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Mar akht anov and Andreas Fi scher BACKGROUND [1] In the

fabrication of sem conductor based devices (e.g.

integrated circuits or flat panel displays), |ayers of

material nay alternately be deposited onto and et ched

froma substrate surface (e.gl, the sem conductor

wafer or the glass panel). As is well knomn in the
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t he actual etching of the substrate t akes pl ace inside

a plasma processing chanber. During the etching

process, a plasnma is forneBynvemos: sui t abl e et chant

source gas to etch areas of the workpiece that are
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desired pattern. [2] During pkésaa etching of a

substrate, etch byproduct, which is nade of polyners

formed by photoresist or etched material l[ayer with

etching chemstry, is waﬂhhg_gggnmﬁmed on. the
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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.

21 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 reprociucible 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.

31 Capacitively coupled vacuum plasma systems are frequently employed to etch

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



[3] Capacitively coupled vacuum pl asma systens are
frequently enployed to etch dielectric material froma
w@eowraaersakict or substrate. The capacitive syst ePET/DS2007/004224
t headvant ages of causing | ow pl asma damage and havi ng
hi gher selectivity to the underl ayer and phot oresi st
| ayer. However, when a capacitively coupled plasma is
used to clean the chanber after substrate etching, the
capacitively coupled plasma, #%hich has relatively high
ion energy, would bonbard the exposed el ectrostatic
adhuoeges ofivausitglowr etz damaghaskhavngudger saedtivip oo the whderlayer and
substrate during substrate etching, and bonbardi ng the
peotpesistd lagte c tHayetvat, | whapha chpacgivelyt souplede plsinndstwsbd do clean the
chuck lifetinme degradation and particle generation. In
clagithiet afer, subkieate apghing) the ebpacigivalyl @uplet] adavenag ehihdiae delistyvely high
the top and bottom el ectrodes in the chanber is nmainly
ioncemerzy waibld boimbatdhihe epised ele@istatic aboke THeeelectrostatic chuck is used
el ectrostatic chuck and is not effective in cleaning
td fupppe thephidbsaite dndng eubshrate dwhing, addbanbedingahé expoged electrostatic
cl ean the peripheral chanmber hardware, extended
clalck agsultgirt ¢la@rdsmtio erubkdifetivhe ddgridapec tusd pditicle generation. In addition,
manuf acturing throughput. In current capacitively
theedpdcéttvehl apkd pEank @essratedigy thh sopbend tottemreladtiodss in the chamber is
. processing (or etching) each substrate is generally
mafily corcedrand inithe tdmeercegiai almivatie ¢lentosarie dmalicwme is hietleffective in
In view of the foregoing, there is a need for a nethod
clandng fpapeatptisral bisimbpr beiddes:. alin drtigar oVviatly cleaniibe peripheral chamber
cl eani ng mechanismto increase electrostatic chuck
hérdWwere] exgnded dlewpingviims isostedat, evhycheinthac@nte nenifactueag ¢hroughput.
manuf acturi ng throughput. SUMVARY 15] Broadly
Irs pwradait regpaditivelye kbqdedrphisma obactdrg the echamber nleemtaiften processing (or
fill these needs by providing an inproved chanber
etchieg)sanky substhia s gamerallp optildized @ithintthec@rbadismesitisonaf above.
the present invention provide additional knobs to tune
[nﬁhe ﬁt&l@w REAEERR %gmghtthgxsehg eérJ gr Ccf aantdrergpt Ig%ts tlgatc] growdes an

resent | nvent 1 0 enen
imﬂ}SLelﬁdéﬂgglngs cl@amng mechanism to increase electrostatic chuck lifetime, to improve

substrate yield, and to increase manufacturing throughput.

SUMMARY

I5] 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.



process, an apparatus, or a system Several inventive
enbodi nents of the present invention are descri bed
whedomo(se§ | n one enbodi nent, a pl asma pr ocessPEUS2007/004224
chanber configured to generate a plasma includes a
bottom el ectrode assenbly with an bottom el ectrode,
wherein the bottomelectrode is configured to receive
a substrate. The plasma processing chanber includes a
top el ectrode assembly with a3top el ectrode and an
t nductive coil surrounding the top el ectrode. The
[6] ndult oneeentimidimers, € phisng predsding camber tordigues] fongederdte a plasma
plasma within a region defined within the chanber,
includeea botioheele@gide assembbuiish aiebatonaeledrodef wikgdinaho@tom electrode
top surface of the bottomelectrode. [7] In another
iseohfiglirentrecedved adsratpr Theplasnrgprotsssing thatdr igiidee atiép electrode
generate a plasma includes a bottom el ectrode assenbly
assbrhblyawitlb at top releztrodd andlan indietied boil herdieidingnthel top teleedede. The
Is configured to receive a substrate. The plasma
indoctbesil igcaifignizd o coolertdisgs intd aplasme atithil & ragceddiingd within the
including a top capacitive el ectrode, an inner and an
clanrber, wikakis tthe feglomi is outhidepas fda dbfined dbbee kapp surface of the bottom
capacitive el ectrode. The outer inductive coil is
elditeqdesed over a surface, wherein the surface is
defined outside of a circunference of the bottom
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TRS ?o%ngalem@ve 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.



surrounds a periphery of a top electrode of the top
el ectrode assenbly. The inductive coil is also
waoele@passas over a surface defined outside of a PCT/US2007/004224
circunference of a bottom el ectrode di sposed beneath
the top capacitive electrode.[9] O her aspects and
advant ages of the invention will becone apparent from
the follow ng detail ed description, taken in
conj unction with the acconpangi ng drawi ngs,
illustrating by way of exanple the principles of the
[9] NV eOtieo raspddidl bid REGORIET |ENhORnVddEoDRAW bEsSniel Qppaldif from the
present invention will be readily understood by the
fdlloipnidagilete tdasdription] embed [ | cofjunctictowjithnthei Ssvowiphhyihd) @Irawings,
acconpanyi ng drawi ngs, and |i ke reference nuneral s
iinesitRgdlyavdyl df exahilel tHelpriakiphls @fitetisvenfidnl] Figure | A
shows a schenmatic di agram of one enbodi nent of a
substrate etchi FiLqure sh a
process flow ofmﬁi@% iE.UDé‘.%a‘g aéé\?n a
pl asma system [13] Figure 1C shows a process flow of
generati ng an etchi ng pl asrra in a plasm system [ 14]

[lg:[rb 'gg%%rﬁst:eng?wgne%gﬂ B)%lﬁ ?;g ?Sﬁ :ﬁs%cr)%dobsyt 0 901 ,orgﬁxg ﬁe%ﬂed description
in cog&wg%’c?rh %Nétﬁé{k] ﬁcich)rlél%an&rfa } am Of 3 i }gklazﬁ'%feggce “%r\?\grais (%Slgnate like
r fl ow of generating acleanlng plasma in a

Stp"] gg%a?e e§'t?em [17] Figure 3C shows a process flow of
generating an etching plasma in a plasm system [18]

[1#] guFigut Bhohswa aschenatid diagihmgoaoneoémyatimantoohersubstrate etching
enbodi nent of a substrate etching system DETAI LED

sY¥SEESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS

[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.



