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sem conduct or manufacturi ng and nore partlcularly to a nethod and
apparatus for controlling the bias voltage at a wafer in a plasma etch
reactor and the de-coupling of the radio frequency (RF) in the case of use
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di agram 100 depicting a prior art dual frequency RF system containing two

el ectrodes. The reactor of diagram 100 contains an RF-driven el ectrode 104
and a passive electrode 102 with a wafer 116 di sposed on top of the
RF-driven el ectrode 104. The RF currents are supplied to the RF driven

el ectrode via hard bolted netal connection 110. Upon activation of the RF
power source, the currents enter the plasnma region via the RF driven
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d1agram 100 contains an RF-driven electrode 104 and a passive electrode 102 with a wafer

116 disposed on top of the RF-driven electrode 104. The RF currents are supplied to the RF
driven electrode via hard bolted metal connection 110. Upon activation of the RF power
source, the currents enter the plasma region via the RF driven electrode and follow the same
paths through the reactor to the passive electrode 102 as depicted by arrows 114.
Additionally, the RF currents proceed through the plasma region to ground extensions 116
and 118 as illustrated by arrows 114a. Since the current paths of the 27 megahertz (MHz)
and the 2 MHz are similar, the 2 MHz and the 27 MHz frequencies are not de-coupled.

The prior art plasma reactors can not independently control the plasma density and the
ion energy of the plasma in the chamber of the reactor. Typically, the higher frequency of the
dual RF system influences the plasma density, while the lower frequency influences the
voltages in the reactor, in turn affecting the ion energy. However, since the dual frequencies
are coupled, it is not possible to independently control plasma density and the ion energy.
While the power supplied for one RF system of the dual frequencies may be modified to
increase or decrease the plasma density, the modification also has an effect on the ion energy.
That is to say, the vectors controlling the plasma density and the ion energy are not

orthogonal in a system where both frequencies are coupled. Therefore, a change in one



paranmeter, such as the plasma density, also affects the other paraneter
(ion energy) and vice versa. Additionally, the ratio of the area of the
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As a result, there is a need to solve the problems of the prior art to allow for greater
independent control of plasma density and ion energy of the chamber to optimally
accommodate various etch processes. Additionally, there is a need to control the bias voltage
at the RF-driven electrode over a wide range in order to adapt the reactor so that it may be

finely tuned for various etch processes.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a method and
apparatus for controlling the bias voltage at the wafer over a broad range. Additionally, the
invention provides a method and apparatus to de-couple dual RF currents (having different
frequencies) thereby allowing for independent control of plasma density and ion energy of a
plasma. It should be appreciated that the present invention can be implemented in numerous
ways, including as an apparatus, a system, a device, or a method. Several inventive

embodiments of the present invention are described below.



enbodi nents of the present invention are described bel ow. WD 03/003405
PCT/ US02/ 20455 -3 I n one enbodi nent, an apparatus for a plasma processing
chanber iwopBmud«ded. In this enbodi nent, the processi ng @carmsee/ 204581 udes
an RF-driven electrode configured to hold a substrate and a first and
second radi o frequency (RF) power supply connected to the RF- driven

el ectrode. Also included is a passive electrode which is surrounded but
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being electrically floatlng isin Iuﬂglg Al so included in Ehls nbodi ment
is a sBFeswent sanetad 5 eng ar keth ohthe Rippawersupliss fipm gassingdpipugh otﬂ% of
the fipst.ad second RF currents through the passive electrode. In yet
anot her "enbodi nent of the invention, an apparatus for de-coupling dual
frequenci esIusedthem epbediment tof hhmgn\lestlm @i maratuSnfqrhms etghbydicre having
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i ncl udédquehciespsed mqtlambeetcnahg i prgvided.i Insthisr@obodimexatt & ptasmiategch reactor is
included. The plasma etch reactor includes a bottom and top electrode, a first and second RF
power supply connected to the bottom electrode and a plasma region defined by the top and
bottom electrode. The top electrode is electrically isolated from a top ground extension. A
first RF return path to the first and second power supplies passes through the top electrode is
included. A second RF current return path to the first and second power supplies passes
through a ground extension is also included. A selector switch configured to block one both
or none of the RF currents from the first RF current return path is included.

