WO 03/ 017318 PCT/ US02/ 26008 1 PLASMA REACTOR W TH ADJUSTABLE DUAL
FREQUENCY VOLTAGE DI VISION Technical Field The present invention generally
rel ates twomssubmEsrate processing chanber. Mre parti cul adyysoehenos
invention relates to a nmethod and apparatus for delivering power to a
processing chanber. Background Art Phasma etching and reactive ion etching
(RIE) have becone inportant processes in precision etching of certain
wor kpi eces such as substrates in the fabrication of sem conductor devices.
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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 employed 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 liguid 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
sizes 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 1s 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 nmaintain a plasma of the process gases between the plate
el ectrodewoO oBypixal |y, a parallel plate plasna etch chantraT/isvehemes a top
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 performed on a surface of the
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Another parallel plate reactor has two power sources
connected to a lower 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 frequency AC power source.

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



coupling both power supplies to the electrode, isolating the |ow frequency
power supply fromthe high frequency power WO 03/017318 PCT/ US02/ 26008 3
suppl y anwoaistoeraaat i ng t he undesired frequenci es produced Hoyr/usoéong of t he
two frequencies in the nonlinear load represented by the reactor. A nore
detail ed description of dual frequengy parallel plate reactors can be
found in U S. Patent No. 4,464,223, entitled "Plasm React or Appar atus and
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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 1is
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 be
desirable 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 o0f production of integrated

circuits.



for the plasma etch systemto provide an increased etch rate which reduces
time and costs of production of integrated circuits. W 03/017318
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generally provides a parallel plate plasm etch systemthat can
substantially reduce erosion of a top electrode and mai ntain process
uniformty. The plasma etch systeminproves precision of the etch process
for foDigedoshirgh cFSReEl Traidnd igsd- quarter-m cron interconnect features.
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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
the substrate support and 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.

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
gsource electrically connected to the first electrode,
delivering a low frequency 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



delivering a high frequency power froma high frequency power source
electrically connected to the first electrode, delivering a |ow frequency
power souwegeosfmmrsa | ow frequency power source el ectricaldor/csmeneosed to
the first electrode, and connecting a variable inpedance el enent between
the substrate support and an electrigal ground. In one enbodinent, the
nmet hod further conprises tuning the variable WO 03/017318 PCT/ US02/ 26008 5
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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 pbrocessing chamber according to aspects of
the invention.

Figure 7 is a schematic cross sectional view of another
embodiment of a brocessing chamber according to aspects of
the invention.



Figure 5 is a schematic cross sectional view of another enbodinent of a
processi ng chanber according to aspects of the invention including a

conbi ned Waw3anwiki gh frequency power source w th chanberparatsobizéenys Fi gure
6 is a schematic cross sectional view of another enbodi ment of a
processi ng chanber according to aspecgs of the invention. Figure 7 is a
schematic cross sectional view of another enbodi nent of a processing

chanberg HodeNF 0 & Gut A HAVeRkiaR. WO 03/017318 PCT/ US02/ 26008
6 Best € 10r rryl re 1 is a schematic diagram
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t r ansf eébovwinnt o Pgxgons 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 least 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 into and

out 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 valve and a

vacuum pump. Once the opening 230 is sealed, exhaust system

210 may be operated to draw and maintain a wvacuum 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 1in the chamber. The protective coating may



out of the processing system 100. Although not shown, a slit valve may be
provided to selectively seal the opening 230. The chanber bottom 206

i ncl udes wo wwitxas 208 for exhausting gases fromthe chammarusodnemwshaust
system 210 is attached to the outlet 208 of the chanber bottom 206. The
exhaust system 210 may include conpopents such as a throttle valve and a
vacuum punp. Once the opening 230 is seal ed, exhaust system 210 nay be
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precursors and one or more vaporizers for vaporizing the
liquid 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 frequency 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 1g 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 20MHzZ
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 pPlate 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



source 240 includes a | ow frequency RF power source 250 and a high
frequency RF power source 252. The | ow frequency RF power source 250 is
connect edwoon3tohesipl at e el ectrode 236 through a | ow frequerayusvabaios net wor k
254 and enhances ion assisted etching at the substrate. The high frequency
RF power source 252 is connected to ghe plate el ectrode 236 through a
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SUbStqg&$§4}§E§!rCU|fﬂ 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 various 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
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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 voltage division between the prlate 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 frequency
power source i1s 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 1low 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.