[19] Several exenplary enbodinents for an inproved and

nore effective and nore flexi ble chanber cl eaning and
wetohitmg2syst em net hod and apparatus will now@eEUS2007/004224

described. It will be apparent to those skilled in the

art that the present invention nmay be practiced

W t hout sonme or all of the specific details set forth

herein. [20] As described earlier, a reproducible

chanber wall surface conditioh after etching each

substrate woul d i nprove the yield. An effective
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t he present i nvention provides a second pl asma source
surroundi ng the substrate support. The second pl asm
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surroun rate suppor hi s enbodi nent
|ncludes a bottontelectrode 131 that is conposed of a

[20bndde despaberheashiérad reprdineihleichambrarveall suethse epmdition dfteretehing each
RF (radio frequency) match 138 and a . RF power supply

subgate Trasld dnprsie diceiieldodan effective intsie chargbissisanthas become a key
support and is part of a bottom el ectrode assenbly

featmoe farmegheensrtiorinasme etehhsaier. p@ne pmbedipieyt af3the jpresgnt invention
mul ti ple frequency power supply. For exanple, the

PIoBides aswaerst plagma sawee sumeuedingethe fsubstiatp etppptis The sagend plasma
range between about 400 kHz to about 60 WMHz. Pl asna is

sQyEgte AN Clds winsed Rear sesvpariphery @& [the rrpeass thasrher.iranbstinigipted during a
el ectrode 131 to the gas inside the process chanber.

chambgpeleanersatinapfier uhstraretphing fo deanphs pafiphprpbehaniier hardware that
power |evels of up to about 1 Watt to about 10

haggaaeymplatgd etghing dypreduddi dvsing substeatd gichingy eFigeter bilshows a cross-

assenbly 130 has a built-in cooling
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
m‘ixture 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 Watis.



mechani sm (not shown) that can cool the substrate to
be in the tenperature range between about -200C to
wW@bwat100eC. Surroundi ng the substrate supportPCEUS2007/004224
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 that insulate the
substrate support and the con@uctive ring 133. [22] By
way of exanple and not of limtation, the bottom
[M]] echr one ehtbbdinaent,atheabattont khttrode astepbbd 180 lmeceibuidt-ia cooling
300 mMm substrate. In one enbodi ment, the powered
nigchdnism @loe shevatethdtchnicookths bulgptiedotte inabetevgpetature range between
substrate (not shown) and is configured to clanp the
alsanp s20°at to aboutt TECH Guirotndigethit solaberatt3hipplait isngeddbc@iveaing 133 that
etchi ng operation. The substrate is electrostatically
priviiep addidonal clioldieg’ pith fohplalns dofing selgsttedgotsking Between the
“wel | -known systens and net hods. These wel | - known
betysih elestraded 3eink ahks candadtived@ingdaB ) theretihie dixddckrddting 132 that insulate
electrode 131 with a dielectric material that
tHenastjaer sappat mdyhe valduage riflgd@Br odes (not shown) for
chucki ng and dechucki ng pur poses The pl asma .

[i\%{gioc ?%vian % %QJ) a5 at uc? P](;Itooq hﬁnta lonrou %pr%%%gltra%\/\%e 131 }1a sjn area that is

rou rou roun

a%?;?e]d et§ tr(rg'ﬁ%g\%irag%&gfrmf 9\5%&5@ grg%}ne E%‘lgé(ﬁ%%{lto 91% éfogvcl?{e%yb Ftom electrode
lg'ﬁlf’éls é:toi?%%h&g%sx%gel%é% gl?%fr?tg (nc{t %Ho ergp e?{sg ct Qiegar%%}a %@mg the substrate

tomig rrxq %13'7353 d1%1 Elytl s%r?l{gp aﬁc;blmlgfe oPeer ?n The substrate is

str e tO avol con |on

el\?\#t?o%%ﬁgﬁ n%édf'oerg'glgl}ckgg" to the%gttﬁrlg% ecErogee us%? > gﬁ) !kXown Systems and

I'S“Ccon roun

xr%@lmf% eIthgsee ? 5\91?|sysiéfrx 1 dtmet,tR(gd u(Ii%Fccpa?\gg tl%ehb%t%t%m electrode 131

Irs rode as a sur ace ar
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ectro
arild]TYecher‘gtbdrﬁoses. 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 dielectric 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 c.hamber cover 117, which is

grounded through ground 118. By way of example and not of limitation, the first top



grounded t hrough ground 118. By way of exanple and not
of limtation, the first topelectrode 111 is conposed
wotoog/1eegiuct i ve material such as silicon or sPCT/TSI007/004224
carbide. Additionally, by way of exanple and not of
l[imtation, the first top electrode 111 is |ocated
about 2 cmto about 3 cmfromthe bottom el ectrode.
[24] Surrounding the top electrode 111 is a second top
el ectrode 112, made of an inductive coil 112. The
i nductive coil 112 is buried in a dielectric materi al
eléditode THd ocdmpbi@ iof ac cenpluetivet maritlFsurht ashsiligén owlsilchn carbide.
is coupled to a RF power source 127. In one
Additiodallypby way lo€ eRnplewad netoafrlingitatida, thafirs tgp blgcteodei e ds located
frequency power. The frequency of power the RF power
alsomti 2 cm td 2Fout drenbfomsitingbetoor eleattotle.pl € i n t he range
bet ween about 400 kHz to about 26 MHz. In one

