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Field of the Invention This invention relates to sem conductor -

manuf acturing and nore particularly 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 of nmulti-RF
sources. 2. Descrigtion of the Related Art Plasna etch_reactors are
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100 depicting a prior a stem<c aini'ng 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
-F-driven electrode 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 plasna region via the RF driven

el ectrode and follow th TG actor to the passive
R

el ectrode 102 as depi ct o k : lt?’ﬁéﬁlly, the RF currents

procee hrou the plasma region to ground extensions 116 and 118 as

iIIustﬁaﬁ'é’ijﬁe rIPES%gnOPMa. Since the current paths of the 27 negahertz

(MHz) and e .2 Mz are simlar, the 2 Miz .and.the 27 MHz fre nci es are
not de-coup @8.1_11%10&5‘3&16%{5;8 S@?’FE’CY'O&{BW%C{W ﬁ%&ﬂ%ﬁ@@ﬁ&%ﬁ@l? %ontrol
the plasmmaddan %F]i!:afat@@ fort ddRtrolliRg tRBiag YoRigeldn @ wIfasie plisthh&ck haolean@f t he
reactor. Typically, the higher frequency of the dual RF systeminfluences

the pl@sng-covpling §f therdieirequeneyolidr) in thepaemelyust of mudthBEsopfses. vol t ages in
the reactor, in turn affecting the ion energy. However, since the dual
frequencies are coupled, it is not possible to independently control

pl asne2.dPesdriptionnf the Related dmbr gy. Wil e the power supplied for one RF
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energy are not ort hocglonal in a _systemwhere both frequenci es are coupl ed.
Ther ef AMECting & REAE ATt flab freqyengy systpg containing two electrodes. The reactor of

diagram 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 lelow 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 thé
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
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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 below. 2 8 DEC 2005 In
one enbodi nent, an apparatus for a plasma processing chanber i%Bme)@igtmg.
In this enbodi nent, the processing chanber includes an RF-dri-ven el ectrode
configured to hold a substrate and a first and second radi o frequency (RF)
power supply connected to the RF- dridren electrode. Also included is a
passi ve el ectrode which is surrounded but electrically isolated froma

ground extension. Afilter array definipg a set of fjlter settings |s
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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.




path to the power supplies are also included. A selector sw t%@@ﬁﬁ@?&
sel ect abl e nodes of operation where one, all or none of the 035

are blocked fromthe first return path is included. 2 8 DEC 2005 In still
yet anot her enbodi ment, a nethod for etching a wafer in a plasm etch
chanber is provided. The nethod incluwdes providing an etch system havi ng
sel ect abl e nodes of operation to process a substrate. Then, an etch recipe

configured to set an etch environnent in the etch systemis selected.
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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 4 illustrates block a diagram depicting a cross section of a plasna
etch reactor with a selector switch positioned to bl ock each b8 BE@ 2095h
and | ow frequency RF currents. 2 8 DEC 2005 -5 Figure 5 illustrates a bl ock
di agram depicting a cross section of a plasma etch reactor wth a selector
switch positioned such that neither of- the | ow nor high frequency RF
currents are blocked. Figure 6 illustrates a flowhart providing a nethod
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el ect réo‘ﬁﬁiilllé/ the> QhAt ﬁ‘gquencies of a plasma etch reactor in order to independently control
plasma density and ion energy, as well as for cohtmlling 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




fromthe rest of the chanber. In one enbodi nent of the invent|on _qne of the
dual RF currents are de-coupled allow ng for independent conérajlat&f 20k
ion energy and the plasma density. Accordingly, the various orientations
of the selector switch allow for the flexibility 2 8 DEC 2005 to optim ze
the reactor chanber conditions to performetch operations in an opti nal
environnent. By orienting the selector switch in various positions, thereby
engaging different filters, it beconmes possible to execute multiple, but
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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 RE-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




