1 PLASMA PROCESSI NG REACTOR W TH MULTI PLE CAPACI TI VE AND | NDUCTI VE PONER
SOURCES By I nventors: Rajinder Dhindsa BACKGROUND [1] In the fabrication
of sem conductor based devices (e.g. integrated circuits or flat panel

di splays), layers of material may alternately be deposited onto and etched
froma substrate surface (e.g., the sem conductor wafer or the glass
panel ). As is well known in the art, the etching of the deposited |ayer(s)
may be acconplished by a variety of techniques, including plasnma-enhanced
etching. In plasnma-enhanced etching, ihe actual chin f the substrate

t akes pl ace | diSLdAsSMAI RQ(E)ESS(IbgG OR WITH LeFBALEG process,
a plasma is fornmed froma suitable etchant source gas to etch areas of the
wor kpi ece t hat e ' ' t he desired
pattern. [2] ﬁmﬁgﬁmm@ﬁ@?a wlgt%)%o uct, which
I's made of polymers fornmed by phOtQ$e§£§tt°[ etched material layer with
etching chem stry, is nmainly deposi Bd"Vshthe peri pheral chanber hardware.
The deposited byproduct accumil atregindédIbhisgdasequent substrate etching. To

i mprove device yield of substrate manufacturing, it is inportant to

mai ntai n a reproduci bl e chanber, which can be achieved by performng a
chanber cleaning process periodically after one or nore substrate has been
et ched. Typically, chanber cleani BACKGROUNDned after etching every
substrate.

[1] In the fabrication of semiconductor based devices (e.g. integrated circuits or flat panel

displays), layers of material may alternately be deposited onto and etched from a substrate
surface (e.g., the semiconductor wafer or the glass panel). As is well known in the art, the
etching of the deposited layer(s) may be accomplished by a variety of techniques, including
plasma-enhanced etching. In plasma-enhanced etching, the actual etching of the substrate
takes place inside a plasma processing chamber. During the etching process, a plasma is
formed from a suitable etchant source gas to etch areas of the workpiece that are unprotected

by the etch mask, leaving behind the desired pattern.

[2] - During plasma etching of a substrate, etch byproduct, which is made of polymers
formed by photoresist or etched material layer with etching chemistry, is mainly deposited on
the peripheral chamber hardware. The deposited byproduct accumulates with subsequent
substrate etching. To improve device yield of substrate manufacturing, it is important to
maintain a reproducible chamber, which can be achieved by performing a chamber cleaning
process periodically after one or more substrate has been etched. Typically, chamber

cleaning is performed after etching every substrate.

[3] Capacitively coupled vacuum plasma systems are frequently employed to etch
dielectric material from a semiconductor substrate, The capacitive systems have the
advantages of causing low plasma damage and having higher selectivity to the underlayer and
photoresist layer. However, when a capacitively coupled plasma is used to clean the
chamber after substrate etching, the capacitively coupled plasma, which has relatively high
ion energy, would bombard the exposed electrostatic chuck. The electrostatic chuck is used
to support the substrate during substrate etching, and bombarding the exposed electrostatic
chuck results in electrostatic chuck lifetime degradation and particle generation. In addition,

the capacitively coupled plasma generated by the top and bottom electrodes in the chamber is



[ 3] Capacitively coupl ed vacuum pl asma systens are frequently enployed to
etch dielectric material froma sem conductor substrate. The capacitive
systens have the advantages of causing | ow plasna damage and havi ng hi gher
selectivity to the underlayer and photoresist |ayer. However, when a
capacitively coupled plasma is used to clean the chanber after substrate
etching, the capacitively coupled plasya, which has relatively high ion
energy, woul d bonbard the exposed el ectrostatic chuck. The electrostatic
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coupl ed pl asima generated by the top and bottom el ectrodes in the chanber is
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and is pot effective i.n cl eani t he ripheral chanmper rdware.. I n order
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coupl ed plasma reactors, the chanber clean after processing (or etching)
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manuf actubsitatg vield. aad pincreass papyfcturing thepughayly speaking, the enbodi ments of
the present invention fill these ne é ovi ding an i nproved chanber

cl eaning mechanism In addition, th =rents of the present invention
provi de additional knobs to tune the etch processes. It should be
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includes a bottom el ectrode assenbly with an inner bottom el ectrode and an
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wherein the inner bottomelectraode is.confiqgured,.to recei ve a substrate.
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el ectroge,jeuhdeghBolne top capacitive electrode is disposed directly above
the i nner and outer bottom el ectrodes.

[6] In one embodiment, a plasma processing chamber configured to generate a plasma
includes a bottom electrode assembly with an inner bottom electrode and an outer bottom
electrode disposed outside of the inner bottom electrode, wherein the inner bottom e¢lectrode
is configured to receive a substrate. The plasma processing chamber includes a top electrode
assembly with a top electrode, wherein the top capacitive electrode is disposed directly above

the inner and outer bottom electrodes.

