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WD 2004/ 102638 PCT/ US2004/ 013707 RF PULSI NG OF A

NARROW GAP CAPACI Tl VELY COUPLED REACTOR 5 BACKGROUND
WOROTHE2GBNVENTI ON 1. Field of the Invention TheT/uS2004/013707

invention relates to a nethod and apparatus for

PrREFEINNGING OF ACKARROW GATSEAPATIAIVEYY GOEPLED

etching a |ayer over apguksfORte. 2. Description of

the related art 10 In sem conductor plasma etching

applications, a plasma etcher is usually used to

transfer a mask pattern into a circuit and line

pattern of aplaSKGROUNDOH THR BWVENTION | nst ack

(conductors or dielectric insulators) on a wafer. This

i s achi eved by etching away the filnms (and

fil rstBekof thqeerid h t he nmask materials in the

opened areas of the mask pattern. This etching

r eathe tvertign tedateqtiotai method myd dgparatinefior palvidinge ttrwgure on a

species and. el ectrically charged 15 particles (ions)
serglepRIUI AT Yesiehing i e‘éo‘fﬂrﬁgﬁtés Hef%m a react ant

m xture contained in a_ vacuum enclosure also referred

to as Rescopbowe!l e redptedads chanber. Additionally, the

ions may be al so accelerated towards the wafer

rrat &1 sembisotducton iasana etdh@pt appcdtionk,ch mlaend eidhdrés werily used to

he gas m xture and the fer materials, generating a
traﬂeﬁf?reacma%ﬁ%ﬁtt%mépﬂw e PaHFREP! RiesFscihy g ggyor filmstack

(coﬁlg]?%‘.?frs é)%‘ﬁ%él%@ nsﬁﬂl%rél) QR alW £ CHRE ¥ 4 Hle?ﬁd;ﬁggl‘é#uinﬁiagvﬁy the films

0 as ani sotropic etching

(andffilirReackd)ahid g e st duemnask, mhtbﬁalmﬁiemgeﬂfmlta&édsaifshdmysk%ttem This
renoved, by strlpplg%them away, leaving in its place
ctchingapaction Ty herBitiafaddwihe shemieally astive speciss gl ﬁlaptncally charged

paﬂt@%g @@S&v’s ﬁé afec at{yt e%ﬁ&’?tl%ﬁghﬁa Iﬁ%%’\@ retﬂgt rftsr?mltﬁ]re contamed na

evi ce an power Ssou

vaduhiat eﬂo%éﬁkﬂ ﬂﬁﬂrdﬁfnd@ﬁd b akedior bt ploseehh@ved Adtﬁﬁﬁorﬁxll?hhe ions may
pul sing allows electron tenperature to drop _rapidl
cg{h,etween the

be dlﬁp inpeplerpied dwarge theiwiergnateas st@ anecinc figlderentq

aver.age ctr tur t he
gasplgﬁt n\%ﬁi f%r mélfenféf % ﬁle{a% n‘ger aDgut!;l%nag Feé%ovafg%t?% Fgfhmg materials
alohB %dadhe&ﬁan oo thedeM GhjedtoryiAGIBATRE reférredl (8146 AniSbIBYRE etching. At the
rate, since ions are nore nassive than el ectrons and

ﬁntSheJrf éliemtehmgrmemm ﬁlesnmmg mﬁamalén@mbﬁ a:moveﬂrbefrs@ﬂpmeg them

ni fd h
vy R B RJBA PR QAR B e&%‘é’ﬁ& o e cufRial 8 ndedapask pattems.
densi téﬂappr oxi nat el y uncha Th| s .may reduce

el edlis BROWA iRinspgndrdustyely cqﬂggfeﬂcplﬁgn@ﬂ@féfer%REaﬁwe@swe that is
puﬁgfbfﬁggﬁ‘lﬁ{eﬁr Itqg{'\éélgeqleé that gt?cthlﬁu?ﬁng S ﬁe&fogccgrﬁger%}(e to drop
pul Se a singl e requency.

rapidly during the off portion of the pulse, which lowers the average electron temperature.

