15 FEB 2006 1 PLASMA REACTOR W TH ADJUSTABLE DUAL FREQUENCY VOLTAGE D VI SI ON
Techni cal Field The present invention generally relates to a substrate

processi ng chanber. Mre particularly, the invention rel ates gﬁh?ﬁﬂ
and apparatus for delivering power to a processing chanber. Backgr5 rt

Pl asma etching and reactive ion etching (RIE) have becone inportant
processes in precision etching of certdain workpieces such as substrates in
the fabrication of sem conductor devices. The differences between plasma
etching and reactive ion etching, which generally can be carried out in
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enpl oyed and fromthe consequential differences in nean free path of
excited reactant species in a processing chanber. The two processes are

col lectively, referr to herein as plasma etching. Plasma etching is a
"dry etﬁﬁh@%ﬁe&%‘fé&e and has a' nunber of advantages over conventi onal
wet etching i nmMe chrébentoikpeactons g@ejmraaﬂlyy rdlamEsedoi la esxﬂmmadmr of
| i quid etchant, nate&{al Some,. of the adv ﬂ es |nclude I gﬁ r educed
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di nensitohad method ,and cpgesectusi for rtiiéhverr:pm@vp@lwercho selppodcesd yng and
|ncreas%ga@aocess flexibility. As integrated circuit densities increase,

devi ce § si zes decrease below 0.25 mcron while the aspect ratio
(i.e., ratio of feature height to feature width) of the device features

|ncreas§ gllggizg ]ég 3¢/ Mproved precision of the etch process is required to

form ce features having high aspect ratios. Additionally,
an i ncreased etRtasnt e etchigisi pad t sepapivee Lomowtipaingnd (REBUcehart s

for pragucing iRbe9tahed iddidss 1% FEBe298%on etching of certain
workpieces such as substrates in the fabrication of
semiconductor devices. The differences between plasma etching
and reactive ion etching, which generally can be carried out
in the same equipment, typically result from different
pressure ranges emploved and from the consequential
differences in mean free path of excited reactant species in a
processing chamber. The two processes are collectively
referred to herein as plasma etching. Plasma etching is a
*dry etching” technique and has a number of advantages over
conventional wet etching in which the workpiece is generally
immersed in a container of liquid etchant material. Some of
the advantages include lower cost, reduced pollution problems,
reduced contact with dangerous chemicals, increased
dimensional control, increased uniformity, improved etch
selectivity, and increased process flexibility. _
As integrated circuit densities increase, device feature
gsizes decrease below 0.25 micron while the aspect ratio (i.e.,
ratio of feature height to feature width) of the device
features increase above 10:1. Improved precision of the etch
process is required to form these small device features having
high aspect ratios. Additionally, an increased etch rate is
desired to improve throughput and reduce costs for producing
integrated circuits.



2 One type of plasma etch chanber utilizes two parallel plate electrodes to
generate and naintain a plasma of the process gases between the plate

el ectrodes. Typically, a parallel plate plasna etch chanber inclqu% 08 op
el ectrode and a bottom el ectrode. The bottom el ectrode typically serves as
a substrate holder, and a substrate (or wafer) is disposed on the bottom

el ectrode. The etch process is perforneg2l on a surface of the substrate that
is exposed to the plasnma. Typically, one or nore of the el ectrodes are

connect ed toorie PeYRe SO @Qashl& aebaht | drbePanAiNglzad akted epatranldihose
el ectrodes are connect.ed to hlg frequency. power sources. .The power %ource
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The single electrode reactor Includes a_nu tlstage passive filter network.

The net @Bﬁ@@d endclivhehef FSARPARY i e RAWer source connected
to the lower electrode. This configuration is believed to

avoid damage to materials disposed on a substrate. .

Another parallel plate reactor has two power sources
connected to a 1lower electrode. The power sources are each
operated at different frequencies in order to control the
etching characteristics resulting on a substrate being
processed.

Yet another parallel plate reactor includes three
electrodes. A first electrode is adapted to support a
substrate and is connected to a low fregquency AC power source.

A second electrode is disposed in parallel relationship with
the first electrode and i1s connected to ground. A third
electrode (i.e., the chamber body) disposed between the first
and second electrode is powered by a high fregquency AC power
source.

Another conventional apparatus provides a single powered
electrode reactor. High and low frequency power supplies are
coupled to the single electrode in an effort to increase
process flexibility, control and residue removal. The single
electrode reactor includes a multistage passive filter
network. The network is intended to perform the functions of
‘coupling both power supplies to the electrode, isolating the
low freguency power supply from the high frequency power



coupling both power supplies to the electrode, isolating the |ow frequency
power supply fromthe high frequency power 15 FEB 2006 supply and
attenuating the undesired frequencies produced by mxing of the two
frequencies in the nonlinear load represented by the reactor. A nfiBelllo
detail ed description of dual frequency parallel plate reactors can be found
in U S Patent No. 4,464,223, entitlé&d %l asnma Reactor Apparatus and