from ground extension 142 by insulator 140. In one enbodi nent @f the
invention the insulator 140 is quartz. In another enbodi nent §f8 i 2005
i nvention, bottom ground extension 142 provides a current return .path for
generators 132 and 134. Continuing with Figure 2, a plasna region 144 is
defi ned between bottom el ectrode 1387-top el ectrode 146 and confi nenent
rings 148. The top electrode 146 is also referred to 2 8 DEC 2005 as the
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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 portion 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-




effect. It should be appreciated that the separate return paths foll owed by
the | ow frequency RF current and the high frequency RF currentZ &IDEGv 2005

i ncreasi ng or decreasing the power supply of one RF frequency w thout

anal ogously effecting the power of the other RF frequency. Accordingly,

i ndependent control of plasma densityt-and i on energy can now be achieved

t hrough t he nodul ati on of the power to either of the RF generators 132 and

134. In apegltl on, e de-cou g ,of t(ge dual RF freqt cies as |IIustrated
in Fi fi*@ reackpy \6 tyg elegtr "c?eﬂ'ied%@se" f28¢ SR1PBPItighr Ottﬂf‘ef%‘io F‘Eeasge at
the waf@he dofGnd!bditBmA@RAGHE ] Hﬁhé(th&ﬁa%e%ggﬁus 1 ‘dpﬂlg%ﬁ ﬁ@gﬁ@]{} ss¥d b two

el ectrodes, the bias voltage 1s proportion tro o e areas of
the top andvbot jg%e)hectrode I n mat hemat i cal terms this relationship can
be expressed""és #asO(Al/ A2)n  Where Vbias is the bi as vol t age of the

botto | ectrode i s the of the top el ectrode, is the area of
the bo lrwe%ﬁ‘?%@l@sé’ﬁliaﬁ%%fa‘é%geﬁﬁ%lﬁteleﬁtf &hds e en dfategtome 1y

of thﬁtﬁ@a%%f (RO cleARGR RRUNEEIhoheifluchofi &I iHeJArRAR dobublifor

enbodi ment illustrated in Figure 2 tive ar
top el betreastis ahd @naymdngebetivottt bane Hedterfmﬂag b3k torths eblbednmrhat ilbmgatdd st nce

the hi RF f d h th
o oundh e SESES oS iabetvign MeiPalegroda, e wsrthe kil kP t38 an ot
pass hddees dedrbel @ce ltiféCIﬁ@lQ%%%ﬁcﬂn@y Mcdrféﬂgi%rfor&ﬁ% %aunmkddgﬁ thd'@mall

effective area ratio snualler herefore, the bias voltage at the wafer
decr eadfes ggumdt axtensions dddrangr BR. r éppmxnnmlyelmlfenﬁ the, RF tdgeresietancnairpassi t ch

bei ng i hj.s ien atlo ovvsfor op zatlon f the etch
oyst orit e 800 LReiUS 95 uRY hiteeP Jndoy Bl g RleThfe bl Yol sbafih as
et chi nghdefofe Migdbias Neledge it e WAEREGLNRPMRABIRE NMiver Rt@URE0.3 CohdedaentBl €S
bl ock di agram 172 depicting a cross section of a plasma etch reactor with

a sel ebigorlesipr switch (%lﬂtgi pAstipned i this rieption gHovs defuepienizaon: of thentichassage
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154 is positi requ ent w | ough
G r cui gndeb8udldammascehoprocesiny. gh frequency RF current to pass while
bl ocki ng the | ow frequency RF current. Therefore, the low frequency RF

current, deBigaiecd illystudsoMWBCK Qfagrdns 17Qr &eptbting d efods Redtioa &he §Msﬁw1&ch
extensions 142 and 152 to the appropriate power generator and 134. On

t he otWafion3nth a splsctrr giitch mositierrd irpllew rfF”é htghrrﬁwq@n@b Bacerenh ResHEC t he
passi V@ &leRGhd %%lécﬂ%de 446 LbiBGE ﬁfagt%ﬂ‘i 1) the selector switch 154 is positioned so