[ﬁgﬁ pg Irgfﬁlrr]l%ii’ng he mg %ﬁ%{“\)/éeeglnﬁg g E% o:&trI %glte%(é{f?%é g?o}é{adﬁgibzﬁ\ inductive
cgv? tlff T[lng?Jndu% nEea E:g‘ ? EI_XL p lbgngd 1]hl4 e?ec?r% BF P%N L[Iﬂg coil 112 is .
dl e ié u

sty ¢ et rroun
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Ri’?)%w%?go%gc? SN e%g si%%ﬁa or} uefn%lgcetst’:%?%gg 'bg v?e%}x hcgut 4089tz to about

n one r=c ri
2(% &0}52' %ng 1:3 Egcgl%r%ﬁtn g{ ﬁagjwr?gﬁcr?agg ?’%?‘ﬁ%mﬁ%&g‘?‘}%‘ﬁ, rTllnlasma is between

ag$ﬁﬂkﬁﬁ¥uﬂﬁokhﬁmﬁl Girodes. The Faraday shield 114

ps to maintain an area ratio between the
groundi ng area and powering area in the process
[25h anbdfarasigy tshieldy bl4 wguaagd bglow thetdiddecttimmstariablyt3.n §urr0undmg the
capaci tively coupled plasma processing do not change
digjectrict theterial t y18 d& @t dopAuasive tirski Ilduwhich anakss [elettriral contact with the
Mai ntai ning the sane area ratio allows the etching
Faedaveshisdd | Motopeemidna eronnding path fenRdhpewert{rank the bottom electrode 131.

i ntroduction of the inductive coil 112. In addition,
Belew 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 elgctrodes. 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



Faraday shield 114 bl ocks electrical field fromthe
i nductive source to mnimze capacitive coupling of
w6 c@rmi1odses i nducti ve coils 112 during inducti veP@i/asron7/004224
processing to avoi dsputtering of chanber conponents.
Further details of how to design Faraday shield can be
founded in co-assigned United States Patent
Application serial No. 10/232,564, filed on August 30,
2002, entitled "Faraday Shiel8 D sposed within an
I nductively Coupled Plasma Etching Chanber," and
spuitetiggl oStlaimer Bahgonientdp Hukthert deteils S hiow to esign Faraday shield can be
10/ 3. 45,582, filed on January 15, 2003, entitled "Dua
fduntiat ireav-ashignad dfisited Brated dPatehio Applicatinnl sedial \iéd.y 1 (Z23R5 6 filed on
Pl asma Et chi ng Chanber." During chanber clean, the
Angust 30,120025 epirisd r"Tekablyy ShieldRbispaves withtuare Bndb@Fvelyp Coupled Plasma
produce inductively coupled plasma in region 150.
EfotifrignQhaphitsend eind Alisied, Sthiee Parnt wpblisstion isadal 1S3, 1®/345,582, filed on
grounded and the bottomelectrode is floating;
Jdrheryef 0 2e03,t dngitled 6D a4l Meklyaved (Hakly [Shidd¥eFdrnAil @&gduatively Coupled
150 is mainly concentrated between the inductive coi
Plhidda Echidg ChantbRelt Cbhritgy dhatmBerl@éhn, fhe €bil $U2 isqpowkiréeibyt the RF power
first top electrode 111 and the second top el ectrode
soutek 129 taproduse inductivel2édupBe [ptisim e rdgivmul 58t @ruribgGhamBer clean, the
pl asma confinenent rings 121, 122, 123. It should be
cafnte ahgdlBhat glvmnded and dhdaoatbm electrmieeispllasting; therefore, the
confi nenent rings. The confinenent rings 121, 122, 123
indnessietiecaupledliphamaria régiort &0 3l msinky dohedntrated hervereatiedinductive coil
wi thin the processing chanber. In one enbodi nent, the
1 thadd the badiictiventng 1821, 122, and 123 are conposed of
quartz Further details about the plasma confinenment

n g§ n‘%‘%r {hg L’Qgt 2 %flglegtpod%sﬁ 9 Q]’?Od l%n éetc%% i%tg&ﬁ:%trode 112 is an

ten | SSUG une
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ﬁer PGSR 50 68 APl
con m% n‘gx?t r1n(g3 rl&'l gﬂf‘&i“:ogroe%re ch%meln@npg) lﬁe glagi%%at is generated within

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



[28] A gas feed 128 is coupled to the center of the
top el ectrode assenbly 110. The gas supplied by the
w@aw7fesas 128 i nto the process chanmber 100 canP@EUS2007/004224
single gas or a gas m xture of nore than one gas. In
one enbodi nent, once the gas reaches the top
el ectrodeassenbly 110, the gas feed 128 supplies the
gas to the process chanber from both the center and
the edge of the first top el e&trode 111. In one
enbodi nent, the first top electrode 111 is also a gas
asdérably 1100} the passfeedve2 hamgliesBiie yasytoahe proasss lcharaltd froad bath the center
limtation, the total gas flowrate is up to 1500
arRieiereddenofahe fiestrbopdilevaotle 111hdntonp embedintent] eheafisetwplelectrode 111 is
110 al so has a heater plate (not shown) that can be
alsis @ @ad Oistributibm siiovdiigeatl e Byewsit off exaofpld drel ha pf ¢hettiondse total gas
111 to be between about 220C to about 2000C. [29] As

fl6ke $4tE lidogsltoeEB0DIsedm. Ihénetehibodingit,rthelplelebtrbge gysanblgdado also has a
t hrough ground 148. The top electrode 111 can al so be

heéa€d Platsi(nloOstdwhly tHAO ¥R beSRed Randifiin the Giperatiire df e wpwettrode 111
source (not shown). The power source for the

toRRGIdeh \4BbYt 200 R) AQduplodxr®m bet ween the first top
electrode 111 and the bottom el ectrode 131 can cone

28] oobt Qﬁgﬁﬁﬁeﬂf%g@%i?fc%?&&'°ﬁg 1B Bk Hro e 148. The top
el%%sg{ii SRRUEL 1k SoSBP L A O L0F. @B: G8R) hEUB dver soue
o B, s §°r9v%53%§§ %%e”aﬁewgeﬁf %ﬂ% AR B the first top
clptig L iend U Sos5 §O%50e Hy SedhBoile p?vg%‘] séEﬁ%rg Soffied to the
ﬁﬁ?ﬁioﬁ%l'e?%d%é? Bt o T oS Ao BEL Ry dower is supplied

s Wi tor s B 0+ o et elodey A et P B iy e top and
bﬁ”@%}e [s%?t'é&teﬁ@a? Sty R B %@%%t@ﬁé@%@ " R Erefiple the RF power
s SSHR ORI CE CANShL §FL LMehYo B R S 5 d RSl 2 Mz, 27

MHz, and 60 MHz.