Met hod, " assigned to Tegal Corp., and issued August 7, 1984; U.S. Patent
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5,272,417, entitled." Devi.ce fqr Pla Proces l.ssued Decenber_?2 993.
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for a parallel plate plasma etch systemthat can substantially reduce

er osi 0 - &7 9t §é Bt op SrEdGDde B Pai REAFROFr oREBaTakYSor mespionedwotibd be
desi r,a%gaflor cbhe .pl asmseidh mysiem1o iTggove precigign obatkhe efeh
prosess S9b, Lo TphLabazaPeclplalle SUBAUal o chon Lot o copncet
provi d@earmbeer @ased sdxh rate

One problem typically experienced in a parallel plate
plasma etch chamber is that material from the surfaces of the
top electrode exposed to the plasma in the chamber is also
etched during the etch process. As the top electrode is
eroded by the etch process, the material property of the top
electrode changes and causes variations of the processing
parameters in the chamber, which results in inconsistent or
non~uniform processing of substrates. Furthermore, the top
electrode may have a short useful life and may need to be
replaced frequently, which increases the costs associated with
production of the semiconductor devices.

Therefore, there is a need for a parallel plate plasma
etch system that can substantially reduce erosion of the top
electrode and maintain process uniformity. It would Dbe
degirable for the plasma etch system to improve precision of
the etch process for forming high aspect ratio sub-quarter-
micron interconnect features. It would be further desirable
for the plasma etch system to provide an increased etch rate
which reduces time and costs of production of integrated

circuits.



whi ch reduces tinme and costs of production of integrated circuits. 15 FEB
2C36 4 Disclosure of the Invention The present invention generally provides
a parallel plate plasma etch systemthat can substantially reduce §Eg§q%9

of a top electrode and maintain process uniformty. The plasm elc system
| nproves precision of the etch process for formng high aspect ratio
sub-quarter-mcron interconnect featufes. The plasma etch system al so

provi des an increased etch rate which reduces tine and costs of production

of intPdealedure wofiithe Invemtdomspect, the invention provides an apparatus
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electrode, a low frequency power source electrically connected
to the electrode, and a variable impedance element connected
between the substrate support and an electrical ground.

In one embodiment, the electrode comprises a gas'
distributor, and the electrode and the substrate support form
parallel plate electrodes. The high frequency power source is
adapted to deliver power at a frequency between about 13.56
MHz and about 500 MHz while the low frequency power source is
adapted to deliver power at a frequency between about 100 kHz
and about 20MHz. The variable impedance element is adapted to
tune a self bias voltage division between the electrode and
thé substrate support and is adapted to tune at least one
resonant impedance at a frecuency selected from at least one
of the low frequency and the high frequency.

In another aspect, the invention provides a method for
delivering power to a process chamber having a first electrode
and a substrate support forming a second electrode comprising
delivering a high frequency power from a high frequency power
source electrically connected to the first electrode,
delivering a low fregquency power source from a low frequency
power source electrically connected to the first electrode,
and connecting a variable impedance element between the
substrate support and an electrical ground. In one

embodiment, the method further comprises tuning the variable



source electrically connected to the first electrode, delivering a |ow
frequency power source froma |ow frequency power source electrically
connected to the first electrode, and connecting a variable inpedangess

el enent between the substrate support and an electrical ground. In one
enbodi ment, the nethod further conprises tuning the variable 15 FEB 2C06 5

i npedance el ement to control a self biss voltage division between the first
el ectrode and the substrate support. The variable inpedance el emrent nay be
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Figure 5 1s a schematic ¢ross sectional view of another
the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.

Figure 1 1is a schematic cross sectional view of a
processing chamber according to aspects of the invention.

Figure 2 1is a schematic diagram of one example of a
variable impedance element of the invention.

Figure 3 is a schematic cross sectional view of another
processing chamber according to aspects of the invention.

Figure 4 is a schematic cross sectional view of another
processing chamber according to aspects of the invention and
including alternate ground returns for the high frequency and
low frequency RF power.

Figure 5 is a schematic cross sectional view of another
embodiment of a processing chamber according to aspects of
the invention including a combined low and high frequency
power source with chamber matching.

Figure 6 is a schematic cross sectional view of another
embodiment of a Processing chamber according to aspects of
the invention.

Figure 7 is a schematic cross sectional view of another
embodiment of a processing chamber according to aspects of

the invention.



enbodi nent of a processing chanber according to aspects of the invention
I ncl udi ng a conbined | ow and hi gh frequency power source w th chanber
mat ching. Figure 6 is a schematic cross sectional view of anotte¢ BZW
enbodi ment of a processing chanber according to aspects of %ven I on.
Figure 7 is a schematic cross sectional view of another enbodinent of a
processi ng chanber according to aspects of the invention. 15 FEB 206 6 Best
node for carrying out the Inventlon F|gure 1 is a schematic diagram of one
Pest M¥MbAs 3 engionem 100 of the invéntion. The
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Althou%%t%%tto%qvmvaﬁ'\%é,t sealing assemblies and the like are not
shown. Persons skilled in the art will readily recognize that

these and other aspects may be incorporated into the
processing system 100.