that 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




154, the high pass circuit 158 and the return extension 164 to the
appropriate power generator. Here again, the dual RF frequenci § Bk 2005
de- coupl ed because of the separate return paths. Simlar to Figure 2, the
bias voltage at the wafer in Figure 3 wll be significantly |ower due to
the lower area ratio. Since, the freguencies are de-coupled with the high
frequency being able to pass through the top el ectrode 146, the power of
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embodiment, the high and low frequency RF curmrents 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 tum 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.




Here, the area ratio is determned by the ratio of the area of the ground.
extensions 142 and 152 to the area of the bottom el ectrode 13& §TheCt 2485
el ectrode 146 is not a factor in this enbodi nent since each RF current is
bl ocked fromthe top electrode 146. As can be seen, the area ratio of this
enbodi nent becones very small since {ihe area of the ground extensions 142
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enbodi ment,_the bias voltage at the wafer approaches zero, which in turn
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rept esgur}}e%gs 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. Tt should be appreciated that the RF currents are
coupled in this embodiment as with the embodiment described in reference to Figuré 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.




by arrows 166 and 168 travel unrestricted through the top 6|eC?R§$ﬁﬁ§§ﬁ
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currents are _coupled in this enbodinent as with the enbodi nent descri bed
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in reference to Figures 2-5 is provided. The filter array of Figures 2-5,
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an etch ﬁnVI ronrent. in the etch system Here the tenperature and pressure
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 substraté 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, i.e., 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 damasceﬁe 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




of the plasma etch chanber, the power to the driven el ectrode and the fl ow
rates of the etchant chenmicals into the chanber are set. In orfe§ DEC 2000
enbodi ment, dual RF currents are applied to the bottom el ectrode, where
one RF generator is of a higher frequency than the other RF generator. The
met hod of Figure 6 continues with opdeation 190 where one of the nodes 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
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as a barrier, so that optimal etch conditions can be provided. Accordingly, a dual damascene

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




menti oned above, nmultiple etch processes requiring different bias voltages
or independent control of the plasma density and ion energy caf bel 2005
performed by shifting the selector switch position. The limtations

i nposed by the geonetry of the plasma etch chanber are renoved as a
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are spggifi f : ' h e j h
oper at T bE e SontA PR, HALKACY frita B REUE (G of HieuhE
i nvent thenreactdr Bh@isditle beftvapp206] @odthutdraystéRA08as in cathiAtniCad With sysddries may
di ffer between etch operations A_ B and C. For exanple with respect to dual

damas ceMerofeL & HY s il @ne spbediapayt Hf the, inyeption, fyjemecqndiofler A hgecgives dmh et ch,
t her ea r I gl ; ] J i | a. ) for
L enan Prr st sy QR 2l AR Relrte T MEVRE! LANT R HR hBof VIR B p

et ch opetiatlaoetci\o&atiqgr tybapafamedin phismarserihgyactoh2i®e Syster? cOntiiler 2005 - 13

sselector. swich setting for etch operation B 202 provides a high _ion energy
Yin onemcléﬁﬁ%bi‘rﬁ@ﬁ{e GreutRs conf @ntraqs%orgh@ﬁllﬁﬁ’%ép%ﬁ@é‘w&f élﬁst?grﬁgpgttﬂe et ch

oper at ;%] B@Halpe 12 BSchet FEde %gﬁ&%%ﬁl%& Yorthd ey bﬂérﬁﬁofﬁe(gxef[eﬂl%ﬁﬁﬁéﬁt vacuum

within the efch chanmber to nma modi fications. Continuing with Figure 7,
t he et ehthedoygnsion9gCondrod sigmalscd 2are rsepliedr togho ceseipagding ebninalles Z@6the