During the RF off period, when the electron temperature drops rapidly, the plasma ion density
decreases at a much slower rate, since ions are more massive than electrons and therefore
move much slower than electrons. Therefore, this process may significantly lower the average
electron temperature, while keeping the average plasma density approximately unchanged.
This may reduce electron shading effects, reducing electron damage to semiconductor device

features. Such a process may pulse a single RF frequency.
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an apparatus for 1§ﬁ@¥¥¥1—42—ﬁL S f a |l ayer
over a wafer is pgﬁ i .%' Fbauav.L§$i£¥§coupled

process chanber is provided. A gas source is in fluid

5 connets actiicwd the férbgoifig PETin do¥ekiindavie! 8¢ pREREESBh

chanber. A first electrode is provided mﬂ?hin t he © present

pr &Y eRone paARAr atunfos PEHENE b obasmedichi of adpyr ederapwafer is provided.

an ' first electrode, Afirst radjo

8 SRR count ARrb OGS Hdlies R FPLidPR, Ao futieis n fuid

at cdnaactonanieh e dapidval oIl (16GRADEhAAIRE! AOSIESeIHABE S,

the first radio frequency power source provides radio

f requidae yithiswie podceireahapibar. 15 Gedord elmottoddishepliced Apart and opposite

segon el ¥ aldi 0 (I r eq?enc%i.(ggwer source is electrically

connBcred St 5odFOG 4% Frsh FEIG FeqUFaCY Pewer sonpse isele@Figrlly connected

el Gt lastesme ofiey Bishadd\@csREaEhad| i

source provides a Sri}:\di oc fr equgncjkglgae;@ggiﬁg%%lgeﬁléﬁ&eﬁypower

VHRUERS drP0desvidio frequemaytpomed of bétiveen t30tHohnd 50 MHz. A second
requency power source

ected to the first.radi :
C QP dUFle rebier iR el X ERBIFCI 4 Reerst ot of st and

f rResRINgy - n_ 1 kHz .
| EREURNBANE iR R B Blor A6 HE NGy HonRPLIRE bbuiHeE a radio

arfregppraygtoner bbetpreaw il 2 Midz. and2GIsMELz. et Ghst @fodalakidd 86ntrol is
over a wafer i.s provided. A capacitively coupled

priGeRe él%ﬂ&fﬁﬁ‘oﬁ’fstp 10 BEQRENEILPOWSL sgrEse o reads & conirdlledi d

c i ' . [ L] | ed.process
ISR Ab it st BRIERARGALY YOtk sERAR AL PRRRSY Rpbotveen 1 117
prtodegkHehanber. A second 20 el ectrode i s spaced apart

and opposite fromthe first el ectrode, where the

second . el ectrode j.s spaced apart fromthe first

el ectr Jjaén?tﬁ?liﬁrﬁ dlémﬁ‘grﬂ%t%’&"%’é’pea& ¥arpisdlior providing a plasma
tahl FoSty @ el ectrodes and .

T By SR ol R bk, "R e PR, B P55 Famber i

sipzevidel. bepuesré: it in fluidGoinechioh withtthé a4HaBitivERPEEMEY process

power_ source for providing a power signal at a flrsp

f Pgeaaéﬁc;f\ fizst glegleds ig arq‘@de%owﬁé@ thecproeesa chapsber e dstecome

of, My es. second.radi o

e e e R Bl 0 B S o R sgeona

ateleatrséerpaded afue oy the fiedt @LdetrbddorMinpoNRBC hikbwh&e e wafer is
| east _one of the first and second el ectrodes, where

t Feounfabls betweci ks dijstiagd gecond elsatrodds and wherein an aspect ratio of a

wafer diameter to gap size is between 6:1 to 60:1. A first radio frequency power

source for providing a power signal at a first frequency is electrically connected to at
least one of the first and second electrodes. A second radio frequency power source
for providing a power signal at a second frequency is electrically connected to at least
one of the first and second electrodes, where the first frequency is different than the
second frequency. A first modulation control is connected to the first radio frequency
power source, to provide a controlled modulation of the first radio frequency power
source at a frequency of between 1 kHz to 100 kHz. A second modulation contro] is
connected to the second radio frequency power source, to provide a controlled

modulation of the second radio frequency power source at a frequency of between
about 1 kHz to about 100 kHz.
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second frequency. A first nodul ation control is
connected to the first radio frequency power source,

wo eoopnaasBgie a control |l ed nodul ati on of the firBCT/D8NO013707
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f r equenkyanpeiwe emBOdiamut cfthainventiors g uesibod ok ckaingetyek over a
kHz to 100 kHz. A second nodul ation control is
c ofipsE isaoviged. hEhaswalshs placgd in ¢ pangaidively qoumled psasgsscahamber. An

to.provide a _contsr.0ll ation pf the. second ;

