WO 2004/ 102638 PC17US2004/ 013707 RI+ PULSI NG OF A NARROW GAP CAPACI Tl VELY
COUPLED REACTOR 5 BACKGROUND OF THE INVENTION 1. Field of the Invention
The invention relates to a method and apparatus for providing a structure
on a semwonduginesswaf er by etching a layer over a substp@i/@s2084013707
Description of the related art 10 In sem conductor plasnma etching

licati . 1@ - ' _ 1t . : { k patt
"hto a circl eﬂaﬁyfﬁ.ﬁﬁgﬁ%ﬁ?é%ﬁ‘%?;@%%g%%ﬂsﬁ?%%ﬂégﬁﬁdv@;ﬁ??| mtack |
on

(conductors or dielectric insulat wafer. This is achi eved by
etching away the filnms (and filnstacks) underneath the nmask materials in
t he opened areas of the mask pattern. This etching reaction may be

initiated by the chem caghyraskbvarseeches RNgEeHepsrically charged 15
y

particles (ions) generat generating a S om a reactant m xture
contained in a vacuumenclosure also referred to as a reactor or process
chanber. Additilon&idigef thhdnvemisnnmay be al so accel erated towards the wafer
materials through an electric field created between the gas m xture and

the wafer materiialifvedRnecatdsnga mdtiddeskiippalniseobpmakidiy 4 hencthebhng
materi al s al‘ong the direction of the ion trajectory in a manner referred
to as ani semiaspilucter whfenly eimhingtielay® ovieng sdbsbtiet he et chi ng sequence, the
maski ng materials may be renoved by stripping them away, leaving in its
pl ace a replic&.oDeshrptioatodiilad repdgd @t n of the original intended nmask
patterns. It is known to use in inductively coupled plasnma device an RF

poweripsour ce t Natkemicopthhi@ethlasmaBeihabpslicatibng, 9 pied-eatettkr td@fuaByaiedasl si ng
allows el ectron tenperature to drop rapidly during the off portion of the
pul se, whitighsfepnersk paéeravetpagerceit ad Hompatismp ef atdeveed thm oy anddortiHmsREkof f

peri od, en the electron te rature dr.ops..rtapidl. he .pl.asma _ign density
fecr eases (st G PRGOS than i 8 Ve d RE VRS R B B o
and t her ef{EfilniRyg s MERNTaMBE nidR MR MARS opdita eda8 08 theliisk IO SBhifRY
significantly | ower the average electron tenperature, while keeping the

aver age pletobme wevigin panppinstitahbethy chawiralyeckive speriss aadcleedodly Slaggstd on
shadi 139 eE)El%fcrless’(iorn%fige%ie?zgec? Lj? (g:énre?a ing%qﬁgs?m{ ﬁ)'or%ean?:eg&gn %%111{ re ggﬁ’t!’:tﬁl%d ina
vacuum enclosure also referred to as a reactor or process chamber. Additionally, the ions may
be also accelerated towards the wafer materials through an electric field created between the
gas mixture and the wafer materials, generating a directional removal of the etching materials
along the direction of the ion trajectory in a manner referred to as anisotropic etching. Atthe
20 finish of the etching sequence, the masking materials may be removed by stripping them

away, leaving in its place a replica of the lateral pattern of the original intended mask patterns.

It is known to use in inductively coupled plasma device an RF power source that is
pulsed or modulated. It is believed that such pulsing allows electron temperature to drop
rapidly during the off portion of the pulse, which lowers the average electron temperature.

25  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 fo semiconductor device

30 features. Such a process may pulse a single RF frequency.
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30 features. Such a process may pulse a single RF frequency. Page 1 WO
2004/ 102638 PC17US2004/ 1113707 SUMVARY OF THE | NVENTI ON To achi eve the
foregoing and in accordance with the purpose of the present invention, an
appar at us fw@ropsavésdi ng a plasm etch of a | ayer over a wadg(stsyprsovi ded.