Cher r clorS VROUESS hEPLSPE fuf 80 e SR EP e lietdirontl s i o oo
nvent i on.  SYURHHTSEHIBARIE . PSR (FAGOT AL SRPEAhEORET &rvagatbin 208
e B o o By P SlvaRgPhes g
Syst emicdepicted i Figatdd 2-5ndagididies B29 dovaplesioa etchireacyorclié supplyetdie tnecessapst or m
the | nBtﬂEtiJsrgo@sgI%g&) "ll)tyelglassrxg LR rzeggto}' %16. 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 (GUT) 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 opereition

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




control signals 212 for each of the process variables for the f ch
operation in one enbodi nent of the invention. Control signals B10E6r 2005
supplied to the corresponding controllers for the process variables of the
pl asma etch reactor 216 via controller interface 214. Still referring to
Figure 7, plasma etch reactor 216 is-ldedapted to accept a wafer 218. In
accordance with one enbodinent of the i nvention, plasma etch reactor 216 is
configured . as depicted i gures 2-5. Facilities 220 for pl asmg et ch
react o ¢ gi@e@&ﬁpﬁlxﬂt hrgeine 'é%@awe rm)thlpfé vathin Hirstrere apg eawaélﬁatsafdher eact or
216. Eg; efABMifs, POWer supply for the RF generators or a chuck voltage is
inclu g here. Agdltionally, gas supplies such as nitrogen, oxygen, argon,
hel i u strles and clean dry air (CDA) are provided to the

Iasngh%gééﬁhﬁﬂg in one enbodi nent of the invention. It should be
appre0|ated t hat conputer system 208 may include a nonitor 222. In
accordance with one enbodi nent of the invention the nonitor display a
graphi cal user interface (GUJI) providing real-time process displays of the
pl asma etch reactor 216. Additionally, the GUJI of nonitor 222 presents
interactive displays, thereby allowing a user to nodify val ues of a
control variable for an etch operation being performed in plasm etch
reactor 216. Al though the foregoing invention has been described in sone
detail for purposes of clarity of understanding, it will be apparent that
certain changes and nodifications may be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodi nents are to be considered
as illustrative and not restrictive, and the invention is not to be limted
"2 8 DEC 2005 -14 to the details given herein, but may be nodified within
the scope and equivalents of the appended clains. What is clained is: 2 8
DEC 2005 -15 5 10 15 CLAIMS 1. A plasma processing chanber, conprising:




a bottom el ectrode configured to hold a substrate; a first an?bgﬁifégﬂﬁ
radi o frequency (RF) power supply being connected to the bott %de;
a passive top electrode being electrically isolated froma top ground
extension; a filter array defining a set of filtering settings; and a
switch being coupled to the top electrgge and the filter array, the switch
being configured to interconnect the tep electrode to a sel ected one of
the set of filtering settings, the selection of one of the filtering
settingsd€$kﬂﬁs configured to substantially enable or disable RF current
generate romone or both of the first RF power supply and the second RF
power supply from passing through the top electrode. 2. The plasm
processing chanber as recited in claiml1l, wherein the RF current disabled
from passhng thPbsHa prossssingchamber. compriisgdi verted through at | east one of

the top ground eé%@ﬂ&h%ﬁcﬁﬂ@e@on@&%{%@nﬁ&ﬂ%ﬂ bg&(&tgnsi on. 20 3. The plasma

processi ng chanber as recited I'n erei’d the top ground extension

is goupl ed to thefiropnébkeedonddflid fequaby EREUVICE sipgitybeh®tonndbted® the The
pl asma processi ng ﬁgﬁnber as recited in claiml1, further conprising: a
first control for rYAMASHYdBower to the first RF power supply, the first

control being conbhauraep El%ct?&ﬁtﬂeﬂ{ég %ébé%(ﬂag‘ly%@ﬁz{tgcy £ aatog :g;?/(ﬁﬁﬁﬂ exfbidoi Second