7] In another embodiment, a plasma processing chamber configured to generate a
plasma comprises a bottom electrode assembly including an inner bottom electrode and an
outer bottom electrode surrounding the inner bottom electrode, wherein the inner bottom
electrode is configured to receive a substrate. The plasma processing chamber includes a top
electrode assembly including a top electrode at a distance above the inner and outer bottom
electrodes. The top electrode defines an area associated with the inner bottom electrode and
at least a portion of the outer bottom electrode. The inner bottom electrode and the top
electrode are configured to convert a first gas into a first capacitively coupled plasma within

a first region of a cavity defined between the bottom electrode assembly and the top electrode



[ 7] In another enbodi nent, a plasma processi ng chanber configured to
generate a plasma conprises a bottom el ectrode assenbly including an inner
bottom el ectrode and an outer bottom el ectrode surrounding the inner bottom
el ectrode, wherein the inner bottomelectrode is configured to receive a
substrate The plasma processi ng chanber includes a top el ectrode assenbly
including a top el ectrode at a di stancg above the inner and outer bottom

el ectrodes. The top el ectrode defines an area associated with the inner

bottom el ecirode, and. a east arti.o f the . b m.el] ectrode. The
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[ 10] The present invention wll .be readjl|ly understood by the foll ow ng
det ai | edUaENNS B YHP 'q’Fa’E‘Blrﬁvﬂ]?\B‘E‘?ﬁﬂfeWgWet‘ﬂ‘éen €% onpanyi ng drawi ngs, and

|l i ke reference nuneral SMEEER&%B?E)WWAW@M S.

[10] 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.

[11] Figure 1A shows a schematic diagram of one embodiment of a substrate etching

system.
[12] Figure 1B shows a process flow of generating a cleaning plasma in a plasma system.
[13] Figure 1C shows a process flow of generating an etching plasma in a plasma system.

[14] Figure 2 shows a schematic diagram of another embodiment of a substrate etching

" system.

[15] Figure 3A shows a schematic diagram of another embodiment of a substrate etching

system.
[16] Figure 3B shows a process flow of generating a cleaning plasma in a plasma system.
[17] Figure 3C shows a process flow of generating an etching plasma in a plasma system.

[18] Figure 4 shows a schematic diagram of yet another embodiment of a substrate etching

system.



[11] Figure 1A shows a schenatic di agram of one enbodi nent of a substrate
etching system [12] Figure 1B shows a process flow of generating a
cleaning plasma in a plasnma system [13] Figure 1C shows a process flow of
generating an etching plasma in a plasma system [14] Figure 2 shows a

schemati c di agram of anot her enbodi ment of a substrate etching system

[ 15]

Figure 3A shows a schematic di agrgm of anot her enbodi nent of a

substrate etching system [16] Figure 3B shows a process flow of
I

generating a cl
process fl ow of2Zge Lo aLELLLLYE
Figure 4 shows a schematic di agram of yet anot her enbodl ment of
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et chi ng[19] Several exemplary embodiments for an improved and more effective and more

flexible chamber cleaning and etching system, method and apparatus will now be described.
It will be apparent to those skilled in the art that the present invention may be practiced

without some or all of the specific details set forth herein.

[20]  As described earlier, a reproducible chamber wall surface condition after etching each
substrate would improve the yield. An effective in-situ chamber clean has become a key
feature for next generation plasma etch reactor. One embodiment of the present invention
provides a second plasma source surrounding the substrate support. The second plasma
source, which is placed near the periphery of the process chamber, can be initiated during a
chamber clean operation after substrate etching to clean the peripheral chamber hardware that
has accumulated etching byproduct during substrate etching. Figure 1A shows a cross-
sectional view of a plasma processing apparatus 100 that has a second plasma source
surrounding the substrate support. This embodiment includes a bottom electrode 131 that is
composed of a conductive material, which is operatively coupled to a RF (radio frequency)
match 138 and a RF power supply 139. The bottom electrode 131 is also a substrate support
and is part of a bottom electrode assembly 130. In one embodiment, the RF power supply
139 is a multiple frequency power supply. For example, the power source can have a
mixture of frequencies in the range between about 400 kHz to about 60 MHz. Plasma is
generated when RF power is delivered from the bottom electrode 131 to the gas inside the
process chamber. In one embodiment, the RF power supply delivers RF power levels of up

to about 1 Watt to about 10 Watts.

[21] In one embodiment, the bottom electrode assembly 130 has a built-in cooling
mechanism (not shown) that can cool the substrate to be in the temperature range between
about —20°C to about 70°C. Surrounding the substrate support is a conductive ring 133 that
provides additional grounding path for plasma during substrate processing. Between the
bottom electrode 131 and the conductive ring 133, there is a dielectric ring 132 that insulate

the substrate support and the conductive ring 133.