: SRR B Bro i e 8 protBA bl R tadi Rl s radio

a énd] @ oolded 10 thehocBadfinbY\OTRO Akt 226 i
PCT/ u§26}8ﬁ%137%? ~I'n anot E%?C enbodi r?eyﬁ)g ofﬁflstLc he #quency sigusl
i Ny ammdubnted. oA wepastity ehiroupled Iseovgd aadia feerueney signalia peyvided into

i s, provided. The fer i | aced in a capacitively
cJHp P efembe K Shor o TR mndh gL B e
into the process chanber. A capacitively coupled first

radi o TH&e4aM6hesfe@tidds dfShdpresent B ehtidOwii6e MsOSERSin more
chanber. The first radio frequency signal 5 is

nmottdilstbetbw m thadateiled descyiptéangd thelinyenteondandadiconjunction with the
fﬁeﬂgenc fsi gsgal is provided into the process

cHAMBEME 5§€®%econd radio frequency signal is

nodul at ed. These and other features of the present

i nvention wi || BREEFPHSCRIBTION OFCTBE IsteA pitgsgoel ow in

the detailed description of the invention and in

conjunction with the foll ow ng figures. 10 BRI EF
DESCRI Phitaapesmt ipventiymaipiiiisated &y prayad sxampleeand mnt by svay of

| ARG R il o e B G s A Wy Bh tike reference
draihRgls réBftol simill diénértkend ighafignce nuneral s refer
to simlar elenents and in which: FIG 1 is a

schematic view of a capacitively coupled process
chanberFI(hatis agghempgic yeewielaicapacitiviely gowfled prodess chamber that may
enbaodiment, of the invention.FIG 2.is a flow chart of

o B GeE B e it S OEERReR s eafimodi ment. of 1 he
invention. FIG 3 is a graph of concentration ratios

of F+ auey. 2G5 flowadhStHf AREdedt thina ﬁ@%liwgeféi/red gﬁlgodiment of the

DETAI LED DESCRI PTI ON OF THE PREFERRED ODI VENT
mvention.

FIG. 3 is a graph of concentration ratios of F * over CF," versus modulation

frequency.

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
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present

invention.
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The present invention will now be described in detai
wth reference to a few preferred enbodi nents thereof

waoidessrated i n the acconpanyi ng draw ngs. PATAUS2004/013707

f ol | dwiming afegiehingpiogess, etolmat mistuspgased dissodmtesintcsvaaions species. For
set fort.h in order to provide a 25 thorough, . .
cietreleohsinern g h e Rimisty PECihant e i s 18 Sigspaiat o ions of CF, and
FEARR ah efth pl S e mayltBn ' sy t t.nat
e ey gt phBrasby Bl ol fass;cten
selettiGfy, itttheste dgsireble icdidetciitd €,F;Ito yldiiors OBf ang &ss F*. Therefore, it
wel (%1] kaov.vn Er o%esg steps and/or structures  have not
Vi bedestiaplsdf be ablgde sentrql thesatie of fesultiag sperifsEsaeraiedliy a plasma.
obscure the present invention. Page 3 WO 2004/102638
PCT/ 800y Dscdprtic Dew ofg capacitivdly noppledomresss clenalieain0 that

R T el S T 8o e
plARR g78dessths RGN 8 00 CorPAses @bnfifiediter ﬁﬂgs fo2, 'aﬂl_ u r@ielode

plasma. F+ nmay tend to etch the photoresist. efore
196, 3 lovrer glsetredec)8, & ghssuiogi 119, arid amexhbest gesipriab) &Vititn

iR oF Rasing phated 4P ThEiisFiedite 10 Inaoatmediapon the lower
efeRRbdd1 0. NEnd BivkPelBdtrddiR S Bk ﬁﬁd&gp&a%ga @?ita%?é“&“bét}a%? CIIIL[\]:Ikﬁlg
1 Vi ew o rvely

plasma. FIG IS a schenmat | a capacl
noobplisd (peoeksostiimyrechahil thaipingyr the likspfbr holdidpethe
referre odi nent of the invention. In this
s Vet T P resassbambPcion d2F Hiogsisbie hpper clectrode 104
F 3 [ tnd 1 u r e e
(e i L S U G R A
lexdralestroge b8, b20 coMirtehient fifigsl (Rstefin HecRaSheUpla AP ime

0,, the substrate wafer 180 is positioned upon the.
12‘@\/@5 IseuRlisdoadhe epmined plapmayplugedit gas geureed 10 through a gas