A capacitively coupl ed process ﬁg b i*swr oVi d?d. A gas source is i n
fluid 5 connection with the ¢ MMWF lass chanber. Afl_rst
el ectrode is provided within the process chanber. A second electrode is

aced apart and opRPsit&et - fddnst 8G1S A '.r_F i 0
;‘5 rpequencs pOWEr source 1?%@(%1{1%@{@%0@%;% @gﬁﬁdég%ﬁ%ﬁloﬂlgpwpggésP %%@%?Fntt he
first and sec@n@n@'bmcanraquemrua/ﬁaepmvidm5prasmakaﬁktfﬂldfaflgﬁnjgemw@%mrpmﬁgg%ge
i des radiq frequency power of between 150 kHz an z. A secon

ng;“o fe r equen%caé’é‘%ﬁ?’ &é%:ﬁﬁﬁl\éﬁi%ccé% F%fb@wsnvoweé%eétg@aswaaf indast one of
the first sand 4 : i he cond radio fr ency power
source pr gvi dggﬁ%ﬁﬁ%&&v@ﬂlﬁ%{% éﬁﬂgﬁ%’;‘?}y&g&@? 8@%%3§%§%Ckﬁ%t eéﬁcgl%gﬁbg Mz. A
first nodul at povidednvitioh thsprocesmasndet. t0sdddfd bicbgbdd iBEhRHRBAYBRE Y RAWET
source, to prqvi d% controlled nodulation of the first radio fredquency
power source A% F%&f Grepdef Adgetegie Hequgngypows SP@'CQWIMGaIEYWOan@:ﬁb@;
embodi nent of ¢ | $ . t for oviding a plasma etch of a
| ayer over a %?g?dslf)gﬁégé%t&@&%%ﬂi@%@%ﬁgﬁ%}neg Sy‘%%&?p“ﬁ%ﬁ%ﬁ}%ﬁ%gsqlé%lamewei s

provi ded. A gemisoposales sadit fibhuindy powsestticoncan 190 KineakBRAIHA Veky.maup! ed
process hanmber. A first electrode is provided within the process chanber.
A second léo eldia FeenrE ey aicey Bia plectaisall oppostied td atdeast hiee 6f ths first and

i.Sy: d t fromthe first_,
ol ect 1 ode. 1 or eend DRCEERATRGIARL LOURA L2y E BREES B R bras B viden Favi

first and sectegheabepéwadefbernetn PN @Iz hndR0dNIBE! Al Bist RoBfilafon Wl is
dianeter to gap size is between 6:1 to 60:1. Afirst radio Trequency power

source for preRattag iathsdweiradiodirguesty povier seircd, te guendsya tantelledt ri cal |y

' rodes. A second
connected to gt a3} e85k (fﬂgt r%ioté]e%ugﬁcgzsptow%? L E?tnadﬁ't—zec{ueegéy of between I kHz
radi o frequency power sourc

15  to 100 kHz.

In another embodiment of the invention, an apparatus for providing a plasma
etch of a layer over a wafer is provided. A capacitively coupled process chamber is
provided. A gas source is in fluid connection with the capacitively coupled process
chamber. A first electrode is provided within the process chamber. A second

20 electrode is spaced apart and opposite from the first electrode, where the second
electrode is spaced apart from the first electrode forming a gap, and where 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 is electrically connected to at

25 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 af 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

30 source at a frequency of between 1 kHz to 100 kHz. A second modulation control is
comnected 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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for providing a power signal at a second frequency is electrically
connected to at least one of the first and second el ectrodes, where the
first frequency is different than the second frequency. A first nodul ation
control iswoonngnked to the first radio frequency power ponusmosborprovide
a control |l ed modul af b@fhef crhbh&lihkhtSdf tha@ventfone 4 wensod ROvRKIBG: RO RE A 2
frequency of between | kHz to 100 kHz. A second nodul ation conttol is
connect ed to thérseponddadadile Wwafene ehcyd ponerpasitiveiyepuplod praveisdehamber. An
controlled nodulation of the.second radio frequency power source at a
Frequency of | BEIIRCHS SOUIc] RS GORBBGETTbD- s FE R B cPune) Souardi6rsas
PCT/ 1352004/ 033707, o st ANALIEH BT BRI Rl cHah el RO P Rudi e 8
etching a IayeraovneCP/ Sé’lmgﬁ ilcs provi g@d.ceThce vvg)fe&e'r '?s Igﬁacéd.'l%%eq&ggSlggdl
capaci tivély compliddtedr dcegacitivalytrenpledsecort cadin gregasici siganlae ipdeddddine t he
process chanmber. A capacitively coupled first radio  freguency signal is
provi ded i nt o%%oﬁséég%lg{’@hgrﬁ‘ﬁé??on%ﬁ 1p ffiegpency gl ispaelvdied signal 5 is
nodul at ed. A capacitively coupl ed second radi o frequency signal is provided

into the process ehabgld oiflSestRRRd HeaRbRnd iﬁﬁ&’x’tﬁﬁcx?éilllstt%ﬂ%hiﬁeﬁ igg]g&}aat ed.