The process chamber 100 generally includes a chamber body
202 defining a cavity 231 at 1least part of which is a
processing region. The chamber body 202 includes a chamber
wall 204 and a chamber bottom 206. . The chamber wall 204
extends substantially perpendicularly from the edge of the
chamber bottom 206. An opening 230 is formed in the chamber
wall 204 and serves to facilitate substrate transfers inte and
cut of the processing system 100, Although not shown, a slit

' valve may be provided to selectively seal the opening 230.
The chamber bottom 206 includes an outlet 208 for exhausting
gases from the chamber. An exhaust system 210 is attached to
the outlet 208 of the chamber bottom 206. The exhaust system
210 may include components such as a throttle wvalve and a -
vacuum pump . Once the opening 230 is sealed, exhaust system
210 may be operated to draw and maintain a vacuum within the
cavity 231.

A plate electrode 236 is disposed at an upper end of the
chamber body 202. In one embodiment, the plate electrode 236
includes a protective coating 249 which prevents or reduces
erosion of the material of the plate electrode 236 caused by
the plasma in the chamber. The protective coating may



val ve may be provided to selectively seal the opening 230. The chanber
bott om 206 includes an outlet 208 for exhausting gases fromthe chanber. An
exhaust system 210 is attached to the outlet 208 of the chanber. tﬁ:n1206.
The exhaust system 210 may include conmponents such as a t hr ot th% BPatte and
a vacuum punp. Once the opening 230 is seal ed, exhaust system 210 may be
operated to draw and maintain a vacuuthwithin the cavity 231. A plate

el ectrode 236 is disposed at an upper end of the chanber body 202. In one
enbodi senpriktee Pl ateeeladt rogeh 236 quttles sapphdtrest | ¥@ukdaki, NngGAA9 whi ch
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vapori zers for vapQrizing_ the quUITgl precursors to a gaseous state. The
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chambel ., The power, SQur &, 240, 1 nclydes, & 10w 1 eaygpey, RE pouprzsoyrce 250
or more ligquid ampoules containing one or more liquid
precursors and one or more vaporizers for vaporizing the
ligquid precursors to a gaseous state.

The plate electrode 236 is connected to a power source
240 which supplies RF power to the plate electrode for
generating and maintaining a plasma in the chamber. The power
source 240 includes a low frequency RF power source 250 and a
high frequency RF power source 252. The low fregquency RF
power source 250 is connected to the plate electrode 236
through a low frequency match network 254 and enhances ion
assisted etching at the substrate. The high frequency RF
power source 252 i1s connected to the plate electrode 236
through a high frequency match network 256 and enhances
dissociation of the process gases and plasma density. Each of
the match networks 254, 256 may include one or more
capacitors, inductors and other circuit components. The low
frequency RF power source 250 may deliver RF power to the
plate electrode 236 at a frequency at or below about 20MHz
while the high frequency RF power source 252 may deliver RF
power to the plate electrode 236 at a frequency at or above
13.56MHz. In one embodiment, the low frequency RF power
source 250 delivers RF power to the plate electrode 236 at a
frequency between about 100kHz and about 20MHz while the high
frequency RF power source 252 delivers RF power to the plate
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hi gh frequency RF power source 252. The |ow frequency RF power source 250
I's connected to the plate el ectrode 236 through a | ow frequency match
network 254 and enhances ion assisted etching at the substrate. Tthﬁggnﬁ
frequency RF power source 252 is connected to the plate el ectrode 236

t hrough a hi gh frequency match network 256 and enhances dissociation of the
process gases and plasma density. EacB of the match networks 254, 256 nay

i nclude one or nore capacitors, inductors and other circuit conponents. The
| ow felezptermde RE3powdr s dureemely fegtvwikadn vadsoRE pBWeE 1Mz hend pHisdue:
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el ectrode 336 r Y, abopt D ?ﬂg .
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subst artiémddry. ci IAulws traubseInt ethen sois teadoali sepperthimcsubstfate is

SUpporéér?(Qrally circular to support a substantially circular
substrate. In one embodiment, the substrate supporting
surface is thermally connected to a substrate temperature
control system, such as a resistive heating coil and/or fluid
passages connected to a heating or cooling fluid system.

The system 100 may include liners or rings that are
configured for wvarious functions. Illustratively, the process
system 100 may include three confinement rings 250A-C. In one
embodiment, each ring is made of nickel, aluminum, or other
metals or metal alloys appropriate for plasma processing, and
may also include an anodized aluminum surface. The rings 250
may be a single piece construction or a multi-piece
construction.

A first ring 2502 is disposed about the support plate
219. A second ring 250B is disposed around the upper
electrode. A third ring 250C is disposed between the first and
second rings 250A-B,. In operation, the rings act to confine
the plasma in the region above the substrate between the plate
electrode 236 and the substrate support 216. The rings
confine the plasma laterally in the chamber and minimize
losses to the walls of the chamber.

