ﬁ%lgltegtr of‘cFY rgsnf % 0&’2 Attached to

Sys € var| slibsyst ens.

Procesg@ré SA Hd DN alusieaté @E@rﬁﬁﬁ@r dyteaSS MG RithicH is suitable for
processing units or CPUs) are coupled to storage

demplﬁ@@ntmﬁ elcoulirelder 24 msed/ingpabodiveensy 9f tho praserflingasion. FIG. 9A
AR BT PRI e 7 e R p Y, PRARber g Rbgouter
a%?stbl’ﬁﬁﬁz{ylﬁvb Mty PhyElbA196ihsaBRdihY from an integrated circuit, a printed
circuit board, and a small handheld device up to a huge super computer. Computer

system 800 includes a monitor 802, a display 804, a housing 806, a disk drive 808, a
keyboard 810, and a mouse 812. Disk 814 is a computer-readable medium used to

transfer data to and from computer system 800.
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to the CPU and RAMis used typically to transfer data
and instructions in a bi-directional manner. Both of

wo b@sm2iegpes of nmenories may include any suit abCEUST004/025406
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t he conputer-readabl e nedi a descri bed bel ow. A fixed
disk 826 is also coupled bidirectionally to CPU 822;
it proWdEsisaddixuinplealf addock degrmader camadertsystamdBiPaAttached

al so inclju any af the co t er - readabl e '
St B hLDIOGRH v el LB Sy TIaTSutP Pa2 e eferrd o
PLOGERM® prodddsthg 1Y of 0BUs) K8 cBldled & s}%r{_ﬁ%&@é\)iiesﬁtncléltdinigsmemory

secondary storage nedium (such as a disk) th
s 182dve Mentvam 84 invhrdgs stndomgecesk imemdry (RaM)ppd ecidatrdg memory

S R I B e

¢ . vi ¥ o
4 ?ﬁ&t%ﬁﬁ%&yﬂh&?&? %W 1% dg?%a%}, &fﬁ%nsﬁ@@%é%h%lstmctlons in

c arpdirectionebulainice. Beth of thesdypas ed meeionws mEPih@@®R any suitable of
al so coupl ed a variety_ of. input/output j ces, :
s theconyp r-srﬁaléfglesﬁ%ﬁa Qe%é%é belgo A 5§55 t5 350 coupted bi-

S . r [ 3 :
ARAP AP RIS] R proilts o et ordg g RelP ey also
Mgl odeemyeds thet couglusensadableemetlis pesayised halans Hinedrdidka82d may be
readers, nmagnetic or paper tape, readers, tablets, :

s §Fdigedore pEeEnS defagmmsline fi 84 B dwrienl e seconiapnprage gredium
r r > A t i 0

C SO iaga ek B ot SR n plfip aRl 1t RPAbY pydediall that
nelienmifdematom getainédwrithin finted rdiske82 6848y, ilNidpnoiatdicases, be
network interface, it is contenplated that the CPU

milAREPraled iy endorch fsBion VERShMERENHEIBRKY S3f RRegipvable disk

048 B ALPEBID 8 B ARG A B SA oin

Fur t h@gPIDRE isaBblrodpledinodivamsny sf @but/igpyirdesesd, such as display
i nvention ma)l/ execut e solely upon CPU 822 or .may i
et utabewrd 816 metsgcH R asd eprakes SRR Imgeapisbtanjipput/output device

R e A e R R

| RueseQlislayst fi@fsdni@dr 3tu@l rbalcts) FRgh@Ic dtpapagepdrcadss;ttablets,
with a computer-readabl e medi um that have conputer
c ctdusen aotss T hardvyélitesieae ghdzeysa biosrgitics readers, or other computers.

c iout b2 onERaERD B8 BREEE L Gbien MG BECH @ upnicatons

C @BE}dTk GbiaE nb@ork NRerPabeBa0e Wi such@ rRtvasiR MitetfAML Ritié ON,
or they rm%@be of the kind well known and available to

t isostempiaisdifaishe OPY might secelynpuibamatingf froma ithe ratwerk, or might

Exappl es. of .conpyt er-readabl e nedi a_incl ude,, but are .
LTk LR et SR oo oUe: REpaPaE fedfl Faoribed
f R0 Sk FurtBBighoTBANEhbE ehBOBimeRR I BR) proRedi Mvemidh Bay
CD- ROVs and hol ographi ¢ devi ces; magneto-optical nedia

s gsbcudssdl¢ly ppor P U 22k magrekehide dverraanctiwoikcush ahtie latemet in
specially confiqgure stqre and execute program
cSaR AR SRPE SR B S eSOty BEEER cui ¢
(ASI Cs)iy 18106, 2HRALBet O8f he PR4ERES bR iRPEL1IRM edifputer
RAM devi ces. Exanpl es of conputer code

storage products with a computer-readable medium that have computer code thereon
for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those having skill in

the computer software arts. Examples of computer-readable media include, but are not
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i ncl ude machi ne code, such as produced by a conpiler,
and files containing higher |evel code that are

we@s0®a3 by a conputer using an interpreter. BONPS1004/025406

readabl e nedia may al so be conputer code transnitted
ﬁ a conputer data signal enbodied in a carrier wave
a FPWeé;S‘P daegvetinglediasaehienkasd gisks. Aloppy disks mad mpgnetig ape; optical
t i.S
HESI P8 D RN BRI e sl L ol o

| Agptidal @ivks;And hbslnagd @ewdds tha Breaipetiallpy@ifigared ta stoas knd execute
over the etch | ayer i s placed in a process chanber