These and other features of the present “invention w escri n nore
det ai | s bel owdétailt belodahdhd édaittelsizsiptticon{dic mventionvedtih conjandionwith the

conj unction V\/irtg)ét,he follow ng figures. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS The pi0%6Rg fighfention is illustrated by way of exanple, and not by
way of Ilimtation, in the figures of the acconpanying drawi ngs and in

which 1ike reference numeggies he{ERIGON OkHEIE PreMRANEsand in which: FIG

1 is a schematic view of a capacitively coupred process chanber that may
15 be used in the preferred enbodi nent of the invention. FIG 2 is a flow
chart of a processThhatespelyinugdioa ipilketiertedtly e odiexempleodndtivg by iwayerit i on.
FIG 3 is a gf.aﬁ)h_.of .cone ntr atf;t?ln rati os of F+ over (CF2 Vel $s r}:oplul ation
mnitation, in the figures of the accompanying drawings and in which like reference

numetals refer to similar elements and in which:

FIG. 1 is a schematic view of a capacitively coupled process chamber that may

15 be used in the preferred embodiment of the invention.

FIG. 2 is a flow chart of a process that may use a preferred embodiment of the

mvention.

FIG. 3 is a graph of conceniration 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

25 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

mvention.
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frequency. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present
invention will now be described in detail with reference to a few .
preferred enbodi nents thereof as illustrated in the acconpanying draw ngs.
In the foloomwopgzdsscription, nunerous specific details p(r;'ﬂ/_usmu/f)gmm in
order to provi deDari@agat Iatmhblgghocum{i@t%@lﬁtlndgm_@-eog;aadshﬁsst@&ia?ﬁm? ‘{aﬁﬁggyﬁ%@gggt [

i however, to one skilled in the art, that e _
vent T o’ MayPTBRE SRR TR SheE Bt Sorke 6 Cal e GH s et 1 o0 06CHY

i ; kgo eps .and/ or..St ruct.ur.es ave no

{)ge(rjlt gg;clri e@%ﬁ% ]eg\%ﬁm’iﬁ %@%%ﬁﬁﬁggﬁgﬁ ltl% ﬁ%glé’glggril}Pe§ef§]best8&‘?%eeisﬁ§_’“%r esent
i nvention. dRgeviyWon200448026R80 RGEHS2A0HK, 0 FERmolul N an @ s 1E NG ofore, it
process, etchant m xture gases dissociate into various species. For
exanpl @ usVoydds desigable ablg §p coptrokips rafimoDesulting spesies grmayateil $is @ plaate, t 0
ions of CF2' and Fi in an etch plasma. FF may tend to etch the _
phot or esi st. ThekFkf.drie aschdnmticevawe obt cipacislelodouyletyprodets thayhtee 10@aiat abl e
to dissociate CAF8 t. ‘. Therefore woul d be

i el CF2! less F ‘ it 5
desirabl e tBHE° ]éﬁdéglt%el I??"B%frggIgglpﬂgzmi‘eégggth@felg?@élﬁﬂt ilhﬁu%%*éqdé@%@‘eﬁ@r ated in

a pl asma. o ti : i tivel I [.QCess
chamber 10 ¢ ot ess SRR 106 clhipiodt < RRERL 0% SO B BIBET  on.
In this end®di mbnwer eﬁdwe'odcpll@&ra@aps@n'esislmgndfaﬁlaib&rulsﬂ.ﬂﬂnp(p{mrFﬁgﬁn L08
confi nt.rings 102, an upper electrode 104, a |ower electrode , a
gas solt ce P ﬁaesawgé%ﬂwaﬁ&108uﬂlsfzmratwefﬁ- rWig isEisne prenisdong
chanber 10 S . Q pon. t he;
ol octrode 158 o0 L o e S R e O %
chucki ng  meshamissinte(ge .egacn-oahmnmaasmat«,&lmamm@,ad}ltﬁ@iri%@Ifainﬂmt 1@5% 8’{96 the |ike)
for holding the substrate wafer 18Q. A process chanber top _
i ncor por at g‘ébstt’f‘?ée i %éllégl gd%r?‘ifé%dﬁﬁbef &%b’@s?@émﬂ)ﬁzﬁﬁi the é?}yel‘fmggsd:l g?;t h: y
| oner el ec | . . ( ower el ectr ,
confi nen'enng??%gdﬁg%%é{%gwgéﬁghgwﬁ(r%:ge(? agﬁ%ari v%f Rt efestrode To :
15 lower electrode 108, and confinement rings 102 define the confined plasma volume