To provide an adjustable voltage division between the top
electrode and the bottom electrode, a variable impedance



surface is thermally connected to a substrate tenperature control system
such as a resistive heating coil and/or fluid passages connected to a
heating or cooling fluid system The system 100 may i ncl ude Iiner ﬂﬁ}fﬂ ngs
that are configured for various functions. Illustratively, the pﬁbcess
system 100 may include three confinenent rings 250A-C. I n one enbodinent,
each ring is nade of nickel, alum numg or other netals or netal alloys
appropriate for plasma processing, an may al so i nclude an anodi zed

al um num surfa The rings 25 may be si ngl e, pi ece construction or a
oL TeTaght 280, TR° doitfered ndtedt Sid ShSiParc sithint 118 Wfpart
pl at e arl%B] A taeicamid lgmgmzsoari s dggpondd cormsek idie. uppehe ev&cialolie. A
third ring 250C i s-dis segsﬁetmeen the first and _second rings 250A-B. |In
bher at TBRSABRES, | S1EheRE the Q0 mr e tilulsl Shnd" or { TSRS o SAEE TR S 1o
PsubstrbndubEbmeeanﬁh@qmen(tirﬂuinrcmhpdﬁﬁhamd t Ones ediadcitneerstippbrthal16.
The rings nf| S al | in the e nd nim z osses
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0 provi e an adjus € Vol t age dl vi ST 0N
—betmeenefbeenop t@lﬁegma@e2and the bottom el ectrode, a variable |npedance 15

FEB 2136 9 ¢ FS{E gt 260Q; 4 s jcogp % gqll&eta\f %rgﬂ:'{e gflbgﬂr te )C%Hr%f;é o$165and

an electrica round or a ground connecti he vari abl e dance el enent
260 rra’yalrnébﬂlée greedanger €lemeRy t 868, i hdlushevar ahB of hewrei roui t:he

compongalsareRe eedidrR 0f1LRentvarigeh) Srld RSNl B CLE0: | Sc

described below wth reference to Figure 2. Figure 2 is a schenatlc dlagram
of onecerBrpLedofina PAFE, LN ¢ npeBgREES evem%heaﬁeen AL spwinductogube 2,

t he vaﬁaalal edgqedancece| emant 20 émsdadasna, caﬁacaa@;raéitoﬁ@n@ﬁcaﬁd in
par al | to a series conbinatian of an inductor. L .and a acitor
one enﬁadlmt thca%aé’latrd@ SRRAcESORTy TRHDR s%avaﬁ?‘gblté‘r’ceﬂ)aéf)t ors

whi ch eaanke ttm@drtasonant frequency and the resonant impedance of

the variable impedance element 260. A stray capacitance C,.,..
which is parallel to capacitor Cl, may be included in
determining the resonant frequency and the resonant impedance
of the variable impedance element 260.

The variable impedance element 260 can be tuned to change
the self bias veoltage division between the plate electrode 236
and the substrate support 216, at either or both of the low
and high frequencies. A low resonant impedance at the high
frequency (i.e., the frequency at which the high freguency
power source 1is operating) provides high frequency plasma
generation that is either equal between the plasma sheaths of
both electrodes or slightly enhanced at the upper electrode.
A high resonant impedance at the low frequency (i.e., the
frequency at which the low frequency power source is
operating) provides more self bias at the bottom electrode
{i.e., substrate support), even though the substrate support
is not directly connected to or powered by the power source.
The increased self bias at the bottom electrode enhances the
ion acceleration toward the bottom electrode, which provides
improved etching results on a substrate disposed on the
substrate support. Additionally, the increased self bias on
the bottom electrode significantly reduces erosion of the top
electrode or the protective covering on the top electrode.



change the resonant frequency and the resonant inpedance of the variable

| npedance el enent 260. A stray capacitance C ".rl which is parallel to
capacitor C, nmay be included in determ ning the resonant frequenERB 98l t he
resonant inpedance of the variable inpedance el enent 260. The vari abl e

| npedance el enent 260 can be tuned to change the self bias voltage division
bet ween the plate el ectrode 236 and1fhe substrate support 216, at either or
both of the low and high frequencies. A |low resonant inpedance at the high
frequency (@o e.petherfr ﬁquemﬁxasacta wm:;-cdsht hprbbgbsf,_rewensubsnwgrehsqw ce : S
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mai nt HERRE TG e (ReFr 88 HOFPTBRSFS COAPPETe the etch process on the
substrat e. MasnEdtladwiriocesadiemaypbesprtfor nedamples of chamber

operating conditions for an etch process pexformed in one
embodiment of a chamber of the invention.

Processing Parameter Parameter Value

Distance between top electrode and|2bout 0.5 cm to about

bottom electrode 10 cm

Chamber Pressure About 20 mT to about 1
Torr '

Power Density About 1 W/cm to about
20 W/cm |

Frequency of Low Frequency Power Source (£ 20 MHz

Frequency of High Frequency Power (> 13.56 MHz

Source

Figure 3 is a schematic cross sectional view illustrating
another embodiment of a chamber configuration and power
delivery system. In this embodiment, the high and low
frequency power are delivered to the substrate support member
216 through the HF match 256 and LF match 254, respectively.