control for nodulating power tot power sup the second
control being confiltguareay definogrut seobf fligplmesetingenadty. 5. The pl asma

i hanb ited, | im31, furth t
b ound extens: ont stieh bete srmiiDathlaRirapdranthn SREbmRe R Ea teRBBot « om
el ggtrode through aoftigired td Mdibn@ét theto dRiefrod@RP sclltdd onkldE tHY RSB

processing chanber as recited in claim2, wherein the RF current passing
t hr ough each of t hdiltesipggettingd thogekastipoaf enepfithefibaingseitipgobeidg ext ensi on

returns to the fir Sctonﬁg&sﬁ ?ocmgtaﬂﬁw en%Hl%%lr id?s%tble RF current generated from one
or both of the first RF power supply and the second RF power supply from
passing through the top electrode.
15
2. The plasma processing chamber as recited in c¢laim 1, wherein the RF current
disabled from passing through the top electrode is diverted through at least one of

the top ground extension and a bottom ground extension.

20 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
25 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,
30 a bottom ground extension, the bottom ground extension being coupled to the

bottom electrode through a quariz insulator.




5 7. An etch system havi ng sel ectabl e nodes of operation, corrpr'gggJ :i) %05
radi o frequency (RF) driven electrode, the RF driven el ectrode g
configured to accept a first and a second RF current provided by a first
and a second RF generator; a passive el ectrode defined over the RF-driven
el ectrode to define a plasma 10 region_therebetween, the passive el ectrode
being electrically floating; confi nemb@r ri ngs extending froma top
surface of the RF driven electrode to a bottom surface of the passive

el ectrode; a filter array i.ncludinng nultiple filter, sett.i .and a

sel ect or eG'svw tcﬂl_eapggs&%péf’ eésWFﬁm%lﬁ% aﬁfecftﬁ‘gmn‘i}?‘fj} |@?‘?Wﬁh§ﬁ8‘f‘{?ﬁggs, t he
sel ector 15 gukdiggthPeigheacionf the Wegoluil SRahich MATBCBR R ¢08d chehdloPr None
of the first and second RF currents through the passive él ectrode

accordi ng to tRemsie thesfirst ane sepend peiveer supnliss. settings. 8. The etch system
as recited in claim7, wherein RF currents not passing through the 20
passi ve el ectrode are diverted through at | east one of a top ground

extensi orf.and An etohtysoem Yudng selectitdagiodes ofopedtion Sdodiprisitgt em as recited in
claim8, wherein the %op ground extension_is coupled to the passive
el ectrode t hr oughragigyissuchey (k) ditvsp elegisode thefife deyerelesiiodeheiag recited in

claim8, wherein thg,hottewm 4 ke ' i - - driven
el ectrode through a augﬁ“z@ ngﬁt’f{;ﬁt or: ?ée@%d%gﬁ?%@?ﬁgﬁqegsﬂﬂhg%ﬁ% in
claim7, wherein theseRmMARF gemratpgssi ng t hrough each 30 of the top ground

DEC 2005 - 175 16PT8 S0 eFot 0 aH e REr A Aelrodel JHTEF APIFTE whor ei n-
thesfirst and seconggibi tieaRHMA! e passive electrode being electrically floating;
confinement rings extending from a top surface of the RF driven electrode to a
bottom surface of the passive electrode;
a filter array including multiple filter settings; and
‘a selector switch associated with one of the multiple filter settings, the selector
15 switch being configured to enable passage of one, both or none of the first
and second RF currents through the passive electrode according to the one

of the multiple filter settings.

8. The etch system as recited in claim 7, wherein RF currents not passing through the
20 passive electrode are diverted through at least one of a top ground extension and a

bottom ground extension.

9. The etch system as recited in claim 8, wherein the top ground extension is coupled

to the passive electrode through a quartz insulator.