140. Gas is supplied to the confined plasma volume by gas source 110 through a gas

inlet 143 and is exhausted from the confined plasma volume through the confinement

1ings 102 and an exhaust port by the exhaust pump 120. The exhaust pump 120 forms

a gas outlet for the plasma processing chamber.

20 A first RF source 144 and a second RF source 148 are electrically connected to
the lower electrode 108. The first RF source 144 provides a radio frequency power
with a frequency between 150 kHz to 10 MHz. Preferably, this frequency is about 2
MHz. The second RF source 148 provides a radio frequency power with a frequency
between 12 MHz and 200 MHz. Preferably, this frequency is about 27 MHz.

25 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,

30 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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140. Gas is supplied to the confined plasma volune by gas source 110
through a gas inlet 143 and is exhausted fromthe confined plasma vol une
through the confinenent rings 102 and an exhaust port by the exhaust punp
120. The ewlpausi/ipsssp 120 forns a gas outlet for the pl asBypiogessing

chanmber. 20 Agbincsl IRFTROUSE®IRAN BREY 8158 B BRI SPL G i@ Bher dovic
electrically connected to the | ower %I ectrode 108§QThe first @soﬁ¥§85’144

provi des a radPd fsrtbegdetiopd prrad RTWOlurrseaIM,ehkSerﬁfﬂyfiﬁibet we}émdﬁ%ﬁ;ﬂkidz{ 1;1951%;28
MHz. Preferabl this frequency . s about 2 Hz. The secqn source
provides a r aﬁ%ﬁ@%&h‘g#@@%g{’o@%ﬁn\?ﬁ“ﬁi 1#"3%@&2@21%‘?1’@16’&%% 194 aydhaleavez00
MHz. Preferabkyerbdd gogfz[rggggagéﬂ‘ i s about 27 MHz. 25 Preferably, the
frequency fromthe second RF source 148 is at least ten tines the _
frequency fromthe first RF source 144. A first pul se nodulator 133 is
control |l abl e connéet grbferoed tebddimsnt, RF psonesgeg 4440 nifhevafdry Git gapibsieveen

. ; : i
requenct es bUEERR TddByof B bbioR 1D 108 1 Bhond ot Lhet ot itor crbtimsnt
control | ably gRnResk edictixihbe heaonttiRorspihet: 1480 l%&u‘gg'&s ,9@{?&1 RULSG:

nodul ator 135 is able to npdul ate the second RF sour s gna
frequenci es béewkaneter dHbe ioverGlckbiie 108 1 Hiesdignediciesn, th hgpapRetode

' . A, troll 137, be controllably connected
fo the rirst B Setoriege it Gucthiabpuia. dietr b Sweciines
exhaust ponp JdQceN diPBei88sr thadard 16k gﬁ)%é}é s%a? gﬂ@(?a ﬁ'xep e ggjl{s%é%ng\%)et%h& 1
source 110_ The controller 137 nmay al so be control ['ably "conrecte

ot her devi cestp 60slicMoaspichealflyrtht agredt mEo dnbetREers oMl ¢e80:144 s 48ult, Chiamber

I'l's 152 define a pl encl osure in which the confinenent rings 102,
the upper el GROFBAEVHTAS T4AAn EHETMERLENITOR] dserbiien sotiaes. ditshosess o a

pref err ec enbadigABOia: ity RACRERH00, Q3 ITAIRLRbe R 0BARET WEG 1)

upper and | ower ectrodes 1 _

enbodi ment  tthe gais peticen dtei ippbetleaanictang 16k ardidiodots Lhenwagk ep,. 198:d 0 be
processefl which is about the dianmeter of the |ower electrode 108, to the
di st ancelbet &} l‘ftbzxé tg&b%@é}beéwgmtbgggper elecirode and the lower electrode is between

about 0.5 and 4 cm. Most preferably, the gap between the upper electrode and lower

electrode is about 2 cm.