. : ki hani
R 6B R D G oSG i

ringk ©)2 drat arhedheiisi Goitde theserdabst pushp e ThbBRhat PR €36 forms
chanber top 128 incorporates the upper el ectrode 104
a@?%ﬁ‘@?ééoﬁtﬁﬁﬁbﬁlﬁﬂér%eﬁmaﬂ@et-he | oner el ectrode 108.
The upper el ectrode 104, 15 | ower el ectrode 108, and

conf iyn ' [ f,bned .pl.as
CorCARERE sbg ¢4 0 SRSy 16y R AR BIASR cecied
thedbwerelbytragiad 080 The Eirst RF dofcrUdh prodés a talotteqhéyddider
i.s exhausted fromthe confined plasma vol une f%rough

the feeseneiehativeen F0Hdz tedd M. fnefesehbu s foquentyistaheut 2

W
NBUEPLR PR T8 USSR AR 9oT8e v oy
between 12 MHz and 200 MHz. Preferably, this frequency is about 27 MHz.

Preferably, the frequency from the second RF source 148 is at least ten times the
frequency from the first RF source 144. A first pulse modulator 133 is controllable
connected to the first RF source 144. The first pulse modulator 133 is able to
modulate the first RF source signal at frequencies between 1 kHz to 100 kHz. A
second pulse modulator 135 is controllably connected to the second RF source 148.
The second pulse modulator 135 is able to modulate the second RF source signal at
frequencies between 1 kHz to 100 kHz. In this embodiment, the upper electrode 104
is grounded. A controller 137 may be controllably connected to the first pulse

modulator 133, the second pulse modulator 135, the exhaust pump 120, and the gas
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20 Afirst RF source 144 and a second RF source 148
are electrically connected to the |ower electrode
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f r&eqrterildﬂ) ﬂ(bm&bntwﬂdr ﬂ3%nfayat]mdn®pnh&]ﬂa&ﬂﬁﬁbnh§&e& bﬁthtd@her devices,
r ef er this freaoengy i s about
awf 3608 M B B LSs Chadhigr ellybBhasfine a plasma

P?%@eorsa P O e NP T, e ool 18Hand e tower

Predéerodbl198 atddisgosedjuency from the second RF source

148 is at least ten tines the frequency fromthe

first RF source 144. A first pulse nodulator 133 is

cont r ol aietered smbedigent, dox m@cqssmgta 3R nayg (yrade, tngap between

Thfie Lbictand W9 RAGIA R, 1081l BoflY Gn! SpcltPAU!Ahe: LB diment

source Si ghna quencit es b

1Gﬁe kdpect rtio betwaen tlmﬂlaﬁemdﬂﬂhamfer 1306 té Be prABEJsE, |vﬂﬁ&¥1s about
connected to the second RF source 148. 30 The second

puhe diagasirg o4 therlowsselparogls| 1884 to thedistaneacbatveerstbe upperRiectrode

S R Bl BTSN 155, RUREN S Bl d Br ot oo
groeunétacthe Aiab@edr o8 kHealafdsto b¥todi8sca At i él@(ﬁfo\‘ie g is between 6:1
connected to the first pulse nodulator 133, th

sdedfd - fUperatseablia tlsraspes ratichis betwregnd : 1|do r4bp 112/@5 a mullt, this

t %So%%? iliaélgj ﬁgv\%rjlo%{t %%'f 023(15% gpq%; S%golge 0 Zs(,) 7Such aspect ratios
caib F@Ad tall allo&ongRathad buiatsibahial ﬁQ&iGnc‘cﬁﬁh%%ﬁH n@ﬁsﬁﬁ Preferably,

the first and second RF sources 144
weth¢ gaplBxweesf the @pperpleartiode amhlolves eleetrade isvese thah 8em. More

{RRCBRE B ERucnd oty SRBRsad e Ber letrods S between
PIBH@IU. Sen PR B prefbAbLPIIRGES BofifbeR afiholr ﬂgagog% and lower

the gap between uppe ower €
1®&ct19datscabbu122crm Therefore, in this enbodi ment the
aspect ratio between the dianeter of the wafer 180 to
be pro he di aneter_ of the

bout
| ower ﬁ@c? r‘go%lﬁ,h \_x((ggart gf)g P?Pgeﬁl é‘t‘téﬂ%yeuss étrefered ermbediment of the
e |11%¢etnﬁgﬂ €1n atIJﬁea Lanen 8@ Ivﬁ e}%ﬁrﬂea n%gg y%ﬂaﬁ%‘i%n% process

is, 1 . Preferably, aspect rat
be‘hmbwr l(}ﬁ)e(stdp and)x dn thif embedlvm:he ithe wafee 180 mcsﬁpptﬁ'tédaiydhe lower

o FeBpdt U0 R 8l Ba Gt isiireds pioviabksche 26 spurcs 146 o the
AZ)ld%ﬂa%%rh ljf(ags&:ﬁ Cﬁlstﬁl Ql'ﬁg %?c e&%{e&gg lgyﬁg gver the

FTOW gap b ct rod
g a\msfelt angtundén a)phoaomhﬁahdisktm eb@xaﬁt gald bﬁ&rﬂﬁtry aF AlC U,00) oxygen,

el bul k pl asma. Preferabl %\4
other component gases may be used. "Modulated first and second RF powers are
then provided (step 208) to create and sustain a plasma formed from the etchant gas.

