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BACKGROUND

[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.

13] Capacitively coupled vacuum plasma systems are frequently employed to etch

dielectric material from a semiconductor substrate. The capacitive systems have the



121During plasma etching of a substrate, etch byproduct, which is nade of
pol yners formed by photoresist or etched material |ayer with etching

chem stry, is mainly deposited on the peripheral chanber hardware. The
deposi ted byproduct accunul ates wi th subsequent substrate etching. To

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

mai ntai n_a reproduci bl e chanber, which can be achi eved by performng a
chanber a&BRACTRS rvbR iy plapmadpnage snddiavims logher seleetbiity te dirstndstlaydnasd been
etched. Typically, chanber cleaning is perforned after etching every
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fully clean the peripheral chanber hardware, extended cleaning tinme is
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each substrate is generally optimzed within the constraints nentioned
above. 48A)IRE (eenFrarherah shpgbagrdyaret Hér@d?rst%flﬁaéde%ﬁheaneﬁﬁb%hclmber
apparatus that provides an i nproved chanber cleaning nechanismto increase
el ect r okardwire, chigoded ¢itstingramet i ricagado wehigu bspacst theyhaiudactameg thooughpuease
manuf act uri ng throughput.

In current capacitively coupled plasma reactors, the chamber clean after processing (or

etching) each substrate is generally optimized within the constraints mentioned above,

{4} In view of the foregoing, there is a need for a method and apparatus that provides an
improved chamber cleaning mechanism to increase electrostatic chuck lifetime, to improve

substrate yield, and to increase manufacturing throughput.

SUMMARY

{51 Broadly speaking, the embodiments of the present invention fill these needs by
providing an improved chamber cleaning mechanism. In addition, the embodiments of the
present invention provide additional knobs to tune the etch processes. It should be
appreciated that the present invention can be implemented in numerous ways, including as a
process, an apparatus, or a system. Several inventive embodiments of the present invention

are described below.



SUMVARY [ 51Broadl y speaki ng, the enbodi nents of the present invention fil

t hese needs by providing an i nproved chanber cleaning nmechanism In

addi tion, the enbodi ments of the preseft invention provide additional knobs
to tune the etch processes. It should be appreciated that the present

I nvention can be inplenented in nunmerous ways, including as a process, an
apparatus, or a system Several inventive enmbodiments of the present
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chanber configured to generate a plasma includes a bottom el ectrode
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coil surrounding the top electrode. The inductive coil is configure

convert a a . plhasmna
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bottom el ectrode. 171l n anot her enbodi nent, a plasma processing chanmber

confi gu?g(aingctgw g sorfigured to convert a gas into a plasma within a region defined within
the chamber, wherein the region is outside an area defined above a top surface of the bottom

electrode.

|7] In another embodiment, a plasma processing chamber configured to generate a
plasma includes a bottom electrode assembly with an bottom electrode, wherein the bottom
electrode is configured to receive a substrate. The plasma processing chamber also includes
a top electrode assembly including a top capacitive electrode, an inner and an outer inductive
coils disposed above the top capacitive electrode. The outer inductive coil is disposed over a
surface, wherein the surface is defined outside of a circumference of the bottom electrode.
The top capacitive electrode is disposed directly above the bottom electrode. The bottom
electrode and the top capacitive electrode are configured to convert a first gas into a first

plasma. The outer inductive coil is configured to convert a second gas into a second plasma,

[8] In yet another embodiment, a method of generating a plasma in a plasma processing
chamber includes the method operations of supplying a process gas into the plasma
processing chamber. The method of generating a plasma includes generating a plasma by
powering an inductive coil. The inductive coil is part of a top electrode assembly and
surrounds a periphery of a top electrode of the top electrode assembly. The inductive coil is
also disposed over a surface defined outside of a circumference of a bottom electrode

disposed beneath the top capacitive electrode.



pl asma i ncludes a bottom el ectrode assenbly with an bottom el ectrode,
wherein the bottomelectrode is configured to receive a substrate. The

pl asma processing chanber also includeg a top el ectrode assenbly including
a top capacitive electrode, an inner and an outer inductive coils disposed
above the top capacitive electrode. The outer inductive coil is disposed
over a surface, wherein the surface is defined outside of a circunference
of the Mdtt oR¥her easpeeslcand Tadvapisges b abe tinventiohewilt dweoms atipeysos dpneli thect | y
above the bottom el ectrode. The bottom el ectrode and the top capacitive

el ect r ofidloaneg ceniledudeadiptane anker in a&ohjunstiogasith Nho aacdmpslying d&WEngsIhe
outer inductive coil is configured to convert a second gas into a second
pl asme. i8Rt waANS RempRIAL BHRBBes oftHEBANGHoA! generating a plasma in a
pl asma processing chanber i ncludes the nethod operations of supplying a
process gas into the plasm processing chanber. The nethod of generating a
pl asma i ncl udes gener at iBRiExY PESSREP DO OWcrHBDRAWINGSCt i ve coil. The

i nductive coil is part of a top el ectrode assenbly and surrounds a
peri phery of a top electrode of the top el ectrode assenbly. The inductive
coil is also disposed over a surface defined outside of a circunference of
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i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS

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.



[ 10] The present invention will be readily understood by the foll ow ng
detail ed description in conjunction with the acconpanyi ng draw ngs, and

l'i ke reference nuneral s designate |ikesstructural elenments. [11] Figure IA
shows a schematic di agram of one enbodi ment of a substrate etching system
[12] Figure 1B shows a process flow of generating a cleaning plasma in a

pl asma system [13] Figure 1C shows a process flow of generating an
etching plasm Dﬁmptﬁms@mﬁiﬁm of ik Elxwﬁznﬁmwﬁ;@ombﬁwt ic diagram
of anot her enbodiT gure 3A shows
a schematic di agram of another enbodlnent of a substrate etching system
[16] Figure 3B shoms a process flow of generating a cleaning plasma in a

pl asma system [17] Figure 3C shows_a process flow of generating an

et chi ng él‘ asH S H gcempé%eig%b@ﬁms for an mmproved 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 1s 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.