The variable impedance element 260 is connected to the plate
electrode 236, such as a showerhead assembly, to adjust the RF
power delivered to the processing region 231 by controlling
the RF ground path impedance for the plate electrode 236. As



utilizing reactive gases, such as 0,, N,, d, HBr, SF6, CFY, C, FY, CXHYFZ,
NF3, and other etch precursors, with one or nore inert gases, such as Ar,
He, etc. The substrate is then transferred out of the process chambgpg. 200the
foll owi ng tabl e presents exanples of chanber operating conditions for an
etch process perforned in one enbodi r]ent of a chanber of the invention.
Processi ng Paranet er Paranet er Val ue Bilst ance bet ween top el ectrode andAbout
0.5 cm_to about bottom el ectrodelO0 cm Chanber PressureAbout 20 ml to about 1
Torr HdRer veEhabdpapbopedangemi agoueted. wbn Frelhiedey $FoRowatOssuency

Pover +3Qr ge5c28shtly Rregiency el diaiydy eguenediReme! > 18056 MampIQur ce
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suppo nmber 216 through the, HF and LF _natch 254, respectively.
Thgpv (gEI EPFHSEESTce et BRERESHRY rTgtl"r,eonn ¥P%o RO a?@roéﬁecﬁ:ﬁ'tﬁje 23%,

such qsr@cémy@gheadgasaenﬂlm,, t clasjakst tlhﬁ:ﬂ%lsmvertﬁel | Wedarteﬂ:‘ghhe
processing r Q controll.in t he RF nd th i cefor t he
pl at esg@gfrp 2&5\53‘:{? de&fgffnl?ef%a var| ?“ée]{‘)ﬁpéﬁa eaﬂjﬁ%t ed,
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val ue, F%f %ggsu%llr? E}hr oug hdjme(&%gg%a I%és’l rr%'%dg%%% #%ﬁ#ﬁﬁ ggggl ncr eases,
i ncr eashengy he Iol page aﬂmtacrm Yawlalprp cowedancegiren 81 adheyiedsd)
increagi NG AL RALTWAth the LF match 254 and HF match 256 to

establish a desired plasma density without adversely affecting
the HF 256 and LF 254 match between the RF power generators
250, 252 and the chamber 202. In one aspect, the tuning
impedance of variable impedance element(s) 260 may be adjusted
so that the sheath impedance and the variable impedance
element (s) 260 are substantially in series resonance providing
a substantially low impedance path for either the high or low
frequency RF signals. Alternatively, the wvariable impedance
element{(s) 260 can be tuned above or below resonance for
either RF signal to change the amount of RF current flowing
through this electrode to ground. )

Figure 4 is a schematic cross sectional view illustrating
another embodiment of a chamber configuration and power
delivery system. In this embodiment, the high frequency power
is delivered from the HF generator 252 to the plate electrode
236, such as &a showerhead, and the low frequency power is
delivered from the LF generator 250 to the substrate support
member 216. An upper variable impedance element 260B is
connected to the upper electrode 236 and a lower wvariable
impedance element 260C is connected to the substrate support
member 216. In this embodiment, the lower variable impedance
element 260C provides a ground return path for the high
frequency RF components from the HF generator 252 delivered to
the processing region 231 and provides a high impedance path
for the LF generator 250. In addition, the upper variable
impedance element 260B provides a ground return path for the



transmtted. As the variable inpedance elenent is adjusted to a higher

| npedance val ue, the voltage drop across the processing region 231
decreases, thereby departing |l ess RF energy. In one aspect, thely&afh dlilbe

i npedance can be adjusted in conbination with the LF match 254 and HF match
256 to establish a desired plasma degsity w thout adversely affecting the
HF 256 and LF 254 natch between the power generators 250, 252 and the
chanber 202. I n one aspect, the tuning _inpedance of variabl e inpedance
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231 apdrfeevirtEsormaitg@hproviding a substantially low impedance path
for the high fregquency RF signals. Alternatively, the

variable impedance element(s) 260B, 260C can be tuned above or
below resonance to decrease the RF current at these
frequencies from flowing through this electrode and/or change
the self bias to this frequency.

In another embodiment illustrated in Figure 5, an
isclated wall electrode 265 is provided and is connected to a
wall tuning element 260A. The plate electrode 236 is adjacent
to and horizontally spaced from the chamber wall 204 using an
insulating material 262 selected from insulators such as
ceramiés, polymers, glass, and the like adapted to withstand
the RF power applied to the plate electrode 236. The
insulating material 262 electrically insulates the plate
electrode 236 from the chamber wall 204 to allcw the plasma to
be directed under, and in substantial conformity with, the
plate electrode 236. A wall electrode 265 composed of
conductors such as aluminum, nickel, tungsten, and the like
adapted to receive RF energy, is electrically isolated from
the wall 204 and plate electrode 236 by the insulating
material 262. The wall electrode 265 is adjacent to and
vertically spaced from the chamber wall 204 forming an
internal wall about processing region 231. A wall wvariable



| npedance path for the HF generator 252. Thus, the ratio of the delivered
hi gh frequency RF power to the delivered | ow frequency RF power may be

i ndependent|y adjusted and matched to the desired process par ang .[@@
one aspect, the tuning inpedance of the |ow frequency variabl e |$€ a%

el ement 260C nmay be adjusted so that the sheath inpedance and the | ower
vari abl e i npedance el enent 260C are suigstantially in series resonance
providing a substantially |ow inpedance path for the |ow frequency RF
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reducing the risk of plasma damage to the wall 204.