The plasma is used to etch the layer under the mask (step 210).

Without wishing to be bound by theory, it is believed that modulation of the
RF power in a capacitively coupled process chamber causes a change in the sheath of
the plasma. Such a change in some systems may only affect a small portion of the
plasma volume. The inventive process chamber has a thin plasma volume, defined by
a thin electrode gap and high aspect ratio, so that the sheath that is affected by the

modulation forms a significant part of the plasma volume. As a result, the modulation
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the gap between the upper el ectrode and | ower
electrode is less than 8 cm WMre 15 preferably, the
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el gy bodsed tb ildvpeRdntly abtt] sPectestiidhodiaitn addBEs to gegeration ratios

preferably, the gatg bet ween the upper el ectrode an
Iofnéﬂﬂ@llfé@tl?wéof calsgme voluom. FIG 2 is a flow chart

of a process that nay use a preferred enbodi nent of

the i i.on. | i on. a.waf er 180 it h .
0% or PR 8 ek PRERAHA8yn BtPLEE- AP Bl podutaon
10feduh&Po B4 highbhfrédtehcyERP @8ird® "The £f3fh YeHeBIatidfAR dhdws that as

supported by the |ower electrode 108. An etchant "gas
i the mastulatiop dieqiensy ingyeaspethgasticeilf de CFrDdéaneases el that

I I 140 6). | hi s. le, f
0 BRPTAS) BEB bR Blal b PRl orow e
Phigh SRS Aky BERSded 36 cSHitfol B di RS aB O PtDk bY g s ﬁhgéign'ﬁcant

F8, oxygen, and other conponent gases haybe us d1

Moghriien efitheiplastnaawediise@cond RF powers are 25 then
provi ded (step 208) to create and sustain a plasna

et oh ¢ bR RS ey Sophet R Ciiofs o e Ay PRoieiors, such as the
W SR of ®rRend 1B RBGF dherdibs. | MloBELHi&Y 1|?le bb ﬁgﬁd g change

nodul ation of the RF power in a capacitively” coup
pribesswiriohs faotars. cAs dissusaeftmvgssucih ntodelasibe ataly mdinlytalfifect the

e e R T RN 1
pr i I '
PRk 5 BBt LB P

the sheath that is affected by the nodulation forns a
si gni f i Aathte ypdurhe of the plasmhdstkeis ehidngee a simificaneanbint, the
t he nodul ati on. Page 2004/.102638 PCT/ US2004/ Q13707
meBFRERIGR %ng’alainﬁ"d’é‘ﬁgﬁggﬁflw sk ob chgpge frgalance is known to alter

di oo . . _
O AR RSB LALLM, o gy peci
gripmettatoardisotiatién)on rati os of F+ over CF2+ versus

nodul ati on frequency of the higher frequency RF
source._The graph schsﬁgti cal ]y shows that as

5 the
modul at TRV FEIRRAPTP Hidpeasadded pantrol fhat msy be usedtodpijar an etch
degk apd d i d. t
SRRSO A SR D3R, o
| ofesheathis dmsiredieo pawildioglmrhegl idilddoditsiangi The pilse modulators
rati os_ of gases in a significant _portion of the _
pl WAHd bawg ¢pedulation frequency favoring a high sheath potential, even allowing for
increased instantaneous lower frequency power during the pulse-on than would be
achievable during continuous-wave operation. If instead a trench is to be etched in a
low-k dielectric, ion bombardment should be reduced and therefore the sheath should
be reduced. This may be accomplished by modulating the lower frequency that

typically controls the wafer sheath, allowing further fine tuning of low ion energies.

Modulation may also used to change the percentage of the volume affected by
the sheath. Therefore, the invention is able to provide an extra control, for controlling
etch bias, sheath, and dissociation chemistry. The controller is able to cause the
modulation of the RF power sources to be synchronized or to be modulated

independently of each other.
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The plasma | oss to generation ratio is dependent on
various factors, such as the 10 nunber of ions and

we@b@atiowss and their energies. Mdul ati on may PET/USHEA4/013707

10

to changeothédwestditaédts) whd RHE ffvwer sbdrcel s CHE&RMeABAY Soments may
such nodul ation may mainly affect the sheath region.