(18] Figure 4 shows a schematic diagram of yet another enbodi nent of a
substrate etching system 5 DETAILED DESCRI PTI ON OF THE EXEMPLARY

EMBODI MENTS 1191 Several exenplary enbgdi nents for an inproved and nore
effective and nore flexible chanber cleaning and etching system nethod and
apparatus will now be described. It will be apparent to those skilled in
the art that the present invention nmay be practiced w thout sone or all of
t he spelilli clndenaidmsbosiimentorthd betipwi alectrody] Asseaddic rli3belhsearhiikéin @oling
reproduci bl e chanber wall surface condition after etching each substrate
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key feature for next generation plasna etch reactor. One enbodi nent of the
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support. The secon asma source I'S near the per ery of

t he process, ch e in dur,i n ha er clean perat|

after SUBMIIFAE 35&08% 8% Bl Rt %R e 3SR Bt i o BRE e has
accunul at ed et chi ng byproduct during substrate etching. Figure | A shows a
Cr oss- @Ay ﬁ&lctrweew logndathe caadugtipe Hasddp nigempp arhelowria oogtiRatthaidssudate econd
pl asma source surrounding the substrate support. This enbodi nent includes a
bot t om élceubstatesupPdrt bhdthei condumiposad 168. a conductive material, which is
operatively coupled to a RF (radio frequency) match 138 and a RF power
supply 139 The botton1e|ectrode 131 iis al so a substrate support and is

part of [22] boBt otaveif estnpgend sigbpbligitatien, ﬂpﬁwb%mn elepigeronerithas tah arqrethgdtver

supply 139 is a multiple frequency power supply. For exanple, the power
sour ce shptddavececivd x 808 enmofsubstentiel e e bes emboditment, aingpobatdvbenoabdetrod00 kHz
to about 60 MHz. Plasnma is generated when RF power is delivered fromthe

bott om el etdoptgurtdlo tRetvhe Q@&rdt@ﬁlo@@h&ﬂ&&69§ @Mﬁ%ﬁlamﬂ) hOiBstrate

enbodi nent, the RF power supply delivers power levels of up to about

vatt t O Qﬁéjtbo%t%m\/\aéléc%fode 131 during substrate etching operation. The substrate is
electrostatically clamped or "chucked" to the bottom electrode using well-known systems and
methods. These well-known systems and methods include coating the bottom electrode 131
with a dielectric material that incorporates high-voltage electrodes (not shown) for chucking
and dechucking purposes. The plasma processing apparatus 100 includes chamber walls 140

which are grounded through a ground 135. The ground 135 is separated from the bottom

electrode 131 by a diclectric material 136.

[23] A first top electrode 111 is disposed a short distance above the bottom electrode 131.
Generally, the top electrode 111 is made from a material that is compatible with the substrate
to avoid contamination. The first top electrode 111 is part of a top electrode assembly 110,
which is connected to a ground 148 and provides a complete electrical circuit for the RF
power. The first top electrode 111 has a surface area that may vary from that of the bottom
electrode 131. The top electrode assembly 110 is coupled to the chamber cover 117, which is
grounded through ground 118. By way of example and not of limitation, the first top

electrode 111 is composed of a conductive material such as silicon or silicon carbide.



6 [21] In one enbodinent, the bottom el ectrode assenbly 130 has a built-in
cool i ng nechani sm (not shown) that can cool the substrate to be in the
tenperature range between about -20C te about 70C. Surrounding the
substrate support is a conductive ring 133 that provides additional
grounding path for plasma during substrate processing. Between the bottom
el ectrode 131 and the conductive ring 133, there is a dielectric ring 132

t hat i nddiicaalindystmsel arapiupibret fg‘danw@nc Bedlirst fopeclediinge 138 is locaey By
way of exanmple and not of |imtation, the bottom el ectrode 131 has an area
t hat i salzépteedtotabonet emviera tiRGdttom dedisideat e. | n one enbodi nent, the
powered bottom el ectrode 131 is configured to receive a substrate (not
shown) and is configured to clamp the substrate to the bottom el ectrode 131
during B#bst Saﬁr@ur@ewﬁﬁ@%ﬁ}é@tgﬁcdd 11he seqend tonglectiogled |l donadsse fan; indudtiye

cl anped or "chucked" to the bottom el ectrode using well-known systens and
met hodscoiThéz.e el Indketowncsly $t 2ns banetl met hbelsctiinahatagalcidat | e ché 1BAtikom

el ectrode 131 with a dielectric material that incorporates high-voltage
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processi ng apparatus 100 i ncl udes chanmber wall's 140 which are grounded

t hr ough e LaLe f the bot om el ctrode
131 by g%dgiﬁ ?ﬁ%@éﬁh efﬁglgﬁ@g %ﬁgﬁiifﬁﬁﬁg tggreﬁg Fage P P?WGHZSposed
a short %lstance above the bottom el ectrode 131.

power source 127 can be single or multiple in the range between about 400 kHz to about

26 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
the grounding area and powering area in the process chamber so the voltage-drops in the
chamber during capacitively coupled plasma processing do not change with the introduction
of the inductive coil 112. Maintaining the same area ratio allows the etching processes to
remain consistent even with the introduction of the inductive coil 112. In addition, the
Faraday shield 114 blocks electrical field from the inductive source to minimize capacitive
coupling of from the inductive coils 112 during inductive plasma processing to avoid

sputtering of chamber components. Further details of how to design Faraday shield can be



Generally, the top electrode 111 is nmade froma material that is conpatible
with the substrate to avoid contam nation. The first top electrode IIl is
part of a top electrode assenbly 110, which is connected to a ground 148
and provides a conplete electrical circuit for the RF power. The first top
el ectrode Il has a surface area that may vary fromthat of the bottom

el ectrode 131. The top el ectrode assenbly 110 is coupled to the chanber
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electrode 111 is a second top el ectrode na e of an inducCtive c0|ﬁ 112.
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one enbodi ment, the RF power source 127 can supply a mxed frequency power.
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about 2000 watts. [25] A Faraday shield 114 is placed below the dielectric
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dielectrjc r . In on enbodinent t he dlelectrlc ring 116 i s conposed
of quarﬂ&%am%@BPO “#%Pﬁ& ¥3-shi el d 114 provi des a RF grounding path to the
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of chanber conponents. Further details of how to design Faraday shield can

be the processing chamber. In one embodiment, the confinement rings 121, 122, and 123 are

composed of quartz. Further 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



8 founded in co-assigned United States Patent Application serial No.