( BragpPragage, sq%@swab@ﬁgn@n%ﬁ@mt%@te@)@H@l‘tsr{éﬁl%améfammable
afo i l | St ! E&’Eﬂ a%d'ﬂ(ﬁ\/l eﬁﬁélggg[\d{%%ces (fes f%m%%h%r%gde

rat at ree

[@ﬁl&ﬁﬁdt&lﬁlesdoﬁbﬂ shaineopstivced ly@ co%llleﬁ aﬁd 8 méwﬁtairﬁng higher
cross-sectional view of a substrate 504 with a | aye
}g/p;readable

stayel ¢nde thaigre excpec by ACAMBYISF UAE ahitderAEpiR. SPRIR;
%eﬁbﬁn%? ?]%o bér Qﬁ%ﬁtﬁ&k cor&gttr%n n%tteﬁ B a co?@u{e? d%[g s%%&{'irl&)odled in

oresi st O varl

193aii® davd arld fémesél{tm(gllafsEQlﬁ@lBé ohﬂlﬁtﬂﬁﬁiﬁ)hs frut efel skbutable by a
(e.g. polysilicon, Titanium N tride etc.) An etchant

gawcEgoprovi ded to the process chanber (step 408). The

tch | etch
ot ch o83 T s B Rl R PR ee S el al e tmer Hime
f HRAHEANE YA AU RELRIth b Oh 1Rr fld $hnafll St BCHch RREL i8 placed in a
third frequency different fromthe first and second

f preagessrabiamber (aleprd@4). hEhefprosetss chanibes nwiyds eithéechiamber am

S SERIh o 500 B Bl W D B2 1 6P
S Hﬁférérﬁtf&qﬁaﬁléénshﬁuM@oﬁ}e fmtﬁmns ag&emfrc%fos@sfa&%urﬁew ofa

16 has been etched in the etch layer 508 to a first
delpiistratﬁziﬁm Witkiea [ywey08gbatthag trsbd @phddmeﬂwhsbwrmw Hi2éhas been

ggg@%& dtrﬁtl%k%‘tf‘a ‘?rﬁli gﬁig@eﬁj{ol@%s’ t[Ctlppﬁ gitrbb‘{) ﬁg{jelf'l gg&glfetélhsF of various
I%%%E‘ e.£ DBV, XPRRIL15F H&l? bl &terdnt ﬁﬁ’(ﬁﬁﬁgl?{ﬂaﬁarﬁls Cf@. g. poly-

st "power, the second frequency is at a secon
psmwomﬁhanHMEhwﬂﬁem)frequency is at a third power,

where the | east the f|r omer and the t

ar e gr &R % ahai“h%% 1%8’?081‘15%0 %Cetg?]%haf“? fSt‘EP( @?5 Fgﬁs@{lant gas
g%‘e%c%n’véhtfohﬂ Qihe %{s Acg}sﬁé{t%ﬁ s%? g Sprblidel wieR! f‘rshi‘i\equency,

sec etch step is provide f'erent power

t heedond dteqatey,dififérentefrdrh dlesﬁasbfnei]mn«:}h ard @ liesd ﬂrétplency different
ature e dielectric | aye a second de

g Togt bF ﬁrﬁ&ﬁ ReFop f@ﬂ“‘?ﬁ’ékﬁsh""%‘%ﬁ QF @Etﬁmh fickss eﬁ%ueam the
RSB RS TISSERAGRED SYAEIIE, S RADSLIEKR 2 Mional v

bettheaubhiene $0% wiie tietetdh 1h?ét6I085vﬁ'&r fadea‘tuﬁfm 6'hes beptdiched in the
524 deeper than the first depth. The power settings

f 6?0 higysr RRS too sk denth 820 pThemoved Seoing {5 the R eess arc
ﬁl&ll?%? Q{) EtCB?e ggirrszc%% %{9@%%@%? t(%u I:Ago é? g}eﬁéﬁﬁ%twmm to
C dﬁiﬂeﬁm& déptth Thhe cabayRr, the first frequency is at a first power, the second
frequency is at a second power, and the third frequency is at a third power, where the
at least the first power and the third power are greater than zero and where the first
etch etches a feature in the dielectric layer to a first depth.
A second etch step is provided at a different power than the first step, where

the second etch etches the feature in the dielectric layer to a second depth greater than
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exanple, the first frequency is at a fourth power
| evel , the second frequency is at a fifth power |evel,

wae@sks23 hi rd frequency is at a sixth power |BEBUS2004/025406

where at |east one of the fourth and sixth powers is

greater than zero and the fifth power is greater than
z 8redfirgheepiln éstep 4 63 oFIT- t5ICHA aisshasedtiscress-stetomat Yiewed dhgsubstrate

o D bk B A 0 R e T e sk 8t e BRA by s0s
PV Eecod @ESth 321 RBepepaan %eeﬁ@hdegm hege pdveerfse@ihps frithe RF

the dielectric |layéer to a second depth greater than

t heurtésraye opiepized todetch morh the Eibst slepth to thepeomidddegthaproducing the
di fferent wer than. the second, ,where the.thir. tc
CpurLRh o et it R RE RN S o FafiRini vith b pfove
depirp18! @8Rt fdiAshdy/Meat 266 pERaL 1By SthE Becbh Sreqhidey is at a
5D is a schemati'c cioss-sectional view of the

s fiifibtpoates 16564 and the thind frequshncy wmyed p sBAIBpowéitlevels wWiere at least one
f eat ur 16 has_been etched i.n the etch |.ayer 508 to . a

¢ AF P it A3 5aBaes Bk (e 266 b R povahe £ than
POMRIand SHek 8 Soddior 18 8elb¥ie S BBMARS AP PR i‘é?stﬁﬁcﬁvér?lot being

etch fromthe second depth to the third dept
pegeil¢o thy fotmth pegeriand theathiyd ppwertdtdeofg dobel tb dlat sixth power,

width.tg the feature depth. To contipue. the above
ot thesheond it et Qe dbisyre o T alegigdton Kppaond depth
:gyegl{erﬂgﬁqhéﬁgs@aﬂﬁﬁr equency is at a eighth power

vel, |

and the third frequency is at a ninth power
| evel , Anthéndestct stépeia proviidad adh di fifiereisteposurt than ehgdecbnd, avictre the