[22] By way of example and not of limitation, the bottom electrode 131 has an area that is
adapted to receive a 300 mm substrate. In one embodiment, the powered bottom electrode

131 is configured to receive a substrate (not shown) and is configured to clamp the substrate

a substrate



4 DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS [19] Several exenplary
enbodi nents for an inproved and nore effective and nore flexible chanber

cl eaning and etching system nethod and apparatus will now be described. It
wi |l be apparent to those skilled in the art that the present invention nmay
be practiced without sonme or all of the specific details set forth herein.
[20] As described earlier, a reproducible chanber wall surface condition
after etching each substrate would inprove the yield. An effective in-situ
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substrate support- I's enbodi nent includes a bottomelectrode 131 that is
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131 is configured'to receive a substrate (not shown) and is configured to
cl anp t hleow Qles toabeut 3 cm from the bottom electrode.

[24] Surrounding the top electrode 111 is a second top electrode 112, made of an inductive
coil 112. The inductive coil 112 is buried in a dielectric material 113. The coil 112 is
coupled to a RF match 126, which is coupled to a RF power source 127. In one embodiment,
the RF power source 127 can supply a mixed frequency power. The frequency of power the
RF power source 127 can be single or multiple in the range between about 400 kHz to about
27 MHz. In one embodiment, the power to create the inductively coupled plasma is between

about 0 watts to about 2000 watts.

[25] A Faraday shield 114 is placed below the dielectric material 113. Surrounding the
dielectric material 113 is a conductive block 115, which makes electrical contact with the
Faraday shield 114 to provide a grounding path for RF power from the bottom electrode 131.
Below and surrounding the outer edge of the Faraday shield 114 is a recessed dielectric ring

116. In one embodiment, the dielectric ring 116 is composed of quartz.

[26] The Faraday shield 114 provides a RF grounding path to the RF power coming from

any of the electrodes. The Faraday shield 114 also helps to maintain an area ratio between



5 to the bottomel ectrode 131 during substrate etching operation. The
substrate is electrostatically clanped or "chucked" to the bottom el ectrode
usi ng wel | -known systens and net hods. These wel | - known systens and net hods
i ncl ude coating the bottomelectrode 131 with a dielectric material that

I ncor porates high-vol tage el ectrodes (not shown) for chucking and
dechucki ng purposes. The plasnma procesgi ng apparatus 100 includes chanber
wal I s 140 which are grounded through a ground 135. The ground 135 is

separatgd from.t he bhott.om el ectrod 31 i clri ri;al 136, 23
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Surrounding the top electrode 111 is a second top electrode 112, made of an
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provi des a RF grounding path to the RF power coming fromany of the
el ectrolfdd. Sumowulingidhe Simtdion eacirogeshl lhangdhe seqpnil roni deciipdardd isadn o

bet WeeN, nsulator 120. Below the insulator 120 are plasma confinement rings 121, 122, 123. It

should be appreciated that here could be one or more plasma confinement rings. The
confinement rings 121, 122, 123 provide confinement to the plasma that is generated within
the processing chamber. In one embodiment, the confinement rings 121, 122, and 123 are
composed of quartz. Details about the plasma confinement rings can be founded in co-
assigned United States Patent number 6,744,212, issued on June 1, 2004, entitled "Plasma
Processing Apparatus And Method For Confining An RF Plasma Under Very High Gas Flow
and RF Power Density Conditions," and United States Patent number 6,872,281, issued on
March 29, 2005, entitled “Chamber Configuration For Confining A Plasma.”

[28] A gas feed 128 is coupled to the center of the top electrode assembly 110. The gas
supplied by the gas feed 128 into the process chamber 100 can be a single gas or a gas
mixture of more than one gas. In one embodiment, once the gas reaches the top electrode
assembly 110, the gas feed 128 supplies the gas to the process chamber from both the center
and the edge of the first top electrode 111. In one embodiment, the first top electrode 111 is



6 the grounding area and powering area in the process chanber so the

vol tage-drops in the chanber during capacitively coupled plasnma processing
do not change with the introduction of the inductive coil 112. Mai ntai ning
the sane area ratio allows the etching processes to renain consistent even
with the introduction of the inductive coil 112. In addition, the Faraday
shield 114 bl ocks electrical field fromthe inductive source to mnimze
capacitive coupling of fromthe inductive coils 112 during inductive plasna
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gr ounde&l.eaﬁ‘lﬁg dﬁ%ﬁ“ﬁq itk ﬂleﬁgbet Yrpda i cisat %cé%léelrr ofgEng &ﬁ]mgiﬁ?fp?lﬁmﬁg’ ;l)tgever
source gb&&ﬁ NAdck¥8e Y31 FOfloh@MAMR: chbtBel ¥leBRNEplaSl i€ Lol @ 140'R afwalFronk OP

el ectrode 111 can al so have a m xture of frequencies at” 2 MHz, 27 MHz, and
60 MHz. the bottom electrode 131 and is mainly disposed between the inductive electrode 112 and the

conductive ring 133 of Figure 1A.