10/ 232,564, filed on August 30, 2002, entitled "Faraday Shield D sposed
within an Inductively Coupled Plasma E§ching Chanmber,” and United States
Pat ent Application serial No. 10/345,582, filed on January 15, 2003,
entitled -Dual Interleaved Faraday Shields For An Inductively Coupled

Pl asma Et chi ng Chanber.- During chanber clean, the coil 112 is powered by
the RF ponvergasditdutipahpyedicaduBy wanoteiamnly aadapl edlipitadern thatatagiaen
150. During chanber clean, the conductive ring 133 is grounded and the
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gas supplied by the gas feed 128 into the process chanber 100 can be a
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about 22C to about 200C.

MHz, and 60 MHz.

is

[30] The inductive plasma source can create a high density plasma in the peripheral region
150 without any significant sputtering of the chamber wall materials, As described earlier,
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.

[31] Figure 1B shows an embodiment of a process flow for creating a chamber cleaning
plasma. At operation 161, chamber cleaning gas, such as O,, CF4, etc., is supplied to the
plasma process chamber. At operation 163, RF power is supplied to the inductive coil 112 of

the plasma process chamber 100 to generate the chamber cleaning plasma. The chamber



[ 291As described earlier, the top electrode 111 is grounded through ground
148. The top electrode 111 can al so be coupled to a RF power source (nhot
shown) or a DC power source (not shown). The power source for the
capacitively coupled plasna between the first top electrode Il and the
bottom el ectrode 131 can cone fromthe power source coupled to the first
top electrode 111, instead of the bottomelectrode 131. Wen the power is
suppl i edledipgnplasiat ¢35 Bieadier vypd tp1glcan He ploitom ePecrg shembgiclpaning dhaded.
In addition, the top and bottom el ectrodes can supply RF power source

al t er nabotweh ylectrode EXanpleiing h&hREhpaberclemingplagos it hgidd ISt istadpydtect r ode
111 can al so have a m xture of frequencies at 2 WHz, 27 MHz, and 60 MHz.
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peri pheral region 150 wthout any significant sputtering of the chanber

wal | magerials. .As described, earlier, sputtering of the chanber wall
nateria%gmvﬁ?i 1t hﬂﬂﬁgﬁ%wgﬂ#hate t he chanber or decrease the lifetinme of
the parts. The inductive plasma source can effectively clean polyner (or

et ch bypnedugipicslgnesict SEtOphdl v BEURAEFIAimE BavRes dRANHWMBa dhkighn&eNes
in contgg? mﬁp% t%g'etcﬁ progess plasna.ﬁ1311 Figure 1B 2%%m5 anlgﬁﬁodinent
of a prgge fl f eating. hap .cl Lng Bl asnma... At _operation 161,
chamber 16 it e sl iRy 4y3 AT Wyl FRILNY, Bh7 v ¥ pRBRL RhRE
process chanber. At qperation 163, RE power is supplied to the inductive
coi | 11Progidet gaagiply rwtés&eg%oléﬂ’ézﬁbé}heﬁg@%e@kﬁ@aé@@ be fgrngh apdErnng eani ng
pl asma. The chanber 10 cl eaning plasna can then be used to clean the
chanber ¢tclbugiprgcesh amipervidd edditiogpl limmabdentsom atltbe edgadef IR1substriteorttiowy. The
chanber cleaning plasma in region 150 is away fromthe bottom el ectrode 131

and i s aEdbiny 1 BP dBRtveRRe it EpduiatE pewele ot JhodR bkleppAkthtddBat the
conductive ring 133 of Figure 1A [32] Typical parallel plate capacitive

coupl edypl -shows i , i e e 0of .t

cubet r a6 COMRUET B Gafl ot MORARR Y sioRlad S RIEC 1 el e cc
provides .a radial unjformty contraql knob. The inductive plasma can be
turned BHUEHNS ﬁ‘lj‘f%Plé‘ﬁ’E‘ﬁi‘f?@ PPQ PEQYIE PIASPGy I BTOSERNFY iR dEapra stk BBNERty at
the edge of the substrate without affecting the RF ground path of the main
capaci t dersitpentrery 10w ighoudrgy be thpmbetritat fedexdnatle phetoREisy stoippistigrfgr vatk i s
not affected due to the usage of the Faraday shield. In addition, the

i nduct i ¥ieles@lr &ch.plCase@yueaily,alssge Bf e Gdu@lRSiRrdeOplp&eL e5s afrdRatkhd e@yire
hi gh plasma density and very low ion energy on the substrate, for exanple

phOtOree&é£%§$53@95pgmng&ﬁ&DMFk di el ectric etch. Consequently, usage of the
i nductiVe source plasma can increase the etch process w ndow of the

reactor.
[33] Figure 1C shows an embodiment of a process flow for generating an etching plasma.

At operation 171, etching gas(es), such as AR, CsFg, and O, for high aspect ratio contact etch
(HARC), or Ar, CF4, CHF;, and O, for oxide tech, is supplied to the plasma processing
chamber. After the etching gas enters the process chamber, RF power is supplied to the
capacitive electrode and the inductive electrode to generate an etching plasma at operation
173. The etching plasma generated has a capacitive component and an inductive component.
The inductive component near the substrate edge can increase the plasma density at the
substrate edge to make up for the drop of plasma density at the edge of the substrate, as
described above. Therefore, the etching plasma can become more uniform across the

substrate surface by the addition of the inductive component at the edge of the substrate.



[33] Figure I C shows an enbodi ment of a process flow for generating an
etching plasma. At operation 171, etching gas(es), such as AR, C4F8, and 02
for high aspect ratio contact etch (HARC), or Ar, CF4, CHF3, and 02 for

oxi de tech, is supplied to the plasma processing chanber. After the etching
gas enters the process chanber, RF power is supplied to the capacitive

el ectrode and the inductive electrode to generate an etching plasma at

oper at i Bl 17Bigumnd skavehi rerigloasivl ofdhe peevads kadbodincan 460 of Vegwcofporieéne  and
an | ductive conponent. The inductive conponent near the substrate edge can
i ncr easgetd fitinphasaroiledEIA Y2 12B drbplasebit that® ddgedeasstakty D10.f Dk twhtesedlr op

of plasma density at the edge of the substrate, as described above.