R BELERS: Bl ke 5 R pon
peushatgho SO0 G 45 NN BRBtEtond B e

nb6d fithahe etch ttyeb£08) gfteghaleatue 5 beéhas beeh efphedin, the etch layer 508
wher ei.n (%he third etch etches the feature in the

dieh it il fedecpd than e serond dephg lagparet seiiaster the RF
2SR, 200 Z0F AL0SRERE Kby oMtk BHEN btk o e
c egtjuiretl agfect fatio dAR et attireivaidtheiguhe Rdturérdepeh.oTo kestiue the above

nunber of steps can be used in order to control the |
pEXAplE, the ding) fioprensy datgrssrasls powerleyglgfhe seqond dregugncy is at a

COMAEI SR, 8 RSPk LI 0RP oy R e

| Bes efdesevdnie eithe) andhidtidpew @8 afsaredter thaldidrb @fd where a

bow ng may increase and etch selectivity to the mask

nagndiéen saslectedhiom,the garupaf theseyenthpower petdgingrrguakto the fourth
[ h . of f i h

D0 EL 0L PR DR F0 B FOPUEDE. B3 B RO0Re o

t BkinQlegahllt® tHehextR o Wet QpkitiMg thiedbtch hey B ifdafure in the
provi di ng an i nproved, optimzed etch. This may be
¥

ddiedectye lagerig adhitd denslh gremier fundhessegend,dapitlo e high aspect ratio

R R R R S T
et is fiqhired, 9Mtre 8f s MAALdrdfbtepd dnAke@ifordse®-coft?8l the
reason for this approach is nmainly because they

ppnfilelalogp tliceqtenprosgseci es

For high aspect ratio contacts HARC, as a contact is etched deeper, etching

mechanisms change. For example, as the etch depth increases, the etch rate decreases.
In addition, bowing may increase and etch selectivity to the mask may decrease. The

use of at least three frequencies and changing the power of these frequencies as the
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in the plasma. Instead, in this invention, control of
speciations in the plasnma is by using RF powers of

wo 050223 requenci es. FIG's 6A-C sumari ze t heCBUSI004/025406

profile at a specific time during the etch and the

power conditions (presented in the precedlng
paichgrenshds allosgpr bd résolting\pdasynagdp dp taitpmedstod ¢1 etnhﬂpmh and

efers etch cess wh
BRI bR Pred R Gl PR o) T o g by wsing
etiFreréie mgp&?@éﬁbf VRS HeRuchict SRAWNIE Bard S&ch fé%btanﬂ?mﬂxﬁlre
the etch depth after the step 'S3 (Shown in FIG 6 0.
Usgalhw & onder toaatrdlahe pfodide alheg foveteh, Hiffeas¢nt gichdeaptant mlxtures
are the. used fre uenc

3
SiHEF - PG SOhIBF PBBRaT TGS GBE B GPodde ifpent species
t Betnb lib'la%&asfn%féﬁd il 3k ﬁw@ntwﬁ 8bntrS1 O S}?ecﬁttl%ﬁs h tﬁépla@itna is by

power _P1 at power P4 _at power _
pungM@fmsaqumuefremnﬁss at power P8 COﬂdItIOﬂS

P 1>
o Pally s sugmsiREHEE pablc g epll JRicaiurisgihe eich and
PRRG, el 20 ARG Brelented BARE ﬁ@gdlﬁg gfrggﬁghs) C&med %l%very step.
P8>0) or P6>0)) (P7>0 and P or - or 8>0 and P9>
ﬂ“h(sl%«th@naudrefd?st@(}i I REpech pcbc@&x@hfan di mwhe E@h@lﬁpth after the step

S51 ity EhL2ar e el slsaiarersne L BRvh an G oB), a3 is

|ﬁiéeétc}f>&>e 1B theaUe8s YsHodd i8 161 6E P PRAYRH akeefﬁg lhof3Bons for the
(PI'X) anc}3 P3>0) or PIX% and P2>0)." For S2, s ovvn in

Fb@veflByelfused) anumEy PEl F3 sredhd uted fmq\amcutsevel

freque F2 is set to power |evel P5,. d f

F3 NS daplecs USHRREZER g giovies condiions spaesd par ﬁgg%f fhree steps.
gggl) Q jand (P5>0 or P6>0)) or (P4>0 and (P5>0 and

P )

For S3, shown in FIG 6C, frequency Fl is set

to power level P7, frequency F2 is set to power |evel
Pg_anrl fr GLERECY- E3i-s—sei—1t0o PO level—RO —R7ZR4A _or

PB P5 or P9P6 (Btepd - and P$>0) orStEHD?>O and P9>O) Stap 3

( 8 O and of II T U u. Id PQ ullbl I e CUCAS T

ik parti cuI ar F&e% PR _RY 1ol i ci y, mxpr_g rrbl nat%ﬂ%p@f’er P7

per mut ati on eps C iR bl ¢ (erg 8

sfep S2 ingst eg%'éot?&@% [Sé 83 [ nste $)? m_atBé‘\Né‘r_P
Conditions F3_at power_P3 F6_ at power_P6 F9_ at power_P9

¢ (P1>0and P3>0) o P4=P1orP6=P3 or |  P7=P4 or P8=P5 or

or P5=P1 P9::P6

(P1>0 and P2>0) e (P4>0and (P5>0or | e (P7>0 and P8>0) or
P6>0)) (P7>0 and P9>0) or
or (P80 and P9>0) or
(P4>0 and (P5>0 (P7>0 and P8>0 and

and P6>0)) P9>0)
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even have S3 excluded). Al so, depending of the
difficulty of the etch, nore etch steps can be added

wo poosoese3 t o performthe full etch process. Al BOT/US2004/025406

alternating between etch steps is possible (e.g. run
S2 followed by S3, each of themfor shorter tine
per i odEor gepiSt.chbynedFEuisde diegrensy Blyistshietorpemsr Belainl