25
10.  The etch system as recited in claim 8, wherein the bottom ground extension is
coupled to the RF-driven electrode through a quartz insulator.
11.  The etch system as recited in claim 7, wherein the RF current passing through each
30 of the top ground extension and the bottom ground extension returns to the power

supply.




i ncludes a | ow frequency RF generator and a high frequency RF %Zé]edﬁ;%rﬁ%
13. The etch systemas recited in claim?7, further conprising: f t
control for nodulating power to the first RF generator, the first control
bei ng configured to control an ion energy of a plasma in the plasma region;
and a second control for nodul ating power to the second RF generator, the
second control being configured to cotfrol a pl asma density. 14. An
apparatus for de-coupling dual frequencies used in plasma etching,

i sing; | t ch t.or, .t | t ch t or, _i ncl udi
bot tom el 2ot r oIF St oatro EREaR sisih awRrEL T b Sl ST BE o H i Iancy
(RF) power suppthdéed 89 ﬁé‘c{i&@ﬁ@ﬂlﬁ?eﬂe@atb%d%ié@&b@e%& REGRnerhfog top

el ectrode being electrically ‘isolated froma top ground extension
integrated around the top electrode, the top and bottom el ectrode defi ning

a plasma 1£gi of; i [ .retur ath to the first and second
power sup%ﬁi egi,qhet ceﬂé){sggrtﬁﬁfé%grlﬁ@%ﬁlﬁ’ glgglffﬁcan?rhsﬂ%gh the top electrode; a

second RF current firgteonitfolifai Motwlatifipdvidrad tiRrfitsiSIRE patraen e fEetiphirels, t he
second return path passing through a the top ground extension w thout

passi ng t hrough thé’eew%%ée&eﬂé%?m%an&ms@ewmfﬁr%wwa,thqp{esweg@nbr
switch being configyged to block one, both or substantially none of the RF
currents fromthe first RF currant return path. 25 15. The apparatus as
recited in clai naké&ondicentedlrfot ineddedmgnebwetta the spadnd RIhgdnethes, tHeaccdndp

ground extensi on and ottom ground extension. 30 16. The apparatus as
recited in claim 15?0“% eéﬁlg]cqﬂ%gll{egﬁog?gﬂﬁ&piq?{r@rﬂgpmy-i s coupled to the
toppel ectrode through a quartz insulator. 17. The apparatus as recited in

claim 15, wherein the bottomelectrode is coupled to the bottom ground
ext ensi onl4 hr ot ApRerajusfor deicoeplingtdyal fraqBnEBOIR0 5 plagiBa Bichilig, comprising:

a plasma etch reactor, the plasma etch reactor including a bottom electrode and
a top electrode, a first and second radio frequency (RF) power supply being
connected to the bottom electrode, the top electrode being electrically
15 isolated from a top ground extension integrated around the top electrode,
the top and bottom electrode defining a plasma region;
a first RF current return path to the first and second power supplies, the first
return path passing through the top electrode;
a second RF current return path to the first and second power supplies, the
20 second return path passing through a the top ground extension without
passing through the top electrode; and
a selector switch, the selector switch being configured to block one, both or

substantially none of the RF currents from the first RF currant return path,

25 15.  The apparatus as recited in claim 14, wherein the second return path includes the

top ground extension and a bottom ground extension.

16.  The apparatus as recited in claim 15, wherein the top ground extension is coupled
to the top electrode through a quartz insulator.
30
17.  The apparatus as recited in claim 15, wherein the bottom electrode is coupled to

the bottom ground extension through a quartz insulator.