Ther ef 05 eindb iR QLRI NI RRLRSIBE AhPOTRARDLR U LREMACSPAS tTIE ralibsy r at e

surface by t ition of the inductive conponent at the edge o

substrat.e. 341 Figure 2 shows variation 200, o he prevj

erbodi iR 208 ibpleprbars nenig R eRetaie fHudueroebdhiematbmet Sibpad o
placed in the top electrode assenbly 210. The two set of inductive coils
Bre madeoniG el HABr Kendayshik Akl hen sl dencions as e ey Sualadad ofhi el d
214 is placed over the entire top electrode 211 to cover both the inner

coi | 21FZArcandl dedreibod abovec OBOthAERR: dodls ad2y, 3 ke Rulcias astFridagsh 226,
functions as the Faraday shield 114 of Figure | A described above. Both sets

of coilghrh2s &BiRs IR dpHI9 B 7R BT Whi ' ' a RF
power suaply 5%%& Due to therplg%gnent o? theeﬁﬁgmgéts&@?bggﬁﬁg@é§g£?92128

the pro i,s supplied to th | ectrpde 21 which na | SO be a
shomerh%ggg ?ﬂﬁ%&g%pg&gé% %ﬁ“bﬂ%mﬁgéggég% W%S%C%ﬂﬁééb% 6g§gﬂgg%a§§§}.acxher
conmponents in Figure 2 are sim/lar to those already nentioned in Figure IA
[ 35] m%h()ﬂ@ﬂt%ﬁnbg&ugélae%?ﬁt%@?s et R2PRqwe envdee 819 ed 2290 afiha pBpeasnthe
powered, or only the outer coil 212 Bis powered, to create a cl eaning

pl asma. inlFiglet?hare sinlikr &r thopoalemadd neutiomgl iaFagdred Acl ean, a percentage of the
powe can be supplied to the inner coil, for exanple 0%to 50% while the

renainin% power, i s supplied to the outer coil_ 112B, for exanple 50%to
100% | B3bhobirdns shapprredsaning boRnindusevesestils 3l3duand &2 1car g navisradl sot
damage the el ectrostatic chuck during cleaning. It should be further

appr eci entlgdha deter ¢chie2 ddiis powered) toneeate adlabingelasoid. Iibothi céls aampaeeted i onal
processing tuning knob for the chanber cleaning process. The inner and

outer C@irify EddmRe DQNEReserddntaedbfl IR filerl ERAAVERGYPIRG fof BRURREY cdN, XoHT €.
Under such a circunstance, the 1nner and outer coils would need separate

power S%?Aﬂlg 2)% ﬁtg%%, 8\)2@1(1 &%%%azﬂﬁgé%ggp géguﬁﬁieaqgetﬁg d)ul%%G%oill ?%fﬁ;ef

enbodi nent, uct pl asma i S Crea I'rs uBﬁIying
a cleaning gas_(or ¢l eani ng s mxture) into the plasma_process chanber
and the‘?f‘aﬂﬁa%gpﬁgtot ﬁ?é)fi)-n h&‘%quxlfggeapp@m@?ﬁ/ih%r ezﬁﬂzafﬁ)wvw&am wguldinott he
power to coil 212B. During chanber 12
damage the electrostatic chuck during cleaning. It should be further appreciated that the
additional inner inductive coil provides an additional processing tuning knob for the chamber
cleaning process. The inner and outer coils can be powered at a different frequency or

frequency mixture. Under such a circumstance, the inner and outer coils would need separate

power supplies. Additional power supply would be added.

[36] In one embodiment, an inductive plasma in region 250 is created by first supplying a
cleaning gas (or a cleaning gas mixture) into the plasma process chamber and then powering

the inductive coils 212A and 212B by supplying all the power to coil 212B. During chamber



cl eani ng opeation, the bottomel ectrode 231 may be kept floating and the
conductive ring 233 is grounded. [37] As described above, the inductive
pl asma source can create high-density jplasma in the peripheral area w thout
any significant sputtering of the chanber wall materials, which could
contam nate the chanber or decrease the lifetine of the parts. The

i nductive plasma source can effectively clean polyner %gr et ch byproduct)
deposi t B8N PPRatipar th hettemn claskadie?3 haayhakent ﬂ%arlwa@b SORFHCEBRATIASL3N t h
the etch process plasnma. [38] Both or one of the inductive coils 212A,
212B car gabwguletbe powered, as well as the capacitive plasma power, to tune
the etch plasma uniformty. In addition to the capacitively coupled plasm
generated between the top el ectrode 211 and the bottom el ectrode 231, the
i nduct i W1 potérdesgihed ebove he miusive RRSHESEUESE RO rHRAE Bightdsngiteplagga i

i nductive plasma, and can be tuned to inprove plasma uniformty across the
subst r athe muphergl anea etidlouhgnypsigedssnt spypedad bf thiearhagdpawiall invakiyals oulpkled

pl asma, the plasnma density is |low at the edge of the substrate. The

I nduct i ysul€ @bhthSinald thel dhambgitib€ddofeaaBehd MRHMS EThE Pl SYhe IR clive plagitie 2
can help raise the ion density at the edge of the substrate. The 1 nner

coil (s) it er i i EL UL .
sinultaﬁ%%usééng%g d%%C%ﬁ%b§?%§ﬁ§%§%%§?5§gﬁﬁ§dﬁ%%??%ﬁg§%Q%%W§§%gd%%¥%%ntage
of the ﬁgmer ca?gge sugglied to,%gﬁ i nper coil(s) 21 2A, and the renai nder
suppl i etPEyatenwhishicames gt Pyt MBiphe ¢i58 PrOFGEYPIATR out er coil's 212A, 212B in
Figure 2 provides additional process tuning knobs for etching processes.