In another aspect, the plate electrode 236 and the wall
impedance is adjusted to a wvalue low enough to effectively
decrease the RF path to ground impedance, shunting some of the
RF power away between the plate electrode 236 and the support
member 216, thereby decreasing the plasma density.
Additionally, the spacing between the wall electrode 265 and
the plate electrode 236 and/or support member 216 may be
adjusted to allow for more or less confinement and control of
the RF energy. Accordingly, the more confinement and control
of the plasma which is realized, the closer the wall electrode
265 is placed to the plate electrode and/or the support 216.

In another embodiment as illustrated in Figure 6, the LF
matching network 254 is coupled to the plate electrode 236 and
the high frequency match 256 is coupled to the support member
216. An upper variable impedance element 260B is coupled to
the plate electrode 236. A lower variable impedance element
260C is coupled to the support member to provide wvariable RF
paths for the high frequency RF power source 252 and the low
frequency RF power source 250, respectively. Bach variable
impedance element 260B-C may be adjusted to provide the proper
RF return path as needed to adjust the voltage and current for



15 FEB 2006 13 inpedance el enent 260A is coupled to the wall el ectrode. 265,
provi ding an adjustable ground return path for RF energy proximate the
chanber wall 204 fromthe plate el ectrode 236. The wall vari abl ﬁﬁi%eﬂ!ﬁﬂme
el enent 260A is adapted to increase or decrease the RF energy t

support nenber 216 by providing an alternate ground path for the RF with
respect to the support nenber 216. 14 one aspect, the wall variable

i npedance el ement 260A, in cooperation with the wall electrode 265,

provi gashpbdain eBni e FEeLUEREYC dATasianck Rt i neTh@eupplesnmriaele
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265 is Increased to_a value great enough using the wall “variable inpedance
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cl oct 1o 500 anhe ol Ao eehr e 236 anal or Cumpary Tarber 316 mhy be
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236. Anergassar CBBl Ovieriddasderdrereirredsncs| vitbupespasr the ShppbFt
menbermA - Provh deavar i@ H3F 1owers the low frequency RF current and
power delivered to the processing region 231. In addition,
increasing the impedance of the upper variable impedance
element 260B decreases the voltage drop across the processing
region 231, increases the overall chamber impedance with
respect to the HF match 256, and thereby lowers the high
frequency RF current and power delivered to the processing
region 231. For example, the impedance of the upper variable
impedance element 260B may be adjusted to allow more high
frequency RF power to be applied to the substrate support
member 216 while the impedance of the lower variable impedance
element 260C may be increased to decrease the low frequency
power delivered to the plate electrode 236. Thus, the ratio
of the delivered high freguency RF power to the delivered low
frequency RF power may be independently adjusted and matched
to the desired process parameters. In one aspect, the tuning
impedance of the upper variable impedance element 260B may be
adjusted so that the sheath impedance and the upper variable
impedance element 260B are substantially in series resonance
providing a substantially low impedance path for the high
frequency RF signals. In another aspect, the tuning impedance
of the lower variable impedance element 260C may be adjusted
so that the sheath impedance and the lower variable impedance



paths for the high frequency RF power source 252 and the low frequency RF
power source 250, respectively. Each variable inpedance el enent 260B-C nmay
be adjusted to provide the proper RF return path as needed to adj§§Es 9ii¢
vol tage and current for 15 FEB 2006 14 each high or |ow frequency | npedance
pat h. The upper variable inpedance elenent 260B is adapted to provide a
ground return path for the high frequency RF conponents of the HF generator
252 and provide a high inpedance path for the LF generator 250. The | ower
vari ableg drjpedangee eafgeaabgég&ialwaghe@etﬂesp&%vgo%&@g;gfwléﬁhar g path
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support 216.

While the foregoing is directed to certain embodiments of
the invention, other and further embodiments o©f the invention
may be devised without departing from the basic scope thereof,
and the scope thereof is determined by the claims that follow.



to the desired process paraneters. In one aspect, the tuning inpedance of
the upper variabl e i npedance el enent 260B may be adjusted so that the
sheat h i npedance and the upper variable inpedance el enent 260B ar
substantially in series resonance providing a substantially IOMIﬂﬁb@HbWQ%
path for the high frequency RF signals. In another aspect, the tuning

i npedance of the | ower variable inpedance el enent 260C may be adjusted so
that the sheath inpedance and the |ower, variabl e inpedance 15 FEB 2006 15
el ement 260C are substantially in series resonance providing a
substantially | ow i npedance path for the | ow frequency RF signals.