In still another embodiment of the invention, an apparatus for etching a substrate is
provided. In this embodiment, a first and second power supply configured to deliver RF
currents to a bottom electrode is included. A top electrode defining a first return path to the
power supplies and a top and bottom ground extension defining a second and third return
path to the power supplies are also included. A selector switch having selectable modes of

operation where one, all or none of the RF currents are blocked from the first return path is

included.



power supplies and a top and bottom ground extension defining a second and
third return path to the power supplies are also included. A selector
swi t ch haworg/oszabect abl e nodes of operation where one, alPicTarsozvensss of t he
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understood by the follow ng detailed description in conjunction with the
acconpaupilicd totkarbtalyshambet. | Theeeforsf @ mave éndeperdeal eonid jof the plagma density
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reactor wth a selector switch positioned to allow for |ow frequency RF
cur r enfollnygaggdetailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

Figure 1 illustrates a block diagram depicting a prior art dual frequency RF system

containing two electrodes.

Figure 2 illustrates a block diagram depicting a cross section of a plasma etch reactor

with a selector switch positioned to allow for low frequency RF current passage.

Figure 3 illustrates a block diagram depicting a cross section of a plasma etch reactor

with a selector switch positioned to allow for high frequency RF current passage.

Figure 4 illustrates block a diagram depicting a cross section of a plasma etch reactor

with a selector switch positioned to block each of the high and low frequency RF currents.



Figure 3 illustrates a block diagram depicting a cross section of a plasna
etch reactor wth a selector switch positioned to allow for high frequency
RF currenwops®smge. Figure 4 illustrates bl ock a di agram degico2/a@sR Cr 0SS
section of a plasnma etch reactor wth a selector switch positioned to

bl ock each of the high and | ow frequency RF currents. WD 03/003405
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skilled in the art, that the present invention may be practiced w thout
some ofecipd fopetch pperatiansaeriormedivaplpyna elghregeREr | nst ances, wel | known
process operat.ions have not been desc |bed in detail in order not to
unnecessar i IDERAHED DESGRIBTIQN &F AIREFFRRED AAMBQ VLS of the present
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passive electrode." " The filters are configured to enable or disable the
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Additionally, an insulator 1s Interposed tween the passive (top)

el ect r odeplangdthe tduial frequencies of a plasma etch reactor in order to mdependently control

plasma density and ion energy, as well as for controlling the bias voltage at a wafer over a
wide range of voltages. In one embodiment, a selector switch is adapted to interconnect an
array of circuit filters to the passive electrode. The filters are configured to enable or disable
the passage of radio frequency (RF) currents employed by the plasma reactor to ignite the
plasma. By selectively blocking one or more of the RF currents from the passive electrode,
the effective area ratio between the passive electrode and the RF driven (bottom) electrode is
modified. In response to the modification of the area ratio, the bias voltage at the RF driven

electrode is altered since the bias voltage is depends on this area ratio.

Additionally, an insulator is interposed between the passive (top) electrode and its
corresponding ground extension. The introduction of the insulator between the top ground
extension and the passive electrode permits the passive electrode to be electrically isolated
from the rest of the chamber. In one embodiment of the invention one of the dual RF
currents are de-coupled allowing for independent control of the ion energy and the plasma

density. Accordingly, the various orientations of the selector switch allow for the flexibility



correspondi ng ground extension. The introduction of the insulator between
the top ground extension and the passive electrode permts the passive
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positioned to allow for | ow frequency RF current passage. Bl ock d| agram
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generators provi Iow reque urrent, ch as 2 negahertz (Miz),
and theo(hbléﬁrboﬂmtmts1gestmta‘tmrF1glnem/-6des a high frequency RF current, such
as 27 MHz. The frequencies of the RF generators are nentioned for
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to those frequencies. It should gge appreciated that matching circuits are
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connec e bottom necti1on 136.
accordance with one embodlment of the invention, one of the power generators provides a

low frequency RF current, such as 2 megahertz (MHz), and the other power generator
provides a high frequency RF current, such as 27 MHz. The frequencies of the RF generators
are mentioned for providing possible examples only and are not meant to limit the invention
to those frequencies. It should be appreciated that matching circuits are included downstream
of each of the generators 132 and 134 with appropriate filters to prevent signal reflections.
Generators 132 and 134 are connected to the bottom electrode 138 through connection 136.
Bottom electrode 138 is also referred to as the RF-driven electrode. In accordance with one
embodiment of the invention, connection 136 is a hard-bolted metal to metal connection.
Disposed on top of bottom electrode 138 is wafer 170. Bottom electrode 138 is insulated
from ground extension 142 by insulator 140. In one embodiment of the invention the
insulator 140 is quartz. In another embodiment of the invention, bottom ground extension

142 provides a current return path for generators 132 and 134.