Si beesedh&or examnle. ghobebahbedimgnishanednneeghofirst hiad sicondRF
Si &ni fei ¢ant 1Pa£arte10ft t he vol une, the nodul ati on may be
used 18 "at el g?ﬁﬁfficant vol ume of the plasma. As
the volunme of the plasma bulk is changed a significant

amount , Ottee etthing®egst hdf-He T5EndORbA MESink tntlvae ?Jllﬁﬁl%a’[ has a
is altered. A change in balance is known to aF er

p| Basrev plasmawolme adeHows the medulation afiduel BF sowcésand
t hereby the plasma species

f ragmentat4 ' [ati.on).. The invention als
providégﬁ%%9§%§§%3§§%3ﬁ31e%ﬁg?ﬂﬁgil‘@mﬁggﬁeygﬂﬁgﬁﬁﬁwd
anerBbthiments CliE@i abdaltcPatidhe, $erRBtalbne bfddi fida8bnEARIMREBys substitute
in etching a hlgh aspect ratio contact, a lot 20 of

s hes ralengs, gl el within Breseppieofthigheventoer Byhowd alsb de noted that
eH%H%Q%. The@gulse nndulators woul d. have %'nnsulation

f r R rLpBTT AL 2V §h ONERERI e Rt s aag pparatuses of the
al hrognbfhvetion. I PG tREERL IndSHIBN AP ARUSIIHWVINE f)érﬁgg@ﬁ%s be
power during the pul se-on than would be CR evabl e
duntengretedras inplwling slbhswhaiterativng perniiitations) wadifieatioranadd various

is to.he etched in . oW ielectrig, ion ) )
oS s elrgn 1 kv Bk e o8 ik af inopy 6 e eresmatinyention.
shoul d 25 be reduced. This maybe acconplished by
nodul ati ng the | ower frequency that typically

controls the wafer sheath, allow ng further fine

tuning of low ion energies. Mdulation my al so used

to change the percentage of the volune affected by the
sheath. Therefore, the invention is able to provide an
extra control, for controlling etch bias, sheath, and

di ssoci ation chem stry. The controller is able to

cause the 30 nodul ation of the RF power sources to be
synchroni zed or to be nodul ated independently of each
ot her. Page 6 WO 2004/102638 PCT/ US2004/ 013707 I n

ot her enbodi nents, other RF power source and el ectrode
arrangenents nmay be used. For exanple, another

enbodi mrent may connect the first and second RF

sources to the upper electrode. Qther etching benefits
may be found fromthe inventive apparatus that has a
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5 narrow plasma vol unme and all ows the nodul ati on of
dual RF sources. Wiile this invention has been

walemaniotsesl in terns of several preferred enboPCTERL084/013707
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there are alterations, per ians, nodifications and
vari ous substitute equivagg;ghﬂgmhich fall within the
scope of this invention. It should al so be noted that

t hengt Rretimedys: al t ernati ve ways of inplenmenting the

nmet hods and apparatuses of the 10 present invention.

It is therefore intended that the foll owi ng appended

cl hi ms BB apparatup futsevidingialasue gieh ef 4 lageroiver a wafer, comprising:
alterations, pernutations, nodifications, and various
substit Lval LL within the true spirit
and scdgélég%?ﬂ§%8§§%§ ?%F%SQﬁ?ﬁ%%. Page 7 WO

2004/ 102638 PCT/ US2004/ 013707 CLAIMS What is clained
is: 1. fgasappreds sfiie comeotbnlivity tike ipasifivelgtelbled p@cess
| ayer over a wafer, conprising: a capacitively

c 08T pr ocess chanber; 5 a gas source is in fluid
connection with the capacitively coupl ed process
chamber ; g Lebisbaclffh ifidfollsl Bhdlubdie process chanber

a second el ectrode spaced apart and opposite fromthe
first electrode; a first radio frequency power source,
el ectrizsdcbyd electrriztspacddapart ah®agposne o the Edst tehRtrode;
first and second el ectrodes, wherein the first radio

frequenc ower _source rovi des radi o frequenc ower
of get v%é’ﬁ‘? Haglip fzﬁ?zlea%pq\gerr@p&r;ceﬁlgv@ém cpargnc@d t a Teast one of

fr , (R . C ected to at

| SO el BROR LRMOEE, whoEhLOL Bt I RPBTLE o G Plres

t heosideondia fsljuendy gouent YetpRerl SGRHEE 6fd 1PMILdes a

radi o frequency power of between 12 MHz and 200 MHz;