o SoMBafPPELARL! flser AR HalATLE]Y 81 POVBIoH EAM NG NEL] Ye iR diSye

(i nner, outer, s utilrze 0 generate I nductive plas

usi ng Faraday shield 214, the royndi ng .path is nqt. affected. In

nddi €1 oPaEge PESTARENSEHY VN S naHEy TR TR JaBtiERaS s faiecively
photoresi st stripping or lowk dielectric etch. Therefore, the usage of the
two set eoupied pldiroa igerergied bstwesultiae iapcelecizndetid qod dbe bettev reliivedé 831 etich
processes. The process flow to generate an etching plasma by the enbodi nent

shown i mdbégper owkrissuiskd 2 1221, 210Btd@ ANodsemendd atoredrédindactive, plexegphdt hat
the single inductive electrode is replaced with double inductive el ectrodes

(coils £ tmtd B | N iTelalglelt hasy bbby onent
nd an Lo A e R A G By
i ncrease_t.h l.asma upi formty agross the substrate.. 1401 Anot her
embodi mLRICh B APAE U]V GHPIEH RITE. JHC ILBRO M i Y & B8, SR ofi Gar e
3A, an outer bottom el ectrode 335 is placed under a conductive ring 333, in
addi t i ofhbsatehd hedp@rctivocoidim &l 2t Fighe B8 and tecovtermeil(0@d Brin Higee 2ode 331
is configured to support a substrate. The outer bottom el ectrode 335 can be
coupl edhdlp rhive tsaim Rnspowethes adgecef B3%ubstrithe Then@hebadil( O Bl ahd @der331,
which is part of the bottom el ectrode assenbly 330. RF power source 339 can
suppl y sdin@l €145 8A¥EACY 208anHLd bPhged LEAMGRGIES fof en ygbout
400 kHz Egngout 60ﬁW+E. Fﬁe RF ng%rlsouréeL%@bhgﬁ%gﬁ?%gﬂggagght tﬁg
i nner bottom el ectrode 331 an o the outer bott | ectrode, 335, .and. is
connect BEMEGIS TR BHEGHH M REMEREBHTRRPIC A Fis P YECE Tians and
application of the RF power to the el ectrodes. During substrate etching,
swi t ch Beaewgmdeiosupplipd tRMeyyiRrcoilés)d 28uppid waet end erter emisr2 186t RoAB in
el ectrode 331. During this process, the outer bottom el ectrode 335 coul d be
coupl edFigoragroprai®37adititivianl aprBEest umihning khaisk fdi etcBmg. pieessB: t Boi 8gmbl ock
kit 357 allows selective grounding of certain frequency of the RF power
suppl i eghddyaROWEbnISURRIYiv3 3whO bRk MRl POLS ISl Cotad8r B3 iFRlized
exanple, if the  RIT power Supplied to the inner bottom el ectrode 331
includes 2 Miz,. 27 Mdz.and 60 MHz. Sel ective grounding by the RF tuning
bl ock kﬁﬁgﬁg?&gpagﬁgﬁé%%HWding of one or two particul ar frequencies, such
as 60 MHz, to tune the etching processing uni formi ty.

[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



14 141] Separate power sources can al so be used to supply power

sinmul taneously or alternately to the inner bottomel ectrode 331 and to the
outer bottom el ectrode 335. Qther conpgnents in Figure 3A are simlar to

t hose already nentioned in Figure 1A. During chanber cleaning, the power is
supplied to the outer bottom el ectrode 335 to provide a capacitively
coupled plasnma in region 350 to clean the peripheral chanmber. The

capaci t #ReF§IY dBWpPa EnpIeotaticubEEto U @S iPROEE atrtwpitEeessnk thideqttp

el ectrode 311 and the outer bottom el ectrode 335. During the cleaning

pr ocessgtch.helteodfommtied ecdge adethoawobets dDaiduntgve tdibr ebolkieinciche: tapaotdssvel y
coupl ed cleaning plasma, and its destructive effects are kept away fromthe

exposedwifid®s RR &AM PIRE{L0dThd okl ﬁ‘dx@%&%ﬁ%ﬁké Gn ChkigK pu&samt { Nhet he
cl eani ng pl asma does "not bonbard the inner b onlelectro (

el ectro xtends the tom
ol oct r ogePydef dEs Rt L Ry %ga’a?%esaﬁown%t Bl exas@ tr%f g ar e
gener at ed PS using the capacitively @g@ | as fromthe

el ect r ot88 33&‘1%1"6 SHSHPEY 1S BPisesb Ik i%’é’d’t‘@b"r?n%?%‘{jidé% (coﬁaz’li%h@iZB)

peri pheral capacitive plasma source creates high-density plasma in the
peri pheth¢ etckigi phasBB(genbtatediog ladapeitapproagaatechidhamt inddwtive apapbhénie Thk asma
source can effectively clean polymer (or etch byproduct) deposited on the

per i phefalictRaBagionBardiae uncihid GlirGOEBS planfa AhitWatbsd e se8ERdPr ocess
pl asma. 1431 Figure 3B shows an enbodi ment of a process flow for creating a

chanber cleaning plasma. At operation 361, chanber cleaning gas, such as
02, CF4[40¢t cApothsr smppdiitedt 300 Dﬁélepiuasniainpcmmsis shitnamine Figuat 3Apdndtigwon 363,
RF power is supplied to the outer bottom el ectrode of the plasma process

chamber 35029 60@F Bb€orh REecEBaTDSS iChiaad MEFePk SHRuctiTBingBRIDET addi®@aMonde
pl asma can then be used to clean the chanber. During chamber cleaning, the

i nner b%&m&g&g%&&%‘ae'amke@ x{u?e?t Bl HeSR0TPE s ELEANRDDLARIR b0 e

peri phera eglon I's subs i al el'eC and

is minly dis ed bet ween bo ton1 ctrode and the top
el ect r ofjbstr atepcﬁle outer bottom e ectro ?5 can be coup‘?ede to the same Rq: power source 339

as the inner bottom electrode 331, which is part of the bottom electrode assembly 330. RF
power source 339 can supply single frequency or multiple frequencics in the range between
about 400 kHz to about 60 MHz. The RF power source 339 supplies power to the inner
bottom electrode 331 and to the outer bottom electrode 335, and is connected to a RF match
338. In one embodiment, switch 336 controls application of the RF power to the electrodes.
During substrate etching, switch 336 controls the RF power to be supplied to the inner
bottom electrode 331. During this process, the outer bottom electrode 335 could be coupled
to ground 337 or to a RF tuning block kit 357. The RF tuning block kit 357 allows selective
grounding of certain frequency of the RF power supplied by power supply 339 to the inner
bottom electrode 331. For example, if the RF power supplied to the inner bottom electrode
331 includes 2 MHz, 27 MHz and 60 MHz. Selective grounding by the RF tuning block kit
357 allows grounding of one or two particular frequencies, such as 60 MHz, to tune the

etching processing uniformity.