[32] Typical parallel plate capacitive coupled plasma shows a drop in plasma density near
the edge of the substrate (or wafer) during etching process. The inductive plasma source
provides a radial uniformity control knob. The inductive plasma can be turned on during an

etching process to provide additional plasma density at the edge of the substrate without



[ 30] The inductive plasma source can create a high density plasma in the
peri pheral region 150 without any significant sputtering of the chanber
wal | materials. As described earlier, sputtering of the chanber wall
materi al s which could contam nate the chanber or decrease the lifetine of
the parts. The inductive plasma source can effectively clean polyner (or
etch byproduct) deposited on the peripferal chanber hardware, which cones
in contact wwth the etch process plasma. [31] Figure 1B shows an

enbodi negt  of ocess .f],0 or creati.ng a chanmbe l.eani n A
oper at | Bhecte RRERETRD solfh hE el EbHRe B3 Mg iR EbPBE Ly 1
the pl apreBhHRELS Eatﬁh@&ﬁb?&ffec@éd aRetAtheQRadd St theFFapalee shiefd. S UPRAdigsh, ttRe t he

i nductive coil 112 of the plasma process chanber 100 to generate the

chanber insduetive sepree alavma chnealsh pndndde plasani iegpisicesseh thad rrequitenhigh plewa t o

cl ean the chanber. .Dur.i ng chanber cl eani t he .bottom e] ectr.od 31.is

[l oat | ngEsHn AR RERYUEY o EainBn Hle-Shirith IPbgtPI Sbo PENEl FbHRE T REH ot ¢ om
el ectrogglebiic &oH '@n@&iu@hﬁly,d.lsﬁ%éﬁﬁﬁlebﬁﬁﬁﬁ% dolifeel plakined LaeirRlasd iR 12
and the conductive ring 133 of Figure 1A [32] Typical parallel plate
capaci t progessovipfled opthesractathows a drop in plasma density near the edge of
the substrate (or wafer) during etching process. The inductive plasm

source [B3)vi BimralC 3bowd aniBinbodifichy oLopidceds flowbor gEheraiingluc tickiagplagan can
be turned on during an etching process to provide additional, plasma density
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hi gh plasma density and very low ion energy on the substrate, for exanple
phot or egapgeitive relgspdey and the indutivei dectiode ite senrepte anoyiching plesmy at gpergionf t he

i nducti saurce .plasma _can | . et i o)
a6 DL SRR bR hgPAgR S sl BRN Sl hen
gener at The iRducliVe RbAgPofdnd Sida: thY siREABtddeB che lincreisehthe Chlghas E6nsity S Ghe as
AR, C4F8, and 02 for high aspect ratio contact etch (HARC), or Ar, CF4,

CHF' 3, auhgtraiz ddge tomake upeéar, the slrep ppplasaiatdensitie apthgsadge i dhe sebstratec Rainber .
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thecapdoetPih Bt ruaR i e S RiaC B vE Ao HeratenBl Shitkin i B chi'ng
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conponent and an inductive conponent. The inductive conponent near the

subst r atged i SR Aens 1’t ihdf 1 $lt 18d o]

make upb?(lr tg%él?%?os%&g% ggﬁ%}s&r@%@nm typat tsee&e‘%gle %{‘% tgﬁle% S s?r%ﬁ gﬁv%s

descr i bsds abimdactivEhwile 2 024, 2 t2Beare ptdeed in fhk sl ectande hesearity 200, eThntwioosem

across the substrate surface by .the aqditi on of the inductive o(%ponent at
b e
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coi | s athe amélecoilf 2108 Faraddy shidld 224 2As ainklerfend@ishe s dai FarddarBhieldhé 14Faf aday
shield 214 is placed over the entire top _electrode 211 to cover both the

i nner cBigurolAesgribed ipboviyt Bethcssts ofxppls 2124y AR assroupledde 4 R matghd 26,
f OO . st . :
of coi | Dhista coByBEIEERE B Sopl 2 LN e IRERH LDRS AL LSS 2°K2

power spppA Y220 thPYRodess ighe ipbaptiernt thé topeldcwdds el b, whichahhy alBd 8, a 2128,
t he process l?as is supplied to the top el ectrode 211, which nmay al so be a

shower hehawerhapdothpneh eomtasigay feed2288 andon cdael ganfced 4d8 4a Ptheagmpesants Ot her
componel gl L8t (5B hidad mdBoh PR Figlegady mentioned in Figure 1A