[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 O3, CF4, etc., is supplied to the



byproduct) deposited on the peripheral chanber
har dwar e, which cones in contact wwth the etch process
w@b@smens2g 31] Figure | B shows an enbodi ment of PET/US2007/004224
process flow for creating a chanber cleaning plasnma.
At operation 161, chanber cleaning gas, such as O, CF
, etc., is supplied to theplasma process chanber. At
operation 163, RF power is supplied to the inductive
coil 112 of the plasma proced® chanber 100 to generate
t he chanber cl eaning plasma. The chanber cl eaning
plpdras pracezachdnhisen. Be operatbnt 163 cRE poweihie suiydied e the Brducidg: coil 112 of
chanber cleaning, the bottomelectrode 131 is
the | l@shiangrocebh ehahiberbi@0 6| geacrate ghe chamiser i dleanid@i glisniH 0The chamber
away fromthe bottomelectrode 131 and is mainly
cleArSO pREmb ehilaReh bl @sédehlclean eheetin@ibend®Dukibg ¢haschbein eleaning, the
conductive ring 133 of Figure A [32] Typica

b@hakleatodel 131 ds @agman! tTheahanb@! dehnplggs fnaSiadgior 160 Gaway from
in plasma density near the edge of the substrate (or

the@beéoh etbdirbdgl At ki ghafilydigssed Bdreeenmtie dlduetvedlasivbe 112 and the
source provides a radial uniformty control knob. The

conddétbieiring 188 as Fueam.be turned on during an etching
process to provide additional plasma density at the

ngge oL aﬁﬁgaﬁébj&% g%aglg]itltvt hgul'fl) e V%lzls%:at htog/§ aﬁ% rb@asma Snsity near
SRS 15 AR 5 o
oA B SRR . G 0
etﬁnﬁ%% oPeR R g byitg paldﬂ'?mf%ibﬁ%sgnaz Bengted g LR e%f the substrate without
T i 5 e s
R.E ég%u@{n%a i ré(%t aﬁfect”?i’ %de rrgle u%%g ) Iaroaﬁag 'ﬁ"‘{df 9%, addition, the
in g%g’g?ﬁg}laa,s 1§§%an Sucﬂo oo AR plaska to procecs)gesf 85 Al high plasma
density and very low ion energy on the substrate, for example photoresist stripping for low-k

dielectric etch. Consequently, usage of the inductive source plasma can increase the etch

process window 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, C4Fg, 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. 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



(HARC), or Ar, CF, CHF3, and O2 for oxide tech, is

supplied to the plasnma processi ng chanber. After the
wetohitmg2gyas enters the process chanber, RF pORET/USH07/004224

supplied to the capacitive el ectrode and the inductive

el ectrode to generate an etching plasma at operation

173. The etching plasnma generated has a capacitive

conmponent and an i nductive conponent. The inductive

conmponent near the substrate lddge can increase the

pl asma density at thesubstrate edge to make up for the
substrite elge kaswake dprfer the dibp bl plasaig slendityt dtethe wbgd nfithe, substrate, as

as descri bed above. Therefore, the etching plasna can
dézedbete abmyee Therkforen the redching plasisel ks riebems unbé@cenifiym across the

the addition of the inductive conponent at the edge of
sutisirats wirfdce &Y ¢he dddidjonfoif gierimdvidtigdrconsponentat tatddge o MO sulfstrate.

t he previous enbodi nent 100 of Figure 1A Two sets of

d | d h .
:ﬁ[]] eg 1fg|8}/ ¥ as gvesr%b maéﬁxbg&%% tﬁf; \]RDlelo%C %mPocliLurga Lt)(? Ef anuxieslA. Two
seg nglnR\.‘cﬁl € al?Sa %“}ngﬁ ?1%' pléafﬁ . e 0 e(fecf?rg\glcg Iflses{ra%xégz iltoI The two set
o% 2 uetlv%cctoglogree r‘?‘la el ftz(%f%gn%rcoﬂglaA ﬁecingnoglieiccﬁhlmaﬁz%he Faraday

outer CcCol araday s

S| r. function as the F d

Sﬂlﬁ%?ésr P fa'saihe feledy2ild f&gaf]hfih Bl gt dpf 2124 and
coupl ed §F , mhlch S C

thlgoo err c011t29F§ ﬁ.t/'l hlell%o {lhhéxs FS’ ng%:aé r%ruenn?g a% tﬁl% %arada)é el%leld 114 of

Fﬁ;}lreCFA ldgsczgiez ab0212%fih Qe\?\%gtr chocl§§§2ga2c’12l%§ar§ %BE llec? go zhﬁF dnatch 226,

al’s

w%g% Ay gg}pﬁeed?t%c%np g@% u%?ﬂ' %278 B % iy ﬁggrger?ao% t{le Rxdo sets of coils
d

Hjeosgs 162 %f%g?éa'sz?%w DU ol A v

sl?o%v%rtpe%%qgli\/\gr gg Sexte) Qe é}‘a@lf eélgin}:gﬁoa%h Gh eﬁ%e gqszflebd %«?A O her components

mall*:lﬁ}éreavav?ersedﬂgruthltg %he% err]lﬁor?e%hl;a 0| F&ent age Of the

can be su I hner for exanple
O@bto 50% mhile the remai ni ng power is supplied to
[3She Dutieg clpoiber tiea@Engflmth 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, f;or
example 50% to 100%. it should be appreciated that the soft inductive plasma would not
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.



exanple 50%to 100% It should be appreciated that the
soft inductive plasma woul d not danmage the
webk@ciowset ati ¢ chuck during cleaning. It shoul PICDES2007/004224
further appreciated that the additional inner
i nductive coil provides an additional processing
tuni ng knob for the chanber cl eaning process. The
i nner and outer coils can be powered at a different
frequency or frequency m xturl@. Under such a
ci rcunstance, the inner and outer coils would need
[38EPamadne cptboliment) PR lihdstivdpidirha hinebiop@sRis creyrpd By Viest kiibplying a
be added.[36] In one enbodi nent, an inductive plasna
cledhifigegisqBr 2 bRanifg gdsanikade)iytof the plasiaal pficydslambed d Ahenpowering -
gas (or a cleaning gas mxture) into the plasm
the iR E6e EIIRTNZA agd d1IE By syppiveiig d1Dtht peweind woili2¢ 2B C Diukifg chamber
212A and 212B by supplying all the power to coil 212B.
clBkHihHgpeahian] Bigs botto R ohd dOPTRInaPBe képh Boititstanmtied @@tfi@ie ring 233
231 may be kept floating and the conductive ring 233
isiggowgidedinded. [37] As described above, the inductive
pl asma source can create high-density plasma in the

ripheral. area w thaqu n ignificant sputteri f .
e B SrierSlafe e bty olnraiowtticer SHe 2iphicist plasma in
the.cFa&ber or, decrease.the |lifetine. of {h arts. Th .
the TG0 e SRR AT R HIeAR: BIHELIS Glatiy BB O PRsHdls, which