Continuing with Figure 2, a plasma region 144 is defined between bottom electrode

138, top electrode 146 and confinement rings 148. The top electrode 146 is also referred to



Bottom el ectrode 138 is also referred to as the RF-driven electrode. In
accordance wth one enbodi nent of the invention, connection 136 is a

har d- bol two wwbabst o nmetal connection. Disposed on top offdrathom4ss ect r ode
138 is wafer 170. Bottomelectrode 138 is insulated from ground extension
142 by insulator 140. In one enbodi nent of the invention the insulator 140
Is quartz. In another enbodi nent of the invention, bottom ground extension
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currents pass through the plasma region 144, thus maintaining the plasma, yet the dual

frequencies are de-coupled allowing for independent control of the plasma density and ion

energy.

In accordance with one embodiment of the invention depicted in Figure 2, a negligible
portion of the low frequency RF current will follow the return path defined by ground
extensions 142 and 152. However, due to the relatively small flow as compared to the flow
passing through the top electrode, this negligible poﬁion has little impact to the de-coupling
effect. It should be appreciated that the separate return paths followed by the low frequency
RF current and the high frequency RF current allow for increasing or decreasing the power
supply of one RF frequency without analogously effecting the power of the other RF
frequency. Accordingly, independent control of plasma density and ion energy can now be

achieved through the modulation of the power to either of the RF generators 132 and 134.

In addition, the de-coupling of the dual RF frequencies as illustrated in Figure 2,

allows for a wide range of control over the bias voltage at the wafer 170. In a capacitively-



I n accordance with one enbodi nrent of the invention depicted in Figure 2, a
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optim za&i ?in 0 thee etch $ stem for applications requiring | ower ion
ener gi 889 u?]h TRSFEY PEYER R et chi ng a trench under dual damascene

processing. Figure 3 illusirates blo i agram 172 depicti Cr.oss
section of REHGSHHUETUEs gt"égc‘ﬁ%ﬁra% ﬁ? gepé‘gllngc? 8F°S§v?ne$tb% ngi@flsgﬁaeﬁm?o
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In block diagram 172, the selector switch 154 1s positioned so that a high

f r eque tiugugkithe tiop eectragiel 146pds block dinggm 12, teausalectagwiichdnd i pesitionedisp gh
fr caueliaY a high frequency RF current will pass through. Circuit 158 allows for the high frequency
RF current to pass while blocking the low frequency RF current. Therefore, the low
frequency RF current, depicted by arrows 166, is forced to return via the ground extensions
142 and 152 to the appropriate power generator 132 and 134. On the other hand, the high
frequency RF current may propagate through the passive electrode 146, the selector switch
154, the high pass circuit 158 and the return extension 164 to the appropriate power
generator. Here again, the dual RF frequencies are de-coupled because of the separate return

paths.

Similar to Figure 2, the bias voltage at the wafer in Figure 3 will be significantly
lower due to the lower area ratio. Since, the frequencies are de-coupled with the high
frequency being able to pass through the top electrode 146, the power of the higher frequency
may be increased or decreased to influence the plasma density in the plasma region 144
without significantly impacting the ion energy. In mathematical terms, de-coupling the dual

RF frequencies allows for the vectors controlling the plasma density and ion energy to behave



RF current to pass while blocking the | ow frequency RF current. Therefore,
the low frequency RF current, depicted by arrows 166, is forced to return
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el ectrode 146. It should be appreciated that the RF currents, depicted by

ar r ows efrbediareit, 188 theyefadlowp thed sime tpaths through the plasma region 144. With this

embodiment, the high and low frequency RF currents are forced to return to their

corresponding generators via ground extensions 152 and 142.

Contrary to Figures 2 and 3, the de-coupling is minimal as embodied in Figure 4.
However, the bias voltage at the wafer 170 is the lowest in this embodiment of the invention.
Here, the area ratio is determined by the ratio of the area of the ground extensions 142 and
152 to the area of the bottom electrode 138. The top electrode 146 is not a factor in this
embodiment since each RF current is blocked from the top electrode 146. As can be seen, the
area ratio of this embodiment becomes very small since the area of the ground extensions 142
and 152 is much smaller than the area of the bottom electrode 138. In one embodiment, the
bias voltage at the wafer approaches zero, which in turn correlates to almost no ion energy in
the plasma region 144. This application lends itself particularly well to dual damascene
integration schemes that require extremely low bias voltages. Dual damascene etch
operations well suited for this embodiment include trench etching. Other etch operations that

may see a benefit include for example, films with porous low-k materials.