S ' P bl first f ' t h
SRRk S E et 2. BT IR & BBy
f (recoanaP3-9) ab@ut0 andbiz>0)Pref erably, the second

frequency is in the range fromMiz to 35 Miz. Mre

pr ef er Hbt §2, shoven seE6h $B; fregueany V1 iissehboprwe TewgHP4, frequency F2

Preferably, th hird frequency i reat.er an 4

et e es e ety R iisqt o S dEvol BB B4R gpPo+P3
o ey :

R R et AR P SRR,

Fi gur eFér ST kaowain FIGH) freqictioy parid set td powerdevelM®S, frequency F2

normalized to unity for each particul ar fre%uency. A
f isrset tocquorvies 1@GhP &Hoddegracy K3 ds sabito pewerdeedl PPoR 7#Phgr P8#P5

SRoR ke ety B DR EEE SR o7 B RGeS ¥y gm0 and
f peayenepesg). A third curve 612 shows the fraction of

total 1on fl'ux for F at various frequencies. A fourth
curve Bht ebowpattivelafizettor smmdicity i lcombmafibnsxorfpgrmutiations of

various frequenci.es. A fifth rve 620. sho he
¢ RSt TERe G TEGOATIOR S erlaE SPB TAPIEH s GHLS- Metead of 52, OR
f ERIUBRE IS8 xRS ¥ A o Celp¥RIIBL B BRI ChIME of ﬂh@‘éﬁch?ﬂlo?{] etch steps

total 1on flux for at variouS frequenci'es. A seven

c canviee £RIBA sinondsr torperformadhie il eddh protask. Alem altdrnatirfgdret@éen etch
at various, frequencjes. Thjs aph i]lustrates how .
véTFP%]ﬁé”F%l@ﬁlﬁ%Hcﬁuégzi fﬂfrl%%iq%%?éa? pieibEmdAr Pyorter time periods,

S Fad 1LoR. he, Faki {n the plasnma
oo S s RS e e SRR SR80 eyl ong

t he et Phrfapmnblyets.frstdiogecBA isimahs range fivar i Gl kidntoof0 Mz, More
ion energ%} and distribution as _a function of RF %ovver ..
f Breferplly spdirst fsquiseys dbont JAghlz. Risgerpbly, the sgegyd frequency is in
divstr] . ¢ c) : .
et 0 ORansH S B el ity e Soond rpquency is about
up? Mijiz.i Brefarpblgsthatigd fejuencylibgreater vean 204ViEIao Work preferably,
energy and distribution for the ion when only a 27 Mz
sthgribid frequensiis aut 60 MEE. pl asna at the power |evel of

200 W e S e} : . § SLI i

for t heﬁ%osﬁ) %(\%%t\écgn %)gghezsg tChsﬁ%Sng%?lry%émgﬁ g Sﬁdli ed 521?182)8\8% level
Watregresei@l fnfHigke GUIMKe ionl fu:s BOysh paifticBRE{dywantbrmalized to unity
di stribution for the ion when the 27 MHz signal is

stpsetlegaticulgofeqnsneys A fskourpe p@hshonsiihe fragiondigial ien flux for

epergy and distributipn for the d.gn whep the.27 .
Bt AROUCR e o8t gt B SO0 T e i oo om o
S RV Fl, 04t vaf e dffeciaflcied. SA FiiRldure6 f0ghotlehd RECHUARI totdl ion flux
Mz signal is supplied at 1600 Watts. The sixth curve

75y (Ghovigatiors eemeagiesant fadirbrourtnalidohows the fiction of tgi@dron flux

t ?oer (,23173;’ at various frequencies. A fifth curve 620 shows the fraction of total ion flux
for Ar" at various frequencies. A sixth curve 624 shows the fraction of total ion flux
for CHF," at various frequencies. A seventh curve 628 shows the fraction of total jon
flux for C,Fs" at various frequencies. This graph illustrates how various frequencies
influence the fraction of speciation. Therefore, the speciation in the plasma can be

controlled by varying the RF frequency along the etch process.
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MHz signal is supplied at 2000 Watts. By conpari son,
Fi gure 8B shows the variation of the ion energy and

wale@soedses i on of the sane ion as a function of PERFURIE025406
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for the sane, higher frequency (60 MHz). The curve 744
shows ion energy and distribution for the ion when
only 6@1%1:& 8Ajshanas thesvasiafin! ofhe tan anlegysind shigiributiontss a function

2 Al moRer Furthe vt 6 VB dRe et Rp iR BRAR otone of
S ¢hhiBdodt in 208 AVt dosocatof plddbdad CHIR,Y €hakPe SMa¥dof FAMktomic
enemgy and distribution for the ion when the 60 VHz

s lugitgis repre§glptpﬂ heus. The 200 Vit thows Toreerfengy md cbstrlb@tlcma@r the ion
I‘Ibutl. for .the i
i RS SR PRl e L it R e vl BV or 200

fivit THeWuye ﬂcfs%hgtw@\{&l érféf%y%ﬁrdﬁkfnlﬁﬂ%n%ﬁﬂléh&ﬂtw fx@en the 27
the ion when 60 MHz si is supplied at 100 Watts.

BMIdo ﬁqgaalu ip guprpligd raé4®AWaﬁ@| Fhejibird cgpe 71 shews omaamergysnd

c e BOmERTL Gt ¢ 1oat hear ML el Efmeed by aoqwarts.