et.ch. byp oducﬁ%ﬁde ositeg1 n. 1.he ri her%t . .
coéﬁéﬁ%'&?mwa\’»’e FRAmIER OF ﬁe"é%aﬁ‘% e?‘hfe{é‘é‘ﬁfggte ‘gn *h Yigdndctiye plasma
rocess _pl as <%§L38hm§$ h or .one of . the j%guc ive.
s 0 SEBRAveD SRn PR L) i Biagbey R i thg bEphgral chamber
capacitiv | asma power... to tune the.etch plasm
- eRRRS S Brf Rt b R P el ) coupl ed
pl asma generated between the top el ectrode 211 and the
[38Dt t Bothedreperafdizs R8dctivelveils Atk 2128 povaso bopewasd, as well as the
212A, 212B can al so be turned on to created inductive
cgphacisimaplasmal pawer, tretuhe thecttthoplasmpr uniforpitas eadditidnotorthe gapacitively
across the substrate during an etching process.
copfridciglhdnya faperatsipmti¢cn\the yopcadenqtiodel 2pl asdrehe tottenpélasmae 231, the
density is low at the edge of the
inductive power sources 212A, 212B can also be turned on to created inductive plasma, and
can be tuned to improve plasma 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 tbe 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 212A, 212B in

Figure 2 provides additional process tuning knobs for etching processes. For some



substrate. The inductive coil(s) 112 in Figure | A and

the outer coil(s) 212B in Figure 2 can help raise the
woo7dersss ty at the edge of the substrate. ThePCTOB82007/004224

coil (s) 212A and outer coil(s) 212B of Figure 2 can

al so be used sinmultaneously to tune the plasma

density. As nentioned above, a percentage of the power

can be supplied to the inner coil(s) 212A, and the

remai nder supplied to the outidr coil (s) 212B. The

i nner and outer coils 212A, 212B in Figure 2 provides
applictitiongrealy ocbepotvenirom thadldscthvercodls ¢lnergoen oe B6thY is utilized

For soneapplications, only inductive power fromthe
toigenkiate inddcded plgsnfd. nner, outer, or both) is utilized to

generate inductive plasma. [39] By using Faraday
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conductive ring 333, in additi on to the |nner bott om

[46] ecAnaike e3Bbdinfdne 300 nkthe [sotrerdrimeingon isothowdda Fignre 3A. In Figure
configured to support a substrate. The outer bottom

38| mocduterdwttdBbeledrodb 838 truplheed undert sheorsinetiveRiignidAe in addition to the
source 339 as the inner bottom el ectrode 331, which is

inpear botpin eleetrérdst 3 dhe dinreo dettarmsdediioge 330 .is RPnfigured to support a

substrate. The outer bottom electrode 335 can be coupled to the same RF 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 frequencies 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



power source 339 can supply single frequency or
mul tiple frequencies in the range between about 400
wokim7iasabout 60 MHz. The RF power source 339 BUPpH108%004224
power to the inner bottom el ectrode 331 and to the
outer bottom el ectrode 335, and is connected to a RF
mat ch 338. In one enbodi nent, switch 336 controls
application of the RF power to the el ectrodes. During
substrate etching, switch 33@4controls the RF power to
be supplied to the inner bottom el ectrode 331. During
glolih@n® bOcetam freqienopbPihe RIt powar ahplicd b¥epo3@d saply 83D @ the inner
coupled to ground 337 or to a RF tuning block kit 357.
bolttien Bectiddeizng. IHopekankgplt, iBhé RH peve sapplizditb Ueginaer tbittdsh electrode
of certain frequency of the RF power supplied by power
3BURPlues3IBRIHLA) 27 MHE afid 60 MHZ. oSBletiee prondding 3¥ .thdRF tuning block kit
exanple, if the RF power supplied to the inner bottom
3§81 eudwsogeusdng of Ak WHawo Paltdalar FéqhdnzieanshchasNidz MHz, to tune the
Sel ective grounding by the RF tuning block kit 357
e@%&ﬁpﬁmgﬁﬂgﬂﬂﬁbgnﬁy one or two particular frequencies,
such as 60 MHz, to tune the etching proceSS|ng
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e T PRI BRERGBVRE S0 GrBary e S §ne Clpaciively
S bl ;’{Qreg&e,fgggg§ gg.tegate etweg,o A S8R0 311 and the outer
oot Flegie 1136 DROR el Ehthe G0 Q?SCL%% n%cgofehrgay be floating:
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plasma does not bombard the inner bottom electrode (or electrostatic chuck), and hence
extends the lifetime of the inner bottom electrode (or electrostatic chuck). In addition, not as
many particles are generated as using the capacitively coupled plasma from the bottom

electrode 331 as compared to prior cleaning technologies.

[42] The peripheral capacitive plasma source creates high-density plasma in the peripheral
region 350. It should be appreciated that the capacitive plasma source can effectively clean
polymer (or etch byproduct) deposited on the peripheral chamber hardware, which comes in

contact with the etch process plasma.



extends the lifetinme of the inner bottom el ectrode (or
el ectrostatic chuck). In addition, not as many

w@asoritelses are generated as using the capacitiREI/YS2007/004224
coupl ed plasma fromthe bottomel ectrode 33 1 as
conpared to prior cleaning technol ogies. [42] The
peri pheral capacitive plasm source creates

- high-density plasnma in the peripheral region 350. It
shoul d be appreciated that theé capacitive plasna
source can effectively clean polyner (or etch

{43y pr Biguet3B stepesint @ubaiimeitiof paroqeheflal fohenrehtdrg a chamber cleaning
har dware, which cones in contact with the etch process

platmas n@t [opShtién §6t, ehaBbahdemirengasnbotiasdht C%, ec.pisoappled to the
flow for creating a chanber cleaning plasma. At

plagei pkdcess Afainber hatbeperatioaadd3n R aswersiscsuppiedto tiid-outer bottom
etc., is supplied to the plasna process chanber. At

elogegdat afafie PEsmaRro@esveharhiser Yo ehératd the chdreb@uil@ming plasma. The
bottom el ectrode of the plasma process chanber to

clgeiterf alegnihd plasha bdiethes be asddng cppaa sivecharhiber. clhadifgechamber cleaning,
cl eani ng plasma can then be used to clean the chanber.

theuane? poabardeirodd &aiteph fpatinge Therndrmbert dieaming) ednmnibethe peripheral
kept floating. The chanber cleaning plasma in the

refgitn ip Rebstdntiadg hway Fomsthb dbadrh icldctrydeaanlyis frnanlytdigposed between the
bottom el ectrode and is nmainly di sposed between the

ottt iedttobndlécmmode bt the ogpecleruddé.ne top el ectrode. [44] In
addi tion, the peripheral capacitive plasma source