enbodi nent, as they follow the same path through the plasma regi on 144.
Wth this enbodinent, the high and |ow frequency RF currents are forced to
return towohsiond4ogorrespondi ng generators via ground ext ersiTors2/2&2s and
142. Contrary to Figures 2 and 3, the de-coupling is mninmal as enbodied in
Figure 4. However, the bias voltage at the wafer 170 is the lowest in this
enbodi nent of the invention. Here, the area ratio is determ ned by the
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currents are blocked from the top electrode 146. In this embodiment, RF currents represented
by arrows 166 and 168 travel unrestricted through the top electrode 146. In this embodiment,
selector switch 154 is engaged with filter array bypass 162 which in turn connects to return
extension 164. With no filter circuitry employed in this path, each of the high and low
frequency RF currents are enabled to pass through the top electrode and return to their
corresponding generators 132 and 134. It should be appreciated that the RF currents are
coupled in this embodiment as with the embodiment described in reference to Figure 4.
Contrary to the embodiment of Figure 4, the voltage bias at the wafer 170 of Figure 5 is very
high. In this embodiment, the area ratio between the top and the bottom electrodes is large,
thereby driving the voltage bias at the wafer 170 high. The high bias energy correlates to a

high ion energy, which is optimal for drilling small deep holes such as a via etch or even

other etches with high aspect ratio geometries.

It should be appreciated that the plasma etch reactors are of a cylindrical design and

therefore the area of the electrodes are related to the square of the diameter of the electrodes.



reactor. It should be noted that additional filters can be added for cases
I n which a nunber of specific frequencies need to be controlled. Figure 5
i 11 ustratee dasloozsks di agram 180 depicting a cross section ofeca/ydozzowas et ch
reactor with a selector switch positigned such that neither the high nor
the | ow frequency RF currents are biocked fromthe top el ectrode 146. In
this enbodi ment, RF currents represented by arrows 166 and 168 travel

unr est ry &%ﬂa&gi ers%gmlff%niegﬁn AleelbmOELoflthe top Blebitbde RO BB ele@RIdECt OF

swi tch ngaged w t I'ter array bypass 162 which in turn connects
t o ret UBS areapundnasicaly ibé#asedito impast fhiel kizsr vadiage af the yaarp More dmpertantlysthgat h,

each of the high and |l.ow frequenc curr nabl hrough
t he toﬁb%‘feeq,ets?‘%?fél drments H“& é“lr?:to Ay ek p(gn(%pﬂa 5o ey g)tr té%sapc?g% gnd
134. | BﬁHle@ErP%fQH@re%‘ct@B&d lﬂyaﬁ éﬂyhﬁg e Gelesten switah @nd CAvsighizg ihe fobi s
enbodi mrent as with the enbodi nent described in reference to Figure 4.

Cont r aelectrodet webeanlwupmlbmsomeds:ﬂmt@ aysterhds {reed Bgm design mstricHensayhich 170
Cop andengat SRR AL i oPiter, derl ie ERRUNHR copbbi R abrtitbtdinghilibge, t1C

top an rodes 1's’ Targe rrving t bi as

at t he ewaf#plidatidnk r@jmnnTgwldal}gburjungmae r\@ﬂtggescm rtlueabvafees Atahasarhg Gine) G
energy, which is optiml for drlllbgg{small %:% hol es suc as a vi,a etch

or evere-coupg ¢t t@ﬁ&ah\ﬁr?%eﬂ‘f‘@‘hs% o thg hoomerlerttade @llows dorgndepeqdent

appr eci tioh BE ﬁﬁd@ §hebhedsf@ctors are of a cylindrical design and
t her ef S%t?(?ﬁgﬂgerlggg rB%' aectr%dseg1 are related to the square of the

di anet er l. 4 r:di ly,
a1 1 oF it 8 RS Howelll 134 BGIR ¥ et pieaRng 4 SuRTiR DL Y
el ect r ee sydtd ledvingsedettabld amkiesyof aspammecﬂbwchamm irti thadizos a&ith\mjeraaiga at
the wafer. More inportantly, the bove descri bed enbodi é‘f

appl i ed 86 Vheraneie Sbﬁtc'ﬁé}ﬁéﬂg’igtsﬁf’ﬁta é’@ﬁ‘iaHP’éé%p’iﬁ’P"dlgh % éﬁ%P@Ps of
the el %gstetérﬁqgﬁescﬁlﬁe@gm%' ﬁget’&lt%ﬁcesﬁ)lﬁ r@§ 23k :p?ct\/lé’éad TIRSA 18} aRdy bD BiguRR