FIG. 2 is a flow chart of a process that may use a preferred embodiment of the
invention. In operation, a wafer 180 with a patterned mask is placed in the process
20 chamber 100 (step 204). In this embodiment, the wafer 180 is supported by the lower
electrode 108. An etchant gas mixture is provided by the gas source 110 into the
plasma volume 140 (step 206). In this example, for etching a dielectric layer over the
wafer and under a photoresist mask an etchant gas chemistry of Argon, C4Fs, oxygen,
and other component gases may be used. Modulated first and second RF powers are
25 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
30 plasma volume. The inventive process chamber has a thin plasma volume, defined by
a thin elecirode 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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and the |lower electrode is 300 mMmm: 2 cm which is, 15:1. Preferably, the
aspect ratio 10 between the dianeter of the wafer to be processed and the
el ectrode gap is between 6:1 to 60:1. Mre preferably, the aspect ratio is
bet ween 10wd Aoy A063k. As a result, this process chanber wasysmoexirenmel y
narrow gap bet e8¢l 1A98SdeRUNE RS ikt d HSBd olnat. |
sheath to be a ubslt ant | zlill ell?‘Br%agt F}gﬁ) of Psﬁtg%gfbﬁ&g?t&%ﬁn. q@%:‘f’e‘i{ég%ﬁ@& P%g
gap between t e auppeficeligatirodde @adnd ovlemeel ectrode is less than 8 cm Mre
15 preferably, the gap between the upper electrode and the | ower el ectrode
is between about nd 4 cm Mst preferably, .the gap between the upper
el ectrode and Iovve%léefl Bt #31 Of COmgpRiiAtion Taes GHFGOver &gz s wedgtionof g
process that mRY.YRE o2 uRSIRERL" Qg (RALe. htég hd iR b
operation, a wa?iiér ?gg Wi t% é%gtutgdﬁnedgangéckolf se %nggﬁﬁﬁ%q‘z@s@@é&%w 20
chamber 160 ( dtcepo@0dion fraqtchtpinerdassithenitio dfiié tnaFeTdebBRséssanguhgor t ed by
the | ower electrode 108. An etchant gas m xture i.s %r_ovi ded by the gas
source 110 i nPwdikdion grequsrey e Rfetsed &0 patip thegslio. Thisihisexapzmprehow dhe
etching a die 1c | r : - toreskst .mask an
ctchant gas choerdeEgYefeayecohlif e Slalih HiGe Al HET rces
may be used. Mudiohaif ek flasisd vélnghesecond RF powers are 25 then provi ded
(step 208) to create and sustain a plasma formed fromthe etchant gas. The
plasma is used to eﬁch the layer tinder the mask (step 210). Wthout

wi shing to be bound sylashadesy,toigengraligiviafiayedppendant fp Sariens Befoss sighes th
power inig c REPY2 rhen y

Sheat h of?  natapa ioH ERURERPLATRRS SORRCMABHIRE B FhE I b Sl

smal | porti onthefe vhou3Qaqdas i dielusstd abdng sidhvabddleorPhas efsnio Agakane has a
thin plasma vol ume, defined by a thin el ectrode gap and hi gh aspect ratio,
so that the sH@athregiat Siucedhe bwesrrgrovises a girath weiowrihaids psisnifaghp st efint

part of the p I . - I e ul.ation Page 5

2004/ 102638 P@?’é@ﬁ%‘%ﬁ%?@@t&n@ﬁﬁghﬁ%&e@ fRCLY g 8%‘?&338}%ci es
di ssociation and | oss to generation ratios for a significant part of the
pl asma vol ne. As the volume of the plasma bulk is changed a significant amount, the

15 generation-loss balance in the plasma is altered. A change in balance is known to alter
plasma parameters such as electron temperature (and fhereby the plasma species

fragmentation/dissociation).