[35] During chamber cleaning, both inductive coils 212A and 212B can be powered, or
only the outer coil 212 B is powered, to create a cleaning plasma. If both coils are powered
during chamber clean, a percentage of the power can be supplied to the inner coil, for
example 0% to 50%, while the remaining power is supplied to the outer coil 112B, for

example 50% to 100%. It should be appreciated that the soft inductive plasma would not



[ 35] During chanber cleaning, both inductive coils 212A and 212B can be
powered, or only the outer coil 212 Bis powered, to create a cl eaning
plasma. |If both coils are powered during chanber clean, a percentage of the
power can be supplied to the inner coil, for exanple 0% to 50% while the
remai ning power is supplied to the outer coil 112B, for exanple 50%to
100% It should be appreciated that the soft inductive plasma would not 9
darmage the el ectrostatic chuck during cleaning. It should be further
appreci ated that .the addiiiognal .inner .ind | V i oV L tiona
oy bcoss g sidebReBay sl Bledd ebmhl dE (S B8 R i Eacll aRE S

out er caddiforfa® hreLindaWRVeadildroddel 4 fldaiinal proaessidgturing kst fts/chainbetir €.
Under such a circunstance, the inner and outer coils woul d need separate
power sdpmingprocasdi flihe rinherpangdeputsi geils) camo be dopsreddeed diffgred) frequengyeor

enbodi nent;, an i.nduct.i |l asnma. in reqgi on 250 i s created fir lvin
o oanT iy epRRmi e s R Breb ol ok ek and oifef S AL waNid ek hepBtRE Y 19
and theﬁoﬁ&%ﬁ%ﬁlﬁ. AwtitiddHsdv s upsly WoukdlBLadiied. 212B by supplying all the

power to coil 212B. During chanber cl eaning opeation, the bottom el ectrode

231 may k Eﬁ%'- and. - F Ve T ' g‘gﬁlﬁ - 137] As
descri bg%?abgf\i%rfé equﬁgrﬁt?’?b‘idng?‘gf@gag%ﬁ}% dga%ﬁloéggrae?%dﬁ{ygﬁ- e glly%ll pl asma
in the gediipdeisdor archanitgtdauiix@ny) istoghe plasmatpraest ¢hanibegamf thet powbidmber
wal | materials, which could contam nate the chanmber or_decrease the

i f et i nibednductize paits S 2741 212U SUPEL YN S hECPIWCE 0 a2 Ik JePiREFhambER an
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t he i ndisgiromrlegoi | s 212A, 212B can al so be powered, as well as the
capacitive plasma power, to tune the etch plasma uniformty. In addition to
the capfﬁﬁ]t | 48l s GIB! BEve) 1BS TRIGBNE pRkAE BRICHRAR chdake hi%ﬂ-&hﬁ(%‘ %lﬁﬁﬁa Zl1 and
the bottom el ectrode 231, the I nductive power sources 2I2A, 21I2B can al so
be t ur née mnipherakareavathohanic siguidicphtasputteringnof therchbmbeniweld maerialgp vdhieh

o T el e el R A YA PGB it of
the subghral&mURediy 81%&&/?01?%} {cﬁ)etqii]l%rpfdﬁua) QupRitddor ek aﬁe%ha'dr Qfanfbe} | (S)
elp raise th e I the

212B in Figure 2 can e 1on density at the edge o
subst r ah&dwitee whivheonesinl ¢(mfac #2th thedicb ptaeessqiadnfs) 212B of Figure 2 can
al so be used sinultaneously to tune the plasnma density. As nentioned above,

a per ce[dgpgeBeth éhenadOMBE iB@IRtvE cBLPRIZAM 1B thiealkdbe poteidd( a9 wall 28 thand
the remai nder supplied to the outer coil (s) 212B. The inner and outer coils

212A, 2e@Bcitive plagmedowveprte Winfeibe gtili plasrmapnifredtys In addifiag t sirapgctively chi ng

processes. . For. sonme _applicatiaon nly i Y] I he | ive
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[ 39] Byindsttg pverdovrced2 Bl MA2B, cahhisoRie @ifkda toErédddintsctietplahigahed. In
addition, the inductive source plasma can provide plasma to processes that

requi r ecdn theégmlgmgmlgsma uniformity across the substrate during an etching process.
Typically for capacitively coupled plasma, the plasma density is low at the edge of the

substrate. The inductive coil(s) 112 in Figure 1A and the outer coil(s) 212B in Figure 2 can
help raise the ion density at the edge of the substrate. The inner coil(s) 212A and outer
coil(s) 212B of Figure 2 can also be used simultaneously to tune the plasma density. As
mentioned above, a percentage of the power can be supplied to the inner coil(s) 212A, and
the remainder supplied to the outer coil(s) 212B. The inner and outer coils 2124, 212B in
Figure 2 provides additional process tuning knobs for etching processes. For some
applications, only inductive power from the inductive coils (inner, outer, or both) is utilized

to generate inductive plasma.