[44] I n addition, the peripheral capacitive plasma source provides the
ability to include a radial uniformty control knob. The peri pheral
capacitive plasma can be turned on durjgng etching process to inprove the
etch plasma uniformty near the edge of the electrodes for the main
capacitively coupled plasma. 1451 Figure 3C shows an enbodi nent of a
process flow for generating an etchin% pl asma. At operation 371, etching
gas( es) |41d uc herpata oA F8YUrgssd cOP alser DRI Btedalpeupply apgwerc smdi@ncasbh or
(HARC), or Ar, CF4, CHF3, and 02 for oxide tech, is supplied to the plasm
pr ocessalngnattigrntbehe indier bpesmtalanodd 331 Rid povier outer baipt ekdirdde 33t Ofeer
bottom el ectrode (331) and the outer bottom el ectrode (335) to generate an

et chi ngchhpsidhts il FRIRUEA Be RRRLEE alsd aliRaly LRRHeh PRUtOMhe] %ﬁﬁgde

hel ps to increase the plasna density near thé edge of the substrate. [461

Anot her ,emhodi rent of, the current,.inyention i ho i.n Fi 4. ln Figure
o o <et SRS TeBined s PRaGh T, SBbRTIGIY Bcek ol D fle B & Erpidicho
under the conductive ring 433 and_a Faraday shield 414. The second bottom
el ect r offP22igxcly caUPIRd plasPRdr r¢gon Bl @a%arnée peneherd phipmben t Theapagitively
bottom el ectrode 431. The RF power source 439 supplies RF power to the
first bonpbwth plaswt riodegiéd81356r ist genelateds betordn bint tapmekkeceda ik a433handter s
controlled by a switch 436. RF power source 439 can supply single frequency

or nul t bt flRBVENSE S DulinkNBe LRABRIRVRENhAROHEMAD e the BOABLHEO Mz,
The RF power source 439 supplies power to the inner bottom el’ectrode 431

and to tgr s 335 IS .connect.ed a RF match 438.
M one SRR Bl ARG AR LGRICES I o805 48 FRBRRI AR e AR e
el ectrodes. During substrate etching, switch 436 controls the RF power to
be supplPEIE FXPHEd i LOHEIY Jrsteds ot dae clesostedis gkt hinstup ghe sleanipge
outer bottom 16 electrode 335 could be coupled to ground 437 or to a RF
t uni ng blasok does ndb BomRRrdptheemneobetiven 438 toda (su pletiyositngtlaicky, equdelmae or
multiple frequencies in the range between about 400 kHz to about 60 MHz.

The RF pawRls tBOUFEigAFING HRE b&SonP elfrodO(ot BRcirsAic Rk MaleRbhods a¢31
and to the outer bottom el ectrode 435, and is connected to a RF match 438.

| L AR 2V Jgatd f the th
el ot odany TR B hERGER BRI BL SRR TR i FraP B Baldr ' 1o
he i nner bottom el ectrode 431. During this process, the

be suppl. ed
out er b@??‘&i;{e§3é@t9|98‘aéar&§$o RO o4& i5e10E1$% ground 437 or to a RF tuning
bl ock kit 457. 1471 Separate RF power supplies can also be used to provide

RF powe o] el 3 f { rode
" Povelio the hBbAT. ) £6LSHRMAA ARG, SEEORT BRI ATl S0
ﬁ;ﬁf ;[ {)ﬁgegiq%ﬁélqg. %Eg@&%@%ﬁg&@fﬁed tEatFtll'lg %ggacﬁiv%rp assnldamsolu?(lz’e (Ea(r)} etf e?:ﬁ?el? lc[egr? dy

polymer (or etch byproduct) deposited on the peripheral chamber hardware, which comes in

contact with the etch process plasma.

[43] Figure 3B shows an embodiment of a process flow for creating a chamber cleaning
plasma. At operation 361, chamber cleaning gas, such as O,, CFy, etc., is supplied to the
plasma process chamber. At operation 363, RF power is supplied to the outer bottom
electrode of the plasma process chamber to generate the chamber cleaning plasma. The
chamber cleaning plasma can then be used to clean the chamber. During chamber cleaning,

the inner bottom electrode is kept floating. The chamber cleaning plasma in the peripheral



1481Duri ng chanber cl eaning, the cleaning gas is first supplied to the

pl asma process chanber. Afterwards, the power is supplied to the second
bottom el ectrode 435 to provide inductjsvely coupled plasma in region 450 to
cl ean the peripheral chanber hardware. The inductively coupled plasma in
region 450 is generated between the top el ectrode 411 and the second bottom
el ectrode 435 and exi sts mainly near the edge of the chanber. Since the

pl asna fegignelgsubfigntadiyeavay frore thhbotben clasiiofle agdbrematndd dispesed dstwertubei ve
source (low ion energy), the plasma does not bonbard the bottom el ectrode
(or el eciteosit@in eleamdelandalse opehecande.ext ends the life-time of the bottom

el ectrode, or electrostatic chuck. Additionally, the plasnma does not create
as many particles as using the capacitively coupled plasma fromthe first
bot t om Eidbct Foglditegn the periphegy capacibea pwedsapes o vidse thenghildtyi to dngindes ira
source can create high-density plasma in the peripheral area w thout any
signi f i ce usifutrbiey cografknbbe Tleapdvphemdlchpasitverpladnss cahbe huraalibal during
contam nate the chanber or decrease the lifetime of the parts. The

i nduct i ¥ehiRh $FARsSRUIPR AR Bfch §fdstaintforhfaReRAhY BBIe dfQhe Elbfodi¥ REOHECT )
deposited on the peripheral chamber hardware, which cones in contact with