15 20 18. The apparatus as recited in claim14, wherein the selector swi tch
bei ng positioned to block one of the two RE currents enabl es i Rd8pebOezids
control of an ion energy and a plasna density of a plasma in the plasm
region. 19. An apparatus for etching a substrate, conprising: a first and
second power supply, the first and secgond power supplies being configured
to deliver radio frequency (RF) currenfl@-to a bottomelectrode;: a top

el ectrode, the top electrode defining a first return path to the power
supply; a filter array associated with the top electrode; a top and a
bott om ground extension, the top and bottom ground extensions defining a
second ang.a tite #hph@tidal r@Rbd it Safid) 84, REREN SHPRIdcRS swﬁMbﬁn%ﬁﬂ)sﬁ’ﬁéﬂéﬁ
switch, the selector switch having sel ‘ectabl e nodes of operation wherein
one, all or subiagktangiof ghermfﬁé%Foq%urrqm@ @ﬁb@amdemr@emr@nﬁold&weaon eRSHgY t he
first return hi_n substrate as recited in
claim19, mepa%?%plﬁsgnatgerﬁ%&agpaﬁ}é}% etﬁg %rsil%lare%oum ed to the top el ectrode
t hrough a quartz insulator. 21. The apparatus for etching a substrate as
recited ig)cla|n119 wherein the bottom ground extension is coupled to the
bot t om el et r JefeRIF VUG Sthingr st IcaEPFising2. The apparatus for etching
a substrate as r pplyls a
| ow frequency RFgg%%g‘ggF%bro ﬁh%g%%&pg éﬁ{e r%oéveg%eédﬁgé%yeféﬁghﬁ frequency
RF generator. 23. Tdmeﬁgmpdrt@delsfef oadicefredquiengy (d{fsubﬁematcea bgsttdnee]ette@lie; n claim

19, wherelnthes bl e of oeatlo ter the effective area
ratio of the top? ‘g{o{d&ﬁhg ?‘6’3’&5% é’fﬂméﬁ IOPCBP¥RT ng a waf er
in.i@ plasnma etch cI"g% , conprising: 2 8 DEC 2005 -19 5 providing an etch

system the etch sa/ em havi ng sel ectabl e nodes of operation
ter array associated with the top electrode;

a top and a bottom ground extension, the top and bottom ground extensions
defining a second and a third return path to the power supplies; and
| a selector switch, the selector switch having selectable modes of operation,
15 wherein one, all or substantially none of the RF currents are blocked from

the first return path,

20.  The apparatus for etching a substrate as recited in claim 19, wherein the top ground
extension is coupled to the top electrode through a quartz insulator.
20
21.  The apparatus for etching a substrate as recited in claim 19, wherein the bottom

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

22.  The apparatus for etching a substrate as recited in claim 19, wherein the first power
25 supply is a low frequency RF generator and the second power supply is a high
frequency RF gencrator.

23.  The apparatus for etching a substrate as recited in claim 19, wherein the selectable
modes of operation alter the effective area ratio of the top and bottom electrodes.

30

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




to process a substrate; selecting an etch recipe, the etch reg%geap iaﬁ
configured to set an etch environnent in the etch system sel%tt ‘ng é of

t he nodes of operation to establish a selected bias voltage at the
substrate; and perform ng an etch, the etch occurring under the set etch
environnment and the selected bias voltage. 10 25. The nethod for etching a
wafer as recited in claim24, wherein $8recti ng one of the nbdes of
operation to establish a selected bias voltage at the substrate further

conprises: controlli one of |.as densi .0or _an _ i.on enerqy of .a plasma
o the plasma  ePOMdRBTLEES Spkmbahe Fha Shiehbivipbr et mGds Ghopgrtfy
recited in clai m24p pydtesed subkife;Sel ect abl e nodes of operation alter an

effective area ratio between a top and a bottom electrode of the etch
system 20 27. Thieqhaenogtdhgecipe,dhe ¢teh recipsrbeingaonfigaried eset an etichi m 24,

wherein sel ecti ng qnpe. nmodes of operation to establish a selected
bi as vol tage at thee%gllfgs %ng'?%t ueg‘ﬁhséfgtem(torrpri ses: providing a first and a

second return patdiedtidg one bf Bl niddRe BEBStatadittoslabNeh f deR@teanEas Vaftagdidtr ent
passi ng through the etch environnment; and 25 bl ocki ng one of the high

frequency and the I!BosubskaGesy RFE current fromthe first return path. 28.