[39] By using Faraday shield 214, the RF grounding path is not affected. In addition, the

inductive source plasma can provide plasma to processes that require high plasma density



10 and very low ion energy on the substrate, such as photoresist stripping
or lowk dielectric etch. Therefore, the usage of the two sets of inductive
coils would increase the process wi ndows for etch processes. The process
flowto generate an etching plasma by the enbodi mrent shown in Figure 2 is
simlar to the process flow of Figure 1C, except that the single inductive
el ectrode is replaced with double indugtive electrodes (coils 212A, 212B).
The et ching pI asrra generated has a capacitive conponent and an i nductive

conponent 4 cl.i 0 1 ﬁﬁ g2
uni form r oss II ehe%égboglt Igig?sgﬁ%a[tgtaﬁcﬁﬁ% %%3%3@%% SISBII%fd IIII e
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437 allows grounding of one or two particular frequencies, such as 60 MHz, to tune the

etching processing uniformity.

[41] Separate power sources can also be used to supply power simultaneously or
alternately to the inner bottom electrode 331 and to the outer bottom electrode 335. Other
components in Figure 3A are similar to those already mentioned in Figure 1A. During
chamber cleaning, the power is supplied to the outer bottom electrode 335 to provide a
capacitively coupled plasma in region 350 to clean the peripheral chamber. The capacitively
coupled plasma in region 350 is generated between the top electrode 311 and the outer

bottom electrode 335. During the cleaning process, the bottom electrode may be floating;



[42] The peripheral capacitive plasma source creates high-density plasma in
the peripheral region 350. It should be appreciated that the capacitive

pl asma source can effectively clean polyner (or etch byproduct) deposited
on the peripheral chanber hardware, which cones in contact with the etch
process plasma. [43] Figure 3B shows an enbodi nent of a process flow for
creating a chanmber cleaning plasma. Atjjoperation 361, chanber cleaning gas,
such as 02, CF4, etc., is supplied to the plasma process chanber.

At
operatign 363, .RF power . is s lied to the t.er m [ f the
P aeon PRt o e ay St Brdpated QehE i iRieRcitE BB G Bl T,
cl eani ngoR MSMRp6RA AR bobk8mUdedrdde 1! qan clebfostiirndhack). Dartung tedhalodftiy
cl eaning, the inner bottomelectrode is kept floating. The chanber cleaning
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peri pheral " capacitive plasma can %e turned on during etching process to

i mpr oveelebtzodet 330 aslcampared ho poomdleaningtechnolegiesdge of the el ectrodes for the
mai n capacitively coupled plasnma. [45] Figure 3C shows an enbodi nent of a
pr ocess [42] owThe perfshieed] @hpaeitiverpl sinthdongeedremerhighivdeiosity ipkdsiranin Sl peripheral ng
gas(es), such as AR C4F8, and 02 for high aspect ratio contact etch
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hel ps to increase the plasma density near the edge of the substrate [46]
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control y a sw RF power source 439 can supply Single frequency
or mul t cldmbdr rchguimgqilesma cantthen bangpe tbefesache almbier.4 Dairingixhamberbadesnig) MHz.

The RF power source 439 supplie ower_to.the inner. boftom.el ectrode 431
and to ieemBen RatoRy eleeiERds 18 depl iRAtRgs, Theghamber, ElGFIBE Blssr i REberIER 438,
In one ' t%aq'gt A RS 3hd Fm@fnly BRpsRed RWREen!the t hE
el ectrogﬁ&p&r@?%ﬂsu sa‘t;)ér;h f@%ﬁgﬁf"?\g& SW tgh ?1%% clcj)jnt r%l spt r?e RF Sgwe? to
be suppbietbsteorh blcirodecandibé topraletredé.r ode 431. During this process, the
outer bottom el ectrode 335 could be coupled to ground 437 or to a RF tuning
bl ock Ki44]45Tn afifitiDORE pEpHesR ABRi SR plastaP koursd paivRick HRIABREoGhclaad 41 pl e
frequenlt[:i és in the rangg bet ween about 400 kHz to about 60 MHz. The RF
pover s cagtial eundfdemity pphicalsknebweFhe peripheral eapacitivst playmae bar be durpedion daridgt o

the outer, bottome| ectrode.43 nd i s.connected,to.a ch 438. 1ln one
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el ectroq%cdadgiiﬁggy%ggﬁwg;agng_tchi ng, switch 436 controls the RF power to
be supplied to the”inner bottomelectrode 431. During this process, the
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At operation 371, etching gas(es), such as AR, C4F3, and O, for high aspect ratio contact etch

(HARC), or Ar, CF4, CHF3, and O, for oxide tech, is supplied to the plasma processing
chamber. At operation 373, RF power is supplied to the inner bottom electrode (331) and the
outer bottom clectrode (335) to generate an etching plasma. It should be appreciated that the

outer bottom electrode helps to increase the plasma density near the edge of the substrate.