C2 may conprise variable capacitors which can be tuned to change the
resonant frequency and the resonant inpedance of the variable inpedance
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Processing Parameter Parameter Value

Distance between top electrode and About 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



on the substrate. Plasma etch processes may be performed wutilizing
reactive gases, such as 02, N2, d, HBr, SF6, CFY1l CXFY, CXHYFz, NF3, and

ot her et cwop3aawigors, with one or nore inert gases, suclpcasUsae/ 26008, etc.
The substrate is then transferred out of the process chanmber. The
following table presents exanples of phanmber operating conditions for an
etch process perfornmed in one enbodinent of a chanber of the invention
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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 variable 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 wupper electrode 236 and a lower variable
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 wvariable
impedance element 260B provides a ground return path for the



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

i npedance val ue, the voltage drop across the processing region 231
decr easeswa(samehny departing | ess RFE energy. In one aspedCT/tSwe 2#@si abl e
i npedance can be adjusted in combination with the LF match 254 and HF
match 256 to establish a desired pla®ma density w thout adversely
affecting the HF 256 and LF 254 match between the RF power generators
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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
isolated 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 allow 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 variable



i 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
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In another aspect, the plate electrode 236 and the wall

impedance is adjusted to a value 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
menber 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 variable RF
paths for the high frequency RF power source 252 and the low
frequency RF power source 250, respectively. Bach wvariable
impedance element 260B-C may be adjusted to provide the proper
RF return path as needed to adjust the voltage and current for
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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 frequency 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
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Currenheawdr]ﬁ:pomml, geiﬂg&erfde%@eﬁhﬁ ptfocgsﬁzig:ag g@@fﬁ@ 23D, :anadctugimn,

i ncreaging t i npedance o e_upp vari abl e i npedance . el enment_ 260B
decrea?é‘seg?ﬁrelg\vfol %%cghﬁ?%png%?‘ggg t%%G’pr(?EeessFﬂ@gP?% id‘r‘vilté)s.l‘?L iFidtEdses the
over al fpphasbers | Mpeddmdasiviet hcowpbpegt angl t henkiEcnborwh 12&Gesand tTier eby

| ovier SpENErhl held EINARGYCIRFCGHP A0t 8A fOVEbaAgLEEr & ! eh&h%ﬂd@&e%' ng
regi on 231. For exanple, the | npedance of the upper_vari abl e i npedance

el emenBle60BORRY bePadjalkst e8leetBPROW2PSr eaBilglt WakhuEHB)NBF PRRENE 0 be

ﬁppl i edebm hlha@ P atrd@de tsgugmpftitnerrgg%erpl%ls%b avbire ﬂi@ﬁﬂitrgaeg@},%eesofoﬂt Ee |
ower varianl e | npedance e€fe n may I NCrease ecrease e | ow
frequeﬁﬁ? 2 &P \i%]?%’d“{ ogﬁﬁ‘éu%zﬁ“att@eel‘é%ﬁ%déoﬁ%q TGS ReEio of
t he debubetedtki ghuhriequerdymBRtpo@SIOCt 0 itshe ddelramreed ltaw dJulegtency RF
power Qﬁiﬂpg?_ti Q_dL%pendently adj ust ed and mat ched
While the foregoing is directed to certain embodiments of

the invention, other and further embodiments of 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
t he upper variabl e i npedance el enent 260B may be adjusted so that the
sheat h i np@d@raesiand t he upper variable inpedance el enentPCAGND226008
substantially in series resonance providing a substantially |ow inpedance
path for the high frequency RF signdles. |In another aspect, the tuning

i npedance of the | ower variable inpedance el enent 260C may be adjusted so
t hat ttmashest bLammedarge and the | ower vari abl e i npedance WO 03/017318
PCT/ US02/ 26008 15 el enent 260C are substantially in series resonance
providing a substantially |ow inpedance path for the | ow frequency RF

si gnal §. Al herappbvekys fbe pabbabéfngn@ed@bQErat@nﬁﬁbﬁpﬁﬁﬁfhg 260C can be

tuned above_ OEhEﬁkg n&gggﬁgn%efggsge%%§§£rag 13??5%30 to the chanber as

needed. | n anot as Il | ow
frequency RF E@héﬁr§§@r@@pE@@t Kowpbeedueénc yheatadisimigr mﬁﬂmmﬂoﬁﬂﬂ@ngugh

f r equeacyoFnROMLECEOHEEL1 R52nedntadlbh, frequency mat ching network 256,
are conbi ned IntO a S|ngle apparatus tO mnimze COUﬁ%Ing and connecti on

| osses. The® HF/APF EERGYERGY/ RRVER EOWsICRat¢bRcslievhhecreanestefe bl at e

el ectredeheA vAkl feleet pedgedbhdasleacMadid; t uni ng el errent 260A are
provi ded to C Iasna and mnimze | osses the plasma to ground

q$f|n§ t he
t hrough the®wal9"s 2059GF FP{e S eP OUr Soh SR & ]ﬁ’g EPRMRRES960€ i s
conneceedhen thbsfiase osuppoondZéBecwﬁmﬁe,t@mdforegO|ng is directed to
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invention my be eV|se out epar |ng aSIC scope t ereof
and t héizgbp @r%dq(@rl”eoﬁer:@néeteel@ﬁtﬁr@@ieb ybehgeen ajtie thabstbat@stuMO(i&/ 017318