2ThMerih Qe ?f@éﬂm@x”s@o@@ﬁé@ zhf@l' cﬁsﬁ’i’bﬁt’ibﬂ foe 1GH@HTF§F, When the

frequency (e.qg. ncl udi ng, by varying the
f 2@ dMidn sygnalnd summed(amO()l Watts. sSThanbith pwse 720ehows ion energy and

TR W TE R E T

h k3 ARREGH4 bR Cioh %ﬁé gg &nd aarﬁohﬁo@%& B PioR LSS SFhert ths 27

i nvention optimzes d erent etching conditions (e
i dAHZ signalus sgipdied at BQQO Watts.ener gy di stribution) al ong

the etch. At the of the HAR contact etchi
s nitcotnapion dEh BB CR e R ey Sh DA e
V"'dg;ltrﬂﬁﬂﬁ)ﬂro? e QARAE E%}E%’f £64 fubidh of 1@? Powbt ifo?%ts'aﬂlg higher

and as a consequence [es$s bowi ng. This can
acﬁ:equqnicy:{dﬁ@ﬁ{[}ﬂb;)u Sihe gulme gté skhowd ahleyerghand dgtrdmtlon for the ion

fre nc owe even hi gher, and

b e oo Bl P T sttt er vt of 101
f q ) r )
B N P
pagesighlids bayslieduel200 AEattsh q haslpﬁtcturr/atwmshomnemmwgy and
the ions to neutral ratio decreases, and al so a nor

pﬁbﬁmﬁ@@m 5 1%@553/ W@ﬁ% eI Hzsignabis stapfiadt 90 Watts.
foﬁgﬂ 51&{7%"7%60 ot i gxgb‘?gy @bﬁ@%@hﬁ?&%@%@%ﬁ@ﬁﬁﬁ%hen the

a@o OHE isineldis Bipplidng SG0 Whaek eThe ffth yuRé 780dh@vdida edtrgy and
di fferent _Itpovver | evel S toward the end of the etch

p mﬁére@élon BY télermycbl@z “avbenp) Mike signgl 15 srppHsS P'fn]gl 08 o¥atts.

27 and/ R 0 and po
d ec re a%%’ é)H{H?gng g‘r\}%lire %ﬂ‘é‘%‘ﬁﬁi E }gzlr%%lgﬁ?_&s c&e w g%ecﬁzcelon energy
| N&eRASIcNEs ToRead VMR chirRibé bistaihéd MithRspeeific R fitteats@.g. 27

i ncrease mask selectivity, which is very hel pful when

hiMHz)abpleibey arstaceessibletwith thedigher BFecquendyde.g. 60 MHz).
Concluding, by varying the RF frequency and the power levels, not just the speciation

in the plasma can be modified but also the ion energy and its distribution.

In the etching of a high aspect ratio feature, as the etch progresses, the
invention optimizes different etching conditions (e.g. ion to neutrals ratio, ion energy
distribution) along the etch. At the beginning of the HAR contact etching less
aggressive etching conditions may be used. That will ensure a good PR selectivity,

less PR faceting and as a consequence less bowing. This can be accomplished by
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It has been further found that to reduce bow ng the
ri ght anount of selectivity is needed. Too nuch or too

wo Raoslozes®] ectivity may increase bow ng. An et BOBDB20g8625406
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that may be used in enbodi nents of the invention may
have a fluorocarbon or hydrofl uorocarbon conponent. An
i niging paefsrentielly the haghgo frefaxmbyopowm(e 3. 6N omgven d:nginer,) and

t b dded t of. t
18 TE M DRV IS SO BBRLTOUSTOEHE Ce b RS MET2).
g Fow B &l AR Be AlliRr hAN&Ld 6 gﬂlsg?gytﬂs@?&puﬂtﬁ itk etchm%passes the

dielectric layer. Mire prefera the layer to
etboleldvéls Ax the bspeoinratiolimbesabasytbe ionPrehartabtajio deheaseayed also a

to be etched js a single |ayer. Mre EﬁreferabhéE
| SYLF PFRoyacest 1OA sBCTEY dgpegfieiiseds Grpepisd iR Pasrsp: ‘é"f%ﬂféom
B@éﬁ&@n@rﬁ}é dglstam r%gﬁﬁ(ﬁf%lb% aﬁlecteeﬁ ﬁ{ue't e 8L NeHisichn b?]

oxi de usi basi mstry e etch used an etc

gascafiplihed by am@nprefé’tﬁnmzébfrmamd 29el&lin a0 fliffdnérd Ipoivsr levels toward

flowed, i t he chanb nmber pressyre is set to 50

nifet pad %tn the P@F PRICCH D WIS %n?% acooPpNiskrdbyangrepgng pgwer from the

si Ve

oo oE 2 MY LR fogofly B9RLIRUWERORE R e 60 Mz

t hniombr powes. mowengiag frepowde fom théR7 MHRREssogre! mayf alﬁﬂmcrease
frequency. In a first etch step the first powe

s W@éelﬁ%‘(ﬁyd adicis yenidietnfulayhep bw&asp@ﬁera%% EFH LD awé? be

SQWicg provides O Watts at 27 MHz, and the third power

source provides 1000 Watts at 60 MHz. This step is

provi ddthdsdyeed 2@ tiee tamdshat mo &d&e&@vdngtlﬁngtt emouhhef selectivity

fi.rst power source provides 1400 Watts at 2 M1z, the

saEBFRdchohes mash 8 PEG ﬁ@%wﬂxwmqrﬁ%seélowzwg MHz, and

the thi I

e 1A oRHR YL 6y BB 063 RRR AL B8y have

f dhloudcarbvasoraiyd@dtubroehrbdn Qoipaieait. aAh dertGls QﬁcIDas]a‘Irgdiﬁ and/or

Therefore, the aspect ratio of the feature is

3 xonen agl/ OIWaﬁhqrsn%gﬂsawb@taédw a2 ompopspppidhp etchant gas.
;?y(g@ﬁ( ﬁﬁﬁlb% aﬂo&g%o%ﬁeqt t YD G A gé’{]‘ de using a

used an e gas of 400 seem

Ar , 30 FseRmbay) @he%y@fa@ms @f.fched whi didledtic fdyemedotaWrefctdd®y, the

chanmber. Chanber pressure is set to 35 niforr. A first

RFtasf%Webe efelgdcie ajsiliven @aisle dayer. r Bieforpbly tbq‘n klyergp b efghed is a single
d RF
N

prOV|des a third RF signal of 60 MHz frequency. h a
first etch step, the first power source provides 2000

Vatts dixamplgz, the
Example 1: In this example a contact is etched in oxide using a basic C,Fg

chemistry.