Al ter najdMeh ¥, cid@Eparsabl e i npedance el enents 260B, 260C can be tuned
above or bel ow resonance to reflect RF power back to the chanber as needed.
I n anot her enbodinent, as illustrated by Figure 7, the |ow frequency RF

power spur C%r250apb9¥\éﬁdsequﬁﬂ@y Mt &diisRgng netaor ksudsdrabéd gh fdseguesnts :RF

power source 252, and hlg L{ %uen natchln etmn&k 256, are conbi ned
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i nventi on, er and further e ntsS of the invention nmay be devised
wi t hout depa¥t|hgﬂfrEWRQQﬂ@CMasm@Wscopéouh@weo¢leCQmHGaﬂhE scopecatedr edfo i s

det er mi neq By g b6 ;Glai BB dhahaf 01 d QWoadd LB 2006 16 WHAT IS CLAIMED IS 1.
An apparatus for processing a substrate, conprising: a chanber having a

first el ectrdde &rspbIed tqﬂgiéphe 1mpedance elements connected to the
first and/or second electrode, wherein each variable impedance

element 1s disposed between the first and/or second electrode and an

electrical ground.

2, The apparatus of claim 1, wherein the first electrode

comprises a gas distributor.

3. The apparatus of c¢laim 1, wherein the first electrode and

the second electrode form parallel plate electrodes.

4. The apparatus of claim 1, wherein the chamber is

configured as an etch chamber.

5. The apparatus of claim 1, wherein the high frequency
power source is adapted to deliver ©power between about 12.56

MHz and about 500 MH=z.

5. The apparatus of claim 1, wherein the low frequency power
source 1is adapted to deliver power between about 100 kHz and

about 20 MHz.

7. The apparatus of claim 1, wherein the variable impedance
elements comprise at least one inductor and at least one

capacitor.
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a substrate support disposed in the chanber and providing a second

el ectrode in the chanber; a high frequency power source electrically
connected to either the first or second el ectrode; a Iom1frequep$¥ ygmgr _
source electrically connected to either the first or second el ec r%d , - and
one or nore variable inpedance el enents connected to the first and/or
second el ectrode, wherein each variabl?Z inpedance elenent is disposed
between the first and/or second el ectrode and an electrical ground. 2. The
appar agus ofnh&l aipPakatMieref Nnelhemf L sSvhelreghy atdee ¢aFRELIRS id@Rtance
distribyutor. 3. The apparatus .of clain1l,.mgergin the first el ectrode and
the set W%%ct?%ﬂﬁri)g?m%%rélqaeﬁt pPREe &PEEFFBdesand. &he & atWe of

cl ai mdaridistei capheithanber is configured as an etch chanmber. 5. The

. apparatus of claim1, wherein the high frequency power source is adapted to

deliver power between about 13.56 Mz and about 500 MHz. 6. The apparatus
of clapm 1, Thdepgparatmd ot f cégimndy phwsareirsotineeviasiadtdet cdndedaiete ver

power between_ aho and bout 20 . he, tus, of claiml
mhereiﬁf?ﬂ%%€%rﬁ%gée%&%ﬁégg%cgo e?%ﬁ%nf% gg#gri%%a t Y%ggg&gnéﬁﬂﬁﬁﬂ%?%r and
at | eabetween thpafirst. ab8l EER2GO@1ELt&odH®e apparatus of claim 1, wherein
the vari abl e i npedance elenents conprise at |east one inductor and at-

| east one variable capacitor. 9. The apparatus of claim1l, wherein the
vari ablLe.i rfeeapParstaiems qiaimddpt edhareinunehe yerfiafles impedaece

divisi glenfiptacnd Neakptal R0 SaEON: chepliodsss 1isobs APARaAcLf
claiml1, erein the variabl e i npedance elenents are adapted to tune at
| east 8hKear EEEAHARYFfRted from at least one of the low frequency

and the high frequency.

11. The apparatus of claim 1, wherein the variable impedance
elements are adapted to tune a first resonant impedance at the
low frequency and a second resonant impedance at the high

frequency.

12. The apparatus of claim 11 wherein the high fregquency
power and the low frequency power are delivered to one
electrode and at least one variable impedance element is
connected to the other electrode.

13. The apparatus of claim 11 wherein the high and low
fregquency power are delivered to opposite electrodes and a

variable impedance element is connected to each electrode.

14. An apparatus for delivering power to a process chamber
having a first electrode and a substrate support forming a
second electrode, comprising:

a high frequency power source electrically connected to
the first electrode;

a low fregquency power source electrically connected to
the first electrode; and

a variable impedance element connected between the
substrate support and an electrical ground.
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atus of claim 11 wherein the hi?h frequency power and the | ow
ency power are delivered to one
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frequency. 11. The apparatus of claim1l, wherein the variable inpedance

nts are adapted to tune a first resonant inpedance at the mﬂﬁ
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ance elenent is connected to the other electrode. 13. The apparatus of
clai m1l wibeei appaeahigh ahd dlewn f Ldquentyrpbnerther e hdgh véreduencopposi te

apparatus for delivering power rocess ch

o%'e%CEE)'\ﬁ:@e FrOUuRdapdaaFER 4896vi8 LrwehleHhaBpaéat Heoat 4lod Mk,

the first el ectrode;
the first el ectrode;

a -

in the high frequency power source is adapted to deliver power between

apgdl 55oufA AWF -about 500 MHz. 16. The apparatus of claim 14, wherein
ow frequency power source is adapted to deliver power between about

bout 7. t f cl 14, h
TPe [ ABEIARAE A Gt EORPR Qe AEGRRA The TRESEPLF AMPSRst one

nt COHEFISGS at | east one inductor and at | east one
capaci ;

18. The apparatus of claim 14, wherein the variable impedance
element comprises at least one inductor and at least one

variable capacitor.