[éﬁgovtnded% olﬂeth% ehbﬁ&alt %ﬁ!ipt euﬂgsn?a goﬂg‘.'eglmﬂﬁésf s 'Il)fl to include a

ntro nob e peri eral ‘capacitiv asnma can

rad i) G Forl S hﬁ?k:%b(:h‘rﬂ? Raﬁp%ga%% C#a&hhr%ia@%ﬁg & eethg,@d on during

Sia unlfor near ectro

etcﬂ %ﬁgﬁ)lcgssctﬁgrg%\.lo(ré th%l éf?hclgys%aelﬂuf%% ear %ﬁleSJ E H9 H{eeele%{;odes for the

process ener at

an etc | a At operation 371 etch| ng gas(es)

A pacmf&%'po&%g%lasm @2 for high aspect ratio contact

etch (HARC), or Ar, CF, CHF3, and 2 for oxide tech,

[453 sHigptei 3@dsltogxstah@n;ﬁo§§mt pf @ pwsessflpw for generating an etching plasma.

At operation 371, etching gas(es), such as AR, C4F3, and O for high aspect ratio contact etch
(HARC), or Ar, CF;, CHF;, 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 electrode (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
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



chanber. At operation 373, RF power is supplied to the
i nner bottom el ectrode (331) and the outer bottom
web@ciowsade (335) to generate an etching pl asmaPCT/US2007/004224
shoul d be appreciated that the outer bottom el ectrode
hel ps to increase the plasnma density near the edge of
the substrate. [46] Another enbodi nent of the current
invention is shown in Figure 4. In Figure 4, a second
bottom el ectrode 435, fornmedi1by an inductive coil, is
pl aced under the conductive ring 433 and a Faraday
coftibiddibyld 4witdin 3G eRBpdweo kdwaee 43%cdnr gply43igle finqueacy or multiple
coupled to the same RF power source at the first
frda@biodd® ial the tangel ®cthRdn abdie 485 kiptzveerabswud(CMHE3 9T eI BP| pos&r source
RF power to the first bottom el ectrode 431 or to the
439a0ppliks potveotd tht amer balnd Sbctaodd 48§ andita the loe@r byttan electrode 335,
. switch 436. RF power source 439 can supply single
anfiiegsipBENYd €F a REIndtg €38 reque embedimient, sWitch 436g@nhels\application of
about 400 kHz to about 60 MHz. The RP power source 439
thS RPIoves tdmielectrodes h ®urinp etibsaatetetrhing), ewitchoth® cbatroknbe RF power
to the outer bottom el ectrode 335, and is connected to
to beRfupfBéd b 4@Sinndrbaide eletrewienddnt , Dating dits gdGesspier abtar bottom
application of the RF power to the el ectrodes. During
el&tidode Bas eowlt Miaidagpled v Eohndl 387 oont & BlFstuhing bRiekdones7.t RF power
be supplied to the inner bottom el ectrode 431. During
sotiftle S13proas @apply shgledtigaendyair toouttiple dehuadizs 38 hecangabdiween about
coupled to ground 437 or to a RF tuning block kit 457.
408FcHO weibon0 80 OLHA 3The RIF siwp Isyurse NEP supiplieqp@merytoalie inner bottom
mul tiple frequencies in the range between about 400
elédtipdé 83 Rhandio théoltkizbotibhecl RifrodeiBS, and i @an<:3dl to wRIF irech 438. In
power to the inner bottomelectrode 431 and to the
oneleimtiod badrit,oswiteh d36 codmisidiplicaivg dfshecRF pewtetd thoelactRides. During
match 438. In one enbodi ment, switch 436 controls
subgtpité eehingn switch A6 Rbntpdwvelie RS jdveer ab det supplial tdDthei inger bottom
substrate etching, switch 436 controls the RF power to
eléxgrogel@pli eluring thiseploness) theodutenbattoec tlecdele 435, cdild bagoupled to
this process, the outer bottom el ectrode 435 coul d be
gromid 3 brite a RiFcumog BBk kit 460 a RF tuni ng bl ock 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



[47] Separate RF power supplies can also be used to
provi de RF power to the bottom el ectrode 431 and to
wo b@7aesend bott om el ectrode 435. During substPEr/@s2007/004224
etching, the power is supplied to the bottom el ectrode
431. Ot her conponents in Figure 4 are simlar to those
al ready nentioned in Figure A [48] During chanber
cl eaning, the cleaning gas is first supplied to the
pl asma process chanber. AftedWlards, the power is
supplied to the second bottom el ectrode 435 to provide
plasngiuis trewethy edgeipf the chhrabergnd ris gagrated #&0 andnddceize sdures (low ion
peri pheral chanber hardware. The inductively coupl ed
erplgd} Ithe plasme gogsmot bombard genbottuine dlettaidaeneledimstatip chuck) as much
el ectrode 411 and the second bottom el ectrode 435 and
andXdxsdnds i hfeytinne af thetettenigdectrods, e etdsarniiatic cifick.c dditionally, the
theplasma is near the edge of the chanber and is
plagieddk edt tieatead Mdny(atticies @s soiug te ¢apaitivay caupdedgylysma from the
the plasma does not bonmbard the bottom el ectrode (or
fiel mforoslt@tdde 48huck) as nuch and extends the life-tine
of the botton1e|ectrode or electrostatic chuck.

dl‘&s Qsacl'lLé/d above 81' as(p%nge gl%?rﬂg ts 1§£§ @énefr%% q?%ydensuy plasma in
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OVG S source can
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any signitican ering anber wa

songc%:recérlés i q(tlﬁml c?%n%g%g ?09% cﬁnb‘ggl%zdgct qlﬁ)é)&:&? n i Ie eéenpheral chamber
hagd»{j}éc're, q c;{r (8Je pe%alﬂ ceoalta%{: Wnﬁe&% e%heﬁl%? ?l M%ﬂ{éo(v?tfmlﬁt tﬁg deleterious