The etch used an etch gas of 250 sccm Ar, 28 scem C4Fg, and 10 sccm of O,
which is flowed into the chamber. Chamber pressure is set to 50 mTorr. A first RF
power source provides a first RF signal of 2 MHz frequency. A second power source
provides a second RF signal of 27 MHz frequency. A third power source provides a
third RF signal of 60 MHz frequency.

In a first etch step the first power source provides 2000 Watts at 2 MHz, the
second power source provides 0 Watts at 27 MHz, and the third power source

provides 1000 Watts at 60 MHz. This step is provided for 120 seconds.
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second power source provides 200 Watts at 27 MHz, and
the third power source provides 1000 Watts at 60 MHz.

wabios/osteep i s provided for 100 seconds. | a serONUSEDOIRS406
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step, the first power source provides 2000 Watts at 2
MHz, the second power source provides 600 Watts at 27
MHz, adelaserend istohdstepo therfirstqomse spires/proeiies 0600/ Mtatts at2 MHz,

MHz. Thi [ [ f ..h
C e o Do i i BB OBtk e S0P 2 SRS Uit B source
tvadeat208 Whits atldoavViseC AR SRPVE hrovledasr PI(PsesdE. 1500
tts at 27 Mz, and the third power source provides

100 \WatTihs resultB@ fohtore Hesiasieptheyd 3iGspprandiadee CDoof 808 pm:
seconds. The resulting feature_has epth of 2.6
e%???rsptﬁwnﬁﬁt wiog! e fe#ﬁf@ﬂ%%&?%} Qt"ﬁﬁﬁa%e@toma%tﬁ 16.7.
of the feature is 2.6/0.16, which is 16.25. Wiile this

i nventi on has been described in ternms of several

pr ef er Bxdmeidihdh s esamplb e centactas etchet imtdxddesysing a basic CsF
permnut ati ons, nodifications and various substitute
e§UFHIEnt s, which fall within the scope of this

| nvent igf.eidnt, 84 ng%félh%?gf AR 2Lt 56 Q&cnﬁg?‘; ?%ﬁ%ﬂ RRYof O,,

al ternative ways enenting the net

apaclals yhesddfitotthe clppnsisee nChinnbe@ pirésoure id tet it 35 heloef. ok dirst RF

i ntended that the follow ng appended clains be

i POwEhsREesPTa¥iden Figs Riipignal Ogﬁwﬂaﬁ@f&eaw- ofygecond power source

B

H&lﬁ‘&ee rovides a
ui val'ents as ru Irit and Scoppe

ofthitRFRigga st 60 MEB fréquendyl Al M5 What is clainmed is:
A nmet hod for etchi n%ﬁa hi gh aspect ratio feature
t hr ougHn & firgskeb siers the firtaower sousee Bioykisa 264 Wajls at 2 MHz, the

e e S

a phdvigds 000 MLRCH 60MBRC TR stepasprideddbif fE@r ®Béndshan
the first frequency, and a third frequency different

t han t Aieappgont etohchtepe therfdstposen eeige provisies dP oy Wantis at 2 MHz,

cofinREonpRitrer o R SR RTE00 LRy A2 e B oot source
PRYRIidds@08l Wak1& coaaPiRd Thiseepas gibvidedabr POPREOHUS, Power

| evel, and the third frequency is at a third power
| evel , Inhéhied efch biepsthe irst powersoarrg paevifesalsk00oMattsodt 2tMElz, the

the third. t th \
e o progiB oo Rade 8 R e fRE oy source
t OrBed 21008 attCat0MNIES! THRREDD is BRAIRIGYE S 8QoRdsSecond

etch step where the first frequency is at a fourth
power [Theetsultitpefestaodnd afdepihodRdyumsandt tap CDf 640, powe:

| Efreloraribh aficwRiip S5 8t TGHEoGH 2466l SaFGHSdAdDS Xt

POVET S yirfi1 IhEBhGEntldAHAs been described in terms of several preferred
embodiments, there are alterations, permutations, modifications and various substitute
equivalents, which fall within the scope of this invention. It should also be noted that
there are many alternative ways of implementing the methods and apparatuses of the
present invention. It is therefore intended that the following appended claims be
interpreted as including all such alterations, permutations, modifications, and various

substitute equivalents as fall within the true spirit and scope of the present invention.
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zero and the fifth power is greater than zero, and
wherein a condition is selected fromthe group of the

wo oost23sesver not bei ng equal to the fourth poweeT/aRZIN4/025406
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the third power not being equal to the sixth power,

wherein the second etch etches the feature in the

| ayer to be etched to a secChbaAliMigept h greater than the
first . th 2. The nethod, as recited in claim1,

\Nﬁ@? |1SnC diléyer to be etched is a dielectric | ayer .