The nethod for e‘b&%lﬁgnm@&ﬁrm@@?% gg&&g@@w b2l %Zh gagiu@hs}eﬁt é&ﬁg}é‘%i rst

return path inctudes atop €lec op electro el ng rically
i solated fromthe 30leseedditd voltbgern path. 2 8 DEC 2005 -20 5 29. The net hod
for etching a wafer as recited in claim27, wherein the bl ocking one of

the high frequency and the low frequency RF current fromthe first return

paih 25.  The method for etching a wafer as recited in claim 24, wherein selecting one of the
modes of operation to establish a selected bias voltage at the substrate further
comprises:
controlling one of a plasma density or an ion energy of a plasma in the plasma
ctch chamber,
15
26.  The method for etching a wafer as recited in claim 24, wherein the selectable
" modes of operation alter an effective area ratio between a top and a bottom

electrode of the etch system.

20 27.  The method for etching a wafer as recited in claim 24, wherein selecting one of the
medes of operation to establish a Selected bias voltage at the substrate further
COmprises:
providing a first and a second return path for a high frequency and a low
frequency RF current passing through the etch environment; and
25 blocking one of the high frequency and the low frequency RF current from the
first return path.

28.  The method for etching a wafer as recited in claim 27, wherein the first return path
includes a top electrode, the top electrode being electrically isolated from the
30 second return path.




enpl oys an array of filters, the array of filters linked to a t;gseﬁéﬁtéﬁge
through a selector switch. 30. The nethod for etching a wafer r t

in claim?24, wherein the etch recipe includes paraneters for a tenperature
and a pressure of the etch environnent, flow rates, power to the driven

el ectrode, and a selector switch setting. 10 31. The plasma processing
chanber as recited in claiml1l, wherei nzahe filter settings are selected
fromthe group consisting of a |low pass filter, a high pass filter, and an

ltra | filt 32. .The etgh t recited i im 7, wherei
the. ml tiFe. TTICRHRRL ety Bh Sl et vl w pRsindion PR of
no filter, a lwwhipaseequbddy@id tike [BWdifediRBSy RF bilu®dnt frof e Fist YethiPpaipW pass

filter. 20 33. The apparatus_as recited in claim14, wherein the plasm
etch reactor faRRlperan gryay|of didiers, hequmay of filtprs liskedstota top glsclaedsdbioaged wi t h

t he sel ector Ss‘@’LeE@E’swﬂ’t‘l‘l?rEi n selection of one of the set of filter
settings throug e Seél'ector switch determines an area ratio between the
tops el ectrode and the bottom el ectrode. 34. The apparatus of claim 19,
wherein the filter ﬁrr y includes nultiple filters selected 25 fromthe
group cont} st ity Bethpd tarietqhing a wafes gy yeaed injolaiwy24, whereghths stk Te¢iPe er | and

an ultra | ow ;a8 des dakdrters for a temperature and a pressure of the etch environment, flow

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

10 31.  The plasma processing chamber as recited in claim 1, wherein the filter settings are
sclected from the group consisting of a low pass filter, a high pass filter, and an

ultra low pass filter.

32.  The etch system as recited in claim 7, wherein the multiple filter settings are
15 selected from the group consisting of no filter, a low pass filter, a high pass filter,

and an ultra low pass filter.

33.  The apparatus as recited in claim 14, wherein the plasma etch reactor further
includes,
20 a set of filter settings associated with the selector switch, wherein selection of
one of the set of filter settings through the selector switch determines an

area ratio between the top electrode and the bottom electrode.

34.  The apparatus of claim 19, wherein the filter array includes multiple filters selected
25 from the group consisting of no filter, a low pass filter, a high pass filter, and an

ultra low pass filter.