PCT/USQﬁ&Z@@Ogleééry%@I §Solhél MED IS 1. An apparatus for processing a
substrate, conprising: a chanber having a first el ectrode disposed

t herei n;
2. The apparatus of claim 1, wherein the first electrode

comprises a gas distributor.

3. The apparatus of claim 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 13.56
MHz and about 500 MHz.

6. 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.



a substrate support disposed in the chanber and providing a second

el ectrode in the chanber; a high frequency power source electrically
connect edwoon3/evtiBer the first or second el ectrode; a | owHaT&RINEWS pOwer
source electrically connected to either the first or second el ectrode; and
one or nore variable inpedance el enentys connected to the first and/or
second el ectrode between the substrate support and an el ectrical ground.

2. The 8appaThtuspphrelaismdls d\I@ixﬁln t\hﬁei’éﬁ.ﬁt t%leefiﬁa{ﬁ%lecomﬂéécﬁ?c@ gas
ein the first electrode and

distri The appar at.us of r

t he segg%g’ée}:ect 7% %? mPar a}lqaé p?%‘?e Jé?%?%e§nd4 afhelepplar KA of

cl ai m Yarjphetei npapheithanber is configured as an etch chanber. 5. The
apparatus of claim1l1l, wherein the high frequency power source is adapted
to deliver over bet ween about_13.56 MHz and about 500 MHz. 6. The

appar aus o %I&Pﬁﬁ!atWﬁemﬁrﬁl&%mIkwvWh@qaéncyhpowamiaﬁmwda@eﬁamﬁmted to

del i veelpauses belneeadabeul 100 Ktihaand  about k3 Mo, o IN& aaRAG! US of

claln1é tvvhere 0 ge varla |l e |npedance el ement s conprls east one
“nduct BEEURG athPe HSBn@n cSpsent o?leSEr 929917318 PCT/ UE02) 26008 17 8.
The apparatus of claim1, wherein the variable inpedance elenents conprise

at lea o] LN d | east. on vari apl e capac 9. The
appara?gs gﬁhé Q#%%%Etﬁ efﬁng%ﬁ%Hl¢5rl Ee}ﬁpggﬁngg' @b ﬁeﬁﬁ?%ﬁ@@céﬁapted
to tunelemeets Birgs adsintege Wovishenatbédiasssn ohe friesshaand i ce

e ectrgdes. £ddqudhey aRBALALUS Phofil BEM Lasphehel Bt hevad all.e d pedance

el enents _are adapted to tune at ['east one resonant |npe
frequeRRy % detel FFe@M@RcYeast one of the | ow 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 frequency
power and the low frequency power are delivered to one
electrode and at least one variable impedance element 1is

connected to the other electrode.

13. The apparatus of claim 11 wherein the high and low
frequency 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 freguency power source electrically connected to
the first electrode; and

a variable impedance element connected between the
substrate support and an electrical ground.



and the high frequency. 11. The apparatus of claim1l, wherein the variable
i npedance elenents are adapted to tune a first resonant inpedance at the
| ow frequenacos/amidsa second resonant inpedance at the hi gh pdvespoeeny. 12.
The apparatus of claim 11 wherein the high frequency power and the | ow
frequency power are delivered to one jgl ectrode and at | east one variable
i npedance elenent is connected to the other electrode. 13. The apparatus

of cl airn 11lrweer gbpatheuli B apdahaw 14\ equeney nPowRs afigpdetiyered.to
opposite el ectrodes and varj abl e_i npedance el enent is connected t0 each
el ect r SG&ET1 £ F Apbir E%G‘*E’tﬁér el IVl BOWREr &8 tyesocaite nhib2e

havi ng Milzf ianslt aboedt 50de Mzd a substrate support formng a second

el ectrode, conprising: a high frequency power source electrically connected
to the first electrode; a | ow frequency power source electrically
connectléd t Bhet heapbarstuel exf r adeiimanti4a weréwdle ithpedaoae Bt egwaicy
connec e t éggﬁg t i C r .