The invention also provides an added control that may be used to tailor an etch

according to the type of etch. For example, in etching a high aspect ratio contact, a ot
20 of sheath is desired, to provide higher energy ions for etching. The pulse modulators

would have a modulation 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
25  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
elch bias, sheath, and dissociation chemistry. The controller is able to cause the

30 modulation of the RF power sources to be synchronized or to be modulated

independently of each other.
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FIG 3 is a graph of concentration ratios of F over CF2+ versus nodul ation
frequency of the higher frequency RF source. The graph schenatically shows
that as 5 the nodul ation frequency increases the ratio of F+ to CF2+

decr eases wacobhabkeiygodul ati on frequency nmay be used to coptt/okastbensr@ti o.
This is an exanpl e 1@foi9whibBEimdnfY BMHek RIF g5 BRHSSEH él@clﬁﬂl@%h‘% éntl]cffltq may
di ssociation ratios of gases in a significant portion of %

vol une. The plbézslﬁ@[i I E@@Xﬂmpéfeamih@n aapbadanen sy Mpmtd%ﬁxsbmd/ﬂ:rcbmmr
factors, such as t @t | nﬁﬁ_ gf ions and el ectrons and their energies.
Mbdul at i on may BE eBCPBp% §&9et hese various factors. As discussed
above, such nodulation may mainly affect the sheath region. Since the

i nvention provides C&h&@&hﬂ%b&wf%afa?@& fduhd@rodh awlﬁbéiﬁi% ﬁz{ra u@that h?ae

vol une, the nodul ati on may be used to affect a significan une of the

pl asma. AS thélﬂM@Wmi@ntﬁqulmephféallmvSJthlekno@Ialimar@ddamEs@,nccfsl cant amount,
the 15 generation-loss balance in the plasma is altered. A change in

bal ance is known t 1 ters h as el ectron_ tenperature
(and thereby the pﬁ’gglr]‘r%%és 1g§?r§§o”q}d§§ nﬁ 5’?1??51}91‘}13‘?1?? SEYSTEHeeRd i nventi on
al so provi des caBoaiess, Gens 51@'alt%ﬁﬁbzlm}élxﬁﬁaﬁkﬁﬁdm%&f}cﬁhén%r alﬂ%ﬁbﬁé‘sub titut
according to the type of etch. For exanple, 1n etching a hig ctratio
contact, a | opquivgenss, whishtH! wihibebe sampe of thiptroentien. h]itg]limﬂd aherogyzoledmﬁatf or
etching. The se _nodu torgnvwoul d av a ITDd‘li]laatl on frequency favoring a

hi gh sheath pgicén?leéﬁlany SHAHYE St hy em?IW@Ig GRghoAs fam dRIEBUsSS Pbker

f r equencyopofes i RGHLRCIRYIRRTOR hRAR:BA! fle B0 ARRLGKARLE AL 09

conti nuous-wave operation. instead a trench is to etc ma lowlc
dielectric, i Dmlbmhﬁhascin@ndmgrmﬁwhch M&lﬁfﬁdﬂpﬁﬁnﬂfﬁﬂloﬁ’lﬂﬁﬁ@dlﬁbﬂldﬂbealﬁh%ﬁbbs
shoul d 25 be r%dt{ d. This ma%/ g %%:co |she by nodul ating the | ower
frequency t hat" &}‘g? %CﬁilYag}elg%ﬂ faveitipp &h ‘feesrpnéti‘?élétsﬁopea‘l’ﬁt@@v&’ﬁéeﬂtdﬁ‘f%@lﬁ| ne
tuning of lowion energies. Mdulation may 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 ssociation chem stry. The controller is able to cause the 30

nodul ati on of the RF power sources to be synchronized or to be nodul at ed
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i ndependently of each other. Page 6 WD 2004/ 102638 PCT/ US2004/ 013707 hi

ot her enbodi nents, other RF power source and el ectrode arrangenents may be
used. For exanpl e, another enbodi ment nay connect the first and. second RF
sources to the upper electrode. Qther etching benefits may be found from
the inventive apparatus that has a 5 narrow plasma volunme and all ows the
nodul ati on of dual RF sources. Wile this invention has been described in
terms of several preferred enbodi menigg,afNigre are alterations,

permut ations, nodifications and vari oUS SuUDStitute equivalents, which fall
w thin the scope of this invention. It should also be noted that there are
many al t er nat Yvat 1\?\/&82@1@1? 1Sk npl enenting the methods and apparatuses of the 10
present invention. is therefore intended that the foll ow ng appended

clainms be inter pr 111 éjpa?gtué Rg! odlcﬂggal Ilaesqu| 8telra% Faf‘ PB?er{q*:tnﬂ;“ ﬁn&si rue