el ectrode to be electrica I sol ated, the etch systemis freed from design
restri @5,0msomyhnation Witk the daleamrxswittlagﬁows forribe mheswstemetndgovldmé)reﬂt widesyst em

i s capabl e of acc dat i It|p tch | icatio ely
varyi néa‘}gﬁa‘g ‘%P(S‘Frpgnggh E"af 8’8 s &r eﬁa%?rh@cggp df:Pef{]élthfmgon H)é %% Wlln(r%g of
the du‘ﬁknglt@%ﬂHQﬁ@ioﬁ%néﬁp INeRE thePmbiR8d R@¥anees t8loperation @ 88 WhewsSanl €¥¢h recipe

i ndependent  control the ion energy and plasma density. Figure 6
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initial
etchant chemicals into the chamber are set. In one embodiment, dual RF currents are applied

to the bottom electrode, where one RF generator is of a higher frequency than the other RF

generator.

The method of Figure 6 continues with operation 190 where one of the modes of
operation to establish a bias voltage at the substrate is selected. Here, a position for the
selector switch is provided. As described in reference to Figures 2-5, the selector switch, in
conjunction with the filter array, influences the bias voltage at the substrate irregardless of the
geometry of the plasma etch chamber. Hence, a user can optimize the bias voltage for the
particular etch process. For example, deep drilling of small holes, ie., vias in dual
damascene processes requires high ion energy, therefore, a high bias voltage. The high bias
voltage is achieved by a selector switch setting as illustrated in Figure 5. Alternatively, an
etch requiring a low bias voltage, such as trench etching for dual damascene applications,
may be accommodated by setting the selector switch as illustrated in Figure 4. Moreover, the

etch process may require independent control of the plasma density and ion energy, therefore



186 where an etch system havi ng sel ectabl e nodes of operation is provided.
Here, the etch system as described above in reference to Figures 2-51is
provi ded. wohm,/0bi4bs er array of Figures 2-5, in conjuncti orCEutse2/0ss

sel ector switch, allows for the etch systemto provide for a wide range of
control of the bias voltage at the warer and to independently control the
pl asma density and the ion energy. Next, the nethod advances to operation
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etch for a high aspect ratio via, requiring high ion energy, can be followed by a trench etch

requiring low ion energy by adjusting the selector switch.

Figure 7 illustrates block diagram 196 depicting a control system for executing an
etch recipe for etch operations performed in a plasma etch reactor. Etch recipe 198 includes
control values for process variables for etch operation A 200, etch operation B 202 and etch
operation C 204. In one embodiment, the process variables include pressure and temperature
of the plasma etch chamber, power to the driven electrode, gas flow rates and a selector
switch setting as displayed for etch operation A 200. Particular control values are specified
for each process variable of etch operation A 200, etch operation B 202 and etch operation C
204 in one embodiment of the invention. It should be appreciated that the particular control
values may differ between etch operations A, B and C. For example with respect to dual
damascene processing, etch operation A 200 may be performing a trench etch, thereafter, etch
operation B 202 may be performing a via etch (e.g., for trench first processing). Accordingly,

the selector switch setting for etch operation A 200 provides a low ion energy, while the



the substrate is provided. As nentioned above, the selector switch position
determ nes whether the RF frequencies are de-coupled, thereby allow ng for
i ndependewD isoni4®l of the plasma density and the ion en@cgyusodeoss the
met hod progresses to operation 194 whgre another etch may be perfornmed. It
shoul d be understood that the sel ectabl'e nodes of operation allow for
consecutive etches to be performed w thout renoving the substrate or

eXposi RgediBe swlaﬁtmﬁ o A Opdratiche BrORr PROVRRS . a tHISK QBY drefdyi U one

cont am nat 1 on. i oned above, multiple etch ﬁr ocesses requiring
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as a batgdifedation® that optinmal etch condl tions can be provided. Accordingly,
a dual damascene etch for a high aspect ratio via, requiring high ion