[46] Another embodiment of the current invention is shown in Figure 4. In Figure 4, a

second bottom electrode 435, formed by an inductive coil, is placed under the conductive



[47] Separate RF power supplies can also be used to provide RF power to the
bottom el ectrode 431 and to the second bottom el ectrode 435. During
substrate etching, the power is supplied to the bottom el ectrode 431. O her
conponents in Figure 4 are simlar to those already nentioned in Figure 1A
[ 48] During chanber cleaning, the cleaning gas is first supplied to the

pl asma process chanber. Afterwards, tRe power is supplied to the second
bottom el ectrode 435 to provide inductively coupl ed plasma in region 450 to

Fear on 158774 BRAGAncBN YRR AR THESBond Biuor iEhba 5 SR S o 1 om
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plasma is near the edge of the chanmber and is generated from an inductive
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enbodi meREwrodd v 18dnias tthé@csﬁtﬁﬁaﬁfm eleBROdCHT5. DRiriap RlbsbEtd QEhing the ﬁ@ﬂ&r@t ion
particle control to inprove yield and to extend the life-tine of

el ect r osuppdieil do dheibitorn settiode e, Dibat pemponentsein. Figpgd armrrpllaamrﬁmpe ocess
chanber @ CI’I b d a ov%eglgrrgw des knobs to control radial uniformty of
process 1r°§e A dbstrate. The process applications that use

mul tiste reC| pes i nvolve a range of process essure, RF power,
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reci pesimiucfieay @bepled pRSmadAtegios 450 tehuléankthe peripheral chamber hardware. The
inductively coupled plasma in region 450 is generated between the top electrode 411 and the
second bottom electrode 435 and exists mainly near the edge of the chamber. Since the
plasma is near the edge of the chamber and is generated from an inductive source (low ion
energy), the plasma does not bombard the bottom electrode (or electrostatic chuck) as much
and extends the life-time of the bottom electrode, or electrostatic chuck. Additionally, the
plasma does not create as many particles as using the capacitively coupled plasma from the

first bottom electrode 431.



[ 53] Although 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 14 practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodinments are to be considered
as illustrative and not restrictive, and the invention is not to be limted
to the details given herein, but may kg nodified within the scope and
equi val ents of the appended clains. 15 What at is clainmed is: Cains

[49] As described above, the inductive plasma source can create high-density plasma in
the peripheral area without any significant sputtering of the chamber wall materials, which
could contaminate the chamber or decrease the lifetime of the parts. The inductive plasma
source can effectively clean polymer (or etch byproduct) deposited on the peripheral chamber
hardware, which comes in contact with the etch process plasma without the deleterious

effects of prior art techniques.

[50] Typical parallel plate capacitive coupled plasma shows a drop in plasma density near
the edge of the chamber during etching process. The inductive plasma source mentioned
above provides a radial uniformity control knob. The inductive plasma can be turned on
during etching process to provide additional plasma density at the edge of the electrodes
without affecting the RF ground path of the main capacitive powers. In addition, the
inductive source plasma can provide plasma to processes that require high plasma density
and very low ion energy on the substrate, for example photoresist stripping or low-k
dielectric etch. Therefore, usage of the extra peripheral electrode can increase the process
windows for etching processes as well as more effectively clean the chamber between etch

operations.

[51] The plasma process chamber described above provides a range of plasma density, ion
energy, and chemistry control for a wide range of process application, such as dual
damascene multi-step processes, high aspect ratio contact etch (HARC), strip, etc., along
with effective chamber clean by a combination of capacitive and inductive plasma sources.
In one embodiment, the effective chamber clean can be applied for next generation particle
control to improve yield and to extend the Iife-timé of the electro-static chucks used in the

etching chamber.

[S2] The plasma process chamber described above provides knobs to control radial
uniformity of process parameters on the substrate. The process applications that use multi-
step recipes involve a range of process pressure, RF power, and chemistries that produce a
wide range of center to edge uniformity. The availability of in-situ control knobs provides
flexibility for maintaining tight uniformity control for the process applications that use multi-

step recipes as feature sizes continue to shrink.