3.4, The , V\fﬁ]ﬁﬁ]

d| el ectperi:?l % Bg;g?éc}&ﬁ nglqw{ga: Eecﬁgﬂgﬁﬁ%% e%netré]%g,mtgsa layer to
r deietched bveral sabstrade, cohiprieing: t he single |ayer is a
unlformlaye{l? 5. The nethod, as recited in claim4

f ur t hePlacBgthe syhstyats 1R RipFasess RAMbER Whichhis ehlero grovideRF power
t

o B i SRR P an Bl AR AL RN By goda i
f fiequddeg défferent thin thbdirsené sédon Geguenicpt bei ng equal to

the fourth ,povver the ei ghth power not being equal to

the fi PEYYi¢iBgeR ctchart sento tHe RIYSCIEHBRDRABt bei ng equal

to the s

Feat ur &1y B s St W O e P R BRBohEFlevel, he
gk&he Ifrehh@f&ytnhﬁ aSsReaTpcieRldvel, Gnd Tkehir@ fiRgeknciss at a third
recited in claimb5, wherein the first frequency is

b @woélélﬁvq owhgiepn the dfirst powp and # eeasteensrid the seqordeythe gird power

b

S}e\égr a‘%ﬁ&k}ﬁ?{ﬁ&}%ﬁtcﬂ @%%1% £ feta{auéré ?1&215 ?ag}gle #&g% etched to
claairsn(ﬁpth\;\ﬁmel n the first frequency i s about 2 Mz,

the second frequency i s about 27 and the third

f r equeRESViding aﬁémnd Insitep, wigere ﬂfweﬁrﬁb’firmncsa@ a} @ EquEpower
| Tev%i %en%eémd'\’fjr 1}611(@( 2«1? ]a?tft% OQ/Ier %%él 819({'?1 tﬁl?(? frgquency 1sata

conpdrient “gas— s FOmMICRE" §r oup’ o

f lskiet peaetiove] ankkrainhy tasfdnd @F et ie anPsixthifweed R@esater than
as recited in claiml1, further conprising a third etch

seeig, andiies Bith paer i geqater finczera, ied whorsitt hconslitint is selaeted from
ni,nt h po S reater, than

CoeoRERPEE sl R EERS btk RnE T PR el BREr S tos hied power
PRBEbeiNOEqREIIWe SRR #)0\{1& WherefnQHE kdoR@WRR ,etc‘}@@th%lféﬁ?!ﬁﬂ@ in the
power not being equal to the fifth power, and th

n ﬂayphtorim/mheddo alse¢ong dephegreatey thanethg ifixst hleptdivver

ereip,the third etc ches the.feature : . .
W?a cc b Satigth o g G R it R ¢ PiekCfbis o dietectric
nd depth. 10. The nethod, as recited in claim9,
mhereln the first frequency is between 100 kHz and
, t Ade seatlook af reegedmmjaiins?, lydtevae ﬂleMﬂzled;tuc éﬂ:y@ms a3fngle layer.

1i4. A g'gﬁf’b“g%ﬂlé% %FI r @ﬁu@&“‘%/%ﬁ’ﬁ%?%a} ﬁfola a&rllform layer.

Clsai m Tpl %etlﬁ)aﬁﬁ% heded o clzﬁﬁlcéh et ¢ gﬁ%ﬁ? ReGitd bRt 5@p, wherein

feature Iin a ectric ayer over a rate,
c ahienitswn @f the seventh, eighth, and ninth powers is greater than zero and where a

condition is selected from the group of the seventh power not being equal to the fourth
power, the eighth power not being equal to the fifth power, and the ninth power not
being equal to the sixth power, wherein the third etch etches the feature in the
dielectric layer to a third depth greater than the second depth.

6. The method, as recited in claim 5, wherein the first frequency is between 100
kHz and 10 MHz, the second frequency is between 10 MHz to about 35 MHz, and the
third frequency is greater than 40 MHz.
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pl aci ng the substrate in a process chanber, which is
able to provide RF power at a first frequency, a

wa ewsekets equency different than the first frepUENS3004/025406
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and a third frequency different than the first and
second frequencies; providing an etchant gas to the
pr7oces Shemaethet, as prcged th ddgioms,fwires¢in thecfirsstrequensy isgbotie2 MHz,

first freguency,.the secaond frequenc and the thi

r dicrern BRERatLis oy NG it AR LRk Bponl oz
figrst deptlsthdd, QY tditB®irPel HRCORehRLif MiSimdgt gﬁecohip‘rﬁés a
frequency, the second frequency, and the third

f ceopmenay gasniddrtal from dist gromeohd fludrecdrbemamhe hpkofyoracarbon.
different power level than t sed in the first. etch .
6" et ol B AR Ab ST L L a S erPPigig dbish igh SicB, wherein
depichst@hB alF &le dhatint é?gntﬁ,' dndhiflR Bbﬂérs%‘gre%ﬂﬁaﬁ 'zgﬁ) #ad where a

third etch using the first frequency, tThe secon

f cenditoe 15, sebotbdtfiven thui grouif ofgte seventh poivten natt bdigmstuabioghe fourth
of the frequencies at, a different_power |evel tha

¢ RAIeT SR ERB AR E aegiinecabl todhe BRR ROV He AP PRVY ROt

t BeinglegRallt ¥R sik@ Rwehiwid: 38 BlchBd eRh&fchbN@R Edifre in the
second ‘depth. 13. "The nmethod, as recited in claim12,

whig exitmic talger toaytbird tlepth@reate ek thesezonid déplt ri ¢

| ayer. 14. The thod, as recited i.n claim 13, wherein

L aifecrsth L pgyReited d glaigy %’ﬁ@r@ay&@m%?quﬁﬁgv 1s between 100
MeERAg 1@%\/1?1‘2&'?1& %gco;nﬁ f&hﬁéﬂlég J:s"b%tw@é‘i{ ‘tﬁm%iﬁ% aBbRHEMIIZ, and the

layer 1s a uniformlaye The e , as recite
I thied Aeqoehy isvdreatai thart eMHz st frequency i s between
100 Ic and t he second frequency is between Mz
{ dabodk g ctog dgvien TR by e Beeh &b ok it eat er

than 40, od fo cﬁﬁg agl?%%%ﬁé& Fatfo! féﬂg{}%na& JiGRLHE ‘fa}jepover a

an etch layer throug over a strate,

C Quitiagd, Bgmpeisipgasma processi ng chanber, conprising: a
chanber wall form ng .a plasna _processing chanber .