energy, can d%%txﬁﬂh%%ﬂj #?g/ur@ 1 o Gieheteetpe 1991 ekéraddony lr@iu&nﬁbeesim%
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invention. It should be a;f))Fr eci at ed t icular control, wval yes may
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trench pfocesstvapitablceséihng))asmmlrldaqn@ 2,/16 via mtmélbemmfacs@/i‘! ch setting f or
etch operation A 200 provides a |low ion energy, while the WO 03/003405
PCT/ US02/ 20468 refetdng & Eigtuer 7, plastmretctetdattog 2161s adapkedopeacatyt anw e Q8.
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r eact outiptiesc esssumgd by plasma etch reactor 216. For example, power supply for the RF
generators or a chuck voltage is included here. Additionally, gas supplies such as nitrogen,
oxygen, argon, helium, etch chemistries, and clean dry air (CDA) are provided to the plasma
etch reactor in one embodiment of the invention. It should be appreciated that computer
system 208 may include a monitor 222. In accordance with one embodiment of the invention
the monitor display a graphical user interface (GUI) providing real-time process displays of
the plasma etch reactor 216. Additionally, the GUI of monitor 222 presents interactive
displays, thereby allowing a user to modify values of a control variable for an etch operation

being performed in plasma etch reactor 216.

Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments

are to be considered as illustrative and not restrictive, and the invention is not to be limited



sof tware 206. Conputer system 208 includes a central processing unit (CPU)
for executing the reactor processing software 206. Conputer system 208 is
i n conmunwoaniooskoni th system controller 210. In one enbodCmarsn2/eddss he
invention, systemcontroller 210 recejyes input from conputer system 208
in which the input includes values for the control variables for a
particul ar etch operation to be perfornmed in plasnma etch reactor 216.

Syst emy& @R H&bih@gw%&@leréumocldé% bAKbAFR Withialthé rs?z’o;féozﬂfd iedert of fensf orm
the input from conmputer system 208 to control signals 212 for each of the
pr ocessippendedblagss.f or the etch operation in one enbodi rent of the

i nvention. Control signals 212 are supplied to the correspondi ng

cont r olWien ss fleimddne: process vari abl es of the plasma etch reactor 216 via
controller interface 214. Still referring to Figure 7, plasma etch reactor
216 is adapted to accept a wafer 218. |In accordance with one enbodi nent of
the invention, plasma etch reactor 216 is configured as depicted in
Figures 2-5. Facilities 220 for plasma etch reactor 216 supply the
necessary utilities consunmed by plasma etch reactor 216. For exanpl e,
power supply for the RF generators or a chuck voltage is included here.
Addi tional ly, gas supplies such as nitrogen, oxygen, argon, helium etch
chem stries, and clean dry air (CDA) are provided to the plasma etch
reactor in one enbodi nent of the invention. It should be appreciated that
conputer system 208 may include a nonitor 222. In accordance with one
enbodi nent of the invention the nonitor display a graphical user interface
(GQUI) providing real-tinme process displays of the plasnma etch reactor 216.
Additionally, the GU of nonitor 222 presents interactive displays,
thereby allowing a user to nodify values of a control variable for an etch
operation being perforned in plasnma etch reactor 216. Although the
foregoi ng i nvention has been described in sonme detail for purposes of
clarity of understanding, it will be apparent that certain changes and

nodi fications may be practiced within the scope of the appended cl ai ns.
Accordingly, the present enbodinents are to be considered as illustrative
and not restrictive, and the invention is not to be limted WO 03/003405
PCT/ US02/ 20455 -14 to the details given herein, but may be nodified wthin
t he scope and equivalents of the appended clains. What is clained is: WO
03/ 003405 PCT/ US02/ 20455



-15 Cdains 1. A plasma processing chanber, conprising: a bottom el ectrode
configured to hold a substrate; a first and a second radio frequency (RF)
power supwioy3beissy connected to the bottom el ectrode; a trap/Eozetsdde
being electrically isolated froma top ground extension; a filter array
defining a set of filtering settings; and a switch being coupled to the top
el ectrode, the switch being configured to interconnect the top el ectrode
to a selected one of the set of filtering settings, the selection of one
of the filtering settings being confl@iled to substantially enable or

di sabl e RF gurrent f .bot.h of the first RF power supply
q %lagﬁgﬁéog%sgﬂw)% &?15}8809019 ri

and the second ower m passi ng” t hrough the top el ectrode. 2.
The pl asna prhoaessil¢vgrodd eorfuraistohekd 4 sdstratec| ai m 1, wherein the RF current

di sabl ed from passi ng thyoygh the to | ectrode, i.s.diverted ough at
| east one oft ftrﬁéng@psecmﬂﬁ feguenryi (55 BRY LSRR RS rB e%ﬁ&htéﬁgg%?{n 3.
The pl agpB@:0cessing chanber as recited in claiml, wherein the top ground