[53] 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



1. A plasma processing chanber configured to generate a plasma, conprising:
a bottom el ectrode assenbly with an i nner bottom el ectrode and an outer
bott om el ectrode di sposed outside of the inner bottom el ectrode, wherein
the inner bottomelectrode is configured to receive a substrate, and
wherein the inner bottom el ectrode and the outer bottom el ectrode are
insulated by a dielectric ring, the inger bottom el ectrode and the outer

bottom el ectrode being inside the plasnma processi ng chanber; and a top
el ectrode as en%LX L t.h [ ; rein.t i
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and the top el ectrode are configured to convert a first gas_into a fjrst

pl asma. thesgetaﬂsegwmmnpr beterBY Spg: oedifisdr whinc thei spope apd edqui vilankse ob fher
botton1e|ec§%ﬁge and the top electrode are configured to convert a second
gas i nt PPEIEEL ﬁﬂmplasna, which is away fromthe i nner bottom el ectrode and
is mainly disposed in the peripheral region between the outer bottom

el ectrode and the top el ectrode to clean peripheral chanber hardware of the
pl asma processing chanber. 4. The plasma processing chanber of claim 3,
wherein the outer bottomelectrode is made of an inductive coil and the
second plasma is an inductively coupled plasma. 5. The plasma processing
chanber of claim4, further conprising: a Faraday shield di sposed above the
i nductive coil. 6. The plasma processing chanber of claim1, further
conpri si ng:
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What is claimed is:

1. A plasma processing chamber having a plasma processing region and a plasma
cleaning region, the plasma processing chamber comprising:
(a) a bottom electrode assembly defined by,

(i) an inner bottom electrode defining the plasma processing region, and

(ii) an outer bottom electrode disposed outside of the inner bottom
electrode, the outer bottom electrode defining the plasma cleaning region, wherein
the inner bottom electrode is configured to support a substrate and the outer
bottom electrode is placed under a conductive ring;

(i) a dielectric disposed between the inner bottom electrode and the outer
bottom electrode, the dielectric electrically isolating the inner bottom electrode
from the outer bottom electrode;

(iv) a switch connecting radio frequency (RF) power to either the inner
bottom electrode or the outer bottom electrode; and
(b) a top electrode assembly with a top electrode, the top electrode is disposed

above both the inner and outer bottom electrodes, wherein the conductive ring is exposed

to and faces toward the top electrode.

2. The plasma processing chamber of claim 1, wherein the inner bottom electrode

and the top electrode are configured to convert a first gas into a first plasma.

3. The plasma processing chamber of claim 1, wherein the outer bottom electrode
and the top electrode are configured to convert a second gas into a second plasma,
which is concentrated away from the inner bottom electrode and is disposed in the
peripheral region between the outer bottom electrode and the top electrode to clean

peripheral chamber hardware of the plasma processing chamber.

4. The plasma processing chamber of claim 1, further comprising:
a plurality of confinement rings surrounding the top electrode assembly and the
bottom electrode assembly, the plurality of confinement rings suspended parallel to the

bottom electrode within the plasma processing chamber.

5. The plasma processing chamber of claim 1, wherein the outer bottom electrode is

a capacitive electrode.
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6. A plasma processing chamber configured to generate a plasma, the plasma
processing chamber comprising:
(a) a bottom electrode assembly defined by,

(i) an inner bottom electrode, and

(ii) an outer bottom electrode disposed outside of the inner bottom
electrode, wherein the inner bottom electrode is configured to receive a substrate
and the outer bottom electrode is placed below a conductive ring;

(i) a dielectric ring disposed between the inner bottom electrode and the
outer bottom electrode, the dielectric ring electrically isolating the inner bottom
electrode from the outer bottom electrode;

(iv) a switch connecting radio frequency (RF) power to either the inner
bottom electrode or the outer bottom electrode; and (v) a ground switch coupled to
the outer bottom electrode, such that the outer bottom electrode provides an
additional grounding path for plasma during substrate processing when the switch
connects RF power to the inner bottom electrode; and
(b) a top electrode assembly with a top electrode, wherein the top electrode is

disposed directly above the inner and outer bottom electrodes, wherein the conductive

ring disposed above the outer bottom electrode faces the top electrode.

7. The plasma processing chamber of claim 6, wherein the inner bottom electrode

and the top electrode are configured to convert a first gas into a first plasma.

8. The plasma processing chamber of claim 6, wherein the outer bottom electrode
and the top electrode are configured to convert a second gas into a second plasma,
which is concentrated away from the inner bottom electrode and is disposed in the
peripheral region between the outer bottom electrode and the top electrode to clean

peripheral chamber hardware of the plasma processing chamber.

9. The plasma processing chamber of claim 6, further comprising:
a plurality of confinement rings surrounding the top electrode assembly and the
bottom electrode assembly, the plurality of confinement rings suspended parallel to the

bottom electrode within the plasma processing chamber.

10. The plasma processing chamber of claim 6, wherein the outer bottom electrode is

a capacitive electrode.