nmodi fi cati ons, i Ous
spirit and scope of the present i nventi on. Page 7 CLAIMS What is clained

is: 1. An appar at usScapacitipélgcoabladpclsasmmbat ch of a | ayer over a wafer
conprising: a capacitively coupled process chanber; 5 a gas source is in
fluid connection with the capa0|t|vely coupl ed process chanber; a first

el ectrode® wi t hi n t8as SPUce ésindRudrprimections Wit fep @paaiivdysostled Bgcasart and
opposite from.the dlflrst el ectrode, wherein the wafer has a dianeter, and
wherein the second’ el ectrode is spaced fromthe first 10 electrode so that
the space between the first electrode and the second electrode has a ratio
to the dianeter ofafilkecloafele vathibdtepeeresd clidintien; 1: 40; a first radio
frequency power source, electrically connected to at |east one of

a second electrode spaced apart and opposite from the first electrode, wherein
the wafer has a diameter, and wherein the second electrode is spaced from the first
10 electrode so that the space between the first electrode and the second electrode has a

ratio to the diameter of the wafer of between 1:10 to 1:40;

a first radio frequency power source, electrically connected to at least one of
the first and second electrodes, wherein the first radio frequency power source

provides radio frequency power of between 150 kHz and 10 MHz;

15 a second radio frequency power source, electrically connected to at least one of
the first and second electrodes, wherein the second radio frequency power source

provides a radio frequency power of between 12 MHz and 200 MHz; and

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

20 frequency of between 1 kHz to 100 kHz.

2. The apparatus, as recited in claim 1, 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.

25 3. The apparatus, as recited in any of claims 1-2, wherein the second electrode is

spaced apart from the first electrode by less than 8 cm.
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the first and second el ectrodes, wherein the first radio frequency power
source provides radio frequency power of between 150 kHz and 10 MHz; 15 a
second radi o frequency power source, electrically connected to at |east one
of the first and second el ectrodes, wherein the second radi o frequency
power source provides a radio frequency power of between 12 MHz and 200
MHz; and a first npdul ation control. connected to the first radi o frequency
power source,™ Bl?eo%npa@% aoiseie] ey whalaimas | on wherambiespeond radig o

frequency pomgéqauggé{hg% rqhzg.@lelglhﬁ% ‘?&C{Yrsfx{%dgeﬂ&@g kHz to 100 kHz. 2.

The appar at us ecrted in Tur ri'sing a second

nodul ation control connected to the second radi o frequency power source,
to provide a Tont rbid agaraneded @titahinehyboli elagre dad furddt corhpréguemdyasponer
source at a frequency of between about 1 kHz to about 100 kHz._ 25 3. The
appar at us, asc"lngé?‘f‘%‘& ring wigin dhe Rrpagsishamber, wWheel e ehisad eps penfierent ode i s

spaced apgrt rfir{ ﬁﬁ@?a%la@ﬁ% N3 érode by less than 8 cm Page 8 4. The
appar at us, eC| nany o clalns 1-3, wherein the second radio

frequency is greater than ten tinmes the first radio frequency. 5. The
appar at us, as.r eciThedipparaany aofecitddainrmy bf dlairhui -Shértheoopnprédimga adnttodlast one

confinenment rin hin the process c wherein the at | east. one
confi nement &?%ﬁﬂe‘?we@ ddo &%@ﬁ%ﬁ%‘%ﬁ%i@ cogtroirpid e seroRe ROduGdiopeci t ed

in any of clego ol-5, further conprising a controller controllably
connected to the first nodul ation control and the second nodul ation
control. 7. An apparat us for providing a plasma etch of a | ayer over a

waf er, conpri’si ng:An dfpasateafoapidvidieg v pteupl ctch @i Dlapsovehawatar, compasmgsour ce
is in fluid connection with the capacitively coupled process chanber; a

first elgetrode Watcgpgmavﬁy Roupied pro((::ct]sasl 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
15 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 10:1 to 40:1;

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;

20 a second radio frequency power source for providing a power signal at a
second frequency, electrically connected to at least one of the first and second

electrodes, wherein the first frequency is different than the second frequency;