the et cga&r&ﬁgﬁﬁ\,@ggcl%(})g?am%l%pig?t the deleterious effects of prior art

t echni ques. aral’l el plate capacitive coupled plasm shows a
drop in plasna density near the edge of the chanber during etching process.
The i ndusy i VEighteASMBhGOHEE BmBBMIHANSHa PRRVE MRIPYirdRScrdtif @eh @lchitpi kM. ty
control knob. The inductive plasma can be turned on during etching process
to provi .L4-0n |, d i LVs@t~the e . | ectrodes, w t hout
ar oot DoorRT B SonBeaabRs LN G i B o b ae PR e

the ind Lve source_plasnma can_provide plasm to _processes that require
i gh pl HENBCHeRTo Ry Bd WEn il REraRslp GnoHPRECS dbSks BEEma RSPCEREEP ¢
photoresi st stripping or lowk dielectric etch. Therefore, usage of the
extra péerangieer At opératcer dife Réapowancs smpbed hethpioee bettam rbbotwsdd @6 1 parcithag
processes as well as nore effectively clean the chanber between etch

oper at i @ftsr bothhl clEbodd 33 FRtoRicAsARSarchaiThe Eia@lﬁﬁﬁ 1t pEEldHRQpBrdl0d HEStha

range of plasma density, ion energy, and chem stry control for a w de range

of procgss ' 1.on, . TGRS i - 0 , high
aspect ?‘%? i lgﬂ%cﬁlglg{::t%ﬁgthg %?Eﬂ%%aggﬂerrﬁp, e(?eglgl‘,?y g%gg)trtl%e ém&gt% %f@ﬁs@@??@% chanber
cl ean by a conbination of capacitive and inductive plasnma sources. In one

enbodi ey, BRhef EeBbdiMRnt bAMREfurfhe alvefith ResiRpRl ineBichRy 4 NexFigenar at i on
particle control to inprove yield and to extend the lite-tinme of the

el ectr o5 3hA b6uGHUGERUE 8851 bkl i SNRALANAIRE s placed under the conductive

ring 433 and a Faraday shield 414, The second bottom electrode 435 can be coupled to the
same RF power source at the first bottom electrode 431. The RF power source 439 supplies
RF power to the first bottom electrode 431 or to the second bottom electrode 435 and is
controlied by a switch 436. RF power source 439 can supply single frequency or multiple
frequencies in the range between about 400 kHz to about 60 MHz. The RF power source
439 supplies power to the inner bottom electrode 431 and to the outer bottom electrode 335,
and 1s connected to a RF match 438. In one embodiment, switch 436 controls application of
the RIF power to the electrodes. During substrate etching, switch 436 controls the RF power

to be supplied to the inner bottom electrode 431. During this process, the outer bottom



18 1521 The plasma process chanber descri bed above provi des knobs to
control radial uniformty of process paraneters on the substrate. The
process applications that use nultistep recipes involve a range of process
pressure, RF power, and chem stries that produce a wide range of center to
edge uniformty. The availability of in-situ control knobs provides
flexibility for maintaining tight uniformty control for the process

appl i catlegrslet 334t caudd bergpupled apgrosod gég cado Rk twreng bloek kitofih nBE power
shrink. 1531Al t hough the foregoing invention has been described in sone

detai | §orcpasposesupply shgeiffequaicylordansibantedi@ncied inMbel rabg: BdRaELMovk hat
certain changes and nodifications nay be practiced wthin the scope of the

appendegy® LAl N5 ab8GCR SiHE! Yhe h@e%@&%%g;ce%%ggﬁ&%@&% 0 Rt%glcg@%wer ed

as illustrative and not restricti and the invention 1Is not mted
to the geta%%s IV erein, but be modified wthin tga;sco e, ,an
equi val SR Eodsrad bt dp JE e hotiiedtor§ AFRapnd § Sefigelfado nd B T
one embodiment, switch 436 controls application of the RF power to the electrodes. During
substrate etching, switch 436 controls the RF power to be supplied to the inner bottom

electrode 431. During this process, the outer bottom electrode 435 could be coupled to

ground 437 or to a RF tuning block kit 457.

[47] Separate RF power supplies can also be used to provide RF power to the bottom
electrode 431 and to the second bottom electrode 435. During substrate etching, the power is
supplied to the bottom electrode 431. Other components in Figure 4 are similar to those

already mentioned in Figure 1A.

[48] During chamber cleaning, the cleaning gas is first supplied to the plasma process
chamber. Afterwards, the power is supplied to the second bottom electrode 435 to provide
inductively coupled plasma in region 450 to clean the 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 43 1.



1. A plasma processing chanber configured to generate a plasma, conprising:
a bottom el ectrode assenbly with an bottom el ectrode, wherein the bottom

el ectrode is configured to receive a ybstrate; and a top el ectrode
assenbly with a top el ectrode and an inductive coil surrounding the top

el ectrode and the inductive coil is configured to convert a gas into a
plasma within a region defined within the chanber, the regi on bei ng outside
an ar eal4f | Aedlesiitoed ahovephe indugtiee plasmasoise tcam cetabe highdkensigy piibiaa ph asm
processi ng chanber of claim1, further conprising: a Faraday shield

di sposethelierighdrhl iloe withdur by sigaidichnt sputtdivg; pf asnohapbeceal imgetdaniigeh of
claim1, further conprising: a plurality of confinement rings

sun- oungli,ng c@mm rié'iEeth‘é" cglafn@em §hirdaB€ nR) RRIB oF HY %%@mrh@hﬂdsacﬁvfm% tom

wherein the plurality of conf |nenent rlngs are suspended par al

electrode wthin.the p asna ces: I ng
chanber gyt ey N fHBRERoRHRE R Sl R Brtes Uapdsyrdat R ARG SiFRSnd ng
the bottom el ectrode, wherein the conductlve ring is separated fromthe

bot t om }éqré‘é'@qeod@u@y CaMgs ap é:@@qaptcwlit,hn@e etch process plasma without the deleterious

effects of prior art techniques,

[S0] 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.

[S1]  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 life-time of the electro-static chucks used in the

etching chamber.