S R e e %g&géetga Rl B ERL %?&mo%%i%%\%ohe
hi gh fP8GuéReyt BolBF -source is adapted to deliver power between about
13.56 Mz and about 500 MHz. 16. The apparatus of claim 14, wherein the

| ow frequen ower source is adapted to deliver power between about 100
kHz aﬁ ’abgﬁF %pﬁﬁféiff.C%héﬁéﬁﬁhﬁﬁru§h¥ﬁr%ﬂ%nFH%AYaQ%ﬁF¥ﬁrﬂW@ﬁﬁ%%ﬁ?able
i npedardemertenemproepsi ses diedstasbtneneindaicdor ardl att | pasttongne

capaciggbacggorThe apparatus of claim 14, wherein the variabl e i npedance

el ement cConprises at |east one inductor and at |east one variable
capaci tor.

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 is 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.



19. The apparatus of claim 14, wherein the variable inpedance elenent is
adapted to tune a self bias voltage division between the first el ectrode
and the swosd3rlatmssupport. 20. The apparatus of claim 14, rdreuseenetBe

vari abl e i npedance elenent is adapted to tune at |east one resonant

i npedance at a frequency selected frmm at |east one of the | ow frequency
and the high frequency. 21. The apparatus of claim 14, wherein the variable

i npedare  a@heneripgaradapt esk t clding a4, r siheLspnantns Npeganse: ati g he
| ow frecq)u?;gl(é:%1 and a second.resonant inpedance at the high frequency. 22.
The appar: L&F ESaPm £FCRMR Yrhe first el ectrode conprises a gas
distributor. 23. The apparatus of claim 14, wherein the first el ectrode

and thegcgsubst tq ' or rallel plate .electrodes.
WD 03/ 017'31%‘ E%%%ﬁ%g%%%odo%l 1%%%0 sp%%eetrgptifooar%;[]ﬁgo%s%l o T WREEn the
chanber? | §irgonfil@teedss andetechseharte 2EppAntet fodning del seeridg

pover tQ 2tRbeeeseoapaitkenraving a first electrode and a substrate
support forgjﬁgg a second _el ectrode, conprising: delivering a high
frequency p VELIRCa i BRIPr dFFNEPCY pARIe S oliFeR 8l drigh chrequaRpmect ed

t 0 one pefvetrhgoareet kodesri@dallwebhigc8clowof baaueRCy¥hpoOWRE-EQHHES;from a
| ow frequen%glpower. source.el ectrically connected to one gf t he

el ect rodes; “and "Eonfdct Png 16We SFG%?EX¥arP8‘6?E i ApeHaficet EPBneht st one

or nor érgfiuchevelperendesuane amladtacitaaldat goonadted6.tolhenarebliodtlod cl ai m
25, wheneiRbheshi ghsfrequency power is between about 13.56 Mz and about
500 MHz. 27. The nethod of claim25, wherein the |ow frequency power is

bet ween aboGPTREGTRAY £AG &Fodtorm Waialde iMpedaidrdebineitd me5né urt her

conpri ®M@ore 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 MHz.

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

28. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
control a self Dbias voltage division between the Ffirst
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.



tuning the one or nore variable inpedance elenents to control a self bias
vol tage division between the first electrode and the second el ectrode. 29.
The net howaood3/atagm 25, further conprising: tuning the onecwuswresari abl e
i npedance elenments to provide at |east one resonant inpedance at a
frequency selected fromat |east onegpf the | ow frequency and the high
frequency. 30. The nethod of claim?25, further conprising: tuning the one

or nor givar itall eeitieeddFc e 18ieiment s r@thRFO%bAB 2 sfihgst resonant inpedance
at the | ow freque c%and a second resonant inpedancé at the hi

. h
frequency. WOSOZ/ 1§ BCPFOSESP3660925261 3T ?ﬁefﬁﬁﬁﬁoéléﬁtéPaﬁm 25,
further conprising: distributing a processing gas fromthe first

el ect r ade. T t hod of .clajim 2 wherejn the first. el ectrode and

t he su(b%%t'r aggl%s%el&gﬁ@a? ﬁ?ﬁ@s?ﬁ o"a?%?%rba#ﬁ?l &Ilrﬁltateelecéﬁr o?fé@ 33.
The nettihed sbbstuahe255umheriei mnchedpspoess ctmniferrm spacaifefursiht®
perf or @R +eLgRPr ocess.

33. The method of claim 25, wherein the process chamber is

configured to perform an etch process.