19. The apparatus of claim 14, wherein the variable impedance
element 1is adapted to tune a self bias voltage division
between the first electrode and the substrate support.

20. The apparatus of claim 14, wherein the variable impedance
element is adapted to tune at least one resonant impedance at
a frequency selected from at least one of the low frequency
and the high frequency.

21. The apparatus of claim 14, wherein the variable impedance
element is adapted to tune a first resonant impedance at the
low frequency and a second resonant impedance at the high

frequency.

22. The apparatus of claim 14, wherein the first electrode
comprises a gas distributor.

23. The apparatus of claim 14, wherein the first electrode
and the substrate support are disposed to form parallel plate

electrodes.



vari abl e capacitor. 19. The apparatus of claim 14, wherein the variable

i npedance elenent is adapted to tune a self bias voltage division between
the first electrode and the substrate support. 20. The apparatus 9& gb@$n1
14, wherein the variable inpedance elenent is adapted to tune al I%as one
resonant inpedance at a frequency selected fromat |east one of the | ow
frequency and the high frequency. 21j9The apparatus of claim 14, wherein
the variable i npedance elenent is adapted to tune a first resonant

i npedapge at.the requengy .a segond nt .J.nped 3L t hi gh
froquotdy. Tpe TRPEArELOEY ST, T IbERRIA. i o AR B8
conpri seafdggaediat rartbgtorh damid@we. appar at us of claim 14, wherein the
first electrode and the substrate support are disposed to form parall el
plate electrodes. 15 FEB 2006 19 -4 24. The apparatus of claim 14, wherein

" the chaBber A sietderd i for edebsvaniegchoeaunber 2 PEocRSRt¢laber Bavivering
power to fiPé@C%&%@@r afavi £9 s,u@zsft'r%%geeéﬁﬁb{m?@e i g%n?U%StééESnaupport

form ng a secon el ectrode, conprising: l1Tvering a requency power
f r om a eliegiriodequetRiJPT PHVIRT * source el ectrically connected to one of the

el ectrodes; gefghjes@Indgaa t; ff?&%\?&%&p WRErSR¥&GE A Aigh | eveheqegncy
power sourceeélectriégl?y é%ﬁ%ecte to ong of the 0gle tré%és; &g §
o]

an
connec FOWGToFOVGC Gt ST 1 &bt B | FRoeRGRed cF@nenes Ot o thfe elGctiedesst t he

el ectrodes apd jaeri@et rd calowr ofsluetfoy Thsowet hodoetcel afRbRS, awhebsi Nt he
hi gh frequency power is between_about, 13 56 MHz ang Sbout 500 NH?. ﬁ?. The
met hod fERISHGY 2BOWERe reH e SLEGHFAERELK ) PFRgFted to one of the

electrodes; and
connecting one or more variable impedance elements to one

or more of the electrodes and an electrical ground.

26. The method of claim 25, wherein the high frequency power
is between about 13.56 MHz and about 500 MH=z.

27. The method of claim 25, wherein the low frequency power
is between about 100 kHz and about 20 MH=z.

28. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
control a self bias +voltage division between the first
electrode and the second electrode. |

29. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
provide at least one resonant impedance at a frequency
selected from at least one of the low frequency and the high
frequency.

30. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
provide a first resonant impedance at the low frequency and a
second resonant impedance at the high frequency.



i s between about 100 kHz and about 20 MHz. 28. The nethod of claim 25,
further conprising: tuning the one or nore variabl e i npedance el enents to
control a self bias voltage division between the first el ectrode 1&nkEBt 1085
second el ectrode. 29. The nethod of claim25, further conprising: tuning the
one or nore variable inpedance elenents to provide at |east one resonant

i npedance at a frequency selected f¥m at | east one of the | ow frequency
and the high frequency. 30. The method of claim25, further conprising:

t uni n@ kt.he Tee met eoﬁaﬁlébmeZ5wp§uahhereb@m@mmsumg provide a first
resonant i pedangs,@indh n a c Séi@%? edance at
the high fEEQUency 1§£ﬁ§5#g%%%é§gﬂglgg% @gﬁg&ﬁ%' aim ?%%ther
conprising: distributing a processing gas fron1the flrst el ectrode. 32. The

net hog 0f Ghal hédhowheyei d1ihe lesrstwr?éleém Oeﬁearﬂréﬁeeia%t:babe axpppor t

are di sposed_ to form parallel plate el ectrodes. : o cl ai m 25,
wher eitle heUpEsEaLe cFRRROEY sargonfignpegdt otﬁer%mm m@%lﬂor
electrodes.

33. The method of claim 25, wherein the process chamber is
configured to perform an etch process.