encl os plasingthe sphstrateria apigssey shapber, siipgbisablsgo grovide RF power

o MDA R ot Lo BRI, BEOREE Nl By B B reppy and i
priegaetcy differtiethid e fistPhoee®at Mgqediaidaer encl osure;

at least one electrode for providing power to the
pl asna PEveeas onsirharige & the PeocssLfbembsy sust ai ni ng a

Pl 358 81638 ! 16kl 8Ep REAYBI 8 el Be SB65nk ! Ay, and

the third frequency to etch a feature into the etch layer to a first depth;

providing a second etch vusing the first frequency, the second frequency, and
the third frequency, with at least one of the frequencies at a different power level than
that used in the first etch to etch the feature in the etch layer to a second depth greater
than the first depth; and

providing a third etch using the first frequency, the second frequency, and the
third frequency, with at least one of the frequencies at a different power level than that
used in the second etch, to etch the feature into the etch layer to a third depth greater
than the second depth.

13. The method, as recited in claim 12, wherein the layer to be etched is a

dielectric layer.
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encl osure; and a gas outlet for exhausting gas from
the plasma processi ng chanber enclosure; a gas source

WO pooSlogdeds connection with the gas inlet, a firBCT/psowes025406
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source for providing power within the chanber wall at

a first frequency; a second power source for providing
podker ihemethedes tdedediarclaial 13, stherpin heakhe edtrie tpyenisy single
different than the first frequency; a third power

sttiPte for providing power within the chanber wall at

a1shi r dnbnequsay rédittd 8r @il I dhetdiettel siritlle fah&AY & RGMorm layer.
and the second frequency; and a controller

cant r olThahethab s ewitediint daithie?, gdsrdimthetfirst fhesuengysis between 100

p r I he secand power, sourc d the thir

P Hrand Q0. g R MGy N n St fROe b il nd he
CQNRMr8uchepfialt & Ra 4 MRIPr i sing: conput er readabl e

code for introducing an etchant gas through the gas

i Alet ; domppestuy oadiabing adedercfinan pehflagyenilmough # inasikt over a
et&gﬁts eg, caonprising: providing energy fromthe first

pONE A Y BB HES'a first power |evel; providing energy

from t he, RecONd- RN thafb: C@&ndristhgsecond pover |evel ;
provi di ng energ§/ f\ﬁgmther’t hinﬁglspgsmr source at a

third power admmber wihiléfozinmg aplagiea piocetsingmhembersnglosure;
and the third Bovver | evel. are gr.eater, th

I n zer
wher ein t he 2 PSFate pROF for BPOHEBE askbstial wihin the plgsma
tgﬁ‘oéeﬁllﬁgcﬁagnﬂ%?eﬁéwﬁ%’ to a first depth; and conputer
r code

adabl e or performing a second etch step,
conpri si ng: agpressuch ragnlanefogyegdutabimg ttkepressusd ingbevelasma
source.at a fourt ower |evel; providing energy from

t REOCSEURMENRRREFISOWFGe at a fifth power |evel
provi ding engfdy dkdfBctbfe fol bfHiRYEEwS W HhEp#mPprocessing

si xth
chamber enclosure for sustaining a plasma;

a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet,
a first power source for providing power within the chamber wall at a first
frequency;
a second power source for providing power within the chamber wall at a
second frequency different than the first frequency;
a third power source for providing power within the chamber wall at a third
frequency different than the first frequency and the second frequency; and
a controller controllably connected to the gas inlet, the first power source, the
second power source, and the third power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for introducing an etchant gas through

the gas inlet;

29



power |evel, wherein in the first power |evel and the
third power |evel are greater than zero, wherein the
wo 2oos2meeh is used to etch a feature in the | BgEUS1004/025406

be etched to a first depth, wherein at |east one of

the fourth and sixth power levels is greater than zero
and the fifth powemphievspdable epdedoeperidiaingefitst otghgtep,
wherei.n a condition is selected fromthe group of the

f P8P EBWer | evel not being equal to the fourth power

llevel and the third powRidihgv@repebmab Rgst pawad sdubceldd@ first
sixth power |evel, wherein the second etch etches the

f pawverleveln the layer to be etched to a second depth
greater than the first depth., 18. .The ag$ar§tusé as cata
recited in claim17, WHSTUMRERHEE Fopse progpt gRRSr fource
besdarepokePieh ez and MHz, the second frequency is

between MHz to about MHz, and the third frequency is _
greater than 40 MHz. providingenergy from the third power source at a third

power level, wherein in the first power level and the third power level are greater than
zero, wherein the first etch is used to etch a feature in the layer to be etched to a first
depth; and
computer readable code for performing a second etch step,

comprising:

providing energy from the first power source at a fourth
power level;

providing energy from the second power source at a
fifth power level;

providing energy from the third power source at a sixth
power level, wherein in the first power level and the third power level are greater than
zero, wherein the first etch is used to etch a feature in the layer to be etched to a first
depth, wherein at least one of the fourth and sixth power levels is greater than zero
and the fifth power level is greater than zero, and wherein a condition is selected from
the group of the first power level not being equal to the fourth power level and the
third power level not being equal to the sixth power level, wherein the second etch
etches the feature in the layer to be etched to a second depth greater than the first
depth.
18.  The apparatus, as recited in claim 17, wherein the first frequency is between
100 kHz and 10 MHz, the second frequency is between 10 MHz to about 35 MHz,
and the third frequency is greater than 40 MHz.
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