and 15 a first podul ation control connected to the

first raa%ﬂ%mf TdHLERRUSEOREY e Spwiceelecticylly commegteddo at least one of

QRE R i sAUBAN bbb hindrb thd Edbud AUl LY BIMPASYor source

c

power source a reguency etween

Kk tovides d hdiafeflcat powa@Dfbefide d2 IMHE had POCLMIMI @i N

the wafer has a dianeter, and wherein the second

electrode is spaced fromthe first electrode so that

the sp gelarst modulation control connected to the first radio frequency power source,
to provide a controlled modulation of the first radio frequency power source at a

frequency of between 1 kHz to 100 kHz.

2. The apparatus, as recited in claim 1, wherein the wafer has a diameter, and
wherein the second electrode is spaced from the first electrode so that the space
between the first electrode and the second electrode has a ratio to the diameter of the

wafer of between 1:6 to 1:60.

3. The apparatus, as recited in claim 2, further comprising a second modulation
control connected to the second radio frequency power source, to provide a controlled

modulation of the second radio frequency power source at a frequency of between
about 1 kHz to about 100 kHz.

4. The apparatus, as recited in claim 3, wherein the second electrode is spaced

apart from the first electrode by less than 8 cm.

Page 8



20 between the first el ectrode and the second
electrode has a ratio to the di aneter of the wafer of

wheimaas3s: 6 to 1: 60. 3. The apparatus, as recPCBUSI004/013707

10

15

20

25

cl g m 21nd dalifis, GORRIEEINGaifh 4 $ARAG RIS Qfio frequency is
control connected to the second radi o frequency poﬁkr

s ogreater; thho tqprtowestbe first omtio feduessicy.nodul ati on of the
second radi o frequency power source at a frequency of

bet wee 5 about 1 k 0 aho 100 kHz. .4. The

appar at U 2pat PT@%%?LI %ﬂFﬁiéw%%ﬁéP%Wﬁ$Pﬁét@@SQHE

el i : t i T

L SERAS PR QRES SHAAE R aCBR O hmen

PGTitd IBX004 APXBF@Folbne. The apparatus, as recited in
claim4, wherein the second radio frequency is

reater_than ten tine he _f.irst. radi o freqguency. .
THE appReibatotify o5 Beledl i Sries copaEREA cortroller
COBRELRARY cBlindcRATH R st O trol AOMYWEd3hE nid¥Bilation

process chanber, wherein the at |east one confi nenent
5 qonfrgl.defines a plasma volunme. 7. The apparatus, as
recited in claim3, further conprising a controller

control lably connecte o0 the first nodul.ati on contro] = .
2l e AR R SUAETHR ik ier BOMpriSig §Sa5pg geodulation
asconfibl EthettBd & Mk Redond fratib ﬁ%guégll@?gBWﬁﬂ 9r@, B8V de a controlled
modul ation 10 control connecte the second radio

f rmqdwdaiton Eiihe second raky fitquepcypowe saurceat 4 fietj@hcy of between

nodqul at | of th ond radi o fregquency power source
at? u?igggé‘h&l}ﬁ’%ﬁoégaken about 1 kHz to about 100
kHz. 9. The apparatus, as recited in claima8, wherein

t | f i thet t | :
t ﬁ ?f?@lﬁ@aﬁgﬁ%ﬁ% 194 &9&%&1&@ 8 gvrh%%&fhe sBadhd rﬁ&hotﬂaegﬁéncy is

o frequency. 15 10. e appar at us,
r egredterdthim teml tanew the fivdt eaddo frequieacgrecond el ectrode i s
spaced apart fromthe first electrode by |less than 8

e o R eIl hrai Phe e atgalgpirods is Spaced
C : urce is in fluid
. geﬁ)ﬁlét%n? *&C@@‘ﬁe&@ﬁ?ﬁ? g;g les@ 1A G

ction wt acitively coupl ed process

11.  An apparatus for providing a plasma etch of a layer over a wafer, comprising:
a capacitively coupled process chamber;

a gas source is in fluid connection with the capacitively coupled process

chamber;
a first electrode within the process chamber;

a second electrode spaced apart and opposite from the first electrode, wherein
the second electrode is spaced apart from the first electrode forming a gap, and
wherein the wafer is mountable between the first and second electrodes and wherein

an aspect ratio of a wafer diameter to gap size is between 6:1 to 60:1;

a first radio frequency power source for providing a power signal at a first

- frequency, electrically connected to at least one of the first and second electrodes;