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

25 frequency of between 1 kHz to 100 kHz; and

a second modulation control connected to the second radio frequency power
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a second el ectrode spaced apart and opposite fromthe first el ectrode,
wherein 15 the second el ectrode is spaced apart fromthe first el ectrode
formng a gap, and wherein the wafer is nountable between the first and
second el ectrodes and wherein an aspect ratio of a wafer dianeter to gap
size is between 10:1 to 40:1; a first radio frequency power source for
providing a power signal, at a first frequency, electrically connected to
at |east one WM Eh& FPYie agaptralicdnaduptat idhesecond gdio Seeshay Pasto
frequency POgfuROKE HelioyRi BURIHA AR o3HIRloflR Second frequency,
electrically connected to At | east one of the First and second el ect r odes,
wherein the first frequency is different than the second frequency; a first
modul ati on coht r ol Thooappecteg at wcitdrkinfdlaist 7, vadiran theguentsleporens savete, to

provide a contralled nodul gtion of the first radio frequency power source
at a 25 freqdﬁﬁ@fk%?ﬂﬁﬁﬂ %ﬁﬁﬁ%ﬁﬁﬁlﬁﬁth%kﬁ%mt; and a second nodul ation

control connected to the second radio frequency power Page 9 source, to

provide ascongrol I'ng mpdukal boRcedd gy SEERNEs 3L ALEPRYSRGYdRANET  Ssource
at a frequency of between about | kHz Fo about 100 kHz. 8. The appar at us,

as recited i nrajuanan iy greatee tiginten himes dedindt miliecteqeacy. s spaced apart from
the first electrode by less than 8 cm 5 9. The apparatus, as recited in

any of cl ai 7- 8, wWherein the second radio. frequepncy is greater than ten
AEA o Hi i e AT A A L B e SRR
claims 7-9, fddhfiRQfiet MR iaiAhAlrobR8Sharg, whQefnl (RS TRREst bhdGordech: t he
process chanber, wherein the at 1east one confinenent ring defines a

pl asma vol ungingk@tings a phemapphmat us, as recited in any of clains 7-10,
further conprising a controller controllably connected to the first

modul atign cqntrolnand Hhﬁlsggon nDduIa%Hpn ﬁqﬁt ol .. X2. A nmethod for
etching a' layet o d1° apPararusy a5 eGP &Py, AN EI g{ufthgr CEFREP&f ghntronier
capaci tively conupllty 85Re6es (MR8 modulation control and the second modulation

control.
12, A method for etching a layer over a wafer, comprising:
placing the wafer in a capacitively coupled process chamber;,
15 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

20 process chamber; and

modulating the second radio frequency signal, wherein the modulating the first
frequency modulates the first frequency at a frequency of between 1 kHz to 100 kHz,
and wherein the modulating the second frequency modulates the second frequency at a

frequency of between 1 kHz to 100 kHz.

25 [3. The method, as recited in claim 12, wherein the wafer has a diameter r, and

wherein an electrode is spaced from the wafer so that the space between the wafer and
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15 providing an etching gas into the process chanber; providing a
capacitively coupled first radio frequency signal into the process
chanber; nodul ating the first radio frequency signal; providing a
capacitively coupled second radi o frequency signal into the 20 process
chanber; and nodul ating the second radi o frequency signal, wherein the
modul ating the first frequency nodulates the fir frequency at a
frequency of tg‘EFlB&gﬂdq ha;?lqgatc‘% tc}ll% dqrpeter ofipe W‘\éﬁ‘ Q?Eetf"’l‘f‘é“ 449 4i%%g the
second frequency nodul ates the second frequency at a frequency of between
1 kHz to 100 ktiz. PR hdthodNR B8IAAH 189 BeGhiRh B s&loliMdié fic c? in the
wafer has a diameter r, and wherein an efectrode i's spaced fromthe wafer
so that the speder thet ismdimestbe fiedt eadiafidquddage 10 the el ectrode has a ratio
to the dianeter of the wafer of between 1:10 to 1:40, 14. The nmethod, as
recited inclaiml13, wherein the. second radio frequency is greater than
ten tines thelaslf irs S?ngﬁ%&ﬁr}%r SHEOr %‘Qby&g‘gé‘ﬁﬂ&%ﬂa%ﬁcﬁ?é H’e?ﬂg’cog C#“ﬂ)‘?“‘ﬁé by
the nethogl, as;recited in any of clains 12- 5 14. Page | 1
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