20 5. The plasma processing chanber of claiml, wherein a RF power source
is coupled to the inductive coil to create the plasma by supplying RF power
with single frequency or nultiple freqgencies in the range between about
400 kHz to about 27 MHz. 6. The plasma processing chanber of claiml,
wherein the inductive coil is separated fromthe top el ectrode by a
dielectric material. 7. The plasma processing chanber of claim1l, wherein
t he pl a@h i $he tpdasber pricestniclmynipsir adeseribeds abaiee ppivadasakmbe cles sontrp! cadimber  of
claim1l1, wherein the top electrode is coupled to a ground. 9. The plasna
pr ocessudiprogiigiodks phramets onkiey ®ibBtrithe The Ppr&dees bdidetionshat mdughltive
coil and the bottom el ectrode are configured to convert an etching gas(es)

into ang igé] iNASER ran%jcoof npgt;@ese A0 PRO Y %@ rggldcéin 8fie0 1af:€1%idg%6ﬁ1&

wher ei n uctlve col el t her the t ectro or t

ol aorm. Vo ﬁgepvggmerap&égggn R e o etﬁ?%lié‘,%fvﬁ tt écm Gpep By Eh,

conprising: a bottom el ectrode assenbly with an botton1e|ectrode wher ei n
t he bot fenbiitetor npdetainenecibeint vgiipeeity epntiet &irviee prosess gppligaionahdt 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
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 to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.
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What is claimed is:

1. A plasma processing chamber configured to generate a plasma, comprising:

a bottom electrode assembly having an bottom electrode and a conductive ring
surrounding the bottom electrode, wherein the conductive ring is separated from the
bottom electrode by a dielectric ring and the conductive ring is grounded, wherein the
bottom electrode is configured to receive a substrate; and

a top electrode assembly including a top capacitive electrode, an inner and an
outer inductive coil disposed above the top capacitive electrode,

the outer inductive coil is disposed over a surface of the conductive ring
that is defined outside of a circumference of the bottom electrode, and

the inner inductive coll is disposed over a surface of the bottom electrode
and positioned inside of the outer inductive coil, such that the outer inductive coil
and the inner inductive coil are each coupled to a separate power supply to define

a region between the outer inductive coil and the conductive ring with inductive

power separately from a region between the inner inductive coil and the bottom

electrode.

2. The plasma processing chamber of claim 1, further comprising:
a plurality of confinement rings surrounding a volume within which the first plasma
or the second plasma is substantially disposed, wherein the plurality of confinement rings

are suspended parallel to bottom electrode within the plasma processing chamber.

3. The plasma processing chamber of claim 1, wherein one of the separate power
supplies is an RF power source is coupled to the outer inductive coil to supply RF power
with single frequency or multiple frequencies in the range between about 400 kHz to
about 27 MHz.

4. The plasma processing chamber of claim 1, wherein the top capacitive electrode

is coupled to ground and the bottom electrode is coupled to RF power.

5. The plasma processing chamber of claim 4, wherein a RF power source is

coupled to either the top capacitive electrode or the bottom electrode.

6. The plasma processing chamber of claim 1, wherein both the inner and the outer

inductive coils are below a chamber cover and buried in a dielectric material encircled by
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a conductive block, and wherein a Faraday shield is disposed beneath the dielectric
material, and wherein the conductive block makes electrical contact with the Faraday

shield to provide a grounding path to RF power coming from any of the electrodes.

7. A plasma processing chamber, comprising:

(a) a top electrode assembly including,

(i) a top capacitive electrode for processing a semiconductor wafer in the
processing chamber; and

(ii) an inner inductive coil and an outer inductive coil for chamber cleaning
or assisting in the processing of the semiconductor wafer;

(b) a bottom electrode disposed under the top capacitive electrode;

(c) a dielectric ring surrounding the bottom electrode;

(d) a conductive ring, being coupled to ground, surrounds the bottom electrode,
such that the dielectric ring is disposed between the conductive ring and the bottom
electrode;

wherein the inner inductive coll is disposed over the bottom electrode and the

outer inductive coil is disposed over the conductive ring.

8. A plasma processing chamber as recited in claim 7, wherein the each of the inner

and outer inductive coils is coupled to a separate RF power supply.

9. A plasma processing chamber as recited in claim 8, wherein a region is defined
between the outer inductive coil and the conductive ring with inductive power that is
separate from a region defined with inductive power between the inner inductive coil and

the bottom electrode.

10. A plasma processing chamber as recited in claim 7, further comprising:
(e) a plurality of confinement rings disposed in the processing chamber adjacent

to a region between the conductive ring and the outer inductive coil.

11. A plasma processing chamber as recited in claim 7, wherein the top capacitive

electrode is coupled to ground and the bottom electrode is coupled to RF power.

12. A plasma processing chamber as recited in claim 7, wherein an RF power source

is coupled to either the top capacitive electrode or the bottom electrode.
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13. A plasma processing chamber as recited in claim 7, wherein both the inner and
the outer inductive coils are below a chamber cover and buried in a dielectric material
encircled by a conductive block, and wherein a Faraday shield is disposed beneath the
dielectric material, and wherein the conductive block makes electrical contact with the

Faraday shield to provide a grounding path to RF power from any of the electrodes.

14, A plasma processing chamber for capacitive coupled substrate processing and
inductive coil cleaning of the plasma processing chamber, comprising:

(a) a top electrode assembly including,

(i) a top capacitive electrode; and
(ii) an inner inductive coil and an outer inductive coil;

(b) a bottom electrode disposed under the top capacitive electrode;

(c) a dielectric ring surrounding the bottom electrode;

(d) a conductive ring, being coupled to ground, surrounds the bottom electrode,
such that the dielectric ring is disposed between the conductive ring and the bottom
electrode, the inner inductive colil is disposed over the bottom electrode and the outer
inductive coil is disposed over the conductive ring; and

(e) one or more confinement rings disposed in the processing chamber adjacent

to a region between the conductive ring and the outer inductive coil.

15. A plasma processing chamber as recited in claim 14, wherein the top capacitive

electrode is coupled to ground and the bottom electrode is coupled to RF power.

16. A plasma processing chamber as recited in claim 14, wherein an RF power

source is coupled to either the top capacitive electrode or the bottom electrode.

17. A plasma processing chamber as recited in claim 14, wherein both the inner and
the outer inductive coils are below a chamber cover and buried in a dielectric material
encircled by a conductive block, and wherein a Faraday shield is disposed beneath the
dielectric material, and wherein the conductive block makes electrical contact with the
Faraday shield to provide a grounding path to RF power coming from any of the

electrodes.