Osited on the periphe

eé%&gg%gﬁﬁ%¥ﬁé§ngﬁgnes in contact with the etch process

e deleterious effects of prior art
technlques [50] Typical parallel plate capacitive
[58bu pTpicap parshiel pidtovapagitive oprplad pesaenows asirenyindzamat degsity near
edge of the chanber during etching process. The
the redge of the @amban dudng efehing prdcessedlhe 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



above provides a radial uniformty control knob. The
i nductive plasma can be turned on during etching
w@e@caers28 o provi de additional plasm density BCT/UR®07/004224
edge of the electrodes without affecting the RF ground
path of the main capacitive powers. In addition, the
i nductive source plasnma can provide plasm to
processes that require high plasma density and very
| ow i on energy on the substrdBe, for exanple
photoresi st stripping or lowk dielectric etch.
dakhaeafanelti-sepagecakes, pteaspea s icpitast adtche (JEARCHOGrig, agte., along
i ncrease the process wi ndows for etching processes as
witk leffe@ire robambeaf dlenit by £ cymbingtion dfivapaditiveed ibéiotiee plasma sources.
etch operations. [51] The plasma process chanber
Ird@&Cdnmbdd indipoMe effectiriecthamberrdwag ean be pbplisdefot @agi deyeration particle
ion energy, and chem stry control for a w de range of
cEHtRC RSBk Viektdndno extend tiasliBumhdlafhs ekrroatit ichedke ised in the
processes, high aspect ratio contact etch (HARC)5
etShing Phanftiee.. , al ong with effective chanber clean by a
conbi nati on of capacitive and i nductive plasna

| ti '

[%?ea'ﬁ B}?S]gléoé}ﬂﬁsf eg'a]ing% ﬂ%Sﬁlg% ebo efyrgv%e%pinn‘% to control radial

dth .

“%‘?Ol'{“ht@ oé Pg"gﬁ%ﬁ%’"&? rg ogqb u%stlxjasq% g)ﬂlee rl])fc}c]:essgatpghca%gns Hl%t use multi-
ed

B S} r“b‘{??cije%rﬁ?ﬁ% Bt f°ae%§ovﬁ%8fﬂgﬁs%§af> TR il FRGRRES gt produce =

"E orﬁggs i %{’T? gfggse lglgfotﬁgl Fes %\Ea S bini Thte in’s rltgccggt?’ol knobs provides

ep rem

ﬂf)ﬂgi?i tI%B Ht%gl ﬁgﬁ%t%éte gné i g e C Q n et procgeag aépprpcgt‘ions %%t use multi-
avallablluuxkof |n situ control knobs

Stﬁ’? Be\%Pa%%S j%?tg?sézersf?m"?}eto TRIMtaining tight uniformity

control for the process applications that use
(3301 t ABbeyghrtee fyemingsinvertionrtas dbeenedescriiredi inseme gleiir fonRurposes of
[53] Although the foregoing invention has been
cldatyoorfi undersiandisgnie vdBtbgi appdrent thatrqsgsieschafiges 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.



clarity of understanding, it will be apparent that
certain changes and nodifications nay be practiced
wowvaohitmsehe scope of the appended cl ai ns. AccoPdi/ngiog7/004224
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 nmay
be nodified within the scope and equival ents of the
appended clains. What is clained is: Cains 1. A plasm
processi ng chanber configured to generate a pl asng,
onprisSi ;..a bottom el ectrode assenbly with an bottom
"%Fg%f%ﬁhg?hhherein the bottom el ectrode is configured
to receive a substrate; and a top el ectrode assenbly
with a top el ectrode and an(hrductive coi |l surrounding
the top el ectrode and the i fg&Gettve coil is configured
to convert a gas into a plasnma within a regi on defined
wi thin the chanber, the regi on being outside an area
Ldef i helpsmp B%@%l%&bﬂ@lﬂ?ffcaefgg‘ﬁfd PR EEE AP B SRR SIS

2. The plasma processing,chanber of claim1, further

cont?t basfamyelocirads PERFAPIS Witk 2 baftep 8&%0%@ Hasieip i dotiom clectrode
inductive coil. 3, The plasma processi ng chanber of
is cpafigired toferep @SB A9 ng: a plurality of

confinenent rings surrounding@a vol u w thi.n which

t he PloReetPde aFpEPY YR P HPSRIS AT aprRgUsHYe poik surrounding the
plurality of confinenent rings are suspended.parallel . .
top FISBPRGRIGECTTNSHIES (P K FORTREFR) GEREV T BEBS G Plasina within a

chanber. 4. The pl as processing chanher of claim,1
refigpdrEned: S e rRAmBeT, SHTREIREFRS RSO0 AP EFISIGeR flbove @ top
?Ptton1electrode, wherein the conductive ring is
surface of the bottom electrode.

2. The plasma processing chamber of claim 1, further comprising;:

a Faraday shield disposed beneath the inductive coil.

3. The plasma processing chamber of claim 1, further comprising:
a plurality of confinement rings surrounding a volume within which the plasma is
substantially disposed, wherein the plurality of confinement rings are suspended parallel to

bottom electrode within the plasma processing chamber.

4. The plasma processing chamber of claim 1, further comprising:
a conductive ring surrounding the bottom electrode, wherein the conductive ring is

separated from the bottom electrode by a dielectric ring.



separated fromthe bottomelectrode by a dielectric
ring.5. The plasma processing chanber of claim1,
wob@raors2ea RF power source is coupled to the | PAUB100B004224
coil to create the plasma by supplying RF power with
single frequency or nultiple frequencies in the range
bet ween about 400 kHz to about 27 MHz. 6. The plasma
processi ng chanber of claim1, wherein the inductive
coil is separated fromthe t@p el ectrode by a
dielectric material. 7. The plasma processing chanmber
5.0f CTleiplasina prhesshg clidashepbficiaim 1,svichanb®E mdvesrourge is coupled to
pl asma. 8. The plasma processi ng chanber of claim1,
thetinduetive chid to apeatd thetplote by squplphg RF poveergwitiy sthgledfrequency or
The plasma processi ng chanber of claim11, wherein the
muloiplechremtnoiadn tiehengerbdtyeden weow D0 kHnath stoet HOMEEN
el ectrode are configured to convert an etching gas(es)
into an etching plasna. 10. The plasma processing
chanber of claim9, wherein the inductive coil and
6.ei t eie plhend ppcakigichatdberaf ddim hotleein ehemdnatle wilds separated
RF powered to convert the etching gas(es) into the
fr@h i t0g eeb@sderby aldieledripmatnial. pr ocessi ng chanber
configured to generate a plasma, conprising: a bottom
el ectrode assenbly with an bottom el ectrode, wherein
the bottomelectrode is configured to receive a
7.s ubsTheaglesmapdeestiap ckdnttesk o6 dirimmdsehitdein the plawdla igclantbepcleaning
capacitive el ectrode, an inner and an outer inductive
plaand. s di sposed above the top capacitive el ectrode,
wherein the outer inductive coil is disposed over a
surface, the surface being defined outside of a
ci rcunference of the bottom el ectrode, wherein the top
8.c apdthet plasnacprecdssiogl ehdnsbed of platme dl, Whareiottheytoplstpeodehie coupled to a
bott om
ground.