extension s coupled to the top el ectrode through a quartz insulator. 4.
The pl asma progesstiody befnerdbestricadly issddtedefoinrs top grawnd extensioler conpri sing: a

first control.for nodul ating. p r.to the first RF power supply, the first
control beiarfﬂteéﬁlﬁﬁ‘g%’rnérbg?getc?gﬁﬁ?%rfg Sé#]tml%(sj’nanélnergy of a plasma; and a
second cont Rokwfted bERfkUIcBupIBE BOWRS tdpO eldt@rod Cthad sitctp bty copfdguted ttbe
second control being configured to control a plasma density. 5. The plasma
pr oces éntprgorneshiherton slepaeder @ selecter gingof ther g phidkterigssrings e selegion®m

gr ound t I . t r QLK | bei ttom
o1 et r SI6 o e e B g D R R o
reci t eg@endrated dfom dne \Whdot of thedirRFRE pomensuppipasd tie secondi & mavedr supplyhe t op
ground extensjon and the bottom ground extension returns to the first and
second fogneassiagtyopghsthe1op Qcterden syst em havi ng sel ect abl e nodes of

operation, ONPri§iNasnfh fréisting CRAHGRGY rédiell ifClataN, SHRESA BRCRF thfertF
driven el ectrode being configured to
disabled from passing through the top electrode is diverted through at least one of the top
ground extension and a bottom ground extension.

3. The plasma processing chamber as recited in claim 1, wherein the top ground
extension is coupled to the top electrode through a quartz insulator.

4. The plasma processing chamber as recited in claim 1, further comprising:

a first control for modulating power to the first RF power supply, the first control
being configured to control an ion energy of a plasma; and -

a second control for modulating power to the second RF power supply, the second
control being configured to control a plasma density.

5. The plasma processing chamber as recited in claim 1, further comprising,

a bottom ground extension, the bottom ground extension being coupled to the bottom
electrode through a quartz insulator.

6. The plasma processing chamber as recited in claim 2, wherein the RF current
passing through each of the top ground extension and the bottom ground extension returns to
the first and second power supplies.

7. An etch system having selectable modes of operation, comprising:

a radio frequency (RF) driven electrode, the RF driven electrode being configured to

accept a first and a second RF current provided by a first and a second RF generator;



accept a first and a second RF current provided by a first and a second RF
generator; WD 03/003405 PCT/ US02/ 20455 -16 a passive el ectrode defined
over the wWbB-wdrpyen el ectrode to define a plasna region treTaiserossh, the
passi ve el ectrode being electricall y_{ oating; and a selector switch, the
sel ector switch being configured to enabl e passage of one, both or none of
the first and second RF currents through the passive electrode. 8. The etch

system as r%féafsﬁ@e lefbcfrb@ BRfned"RE Bl RRIHGEA eRREBINRS dBRSSh @ﬂhshﬁﬁ@gﬂh the

passi ve el ec e are diverted through at | east one of a top groun
ext ensitienetndeen, Hetpassive ¢jecstodd begetesirpally foatifigeard ch system as recited in

claim8, wherejn the. top und extension i C |l ed.to._the I

el ectrode t ﬁrs(‘}l? GIPT SVt P%Sfﬁ?‘gﬂr %’(Y‘Ef?' . copﬁgurgﬁgﬁ eg&é‘f’ BASAE’ %%nl%té h;

cl ai m @, n¥hesah fitdd 8nd YlchbAIRYcakHBSLs ﬁifb@gh&h@ﬁadsﬁ/e eteuplied to the RF- drl ven
el ectrode through a quartz insul ator The etch systemas recited in

claim7, whéein Tihh@tQRFSY&eraém@CIﬁﬁdsfSFlﬁ@T 7 nvbergin RE2guFenss ntpassingthirughing
t dt t 12.
The ot diF RS HAEORAS ALAREH Do G £ 92 (hel b rcuflg cREnBGN A o BURBY

gener atgequmdiertdnsidgs a | ow frequency RF generator and a high frequency RF
generator. 13. The etch system as reci nclaim?7, furtlglflar r|5|n a

first contr& forlhgodeh aysteay apssmdiedn Cﬁaﬂ’é‘ ’| yagremethg dap gxe ext“ﬂ‘é 9 ¥t
control, gﬁhﬁ‘%m@ﬁg&h@%&ﬂog@t&&%ﬁﬁ ﬁﬂlﬂsﬁ&t&”ergy of a plasma in the