Page 9



20 chanber; a first electrode within the process
chanber; a second el ectrode spaced apart and opposite

wo eai10dsas fi r st el ectrode, wherein the secondPCT/US2004/013707

10

15

20

25

el ect r ogleedofid 8486 &€qiEpay powerasuicl ol prosidirg) £63wR@nal at a
form ng a gap, and, wherein the wafer is nountable

betapeehitegieney,ekactrigatly sernsateddo alclerss eae obihd fistandiserons
oot SRBRES Yy 48 48 HEQ Rhas i bl HRen Grencr

source for providing a power signal at a first

f r equeng ¥irst &lodalatios abntyol comnReddad theofidt radRABEquend Rwer source,
the first and second el ectrodes; Page 9 WO

200412046 3 gowmtledspahustonyf thr finst wdisofiequencyi power source at a
fr enc ower s c rovi,di ng a power signal at
a égﬁugﬂﬁy?ﬂeegﬁ%%(/)gﬁ%FoeL@;Iflg%tlap connected to at | east

one of the first_and_second el ectrodes, wherein the
first fieguedapduRtich témieBbniddra tb iR esRNAdio frequencar Jpower

frequency; a first nodul ation control connected to t
f i Josrce; e vide e ggutieledgpodiatimafdle secand mdpr equdecyapower source

controll ed ulatio f. the firs di.o frequency
po%/\%ér&sqgﬁ?cé'eo te{v%een P’%‘%L}e togbop 1@92‘%%21 kHz to 100

kHz; and a second nodul ati on control connected to the

sernnd Tadagpafah@d eReedidWiim SO Whein iHe sBEMIMRtBde is spaced
controll ed nodul ati on of the second radi o frequency

poilert fsun thedlirstelegrode byjdesa thandt crhet ween about 1 kHz to
about 100 kHz. 10 12. The apparatus, as recited in

claim [ . second el.ectrode. i s space .
apggr't flff‘%em%%{ea& Flgs{éaéﬁ? elcrzltcraé :lzbyv/v Iffg%thteﬁﬁ‘f#ong r%‘ﬁ? frpquency is
Thre@BPRBAtdAtim&@Sthe Gt QKb FBquehay.m 12, wherein the

second radio frequency is greater than ten tines the

first radio frequency. 14. The apparatus, as recited

i nl4| ai Rielapparagis; peteciéeshipralaimnld , trthep egrnprisieg aideast one
confi-nenent.ring W.thin th r,ocess ch er,, er ei

C RRmEPEER el Redse e R i ferEin e s Losh ot fafinement
e\ finka pHePadPRAAL US, as recited in claim1ll,

further conprising a controller controllably

connected to the first nodul ation control and the

selbond Hisapparatusnas igeitedrig|claim 11, further comprising a controller

controllably connected to the first modulation control and the second modulation

control.

16. A method for etching a layer over a wafer, comprising:
placing the wafer in a capacitively coupled process chamber;
providing an etching gas into the process chamber;

providing a capacitively coupled first radio frequency signal into the process

chamber;
modulating the first radio frequency signal,

providing a capacitively coupled second radio frequency signal into the process

chamber; and
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20 16. A nmethod for etching a |ayer over a wafer,
conprising: placing the wafer in a capacitively

w@eowphes3pr ocess chanber; providing an et chi nBCTES2004/013707
i nt o t hewopukdeg theabeomdandiofFeauénbly’gnal.capaci tively
coupled first radio frequency signal into the process
chanber; 25 nodul ating the first radi o frequency

si bhal ; The Bigthedndf rscitedinclaimis) whersinthe decsad satio fragiancy is
fr ' | rocess chanber; and Page
1oggﬁﬁgﬁ%ﬂ?%%@@§§5E%#$E§§8%Xﬂw?§¥o7 nodul ati ng the
second radi o frequency signal. 17. The nethod, as

r et§.t edThemettmidmsheitadiachin t7h@heeioRe nfcddiabing the first frequency
frequency is reater than ten tines the first radio

5 1 BaGEAEY thoirst freaenat HadTeaenayefibeeend K ziorh09kHz, and

| ' first frequen 5
o sbabe R B e bkl Bl mb FEE AN sotpn froauency ata
befrygencylofidtwben 1Az kdiz00 i@mgl Wwherein the nodul ati ng
the second frequency nodul ates the second frequency at
a frequency of between 1 kHz to 100 kHz. 19. A
sehl- confsemaongdecipiedevicsripmaeddyy tha mathad atireciied inenddimelb.
in claim116. Page 11
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