9. The plasma processing chamber of claim 1, wherein the top electrode, the inductive
coil and the bottom electrode are configured to convert an etching gas(es) into an etching

plasma.

10. The plasma processing chamber of claim 9, wherein the inductive coil and either the
top electrode or the bottom electrode are RF powered to convert the etching gas(es) into the

etching plasma.

11. A plasma processing chamber configured to generate a plasma, comprising:
a bottom electrode assembly with an bottom electrode, wherein the bottom electrode

is configured to receive a substrate; and



el ectrode and the bottom el ectrode and the top
capacitive electrode are configured to convert a first
w@aw7imses a first plasnma and the outer inductiRET/TH2007/004224
is configured to convert a second gas into a second
pl asma. 12. The pl asnma processi ng chanber of claim11,
further conprising: a Faraday shield di sposed beneath
the inner and outer inductive coils. 13. The plasm
processi ng chanber of claim 21 further conprising: a
plurality of confinenent rings surrounding a vol une
wi t ha ropwdieatode laesefnblysincipliiag metop capdeiive edasirdde laaSnmer iagd an outer
substantially di sposed, wherein the plurality of
indogtivieweile disposed gboar the sapsqapardiixt qlent@lde,elhdréin biod suaen inductive coil
el ectrode wthin the plasma processing chanber. 14.
is tispogdasera purtce e ngfachbeilnedefoied oh@ideof & cirbumfeleace of the bottom
conprising: a conductive ring surroundi ng the bottom
elettadt) odercimhbe eop chpeeitteneeatode eisr disgpsed depidy abet the bottom
fromthe bottomelectrode by a dielectric ring and the
elearudd ahd v Bottom dlect@de anbibe tapurapadgtiyd esamdp aeceafdpurgd to convert
15. The pl asma processi ng chanber of claim 11, wherein
a e gaetond fPttgidamna mdsthe sttanindadtive wildp oasftbured t@ convert a second
region defined within the plasma processi ng chanber,
gdshistorasgeamid pkesitag out si de an area defined above a top
surface of the bottom el ectrode. 16. The pl asma
processi ng chanber of claim 15, wherein the second
plasma i s a chanber cleaning plasnma and the bottom
12| ecThengesmasprgeassing ehmiteeof dléien Kle fotictr phrasiixing: S
generated. 17. The plasma processi ng chanber of claim
11, aBeadayrshiekl dbpgsedixmesth tireciendrand outpt imdudtivetchids. out er
i nductive coil to convert the second gas into the
second pl asma by supplying RF power with single
frequency or nultiple frequencies in the range between
1abouThedf}@nkdtrotassiap otmiiey of\dtlzim 11, 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.

14.  The plasma processing chamber of claim 11, further comprising:
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

during plasma processing.

15. The plasma processing chamber of claim 11, wherein the second plasma is
substantially disposed in a region defined within the plasma processing chamber, the region

being outside an area defined above a top surface of the bottom electrode.



18. The plasma processing chanber of claim11l, wherein
the bottom el ectrode and the top capacitive el ectrode
wae@7Rpospower ed to convert the first gas into PEEUS200%004224
pl asma, and inner and outer inductive coils are also
RF when the first gas is converted into the first
pl asma. 19. The pl asma processi ng chanber of claim 18,
wherein a RF power source is coupled to either the top
capacitive electrode or the #2tom el ectrode and
anot her RF power source is coupled to the inner and
outer inductive coils. 20. A nethod of generating a
plasma in a plasma processi ng chanber, conpri sing
16et h@he plpsnapriocessing fcharsbqy ek ylaing 15, yireoie $he sgeend plasmatihe chamber
pl asma processi ng chanber; and generating a plasma by
cleanieg plagmamd thel battony electpode is\grouided svipaltiie sstorad plagma is generated.
el ectrode assenbly and surrounds a periphery of a top
el ectrode of the top el ectrode assenbly, whereinthe
i nductive. coil is also disposed over a surface defined
19Ut siTHe plagma paicessingf cdambercofafaim Ho wheraieh &Ft payeke source is coupled
di sposed beneath the top capacitive el ectrode. 21. The
toik lvattr dfductiai ail20 conveetrtbe secbinkbgasshtoable spendipiagna by supplying RF
generating the plasma includes preventing power from
pbﬁ'&C\hiﬂm gingladreqoértcy ror eludtiple fdqueacids loetbp ragetbasvdeatabourn400 kHz to
el ectrode floating. 22. The method of claim 20,
abhep2Miz.he plasma is a chanber cleaning plasma and is
substantial ly di sposed outside a surface of the bottom
el ectrode. 23. The nethod of claim 20, wherein during
the net hod operation of generating a plasnma, the top
18] ecThodRsms pgroessingechadiber ofjclailve 1 pl whsareingbe botidrn ripctrode and the
operation. 24. The nethod of claim 20, wherein a
tdpacapdative bieataliei ase RiFsposed! (vecvasit titehfirsi gabuta the first plasma, and

inner and outer inductive coils are also RF when the first gas is converted into the first

plasma.

19. The plasma processing chamber of claim 18, wherein a RF power source is coupled
to either the top capacitive electrode or the bottom electrode and another RF power source is

coupled to the inner and outer inductive coils.

20. A method of generating a plasma in a plasma processing chamber, comprising
method operations of:

supplying a process gas into the piasma processing chamber; and

generating a plasma by powering an inductive coil which is part of a top electrode

assembly and surrounds a periphery of a top electrode of the top electrode assembly, wherein



coil to provide RF grounding path for the power from
the bottom el ectrode and to suppress capacitive
w@owpl1oeses from t he i nductive coil. PCT/US2007/004224

23
the inductive coil is also disposed over a surface defined outside of a circumference of a

bottom electrode disposed beneath the top capacitive electrode.

21. The method of claim 20, wherein the method operation of generating the plasma
includes preventing power from reaching the bottom electrode and keeping the bottom

electrode floating.

22, The method of claim 20, wherein the plasma is a chamber cleaning plasma and is

substantially disposéd outside a surface of the bottom electrode.

23, The method of claim 20, wherein during the method operation of generating a

plasma, the top electrode is grounded during the plasma generating operation.

24, The method of claim 20, wherein a Faraday shield is disposed beneath the inductive
coil to provide RF grounding path for the power from the bottom electrode and to suppress

capacitive coupling from the inductive coil.