pl asma “PEron a second contto or nodul ati ng power to the second RF
generator, tlfe sdhertthcaystemods reditedrig ctaim{8, glnerein the tottetr grourd ettersien is
density. d fo pI asma etch chanber,

hi f
conpr i §P\‘é°dﬁﬂ%‘9 Veé‘r? fﬂ?& é‘}?‘g{ggrﬁwéau?ﬁ%"@{l@ﬁo syst em havi ng sel ectabl e

nodes of opqnati qmeteebh FERAEASrefiteIUR TR E wheRlif Bel KB caierft ipatsingeGiqugh t he
etch recipe being configured to set an etch environnent in the etch

syst emeagiebfthd tp ereandfextensionmidsthe fbogper aionad exiension ABIUh oy theepR¥ared
bi as v%{lrt)peige at the substrate; and

12.  The etch system as recited in claim 7, wherein the first and second RF
generators includes a low frequency RF generator and a high frequency RF generator.

13.  The etch system as recited in claim 7, further comprising:

a first control for modulating power to the first RF generator, the first control being
configured to control an ion energy of a plasma in the plasma region; and

a second control for modulating power to the second RF generator, the second control
being configured to control a plasma density.

14. A method for etching a wafer in a plasma etch chamber, comprising:

providing an etch system, the etch system having selectable modes of operation to
process a substrate;

selecting an etch recipe, the etch recipe being configured to set an etch environment in
the etch system;

selecting one of the modes of operation to establish a selected bias voltage at the
substrate; and

performing an etch, the etch occurring under the set etch environment and the selected

bias voltage.



perform ng an etch, the etch occurring under the set etch environnent and
the selected bias voltage. WO 03/003405 PCT/ US02/ 20455 -17 15. The net hod
for etchiwgmowmber as recited in claim 14, wherein sel ecthiorgsoneo4svf t he
nodes of operation to establish a se[&qted bi as voltage at the substrate
further conprises: controlling one of a plasma density or an ion energy of
a plasma in the plasma etch chanber. 16. The nethod for etching a wafer as

recited in gkai mrkd mdh&S firletdhity £ Vafstagbédted T IRSM O, OMefed bddectiagione an
effective area ratio between a top and a bottom el ectrode of the etch

syst emof tHe mordes neft hperatiary tetestabkith & sedctad Bigs redtage @t jthe substrate Aurthgier ei n
sel ecting one. of the nodes of operation to establish a selected bias
vol tag§0 "$%e substrate further conprises: providing a first and a second

return pat hch@tolBngofd of bglusancdensitgonar wn éneagyusing plasik ic e plasmpashi ng
t hrough the etch environnent; and bl ocking one of the high frequency and
t he | o®hdmlduency RF current fromthe first return path. 18. The nethod

for etching g wahgr n?e%técgcﬁfdrte?c‘ﬂi' Glaft Ty il%ite@’ﬁekfmirﬂ 14h@htelSthe lseletthble Pat h

includes a top electro the top electrode ng electrically isolated
from t heodeeoboperati@t alter apadffectiviedared Inaionteet Wemh 4 tap andch bottpra eleafrede efstheeci t ed
in claim17, wherein the blocking one of the high frequency and the | ow
frequeﬁ@sﬁﬁe@urrent fromthe first return path enploys an array of

filters, thgjarr gheRhethdd f? efchidgk YfdrQs FediB i CREh1AdwhehdiP vdbctingsseect or
switch. 20. The nethod for etching a wafer as recited in claim 14, wherein

t he et of theahgdes ¢fnoperdiéen pareatablishy ¢ gelacted biappwltagerad thefubstpte Juthe of
the etch environment, flowrates, power to the driven electrode, and a
sel ect SPMEWFeh setting.

providing a first and a second return path for a high frequency and a low frequency
RF current passing through the etch environment; and

blocking one of the high frequency and the low frequency RF current from the first
return path.

18.  The method for etching a wafer as recited in claim 17, wherein the first return
path includes a top electrode, the top electrode being electrically isolated from the second
return path.

19.  The method for etching a wafer as recited in claim 17, wherein the blocking
one of the high frequency and the low frequency RF current from the first return path
employs an array of filters, the array of filters linked to a top electrode through a selector
switch.

20. The method for etching a wafer as recited in claim 14, wherein the etch recipe
includes parameters for a temperature and a pressure of the etch environment, flow rates,

power to the driven electrode, and a selector switch setting.



